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G ERAL RAD o COMPANY

MAIN OFFICE AND PLANT: WEST CONCORD, MASSACHUSETTS

TELEPHONE, (CONCORD) 617 369-4400
(FROM BOSTON AREA) 646-7400

TWX NO. 617 369-5708 CA8lE ADDRESS, GENRADCO CONCORD (MASS.)

SALES ENGINEERING OFFICES
General Radio Sales Engineering Offices ore maintained in the following areas in the United Stotes
and Canada. These offices are staffed by competent factory-trained engineers. We invite your

inquiries for technicol, commercial, and service information.
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'" SERVICE, INCLUDING REPAIRS, CALIBRATION, AND SPARE PARTS STOCK, AVAILABLE AT THESEOOFFICE!....

OFFICE SALES AREA TElEPHONE AND TWX STAFF

*NEW ENGLAND Mass., R.I., Conn., 617 369-.4.400 Robert B. Richmond, Manager
22 Baker Avenue Me., N.H., Vt. (Boston area) 646-7.400 Ralph K. Peterson, Engineer
West Concord, Massachuse"s TWX: 617 369-5708 Stuart P. Roberts, Engineer

Richard G. Rogers, Engineer
Howard H. Dawes, Service Manager

*METROPOLITAN NEW YORK N.Y. City and vic., (N.Y.1212 96.4-2722 George G. Ross, Manager
Broad Avenue at Linden Long Island, (N.J.) 201 9.43-31.40 Peter Bishop, Engineer
Ridgefleld, New Jersey No. N.J. TWX: 201 943-8249 J. Peter Eadie, Engineer

Richard K. Eskeland, Engineer
Raymond J. Jones, Service Supervisor

SYRACUSE Upstate N.Y. 315 .45.4-9323 Leo J. Chamberlain, Manager
Pickard Building TWX: 315 477-1265 Crawford E. Low, Engineer
East Molloy Road
Syracuse 11, New York

PHILADELPHIA Penn., So. N.J., (Phil.) 215 424-7.419 John E. Snook, Manager
1150 York Road Del. ' (local) 215 887-8486 Carl W. Alsen, Engineer
Abington, Pennsylvania TWX: 215 887-01.47

*WASHINGTON and BALTIMORE D.C., Md., Va., 301 9.46-1600 C. William Harrison, Manager
Rockville Pike at Wall Lane W.va., N.C., S.C., TWX: 301 949-6787 James L. Lanphear, Engineer
Rockville, Maryland Tenn., Ga., Ala. Gerald L. Le", Engineer

Donald W. Brown, Service Supervisor

ORLANDO Florida 305 425-.4671 John C. Held, Manager
113 East Colonial Drive TWX: 305 275-1668
Orlando, Florida

*CHICAGO 111., Ind., Iowa, 312 8.48-9400 William M. Ihde, Manager
6605 West North Avenue Kan., Ky., Mich., TWX: 312 383-3091 Leroy C. ITom) Fricke, Engineer
Oak Pork, Illinois Minn., Mo., Ohio, Robert P. Delzell, Engineer

Wis. Lane W. Gorton, Engineer
George R. Hanson, Service Supervisor

DALLAS Texas, La., Okla., 214 FLeetwood 7-4031 Edward F. Sutherland, Manager
2501-A West Mockingbird Lane Ark., Miss., Colo. TWX: 214 899-9065
Dallas 35, Texas

*LOS .A.NGElES So. Calif., Ariz., 213 469-6201 Frank J. Thoma, Manager
1000 North Seward Street N. Mex. TWX: 213 876-.4083 Kenneth J. Castle, Engineer
Los Angeles 38, Califomia John R. Ross, Engineer

Harold Stevens, Engineer
Alfred J. Guay, Service Supervisor

SAN FRANCISCO No. Calif., Ore., .415 9.48-8233 James G. Hussey, Manager
11 86 Los Altos Avenue Wash., Utah, Nev., TWX: .415 949-7964 Donald M. Vogelaar, Engineer
Los Altos, California Idaho

ORONTO Canada .416 247-2171 Arthur Kingsnorth, Manager
99 Floral Parkway Richard J. Provan, Engineer
Toronto 15, Ontario, Canada Ronald F. Mossman, Engineer

Walter Otern er ervice Su ervis r

01

OVERSEAS REPRESENlAliVES

For a list of representatives in other countries, see inside back cover.
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CATALOG

CORRECTIONS AND CHANGES

PI;('P' llnd :p dfi('utiml," in Ihi.. r:ttnJ gar .1I1Jjprt to ('hung with( lit notil'
We aim. ho\\,('vN, tn kl rp IUrrm-lomeJ infJrmrtl of all impmlant ('han r:. T1U'
following ('hang!'" huv I II n01 d :iu(' public' Ii n. PI u~ (-'nter lht'::;{' ill Y Ill' ('opr
of ntull) 1.

TELEPHONE AND TWX

216 886·0150
TWX:216 888·0716

SALES AREA

Ohio
Kentucky
Western Po.

In,idl' Front '0\' r: H.\Lf':" I', ~(a.'EE[ 1:,\(; 010'1"1 'E,'-.'inc
III ring ){fif'f ~:

OFFICE

CLEVELAND.
5579 Peerl Roed
Cleveland, Ohio, 441 29

publirntit n Wf' hu Vt' an It n t w( mOl' • 'ul. 1':11 ri-

STAFF

leroy C. ITom} Fricke, Meneger
Danny L Woodward, Engineer

MONTREAL
Office 395
1225 laird Blvd.
Town of Mount Royal
Quebec, Canada

Ottowa
Montreel
Maritimes

514 737-3673
·3674

Richard J. Provan, Engineer

Pll~ l.

Pall ~.

P, g S.

Pn~1' 7.

p, ~t.,. I~
L1l1d 15.

Pug III
ami 17.

I'ag 23,

Pug, 27
ami 2..

PU!!; ~5.

'lIlIt nt~- tld: ,'Tit U :' PE lJll~e I' .

\ Ph: 1551- ' :-Im','1 -Ll'n..L i\ll:TEH -Rp!'cifiell­
tlOlIl'- Sound.level Indication, lilll! I: 0.002 ~houJd h

.00112. 'one.ct fi'-tllre IS '-tIl' 'II Ulllt!!!' Sounil·level Range.

T\ PI', 15GQ-P3 PZT ;"lIl'l{QPIlU' I~ - HpeeilieulIuJl:,
Temperature CoeffIcient of Senslllvlly: Aplll'Uxima ly
- 0.0 I dh '. Inlelnal Impedance: ... \"aryijl~ !'O1ll 115
lu 510....

T) 1'1. 15lj(J..Pl J II \ JH IU'llO. PH'h l'P:Y 'Tl'.~i
MlllJll1Urn UbpJal't'JIll'lIt .houltl h ~U I1llerollJ'h,,;
,. loclly, 1000 11l1C'rOlllC'h. 1)('1' H'C'(lnd' IIcrelenillOlI,
0.1 lit. sec ,ee.

TYP}; I lO-A WAVh .\'\.\1 YZEH - "1l!'·lfiealioll.,
Range: I"PP!'1 frequellt')' limit hn, II t"n illl'l' I ~I'd tu
5·I,tlOO rp,. Accu,ocy of Collblalion i. ±1% h yond
,"10,000 I'll~. Voltage Accurocy: '\It r I'ulilm.lton h • Illt '1'­
uul 'oun'(', the Re,'lInt\')' lip 10 50 1.1' I. ± (3 '( (If mdl­
rated vulue 21'1 full (If scul) xc 'pt for the riled" of
1111 rnal nOl'c 11"101'11 Ihi' IlllelluHtfll' knob IS in hp 11l1lxi­
l1lum-,en~III\lty 1'0"ltlOIl. III thul po,itiun the inlerllul
lIui'e is nhuuI ,-j('; uf full Sl'lI] for Ihe 3- lind IQ-cyd
IJlilld. IUltI 10"e "f fuJI ('ILl' fur Ihr .iQ-c'yrle balll!. Frultl
.in t1l5~ I..', Ih IIb/lvl' 3 ' 'f rnur hr\'um, 'c;;,.
T\ 11; 15 h\ ,')1":,\11 .\.'1) \'IUI Kfl ," A,'·
ALYZE Il - I'pl'('ifil'n i Ill, FlItor Charaderisll.., lldd:
Ulimal' ullen\lU iOIt I' 1t1 nlpr lIwn ill dh for hoth
l'Illlrtll'leri~tic_'i('h,mp:l': P'ul. I'f'''Il'Hl i. Ilmrurm ± I rlh
from 51'p to 10 kl' lind _ 1.5 dl, rfllnt 2.5 ('p, to 25 kl'.
Au.nodes Available: tlu T1PE 1!}GO-P3 PZT 'Ii ..o­
phull!'.
HW1J-PU .~ Clurur, n.-III'- of lhl' Allu.lyzel': Lep;erull' Oil
rurv . Ill' tl':lll~"u.etli 111 1 IOth·cctave ,'un'e i. the
IInrJ"o\\rr of IIt two.

n PC 1233- POWLH AMPLIFH.H - Pul-f'-r ~11l"P
n I'illup:Tnm.-; PlJl-~ lellp:lh i- Ullilt d. Fl'lIm left, 0.2, I,
lind 2 pS t', I' pt'\'!1 \' Iy.
BHIIlGE TABl!. Tl ~,'. nUIl~ of 1,50 i, I ro1l
10 II l\I!l,

T\ 1~1... IO.j{)- DJPF,DA,( I BHIl e,L - Price i
~.J7b (JJS tllIlIOIlllCf'l PI'IOI' to )JlIhlielltioo or CutulOl( H.
Price oC TI:PB lU50-Pl is. 20.

Pn~ ;37.

PaKf' I .

Puge li-l.

Ill/; 70.

PUP; 77.

Pll~ 7K.

Pn~e 0,

Puge Ino.

Pll~e 107,

1'\ PE HH5-A 'APA 'IT .' 'E BRIO Jo, - ,'p f'i­
fif'llli()II~, Auulocy: 'IlPIU'lll111 - Oi, '1-1'PI1.dlllg, illler­
II III "1u.lldul'Il: ,\1 1 "r, (U.OJ 0 O. 0003 pO. Addi­
1I0Wll errOl III hight'r Cr('lIUent-ie- llllt! \\;ll. high lpnt'i­
IllnC' , ±2 X 1O-~ .f'lr l ; 2 X 10-' ( p! r~tk. . t 10lll'I'
fr quellci ~ ullll \\ ilh .·lOull CIIIIlcilllnce, lIeC1lI'ue) mil}
he tan1l1 U II IJritlll; ell~ill\'i .
Di", IPlltioll rut·tor: Direc rendillg, ± (0.1 0'0 oC m , sur",1
vnlu + 0.000111 l.
Moxlmum Safe Generator Vollage: 30 II-. V I ,3 VIIIt

nlll."inlllll1. If '('II nllnr oml I t or ('01111 ('lioll. lin'
ullel'chullg('d, 15 III 51 vol '1111 he applied., u!'p 1111·
in!!; Uti. witch cttl"~.

TYI'E 71U·('. 'I \1 \ 'IT \. E BIlIIH1j,. -, 'pl'('lh­
Plltion., Acussories Required: l'lmn!!:!' In I RI'n!pn!'c' 10 11"ul
" I' or nppnl! ion al f"I'q 111'11('11';1 01 hel Ihan l • iI', ll"t'
lltt' Typl' 1232-.\ Tllnl,J \JIIplili('r lind ~1I1l Ot'If'l'lnr,
wi h hI' T\JII' 1232-.\ ~li)('r, ami n 1 "nl u.dllnlll!'."

'1') Pl' J G2-C' i\lhC.,OOM 1I':T1m - :1' in 'ulillll ,
Dimensions: PUll I h ill:hl fur relll), ra 'k OIud I i. 10 12
illchc..

TYPE 7-1 At) IT H, -Adnplor tuhl, T T\PI'
27-1, Ill.' column, ~hnuld rd' hown on pa~ 209."

TYPE 71-\\'100, -'UOO TLHl\lL- 1'1 . ,'- Fr­
qu ncy ~cllie t" 0011 let! fr m plo of v WR. 'Ul' \..
e "PI r..om 100 to 2000 1~, u.: ill 'atalu~ Q.
TyV '7 I-H20 Ilnd -H22A - \. wn plo: Oil: h U
('urve i' fnr H20A.

Price Li~t - 'mil' • wnll I' fur TYPE ·LIO lmuld
be OtlOQ-I .i05.

'l'll~IU\'lty-fr('quellcy !'tlI'VC. - ('IlI'V for 1212- , -P3
~hllUlt.lt:lrI2tll'l'a,ll'" hi 'her, ul 30 Ie.

TYPE 1103-B ,'\."11 ' :\H.:TEH R TIl\IE Ol\I­
P. \lATOH - "Jl't'ili!' !ion", Input: I-ke sine WI.ve, till!!
volt ililo 10 kilnltllL"; I·k N.lWloOlh, 30 VOll~1 pcnk-h,·
pen", lnlu ItXl kilohTU.~.

TY PF 1137 i , TA PH I.-TER - Pric Ii. t: 23O-voll
nllldeL~ lire ror ;0 C'[1. nnly.

1'PE130-J-BBEAT-J.o'HE I'E,' 'YAl:D1 ,l',~EH­
AT H. 1'111' two ~aplion. ul Ihe foot of the I'll/!; ar
IIIt !'cllllllgeJ.
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T\PE l-lO.J-. BEFEl EK '.E I'TANI>ARD A­
P errol{ - .'peeificatiol1., [{cpla(-e Cer1iflcale with:
Colibration: certifil':Ite of c lihralion i. supplied witb
E'lleh rol1l'llcitor givill~ IIII' mel\~ul'cd Ilil'eel parallel
cnpllcital1l' lIt 1 ke I nr! ut 23 ± I C, Til 1lI l\..~\I1·ed
"olue i. ohlolll I hy "C'Olllplll'i 11 to II prl'ci"iun hetter
t hUll ± I ppm with worklll~ •Inmlnl'd' II bo~e IIhsoJut
"a1ut'.- lire klloWII to an Il(-C\lI"llC~' of ±20 ppm, deter­
milled 01111 fIlllintall1c,1 in terms of r"fel'l'llroc "t1ll1llonLs
)leriudicnlly mensured by the Nntionlll Bureau of ~tllnd­
Md",
TYPE ),]O-l-H - A lOO-pf model, THE I·!O..J ... B, I no"
aVll.illlhl - Pl'ice 225,00.

Til'''' 142·I-A TAXD Ill) POLY,TYRI;KE DE ~
ADJo: 'APACITOn - ,'pl'cificnl,ioll-, Frequency: Cbllll~e
IlIsI sentence I : Al hif!ht'1' freq\ll'll ips lenninul cupul'i­
lJJl(,l'l'i" II' r .0I111n fl' qu IICy, la, is upprlluroll d, Th

ilH'l'eas CIUl 1I cuI ula Ctl frolll ~('/ • = (ftfn)~, IIlId f.
I arit'. fmm Ilhnut 525 lic nl I /Jf 0 23.'i ke at I /JL

T\ PE 1.J 19-. DECADE CAPAt'IT ]{ - '[\I'u('j-
Inllcc pCI' .' cp, A-dcc'nde, i O,t /Jf.
T'PE 1419-!\1 Ilfo,'ADE CAP CIT H-,,'PClli­
catiol1l-, Dimen5ion., 13% hy -!-5/ I(l hy .~ inl'h _ (350 hy
110 hy 130 "lIn).

TYPE 1531-1'3 .TTII·' ('F-.'PU..n WIIEEL- ddi­
llonol new S)lCCifiClltiflll, Over.all Accuracy, including
Slrobolac: _ 1.5%.

T) PI'~ I 263-H AMP1.l1 {"JlI~-IlEC{'LATI:\' ; P )W~H
EWPPLY -. 'pe('ifielltioll" Rf OulpUI Vollage: Change
11I"t sl'llll'lI('e 10 I' titl .. With l-kc J'qulll' -wlIve J lotluln­
tion, 0.2 0 1.0 fJIt Il\'elllll;p vllIue of Ihe rrn: cu.l'l'i~r
1('\'1'1 I)rltilltl fiO ohm"'. ' Outpul Voltmeler: Add: "1\1 t r
l'eCllb avrrHf!; valu of lhe I'm:, ClIl'l'i r Icvel."

TYPE Illli-B El\1EH 'E. Y P WEn 'tlPPLY­
Cnn inuoll:' mt lU/!: j" 1-1l II lit b.
TYPE 126 AVTO:\1ATIC BATTG! Y CiiAl (;[o;R
- 'rhi. tlevie "hollld h lJ d (lilly II it h niekc:j-l'lItlrnillnl
ha(leri.- TYPE 120 -9fl02 01' eCluil't1lcl1t.

POTE~TI ?IETEn, - Diml'l1'ioll ~iv 11 Ill' in
in he,;,

TYPE 274-DB. -MB, -J TI~ P1X , . - 1 imcn~ioTl;; are
in il1c1le~.

Page 151.

Pall: 170.

PUl!e J5·1.

Pal!e 207.

PlIgc l7G.

Page 203,

Page 157.

Pap;c 21 L Column I, lru;! line - Hclerelll'e to p!lge 116 ~bouJrI read
pal!l' )13.

"t' IlUvt' !lvlIilnhl n lis of I'ef renl'es In c:lI'i~inal tl. I'iptioll~ in tlie
(It'lll!rfll HI/diD Experimclller COl' I'ing 1111 majrll ilem" in II.talllll: R,
Fr 011 l'('quc~l.

TYPE 130 A Al'DJO O.'CILLA on A 'J) P wm
~rPLI"'IEH - ,p l'ifi a inl1:<, Vallage and Current

Ranges, add: in llll~' C~Ol1llJilltltiOI1 lllJ In 2()0 vnlt-IUIl­
perc•. Optimum laad Impedonce: O. ,2.5, • 0, fl(} Ilhm•.

't' 1M HY OF POWER-SI'PPLY ('II HAl 'TEB­
"''I'll." . THE 1203-B Unit Po\\'er ,'uWly (PUKe 173)
rot II /lisa he U·rotl.

!'IIF, IIF OSl'JI.LATOH '. OUlput illto 50 oltm~,
~uarun teet!:

Png 10.

PUJ,:e, IH
lind 115.

PUICC 113,

PUJI; 12,

PlIgl' II .

With Type 1267·A.
With Ty~e 1269·A or Type 1264 ·A, or

Type 1203.8 Type 1201·8
Ole. Type Power Supply Power Supply

120 -C 240mw,fi5Iu250Mc 17 Illw,65to250 10
011'111,250 In 500 Mr 0011\, 5010 .jnO till'

1209- 'I. 320mll,I Oto5OOMr 27011111, J Oto5QI 1\11'
240 Olw, 500 to 000 Mr 200111\\,500 to liOO 1\10

J209-(, l50 mw 12011111
J215-l' 1201ll1l,50tu215!\lr 90mw,50to215M

7 ml\', 2J5 to 2fJQ 1\10 ,iO 111\1, 21.) 10 2iiQ 1\1('

1"01' t 'pJo&1 output-v~-frcquellcy CUI'V6», see th aIi
Experillumter for i\ugu~l, J!)(i3.

TYPE 1360-A IJCLW\\ VI<: OHl'J 1.l,ATOI{ -. ')J!'1'i­
lic:.lliol1., OulpuI, Power: Individuul 1II"lrUIlll1l fllll)'

• hilI\' van'lUolI" II 2:J from typic:.lI curl' . :\011 nul put
•vecificution (gulrunleed) i ""\111':1" 20 mw fI'01111.7
o 2.J ri a least 50 IllII [101112.1 t 14.1 'e".

T'I PI': !2 Q-A I\LY''THO:\ 0 T[LLATOll- Di·
mensions: Widlu, JO% (275 IllUl).

T\ PE lOOI-A .'TA!'\DAIW~'IG~AL .h,,\I·,HATOH
-. 'pcil:i 'U.ll(JI1" Voltage Accuracy: I. I fl' qu Ill'il'~
l!'lc)\\ 10 Me" Iiould reJJ.d "Fl'llnl 150 kc' tll 10 J\11'."

TYPE lOOO-P5 \'HF TH X. FOHi\IEIl - Lin' 5:
" ... meu,'urcmenl, uf fm llud levi-ioll I't'cciv I·~."

1') PE 1025-/\ ,'1' 'UAUD .'WEEf'-I·HJo:Q 'Ei\ -Y
,EKEHATOl! - Feature-, Line 9: "",10 coulltel'

nCCUl'Il y without di~ ul'hlLncc.. , ."

T' PE 1 06-A 1,;J,ECTH01\JC \'01.1' lETEl{-:-ll'cci­
ficnlion" Accurocy, sceulld lille: ' ±O.2?( of full ,eRIc
fl'( III lllll'-tcnth, ... '

Pagc 150. TYPE 1401-D • T KDAHD AlH 'AP elTon­
Oi. 'ipn.tiofl fll(-tul' L 20 X m...~.

Pllj.,'C 151. 1''1'1'1': t·W3-C ,'l'A.i\ AHl> Am CAPACTTOH­
I i;'~ipuli()n foc(ol' i: 30 X lU"ii; TY1·F.~ 10103- -0, -1\
- ',-R, -v, di.gjPllliol1 fuctor i. 20 X 10--6.

Pag 123.

PUl!e 117.

Pllge 142.

Pug 125.

G E N E R AL RADIO CO
WEST CONCORD, MASSACHUSETTS, USA

M P A N y

General Radio Company (Overseas), Zurich, Switzerland
Representatives in Principal Overseas Countries

Printed in U. S. A.
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We are alwa glad to ee our cu tomer at our home plant a

well a at our ale Engin ering Offic . ", e can welcome you be t
between lOAM and 4PM any day except aturday, unday, and
legal holiday in fa achu ett .

Our plant i located in We t Concord, at 22 Baker venue. This
is near the inter ection of tate Route 2 and 62 and the accom­
panying map how route from Bo ton and vicinity. The Ma nard
bu (lVLiddle ex and Bo ton tr et Railway ompany) from Har­
vard quare, ambridge, erve ~ e t Concord. AI 0, the Bo ton
and 'Laine Railroad provide ervice from Bo ton' orth tation.

- c/ r
~~'C~W~.co~ To Reach our Plant ...

~
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neral Radio an mIlo' -owned c mpany, wa found d in
1 15. Our principal bu. in ha alway been the manufactur of
m a urin in trum nt for i nc and indu try. Our admini tra ive
office and all manufacturing operation are at our new plant in
Vi t Concord l\Ia a hu tt. Our ale en ineerin and ervice
n twork include offi e in 11 metropolitan area in orth merica
and a wholly own d ub idiary, General Radio ompany (Over-
ea ), in Zurich, witz rland.

G neral Radio 11 tandard, proprietary, off-the- helf product. ,
Ii ted in thi catalog. It doe not ell consulting ervice, patent,
or proprietary right or proce

General Radi ha furthered the cience of electrical mea ure­
ment for almo t 50 J ar . GR contribution have been many: The
heterodyne wave anal rz 1', the electroni trobo cope the adju t­
-able autotran form 1', th R 0 cillator the butterft circuit, and
the coaxial admittanc m t I' are a few of the device either invented
or fir t introdu d commercially b General Radio. Toda to
an weI' the ne d of n w technology, our rate of new in trument
development i at an all-time high; in thi catalog are 26 major
in trument plu many tandards, conn tor part and ac
orie , that have been introduced ince our la t general catalo wa'

publi hed two year ago.
The rich experience and high competence of General Radio'

engineering taft', many of whom are leading authoritie in their
fields, are available to our cu tomeI'S in the form of advice on
mea urement problem a well as in the uperior de ign of our
products.

- .,. ...
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Two unwritten peci£lcation for every GR instru­
ent are reliable performance and long life. These are

part of ever en ineerin and manufacturing d ci ion;
they ar evident in the de ign, layout, material, com­
ponent , wiring, and £lni he of our in trument . Ev ry
tep h b n I' fin d b) an in trument-manufacturing

experien e unequaled in the electronic indu try.
Our panel and cabinet are of especially heavy-gauge

aluminum 0 that th y will not hum, d nt buckle, or
rattle. We ither paint or plate all out ide aluminum
surface . We plate all bra part. ur in trument
would operate as w ll- for a while - with Ie plating,
painting, and £lui hing but w~'d rather give them the
protection they d erve.

We u e only th be t component in our in trument ,
and thi often means de igning and making our own.
For instance, when we needed a binding po t with high
dielectric trength, hig;h leakage re i tance, low capaci­
tanc , and low 10 , we de igned our own jack-top
binding po t, which oon became a popular (and widely
copied) GR product in its own right. Our coaxial con­
nector and double banana I lug are other GR-de igned
component now u ed throughout the electronic
indu try.

Component are only as reliable as the lead con­
necting them. t GR we terminate all hielded lead
with crimped ferrul ,for connection that stay con­
nected. We u e Z-wire connection to join component
on oppo ite ides of etched board , and we nylon-braid
our own cable by a GR-designed cable-braiding ma­
chine. The cable , etched board , component - the
vital organs of a GR in trument -look a if they are
olidly in place. They are.

Our old friend will notice that the traditional black
crackle and quare cabinets have given way to oft
grays and smart tyling. We are proud of the new OR
look, ju t a we are proud that we are old enough to be
able to have a new look.
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We feel that correct functional de ign i the key to
a good-looking in trument. Take GR' pI' prietary new
m tel' de i n. It is ae thetically pI a in . becau e it look.
right. ou wonder, in fact why all meter don't look
lik that. But here the primary de ign objective wa ,
not t) ling but maximum cale length p l' unit of panel
area and th mo t readable cales pos ibl . The g od
look were the inevitabl l' ward for proper d ign.

GR in trum nt are mbled b) what i ometim::;
called the "arti an" m th d. Thi mean that on man
a emble a group f in trum nts, in contra t with
the a s mbl -lin method, wh l' many I ople amble
ach in trument. There are n a mbly line at

General Radio.
The arti an y tern place hi h demands on th a-

embler I and a major factor in the qualit of our in tru­
rnent i the caliber and experience of the e men. Thre
quart I' of them have be n as embling OR instrument
for over 10 year , and b tter than one in four is a
20-year man.

These are a few of the reas n why we can guarantee
performance to publi hed specifications for two y ar
and why many of our in trument manufactur dover
a quarter c ntury ago are . till working perf ctly.
Another reason i GR' can ervative approach to in-
trum nt pecifications. Ev ry in trument pa ina

through our te t and calibration laboratory mu t exceed
publi h d specifi ations by a comf rtabl mar in.
Becau e of thi margin you can have c nfidence in th
pecification in thi catalog.

Over th pa t half c ntur General Radio in rument
have won an enviabl I' putation for quality. We nev r
re t on thi reputation but co tantly trenathen it
and add to it. The re ult are hown in thi atalog:
the be tin. trument w hay ev I' made.
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sold in the both
ither way at the arne

SHIPPING INSTRUCTIONS
Unless p cHic in f,ruction accompany the order, we

hall u e our judgment a to the best method of hipment.
Repair part or oth rit ill n ed d quickly will be shipped
by air if reque ted. The following table sholVs approximate

HOW TO ORDER
An item i fully id ntifi d by the type number given in

thi catalog. For protection against typographical or read­
ing rror, how ver, W l' ommend that you al a give
the nam of the in trum nt and, wher applicable, the
mea urement rang' or other ignificant p cifi a ions. Be
ure to include order for any acc ori d ired or for

calibrations that are to be made before hipm nt.

(Variac!1 autotran formers are
di.rect and through distributors,
advertised pric .)

SAlES, SHIPPING, AND SERVICE INFORMATION
~

WE SELL DIRECT
We have long believed that w I've our dom ti cu-

tomeI'S b s by serving them direc Iy. The men who U
GR in trum fit are ales engineer, in th trict t n e.
They ar al 0 G n ral Radio employ , paid salaries,
not 'ommi ion. They make up th be' t qualified t am
of I ctrical mea urement consultants to be found any­
where, and their advice i your for the a king. vcr a,
carefully I cdr presentative offer our many friend
abroad the am comp tent ervic .

nother GR al policy of long standing i th iugl
pli to all. W have no patience (nor have our cu tomers)
for pric s that are 0 variable that they cannot be adver­
tised. The price of a product, we h ve always felt, is just
as much part of sp cmcations as i th technical d scrip­
tion. Moreover, we feel that there i no mol' plac for
fiction in prices than in voltag rating. The pric giv n
in this catalog ar what we charge for our produ t, nd
you may be sure that you are not carrying the load for
somebody else's di count.

2 POUNDS 5 POUNDS 25 POUNDS 40 POUNDS
Air •.Air

Air ..4.ir Paru{ Ai.,. .4.ir Porcd Air Air Air Air
U. S. Freight Erpres8 Post REA FrBight Erpre.s Post REA Freight Express Trli,ck· REA Preight Express Trtuk· REA

ATLANTA ....... $12.10 $6.50 $1.26 $2.65 $12.10 $6.50 $2.94 $2.97 $12.10 $12.15 $ 6.46 $5.06 $12.10 $16.41 $ 6.46 $ 6.61
BUffAtO. , .... 11.20 6.50 1.15 2.89 11,20 6,50 2,65 3.10 11.20 8.15 5.40 4.51 11.20 10.0\ 5.40 5.S7
CHICAGO ..... , . 13.25 6.50 1.26 2.96 13.25 6.50 2.94 3.30 13.25 12.15 6.22 5.47 13.25 16.41 6.22 7.09
CLEVELAND...... 11.45 6.50 1.15 2.92 11.45 6.50 2.65 3.17 11.45 975 6.23 4.86 11.45 \2.57 6.23 6.12
DALLAS......•.. 16.90 6.50 1.47 275 16.90 7.49 3.63 3.10 16.90 17.75 9.48 6.22 16.90 25.37 9.48 8.46
DETROIT, .. , , • , • 11.35 6.50 1.15 2.87 11.35 6.50 2.65 3.23 11.35 9.75 6.39 5.12 11.35 12.57 6.39 6.54
HOUSTON., . 16.90 6.50 1.47 275 16.90 7.49 3.63 3.22 16.90 17.75 9.48 6.29 16.90 25.37 9.48 8.60
LOS ANGelES ... 2475 6.51 1.60 2.90 24,75 877 4.00 3.55 24.75 24.15 11.81 7.98 24.75 35.61 11.81 11.29
ST. LOUIS., •• , .. 13.75 6.50 1.39 2.99 1375 6.53 3.31 3.35 1375 12.95 677 5.79 13.75 17.69 6.n 7.63
SEATTLE .--- 22.15 6.51 1.60 2.88 22.15 877 4.00 3.54 22.15 24.15 11.81 7.92 22.15 35.61 11.81 11.20

Air Air Air A" A"-r Ai,. Ai,.. A"
CANADA" Freight EZ.PTt!U AmI/oil REA Freight Express iI,irm'nl REA Preillht Erpr<Bs TrlLck' RE.4 Freight E.rpr~SB Truck- REA

CALGARY ....... $12.55 $7.00 $2.56 $4.16 $12.55 $9.30 $6.40 $4.16 $12.55 $26.80 $10.52 $7.97 $18.30 $39.85 $10.52 $10.83
MONTREAL ...... 7.50 7.00 2.56 3.47 7.50 7.00 6.40 3.47 7.50 7.80 5.50 4.53 9.10 9,45 5.50 5.58
OTTAWA, ...... 7.50 7.00 2.56 3.49 7.50 7.00 6.40 3.49 7.50 7.80 5.55 4.67 9.50 9.45 5.55 5.56
QUE8EC ........ 7.50 7.00 2.56 3.49 7.50 7.00 6.40 3.49 7.50 8.BO 5.50 4.67 9.10 11.05 5.50 5.56
TORONTO ..... 8.00 7.00 2.56 3.56 8.00 7.00 6.40 3.56 8.00 9.80 6.42 4.97 1070 12.65 6.42 6.04
VANCOUVER, , •.• 14.00 7.00 2.56 4.30 14.00 970 6.40 4.30 14.00 28.80 11.81 8.69 20.30 43.05 11.81 13.06
WiNNiPEG ...... 10.50 7.00 2.56 3.87 10.50 7.90 6.40 3.87 10.50 19.80 1171 6.62 1470 28.65 11.71 B.65

75 POUNDS 100 POUNDS 200 POUNDS 400 POUNDS
..1i1' Air At",.. At,.. A"-r Air Air Alr

U. S. Freight Erpr~&B Truck- REA. Freight ErpTl!f$ Truck* REA F"i,,1tt Erpress Truck- REA F"ioht E:zprt!~s Truck- REA
ATlANTA .. .. $15.60 $32.00 $ 6.46 $10.26 $\7.00 $34.15 $ 6.46 $12.87 $28.90 $ 65.02 $11.80 $25.34 $ 55.80 $129.60 $23.60 $50.3B
BUffALO •. .... 11.20 15.00 5.40 8.06 11.20 18.15 5.40 9.82 17.20 33.02 8.02 19.34 32.40 65.60 16.04 38.38
CHICAGO ... , • , • 17.00 27.00 6.22 10.89 17.00 34.15 6.22 13.59 28.25 65.02 11.04 26.58 55.60 129.60 22.08 53.46
CLEVElAND....•. 12.95 19.BO 6.23 9.09 12.95 24.55 6.23 11.20 20.45 45.82 8.88 22.10 39.60 91.20 1776 41.90
DALLAS..•.•.•.. 22.00 43.80 9.48 13.74 22.00 56.55 9.48 17.52 39.10 109.82 16.26 3474 76.80 219.20 32.52 69.18
DETROIT ...... , . 13.50 19.80 6.39 9.85 13.50 24.55 6.39 12.22 21.65 45.82 9.34 24.14 41.80 91.20 18.68 47.98
HOUSTON •..... 22.55 43.80 9.48 13.99 22.55 56.55 9.48 17.83 40.20 109.82 16.26 35.36 79.00 219.20 32.52 70.42
LOS ANGELES. 3170 63.00 11.81 24.55 3170 82.15 11.81 24.55 58.20 161.02 23.62 48.80 115.60 321.60 47.24 97.30
ST. LOUiS....... 17.35 29.40 677 11.91 17.35 37.35 6.77 14.96 29.50 71.42 12.28 29.62 58.20 142.40 24.56 58.94
SEATTLE ........ 37.56 63.00 11.81 18.86 37.56 82.15 11.81 24.33 69.97 161.02 23.62 48.36 138.24 321.60 47.24 96.42

~41T Air >hr A" Air Air Jllr Air
C.,tN.tDA·· Freight E~'PreJts Truck' REA Freioilt Erpre•• Truck' RE,l Frciqht Erpr..' Tru.c"· REA Prei4/lJ. Exprt!JtIi Truck* REA

CALGARY .,. $31.25 $70.95 $10.52 $17.51 $31.85 $92.75 $10.52 $22.28 $62.20 $182.22 $23.44 $44.56 $123.60 $364.00 $46.88 $89.12
MONTREAL ...... 13.45 13.95 5.50 7.19 13045 16.75 5.50 8.23 23.40 30.22 6.56 16.46 53.00 60.00 13.12 32.92
OTTAWA. ... - 14.35 13.95 5.55 7.63 14.35 1675 5.55 9.10 25.20 30.22 7.40 18.20 49.60 60.00 14.80 36.40
QUEBEC. ...... 12.95 16.95 5.50 7.63 12.95 20.75 5.50 9.10 22.40 38.22 7.00 18.20 44.00 76.00 14.00 36.40
TORONTO, .•... 1675 19.95 6.42 8.54 16.75 2.75 6.42 10.32 30.00 46.22 8.56 20.64 59.20 92.00 17.\2 41.28
VANCOUVER..... 35.00 76.95 11.81 19.62 36.75 100.75 11.81 25.10 70.00 198.22 23.62 50.20 139.20 396.00 47.24 100.40
WINNIPEG . ~ .. 24.50 .9.95 11.87 13.44 25.15 64.75 12.38 16.84 46.80 126.22 17.41 33.68 92.80 252.00 35.68 67.36

.. Or roil freight forwarder.
... Canodian rafes do not include handling or brokerage fees, duties. or any other 'axes.

vi
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We \/our-uu lh.t.l C'r.ch DC'W InwrpJ.
nwnl soll.! by U'I is Cree rrom ddect,
In malrn~ aoJ ~Otk.mtn''''lp lind 11'1011
pl.rl)' UH\J II _.11 rcrrorm in (ull
atXOtJJ.IKC" ~lIh ;llpp",.. bl~ pulfi~...
hom Cor • period o( tVlO )'c~r, ulla"
oOlinai ttllpmmL Aft) an~mllntnt Of
eompootftt ,h~t j round ""nhU1 I~
'''O<-)"Ur flCnod QO( 10 mcc:t !hac:
hmdud~alll:" cumnutiun b) ,OUt

flK1ory. dl..chrt otrM:l". eM" 1I11lhorua1
tepa., -emeY peNOnncl .. i.lJ t'C r-c
,wTcd or, Oil OUr OflIK»n, ,rphKcl
.Itf,out cbuJ't', e\C"crt (Of' lubn ('If

battuiCl> Iha' ha\l:': IIH'Il normal
\tf"\'ic('

WARRANTY
,y warran that each n win trument old by U' i £1'

from d fect- in rna rial and workma.n hip and th t, PI'Op­
I'ly U . d, it will p r£orm in full accordance with applicabl
pecification for a p riod of two y ar, after origillal hip­

ment. Any in trument or component tha i found within
the two-year period n t to me the. c tandard', after
examination by our factory, di trict office, or authorized
repair ag ncy per onnel, will b repair d or, at our option,
replac d without charg, x ept for tub or battcrie t.hat
hay giv n normal rvi

f. .b. Toronto

Di count
5 percent

10 percent
15 percent

may
oncord,

Quantity
10 through 19
20 through 99

100 or more

co t of four cliff r nt method of hipment to major cHie
in th lnited tat and nnada, door-to-door.

There i no harg for our dorn ti packing or for
r gular xport paekiIl nd no char for shippin on-

iner or ca ase ar not r turna Ie.

auada may ob ain

SOURCE INSPECTION SURCHARGE
urcharg of 1 p reent (. 2.50 minimum) appli on

all order I' Quiring insp tion at our plant either by one
of the Governm nt service or by the customer' own in­
spection department or other private ag ncy. The insp c­
(.jon surcharge applies on ea<lh shipment inspected.

MINIMUM BILLING
The minimum billing per order is 10.00. This applies

to all purcha e."{Cept repair parts and ash-with-order
transaction .

QUANTITY DISCOUNTS
Quantity discounts apply only to Variaclli' autotrans­

former and to parts, not to in twm nt . When 10 or
more id ntica! part 01' autotran. form I' ar ordered at th('

m tim for inglc hipm nt to the me place, with
ultimate d ·tination in th cont.in ntal nited tate
(not including th anal Zan ) or 'an da, t.he following
quantity di counts are allowed, exe pt wh re oth rwise
not d:

vii
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EXPORT ORDERS
u tom('rR out'ide the l"nilct! ,'tulc.• \lel IlllutiU orC'

, l'\'pd hy 'enNuI Radio nnel i - \I'holl.' owned uh.idi~ ry
Cl'IIl'l':d 1 adio ()\,PI"PU:), through thl' PXPOl't r<,pl'C's<'llta­
tin'. Ii -tcd in.id tb I' ur 'OY('I" of thi. (·atalog. All com­
munieul iOI1 ' should be clil'N;tccl to tIl(' apPl'opl'ial ' export
I' pI'£" ntati\'C', For coun l'i . not listed, inquirie should
be ad Ire': d 'ilhc\' to ,cnpral Radio on puny \\'c'\

ol1eord ~Iassachusett·, T: ..".~\., 01', for cu. tompr: in
Europ , to GrllE'l'ul Rudio Company «)\' l' ·eu.:) , HelC'IHl­
tra. 'e a, Z1ll'i·h , "ritz I'lnnd,

Price to O\'{'\,Reus dC' tination urp ll.vnilabl from export
repre' ntativc on r qu st. '. timat d pri' .1.1"., will

1)(' IHoted hy GC'llC'1'U1 Radio ompuny, We t oneord
~In.'snrhlls('t li'i, c.' ..\., 01' hy (;('lIernl Radio ompully
«)\'l'\,sC'(:) on I' qll("\'

D l(,l'minat ion of rxport pricc', term., and c ndition'
of suI urC' muciC' at .C'\lC'ml Radio Company, WI' t on­
r I'd, :\!:lssuehw('lt" C, ..-t., or ncml Radio ompany
«)\'er ea -), Zurich, 'witzrrland.

Export term are full payment in advane of hipment
01' hy . ight draft again:t an irl' vo ubI lett '1' of credit
at a • 'C'\\' York 01' 130 ton bank, or a pI' via I 'Iy arrang d
\\'it h (;clwral Hadio or GCI1C'1'U1 Hadia (Over ·eas).

A monthly publi ation the General Radio E.rperimenter,
feature. new produ -t developed by General Radio a II' 11
ns g n 1'11.1 t chnical information. cut free on reque t, thi
periodical i <1i tributed to over LOO,OOO r ader through­
out th wodd.

ther publication available from General Radi include
the' Handbook oj ,Volse .1leo.'lIr III III Prilller of Xois .lIea­
W'em nl, 110m/hook of l'oltaye Contl'of Handbook of High­
i peed Photography, and in trument no ,booklet, and
reprinted artiel on a wid range of t ehnicai ubject.

viii

lany of our products nrc manufacture and Jd under
United 'tn. e Letters Patnt owned by h neral R.adio
Company or lind r hcen e grant from oth l' compll.Jlie .
To implify the Ii ting of the pat nt th yare given
here in a ingl li,t aud ref lTE'd to at each in trument only
by appropriate l' fNen number.

1. "Cer ain vU('uum-tub amplifier device, el -tri­
wave filter, vacuum-tub O' 'illato)", and sowld-Iev I
m tN" are licen ed lJy \\' .'tel'll Electric mp' ny, In .,
und l' all Unit d ,'tate' l,('Her' Putent owned or ontroll d
by \m I'i 'an TeJrphone und Tel graph ompany, or
We t rn EL tric 'ompany, III -., and any or all oth'l'

nited • tatC's pat{'ut' with I' _p'et to which We t I'll

Ell' 'Til' Company, Inc., ha th right to grant a Ii 'ellSt',
oIly 1'01' utilization in l'C':eurch, inv tigation, mea. ur ­

ment te'ling in trucllon and dev lopm nt work in pme nel
appliC'd cince, including t'ngillecrin and indu,trial fi Id '."

2. 'This appal" tu u invention of nit d tate~

Paten lie Il 'C'd Y Radio ol'poration of m I'i a. Patent
numbcr~ uppli d upon l' que t. Licen ed onJy for u e in
measuring or Ie 'ting ele tronic device', electron tub eil'-

cuits part of uch device and circuit, and clement for
u in uch device and circuits.'

3. Paten D 161,030.
4. Patent 2,54 ,457.
5. Patent 2, 02,907.
6. Lie nsed under de ign ,patent and pat Ill. appli­

cation, of Edg rton, Germe hau ell and riel'
7. Patent 2,949,592.

Patent Applied 1'01'.

9. Patent Re 24,204.
10, Patent 3,050 G -.
11. Paten 3,022,9
12. Patent :3,012,197.
L3. Patent 2,977,540.
14. Patent 2,763,733.
15. Paten D 1 7,740.
16. Pat n 2,970,25 .
17. Patent 2 ,53 ,122.
1 . Patent 2,5 1,133.
L9. Patent 2, 72,639.
20. Patent 2,943,277.
21. Pa ent 2,942,172.
22. Pa nt 2,966,257.
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Gen ral Radio" comprehensive line of acou tical and
audio-fr qu ney in t.rument provide th c seotial el ­
m nt for t.he fficient evaluation of noi and vibration
and for the mea urement of 0 her ucou tical phenomena.
Th ba ic in rumen d scribed in thi ction comprise
a ' und-Ievel meter, a vibration meter, and a variety of
tran ucer llnd calibrator, for the quantitative mea ur­
ment of both air-borne and olid-borne vibrations.

Th' are supplemented by:
(1) A group of analyzers, described in h etion follow-

ing, which operate from the el ctrical output of th
sound-level meter* to m a ure the amplitude and ft· ­
quency of the component of the sound or vibration
pectrum. The e include narrow-band, 7'a-octave, and

octave-band in truments, a well a a peak-reading
device for evaluating impact-typ sound.

(2) Audio-frequency 0 cillatOl' , a random-noi generator,
and pul e generator f r exciting aeou tical and I c­
trical y terns under te t.

(3) A graphic level recorder for automatic spectrum analy­
is, r verb ration-time measurem nt, and perma­

nent records of mea urements.
(4) trobo cope for vi ual analysi of vibrating phe­

nomena.
(5) Imp dan e bridge for determining th characteri ic

of tran ducer and oth r acoustical d vices.
(G) Auxiliary quipment, uch as fr qu ncy meters and

amplifier.

SOUND·LEVEl MEASUREMENTS
The tandard sound-level meter is the ba ic sound­

mea Ul'ing instrument and ha been improved in ea·h
u ce sive model in p rformance, in convenience, and in

vcr atility, culminating in the TYPE 1551-' ound-Lev I
let r, which meet th requirem nl of the urrent

American tandard pecification for General-Purpo
ound Level Meter.t
An excellent, general-purpo PZT microphone i now

upplied a standard equipment. Thi stable and rugg d
microphone ha a mooth frequency rc pon c and is rela­
tively unaffected by normal temperatur change. It ean
b mounted dir ctly on the instrument or epllrately with
connection by xten ion cable when it i ne e ary to
avoid the effect of the ob rver on the acou tical mea me­
ment. For broad-band ill a urement he TYPE 1551-PI

ond n er Iicrophone y tern i available.
Th TYPE 1555-A oUlld- urvey Meter i a implified

vcr ion of th ound-Ievel met r, particularly designed for
conv ni nc in u e, small ize, and low co t.

Eith I' of th in truments can be u d to mea nre OY 1'-

all level, th fir t important m u ur of a noise. A fr('­
quency analysi i al of en d irabl to estima the
effect of the noi ,to track down the ource, and to
determine efficient control mea ure .
• The T>-PE 15M-A Sound and Vibration Analyter and t.he TYPE 155 -A Ootave·
BlUld Analyzer can also be operated directly from a miorophone.
t A A 1.4- J961.

ACOUSTICAL INSTRUMENTS
~

OCTAVE-BAND AND NARROWER·BAND
MEASUREMENTS - SPECTRUM ANALYSIS

The TYPE' 155 -A and 1.55 - P Octave-Band Noise
Analyz I' and TYPE 156'1- ound nnd Vibration Analyzer
an b u cd dir cUy with the PZT microphon to mea ure

octave-band, 01' 1/3-0 tav and 1/10-0 tave band, sound­
pre ure I v Is in th rang from 4 to 1-0 db, which i
oft D all that i n ceSBary to check against hearing-damage
criteria 01' compliance with test code' or noise ordinance .
When ven low T band I vel mu t b mea ured, the elec­
tri 'al output of the TYPE 1551- ound-Levell\Ieter can
be analyzed. This output is the amplified electrical replica
of the acou tic ignal at the microphone, and it ha a
wide dynamic range. It frequency spectrum can be
analyz d by the broad-band TYPE 1558 Octave-Band
.Koise Analyzers, the TYPE 156-l- ound and Vibration
Analyzer with both l/lO-octave and 1/3-octave band­
width, and the TYPE 1900-A Wave Analyzer with 3-,
10-, and ·O-cycle bandwidths.

IMPACT NOISE
Th mea urcment of impact noise, which has previously

required xt n iv in trumentation including an 0 cillo-
cope, i now po ible with a imple tup con isting of

the TYPE 15.51-C ound-L vel M t r and the TYPE 1556-B
Impact- ois Analyzer. Thi analyz r i also used to
measure el ctrical nois peak in communication circuits.

CALIBRATION
ati factory noi e measuremen d p nd upon measur­

ing quipment that is kept in prop r op rating condition.
Although th in trument are inher ntly reliable and
stable, after long periods of use th ir performanc may
change. In order to en ure that important changes will be
discovered and corrected, th TYPE 1552-B ound-Level
Calibrator ha been developed. It provide an over-all
calibration of the yst m at 400 op . When driven by a
400-cy Ie oscillator a a 2-volt lev I, it upplie a known
acou ti ignal to the microphone. Th TYPE 1307-A
Tran i or 0 cillator i a convenient -lOa-cycle ourc .

\Vh re greatest accuracy i' de ir d, the TYPE 1559-A
Microphone Recipro ity alibratol' hould bud. Thi
new device, which u the clo d- oupler reciprocity
method of calibration, \\'ill determine th sensitivity of the
TYPE 1560- 3 and -P4 PZT 1Iicrophones over a frequency
range of 20 to 000 cp . It i al'o a precision acoustic
ource,11 well a a 'ound-Ievel cali rator.

With the in truro nt ,on can mo.k the mea ure­
ment nect' ry for ov luo.ting pra tically any industrial
noi e problem. 1 hey can b U" d by nontechni 'al per­

nnel and are de ign d for Ion lif and trouble-free
operation. The u of h e and oth r noi -mea uring
instruments is dis 'us ed hOl'Oughly in the I-landbook of

oi e Measurement, publi hed by Genera! Radio Company,
and available at on(,' dollar a copy, postpaid. A Primer
of oi e Mea ul'ement, an elementary treatise, is free on
reque t.
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VIBRATION MEASUREMENTS
"\ ibration-mca uring equipment includes the TYPE

1553 "\ ibration lIIeter to measure the acceleration,
velocity, displacem nt, and jerk of a vibrating element;
the TYPE 15G-l-A ound od Vibration Analyzer or
TYPE 1900- Wave Analyzer to analyze the vibra ion;
and th TYPE 1560-PllB "\ ibration Pickup System to
convert th sound-level meter to a vibration m tel'. The
TYPE 155 Octav -Band ~oi nalyzer and the TYPE
156-l-A ound and Vibration Analyz r can also be operated
directly from th ou put of a vibration pickup. Calibration
of thes in trument i ea ily check d by the TYPE 1557-A
Vibration Calibrator, a elf-contain d lectromagnetic
shaker.

Another important group of vibration in trument are
trobo copes (see page 195), which permit vibratin....

objects to be viewed intermittently and produce the
optical effect of slowing down or stopping a periodic
vibration.

GRAPHIC LEVEL RECORDER
Th TYPE 1521- Graphic Lev I Recorder can record

th lev >1 and p ctral di tribution of sound and vibration,
op rating from the output of the sound-level meter, tbe
TYPE 1553 Vibration 1\1 tel', or one of the analyzers. The
frequency dials of th TYPE 1564-A ound and Vibration
Analyzer and the TYPE 1900-A Wave Analyzer can be
driven by the recorder for automatic plotting of the spec-

trum. Reverberation measurements can al 0 be made with
thi recorder.

MEASUREMENT POWER SOURCES
The TYPE 1304-B Beat-I< requency Audio Generator can

drive tran ducer- for ob. erving the vibratory or acoustical
response of various sy tem . If the respon e i recorded on
the TYPE 1521-A Graphic Level Recorder, a plot of the
transfer response level in decibels versus frequency on a
standard logarithmic 'ale is obtained. An output of the
TYPE 1900-A Wave Analyzer can also be u d to drive
traIl ducers or network; the response can be d tected by
the TYPE 1900-A Wave Analyzer and plotted automatically
on the TYPE 1521-A Graphic Level Recorder. "hen
higher power is needed, the TYPE 130 -A Audio 0 cillator
and Power Amplifier i recommend d.

Another useful source i the TYPE 1390-B Random­
Koise Generator, which call upply a broad-band noise.
'Yhen its output is fed to one of the General Radio analyz­
ers, he analyzer output is a band of noise that is tunable
over the range f the analyzer. uch a ignal has many
applications in acoustical testing, particularly in architec­
tural acoustics and psychoacou tics. For transient­
response mea urements, quare-wave and pulse generator
can provide steep-wavefront signals.

The accompanying diagram how the functional rela­
tions among the e variou in trum nts, which collectively
make up the General Radio ound-Mea w'ing System.

J; ",~...J'
TYPE 1555-A

TYPE 1552-B SOUND-SURVEY
SOUND - LEVEL METERCALIBRATOR

TYPE 1560-P4
CERAMIC

MICROPHONE

TyPE 155B-A
OCTAVE BAND
OISE ANALYZER

TYPE 1551-PI
CONDENSER

MICROPHONE SYSTEM

TYPE 1556-6

~60-P~
IMPACT NOISE

TYPE 1551-C ANALYZER
SOO D-LEVEL

TYPE 1559-A METER TYPE 1521-AMICROPHONE
RECIPROCITY CERAMIC

GRAPHIC -LEVEL RECORDER

CALIBRATOR MICROPHONE

TYPE 1900-A

TYPE 1560-I'IIB WAVE

VIBRATION
ANALYZER

PICKUP SYSTEM

~ A.J TYPE 155~-A

VIBRATION
METER

fi
TYPE I 564-A

TYPE 1551-A TYP£ 1560- P52 SOUND AND
VIBRATION VIBRATION VIBRAnON

CALIBRATOR PICKUP ~. \ ANALYZER

TYPE 1531-A
STROBOTAC·
ELECTRONIC

STROBOSCOPE
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~Type lSSS·A SOUND...SURVEY METER

• 'mull enough to fit in pOl,k t.
• Can be uSPu 'tt all a tabl(', moullt('u on a tripod, 01' held in til<' hand,
• :\linial urr in izp, y<,t u 'C" 'U ndnrd ami w011-t<, 't d compan nt',

FEATURES:

Th T'Yl'E 1555-A ,'ound-, 'urvev )1 tpr i' an in x­
p('n~iv', pockC'1 -sized instrument 1"01: u~ in general :"urVC'y
measurrmcut, 'ome of the mUllY lk'C" 01" thi' \'ersatile
meter arc:

Mr::nll' 'mrnl of noi 'r I('\'el' in home', office', fat'lori('.'
and outdoor location .

,Z\Iea W' 01 nt 0 noi' Ie" I.. prouuced by appliunc
office quipment, alld machinery.

;'\[cou,'urpmcnt of iren - and other warning 'y t('m:,
'z\Jea~llrement of le"el and di, pCI' 'ion pattern of repro-

due J "ound from public addre 'y't m , th atC'r and
home ound y tern .

Field 'lIJ'vey for aeou,tie material companie .
Acou -tical expcrimen in phy.ic cia ··e,-.
)lea urements of cro '-over charnet ri tic and d naffilC

range of high-fidelity mu ic-J' producin y. tem "
Frequency-re 'ponse mea'mempnt on loud peakeI' and

room,

Loudne c·heek on peaker and 'inger , at rehear al
,Uld in cia '~l>S.
DESCRIPTION: The TYPF; 1.",'j5-A : ound-Sllrvey :-'Icter
(·on'ist. of a nonuirectional microphone, a conI inuowly
adju. tablr, calihratrd attenuator, a , table amplifier with
thrcc \\'('icrhtin net work', and an ru. ily read ind.ieatil1g
ffiC'tC' I' , The entin' n cmbl , including microphone and
untt ric', is hOll 'rd in a rugged, two-piece aluminum ca..
Th aUen uator nnd weigh ing-netwol'k lector are
finlTertip-opcl'lltC'u, pC'rmitting operation of thc ill'trument
\\·ith aile' hanU. :\0 pro"i ion i' made for connec'lion of au
analyzer, bllt, by comparing mea uremenL in Jif-l'('l'C'nt
weighting po it ions, onp can p timatC' the relative im­
portance of low-frequency component in till:' sound
being mC'a '\n'd.

F I' morc ac umtr mNl 'urem nt. and when an output
for frequency anu,!y.i i. required, the TYPE Hi,-l-C
'ounJ-L v 1~leter (pagC' -1) i recommenued.

SPECIFICATIONS
Range: 40 to 136 db (re 0,0002 "bar).
Frequency Characteristic$: Anyone of three different frequency charac­
teristic, can be elected by the F :\rrwl\ "I-itch. For c weighting,
the frequency response i' 'ub~talltinlJy flat from 40 to 000 cps. The
A- llnd Il-weighting positions folloll, repectively, the 40- and 70-db
contours u 'cd no' the weighting for ~ounu-levcl meters,
Accuracy, The gain of the amplifier I '0 se that the sensitivity of the
in trumen! i~ correct at 400 cp. within ± 1 db,
Stabilily: The amplifier i' tahilized by feedback to minimize the
effect of changes in battery voltuge, Temperature and humidity
changes over the normal J'(lllp;e of room condition' have no noticeable
eff c . The tempeI'll me coeflicient of the ound-level indication is
10\", in the order of 0.03 dbl"F.
Operating limits: The maximum :afe operating temperature of the
illlltrument i' 115 F. Temperature~ above 130 F wiU permanently
damage the Rochelle- alt cry tal in the microphone,

Microphone, A cry tal-diaphragm-type microphone i mounted at the
lop of the in trumen\,
Balleries: One lIZ-volt ~i7.e 'Bu. hlight battery (Hayovllc' 1LP 01'
equivalent) and one 30-volt hearing-aid battery (Eveready 413E 01'
equivalent) are supplied.
Cabinet: Aluminum, fini 'hed in crackle, with a standard ~-20
threaded tripod mount. A leather "ever-ready" carrying ca e (not
supplied with the ound-survey meter, but available : parately)
permit, operation of the in'trument without removal from the case.
Dimensions: Width 3)1, height 6, depth 2 1 2 inches (80 by 155 by
65 mm), over-all,
Net Weight: 2 pound (0.9 kg) with batteries.
Shipping Weight: 2% pounds (1.3 kg)i CHlOe, % powld (0.3 kp;).

The Primer of cn.se Measurelllenl, free on reque-t, di'cu es sound
and noise measuremen po' ibl with this instrument.

Type Code umber Price

1555-A

1555-P2

Sound-Survey Meter
Set of Replacement Batteries
Leather Carrying Case

1555·9701

1555-9602

$185.00
1.95

10.00
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~Type lSSl..C SOUND..LEVEL METER

The Typ~: 1-51- ound-L vel :\1 t r i nn accural , portable in trument de igned to meet
American tandard \8 ociation pecification. In it primary function a a noi e meter,
thi i lhe accepted in trument for the mea urement of both pr duet. noi~ and environ­
mental noi e by iudu try,laboratori I regulatory bodi ,and noi' -abatement group.
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USES;

Typical t1 r include:
:\L~CHI:-'""E AND .r\.PPLIAXCE 11AX"C"FACT RER, , in indu -

rial and development laboratorie a \wll tl on h
pr duction lin. Th ound-I v I m ter provid a m nn
of tabli bing noi (' tanclard and of ac pting or r jcct­
ing product on th ba i of noi t t~.

Ac U~TIC.lL EXGI:NEER .~XD PHYSICIST!>, for the m a ­
urement of machinery noi e and for d termining the
acou tical prop rti ' of building , vehicle , and material .

IND TRL'\L HYGIENI TS ANO PSYCH LOGI TS, in urvey
of th p Y hologicaJ and phy iological etl'ect of noi e and
for th d termination of ati factory noi e environment
in factOl'ic and offic s.

In addition to it primary u a a elf-contain d sound­
lev I me r, th TYPE 1551- i the heart of a complete
sound-m a,uring y t m which includ p chum analyz­
er, p c~al-purpo mi rophone , calibrator, and vibra-
ion pickup . 1\1any other ac e' orie , such as graphic level

r cord r and tap r corder can aJ 0 be operated from
the ound-I vel-m tel' output.

Thi ound-I v I m t r an lob u. d a a portable
amplifier, attenuatOf, and voltmet I' for laboratory m a ­
Ul'ement in the audi -frequency range.

It many application are described in detail in the
Handbook of oise Measurement, a copy f which is avail­
able to each user.

DESCRIPTION: The TYPE 1551-C ound-Level .Meter
con i t of a nondirectional microphone, a calibrated
aU nuntol', an amplifier, tandard w ighting network,
and an indicating met r. The complet ins rumen, includ­
ing battel'i , i mount d in an aluminum ell . The
mi rophon 'an be u ed in either a vertical or a horizontal
po ition and when not in u e, fold down into a t rage
po ition, automatically di onnee ing batterie. n ae
pow r-supply unit i available.

FEATURES:

• mall compact, and portabl - weigh les than
pound with ba teries.
• irople to opera .
• Meets r quirem nt of A A 1.4-1961 and IEC Publica-

tion 123, 1961.
• '''ide dynamic range.
• Two-sp ed meter movement permits measurement of
eith l' steady or Auctuating sound.
• Wid sound-I vel range - from 2-i to 150 db.
• e r adily av ilable batteri s.
• '''ide frequency re pon e of amplifiers and panel meter
- from 20 cps to 20 kc.
• Low internal noise level.
• In ernal calibration system for standardizing gain.
• Qua~~-rm~ m tel'; indictLtion is essentially rms for all
wav form' exc pt hort impact pulse .

SPECIFICATIONS

Sound.Level Range: From 24 to 150 db (re 0.0002 j.lbar).
Frequency Characteristics: Anyone of four re ponse cbaracteri tics,
A, a , ,or 20 kc, can be selected by a panel s;vitcb.

The A-, B- , and c-weighting positions are in accordance with ASA
81.4-1961.

Fr quency response for the 20-kc posi ion is flat from 20 cps to
20 kc, so that complete use ca.n be made of wide-range microphones
such lIS the TYPE 1551-Pl Condenser Microphone y terns.
Microphone: The microphone i a highly stable PZT ceramic type. A
condenser microphone is available as an accessory. See page 6.
Sound·Level Indication: und level i indicated by the sum of the
meter and attenuator readings. The clearly marked, open-scale meter
covers a span of 16 db with alibration from -6 to 10 db. The attenu­
ator is calibrated in lo-db steps from 30 to 140 db above 0.002 ~bar.
Oulp"t: An output of 1 volt across 20,000 ohms (when the panel meter
is at full sca.le) is available at an output jack. The output can be u d
to drive frequency analyzer, recorder, and 0 cilloscopes.
Input Impedance: 25 megohms in parallel with 50 pf.
OUlput Impedance: 7000 ohms.
MeIer Damping: Thc panel meter has two different damping charac­
teri tics; either FAST or SLOW respon e can be selected by a panel
switch. The meter balli ti comply with current ASA tandards.
Calibration: Built-in calibration circuit standardizes the sensitivity
of the electrical circuits in the sound-level meter within ± 1 db at
400 cps, lIS pecified in ASA tandards. The TYPE 1552-B und-Level
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The Type 1551-C Sound-Level Meter
wilh Ihe microphone in the storage
posillon and balleries aulomatically

disconnected.

The sound-level meter is here operated while in its lealher
carrying case, wilh the microphone in Ihe harizanlal

opera ling position.

The Type 1551-C Sound-Level Meter can be
ac-aperaled by means of the Type 1262-8
Power Supply, which plugs directly inlO the

bose of the sound-level meter_

Calibrator (page 8) i availabl for makin/!; p ri dic acoustical chc k­
on the over-all calibration, including microphone. The PZT micro­
phone can be accurately calibrated with th TYPE 1559-A 11icro­
phone H.eciprocity Calibrator, whicb can at 0 be us d for over-all
acou~tiCllI checks of the ound-Ievel meter.
Environmental Effects: Heading· ar ind pendcnt (withi.n 1 db) of
temperature and hwnidi y over normal rang of room conditions.
Power Supply; Two lYz-volt size D flashlight cells (Rayovac 2LP or
equival nt) and one 67h-volt battery (Burg - -45 or equivalent)
are upplied. An ae power 'upply, th TYPE l262-13, j. available.
Accenories Supplied: T I phone plug.
Accenorles Available: TYPE 1551-P2 Leather Ca e, which p rmit·

Type

operati n of the in. trum nt with ut r m val from the sse. TyPIO
1-6Q-P95 Adaptor 'able A -emb!y, for connecting output to TYPE
1521-. Graphic L v I n co I'd r. For other acc!;ol'ie', il1cludill~
analyzer', see pages to 2l.
Cabinet: Shield d aluminum, finished in way cracklc.
Dimensions: \\'idth 7)4, height !l)4. depth 6 1 IIlche (1 5 by 235 by
16 mm), over-all.
Net Weight: 7}4 poun I (3.5 kg) wi h batteries; 9~ pound (4,..1, kg),
including leather case.
Shipping Weight; 9 pound- (4-.1 kg) with battel'ie ; ] 11'2 pound (5.3
k ), including leather ca~e.
. e also General Radio Experimenter, 35, ,August, 1961.

Code J umber Price

1551-C
1262-B

Sound-Level Meter
Power Supply (see poge 176)
Set of Replacement Batteries

1551-P2 Leather Carrying Case
1560-P9S Connecting Cable

PATEi:\T ,·OTICE. ~e ~ole 12. page .-iii.

1551-9703
1262-9702

1551-9602
1560-9695

$450.00
95.00

3.90
25.00

3.00

the

~Type 1560-P3 PZT MICROPHONE
Dimensions: L ngth 2~ in hI"' (70 rom), maximum dill-me r 171
inches (2 mm),
Net Weight: U pound (115 gram ),

500 1000 2000 5000 IQ,ooo
FREQUENCY IN CYCLES PER SECOND
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Price

$80.00PZT Microphone

Type

1560·P3

-2

+2

+4

SPECIFICATIONS
Frequency Response: Typi 'al r ponse i hown in the ac ompanying
plot. Devia ion of individual units are approximately ±0.3 db
from 20 to 1000 cps and ± 1 db up to about 8000 cps.
Sensitivity: -60 db re 1 volt/I-lbar.
Temperature Caeffidenl of Sensitivity: pproximately 0.01 dhrC,
Inlernol Impedonce: Capacitive; 475 pf at 25 C, varying from 445 to
478 over a temp rature range of a to 50 C.
Directivity: ee frequency characteri ti plot,
Environmentol Effects: Th microphon is not damag d by tempera­
tures from -30 C to +95 C and relative humidities of a to 100%.
Terminol: Micropbone fits Cannon XLR-3-11 cable conncctor.

This microphon , which - 1.1 ed in the TYPE 1551-
ouod-Lev I let ria PZT piezoelectric ceramic typ ,

wbos chara teri ti approach those of conden er mi ro­
phone 1.1 d a laboratory standards. It require no
polarizing voltage, however, and it impedance i lower
by an order of magnitude. Thus, leakag due to high
humidity i Ie of a problem than with the cond n r
type, and the microphone can b mol' readily 1.1 d at the
end of a cable.

5
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~Type lSSl-Pl CONDENSER MICROPHONE SYSTEM

The TYPE,' ] ;'),1 I-PI L (for normal-len" mra:urel11l'nl) and Li51-P LH (for high-level
mea urt'm nt) ondrn, CI' ;\Iicrophone ,'y.'! m: arc designed for lI.' wit h the TYPE 15,J1­

ound-Level ::\Ipt I' for nw[vuring sound h'vpJ' ()\'er wick- fr qurm'y range', Thc-e micro­
phone' are not Inmagl'd by high sound Irvcls or by high temp mturcs.
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USES:

AppJi('ation.~ inrlude:

;\1 'a.ul' ment f bigh-frC'Clu n y and bip;h-Ip\'el nOlS('
produced by such noi"c sour' . no" .lir st rl',W1S, wo d­
wor.king and m ta!"'orking machinPr)' turbinr, and jet
ngllle .

Gelll'raJ-purpo ound-I vel m asurrIDent wh n' am-
bient emperatur and ound Ip\'{'1 fir high.

:\1 a UI' m nt.' on high-fidelity ound y tern" \'('1' the
full au lio p ctrum.

DESCRIPTION: The TyPE 1.151-P LL onc!cn, rl' :\Iicrophone
'ystem usps ,In .\11('(: 21-BH-l;,)O microphon and mca mc

sOllnd-prpssurp J('\'pJ: lip to 1.j.) db; thr TYPE: I.');) I-P III
which lIsr, a 21-BR-l 0 minophon ,measure J('veb up
t L70 dl .

Th mirl'ophol1r ba c housr: :1 . uhminiatur pr('­
amplifier tubr..\ bat [Ny-Op rat d pOWN :lIpply provid(-.,
prramplifiN filumpnt and plate' pow r und u polarizing
voltage for th mirropholw, .\n exten 'ion ra1>l(' , a tripod,
and a Icather eurryinO" ca, • [ll'(' .'nppli d.

FREOUENCY IN CYCLES PER SECO 0

475.00
11.20

$475.001551-9866

1551·9865

r..
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-52

1551 .p 1L Condenser Microphone System
(Normal Level)

1551.p 1H Condenser Microphone System
(High Level)
Set of Replacement 8alteries

-10

-12

Temperature and Humidity: Maximum recommended op r-atin~ temper­
atur of the microphone in it~ probe b 100, The microphone i not
damaged by expo'ure to hig;h humidity, but prolon~ed exposure may
cause electrical leakage und rentler it temporarily inopel'lltive.
8allerie.. One II z-volt "ize 0 fl.'l~hli/!;hl cell (Rayovac 2LP or equiva­
lent) and one 300-\'01 B batt,ery (Evel'eady 493, Burg ~s V-2oo or
equivalent) are 'upplicd. Batterie 'hould last at lea t 1.50 hour..
under normal use.
Mounting: The microphone on it base plug' into one end of a 10-foot
cable and will slip into a r ceptacle n the tripod. The other entl of
the cable i connected to the power- upply unit, which r Hten. to one
end of the .·ound-Ievel III ter.
Components and Acce.sorles Supplied: Microphono ba e as 'cmhly,
cable a s mbly, power upply, microphone, microphone cap, carry­
ing case, and tripod.
Dimension.. Leather can·yin/!; ca e is approximately 7 by 5 1'2 by 1'2
inch ' (1 0 by J.l0 by 220 mm).
Net Weight, Complete in carrying ca et 7~ Ib (3.3 kg).
Shipping Weight: 10% pound (4.9 kg).

Type ode Vumber Price

1;ji51-PlL
70 db
50 db
for ab 'olute

SPECIFICATIONS
r microphone. Typical

lJj/jf-Pl IT
5 db

65 db
'alibrntor i' necc,"ary

Frequency Response: 20 cps to I kc with itb
r ponse curve: nr ~bown at right.
Calibration: The uutput level aR a fun tion of frequency is measured
in our laboratory by comparison with a ,tandard micropbon . The
measured level. t 400 CpR i' supplied, and !1 calibration curve i" in­
clud d with each in-trument.
Output Impedance: 6500 ohm (typical).
Direct Use with Analyzers: Th -e a "emblies cun upply a ignal
directlY to either thc TYPE 155 Octave-Band Xoi 'e Analner or the
TYPE i564-A ound and Vibration Anulyzer, provid d that tbe level
of he m a:ured component - nre above the foUowing indicat d
value";

TYPE 155 A, -AK
TYPE 1564-A

A TYPE I552-B ,ound-Level
Icv I calibration.
Maximum Saund.Pressure Level:

For the TYPE 1551-PIL 'ondenser Microphon A sembly, nOll­
linear di -toltion i below I'7c at 1 vel up to 135 db, ami below 10%
at 155 db.

For th TYPE 1551-PI H ondl'n:er ~licrophone A~sembly, non­
linear di'tortion i: below 10/, up to 150 db and below 1O'7c up to
170 db.
Minimum Mea.urable Sound-Preuure Level:

TYPE 1551-PIL- -0 db (re 0,0002 ,ubar)
TYPE J. 51-PIR - 6 db (re 0,0002 ,ubar)

6
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STANDARD ACCESSORIES FOR THE SOUND-lEVEL METER

The following acce sorie are available for use with the TYPE 15-1-C ound-L v I :Met r to
increa its field of application and to adapt it for pecializ d typ of m a ur m n . The e
acce orie can al 0 bud with our older ound-L v I M ter , the TYPE 1551-B and
1551- . An adaptor is required for the TYPE 1551-A.

~Type 1560-PllB VIBRATION PICKUP SYSTEM
The TYPE 1560-PllB Vibration Pickup y tern consists

of a TYPE 1560-P52 Vibration Pickup (with removable
prob and pl'ob tip), a TYPE 1560-P21B Control Box,
and a 5-foot cable. The vibration pickup is an inertia­
op rat d, lead-zirconate-titanate ceramic device which
g nerate a voltage proportional to the acceleration of the
vibrating body. By mean of integrating net orks in the
control box, vol ag s propor ional to velocity and dis­
placem nt can alo be deliv r d 0 the sound-level meter.
Th desir d r spon e is el cted by m aus of a thr e­
po ition witch on th control box. Thi pickup is also
u d on the TYPE 1553 Vibration Meter (page 10).

SPECIFICATIONS
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Net Weight
Net Weight: I%" pounds (0.8 kg).
Shipping Weight: 3 pounds (1.4 kg).

........-\
SOO 1000 2000 sooo IOPOO 20,000

FREOUENCV IN CYCLES PER SECOND
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frequency-response charocteristics of the Type 1560-,011 B Vibration Pickup
System for constant applied acceleration.

SYSTEM
Calibrallan: The db readings on the sound-level meter can be converted
into absolute values of displacement, velocity, or acceleration by
means of calibration data supplied.
Range: The range of measurement of the pickup and control box
when used with the TYPE 1551-C or 1551-B und-Level Meter is
approximately as follo s:

Rms Displacement, 100 microinches, minimum.
Rms Velocity, 3000 microinches per second, minimum. The upper

limit of velocity and displacement measurements depends on fre­
quency, and is determined by the maximum acceleration permissible
before nonlinearity occurs (100 g).

Rm. Acceleration, 0.3 to 39,000 in/sec/sec (100 g).
PICKUP

Sensitivity 75 mv/g
Resonant Frequency 3200 cps
Capacitance 0.01 ~
Temperature Coefficient of SensitiVity <0.01 dbrF
Temperature Range -30 to +200 F
Relative Humidity Range 0 to 100%
Cable Length 5 feet (1.55 m)
Dimensions 1 5/ X 1 7/16 X 9/16 in.

(42 X 37 X 15 mm)
1.6 oz (45 grams)

Type Code Number Price

156O-Pl1B
156O-PS2

Vibration Pickup System
Vibration Pickup only

1560-9922
1560-9652

$160.00
100.00

TRIPOD AND EXTENSION CABLE
A 25-foot extension cable (TYPE 1560-P73) and tripod

(TYPE 1560-P32) for mounting the TYPE 1560-P3 PZT
Microphone (suppli d with the TYPE 1551-C ound-Level

eter) are available a the TYPE 1560-P34 Trip d and
Extension Cable. A 100-foot cable is also available.

Net Weight: 5% pounds (2.5 kg).
Shipping Weight: 8 pounds (3.7 kg).

Type

1560.P34 Tripod and Extension Cable
1560-P73B l00-ft Extension Cable

Price
$45.00

29.00

7
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~Type 1552-B SOUND-LEVEL CALIBRATOR

Th TYPE 1552-B ound-Level Calibrator uppLie an acou tie ignal of known sound­
pr ur I v I for checking th ov r-all performanc of a sound-level meter including it
mi rophon .

......
<
U
~
(/)

::>o
u
<

USES:

Calibrator flts over microphone of the
Type 1551-C Sound-level Meter. At
the right is the Type 1307·A Transistor

Oscillator.

It an be u. d to calibrate not only the' TYPE 1551-C
ound-Lcvel ~Icter and the TYPE 1555-A ,ound ItrV('y

~L t r but al~o th TYPE 15- cta e-Band :\oi ' Analyz­
er and TYPE 1.50"",,- ,ound and \ ibl'ution Analyzer
\Vh n they arc u' d dir t1y with the mi rophon Ii tel
in t.h specification, b low. The calibrator can al 0 b

d to upply an acou tic r ference level for audio y t m .
Th TYI'E 1307-A Tran i tor 0 cilJn,tor I've a bot.h

power source and lev I indicator when ud with th ound­
level ·a.librator.

DESCRIPTION: A small, table loud peaker i mounted in
one end f a ylindrical cnclo ur . The other nd of the
encia ur fit over the microphone. cou tic coupling
between the p aker and microphone i fixed by chamber
and mier phone dimensions. The calibrator provide
acou tic shielding and a high te t level to r duce ff c .
of ambient lloi e during calibration. Calibration che ks
under the e condition are accurate and readily r peatable.

FEATURES:
• Good accuracy - ±1 dh at 400 cp . Very tabl , low
temperature coefficient and long-term tability.
• Ell. ily portable - calibrator and hattery-power d TYPE
1307-A 0 cillator together weigh under 3 pound
• Fit many microphone

SPECIFICATIONS
Shure Brother~ 9 9 (General Radio TYPE 759-B and TYPE 1551-A

und-Level eter-)
Terminals: Tnput terminal are TYPE 93 Binding Po ts, spaced ~
inch to fit TYPE 274-MB DubIe Plug.
Accessory Required: A 400-cycl ource, with output control and volt­
meter. The TYPE 1307-A Transistor 0 cillator, a battery-operated
in trum nt with self-contained voltmeter, is r commended (·eebelow).
Accessory Aveilable: TYPE 1560-P31 Leather arrying C e, for both
calibrator and TYPE I307-A Oscillator.
Dimensions: Length 4. 111, diameter 2!.1 inches (115 by 64 rom),
over-all.
Net Weight: 14 ounces (0.4 kg).
Shipping Weight: IYs pound (0.6 kg).

~Type 1307-A TRANSISTOR OSCILLATOR

Accuracy of Calibratian: ± 1 db at 400 cp .
Mlcrophenes: The calibrator can be used on the follo\\-ing micro­
phones withou th n ed of special adaptors:

Current types
hure Brother, 9 10 (General RAnio TYPES 1560-P3, -P4)

General Radio TYPE 1551-P1H, -P1L Conden er Microphone
ystem

General Radio TYPE 1555-A ound- urvey Met r
Western Electric 64Q-AA
I ellogg Microphone
Discontinued types

hure Brotbers 9 B99 (General Radio TYPE 1551-B und-Lev I
Meter)

Recommended as a power urec for the und-Iev I
calibrator, thi a ciliator i a convenien .,l()(}· and 1000­
cycle sourc for general testing at audio fr <in ncic .

utput voltage i indicat d by a voltmeter, and a finger-tip
output control farilitat etting the output lev I.

SPECI FICATIONS
Frequency: 400 and 1000 .9l .
Frequency Accuracy: ±3'70 at 2 volts output into 600-olun r i ·tive
load.
Output: Adjustable t.o a maximum of at least 2 volts into a 600-ohm
101Ld.

Type

Distortion: Less than 5% a 400 cp and Ie than 6% at 1000 cp
with 2 volt aero a re:;i ive 6OO-ohm load.
Voltmeter: Calibrnted in volts, with 3 volts full scale.
Output Circuit: Output cable (20 inch ) terminated in TYPE 274-MB
Double Plug.
Belleries: Three mercury A batteries (Mallory RM-l or equivalent)
are upplied. Battery life i about 100 hours for hour- use per day.
Cabinet: Aluminum, with aluminum panel.
Carrying Case: L ather case with a strap i a.vailable for holding bo h
o ci1la.tor and sound-level calibrator.
Dimensions: Width 3Ys, height 6, depth 2 11 inches (79 by 153 by
64 nun), 0 er-all.
Net Weight: 1~ pounds (0. kg) with batterillll.
Shipping Weight: 2!1 pound (1.2 kg\.

ode umber Price

1552·8
1307·A
1560-P31

Sound-Level Calibrator
Transistor Oscillator
Leather Carrying Case,
brator and oscillator

for both cali-

1552-9702
1307-9701

1560-9631

$52.50
97.00

15.00
J\ote 1, page viii.

e al.o the Type 1559- t J1h"crophone Reciprocity Calibmtol' de cribed on page 9.
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USES:

~Type lSS9-A MICROPHONE RECIPROCITY CAL BRATOR

• Primary calibrator for PZT micl'oph ne (TYPE l-60-P3 and TnE 1.1(iO-P1).
• Preci ion ac u ·tieal ouree.
• ound-Ievel calibrator.

Thi in trumen employ- the 10 d-couplel' (cylindri al thn re ull from the u of a I' '\' I"ibl tran dur I' identical
cavity), rC'eiprocity calibration procC'durp, he recoguiz d with he microphone b 'ing mea ured and all ~ uxiliary
method of performing th ah 'olute calibration of lab ra- tr' n ducl'r in the form of an cl1eompas ing cylindC'r makl'
tory tandard microphonc . Withou. calculation', OI1C can thl' coupler usabl o\'cr a wid frequene range without
rapidly determine thc 'en itivity of a microphone in db I' th ne e ity f removal and replaecment of tran'c!uccr
1 volth/bar. during the cour of th mea ·urmellt.

A a sound-Il'vel calibmtor of COli ant aeou tic output, r\. inglr. witch control -imultunrou.ly thr calibration
it covrr a wide frequency range, for rapid check on micr - pel'ation and t,ht' analog eomputC'r. Thr dell'ctol' chanu'-
phone and ound-Ievel met r r fret ing he referC'nce teri tic and t1:l magnitude of the applied voltage do not
I ',- I in analyzing y tern. inHu n' th r ult.
~ESCRIPTION: Tbi ill trum nt provide the cirruit and The PZT cylindrr u I'd in the l' riproeily calibration al. 0

th tructure required for 10 ed-c upler I' ciprocity cali- I've a a. t hie aeou'tical SOW" for the sound-lev 1-
brat..ion· of G neral Radio TYPE 1560-P3 and 15GO-P-1: calibrator applica ion' of the instrument. The und-
PZT 1\licrophone . An audio 0 ill~ tor and a det ctor arc pI' ure level product'd i. indif'at·d on a m cr, which i
also n eded. All calculation' arc automatically p rf rm d actuated by the ignal applied to tIlt' PZT ylindcr.
by an analog computer, and microphone en itivity i FEATURES:
read from a dial. • Rapid and imple operation.

The neces ary revel ibl tran'ducer i the cart,ridCTe of • High accuracy.
II. TYPE 1560-P3 PZT l\Iicrophone, which i built into th • Direct.. I' adout - an 'weI" availabl with no ('alculu ion
coupler; and the auxiliary trtln duccr i a PZT cylind I' that • eful for daily verificati n of calibration..
form the cylindrical wall of the coupler. The ymmetry • Portable or r lay-rack mounting.

SPECIFICATIONS
MICROPHONE CALIBRATOR
Range: Direct reading for microphone sen itivitie' b tween -55 db
and - 65 db re 1 vol I",bar.
Frequency Range: 20 to 8000 cp .
Accuracy: ±0.2 db ± (0.1 db X fl' quency in kc) up to 2.5 kc,
±0.7 db above 2.5 kc to 7 kc, when reference i et to actual baro­
metric pI' ' ure.
PRECISION ACOUSTICAL SOURCE
Frequency Range: 20 to 8000 cp .
Output: 92 db re 0.0002 ",bar for excitati n of 50 vol '.
Accuracy: At 92 db, ±0.1 db + error in determining microphone
sensi ivity.
SOUND.LEVEL CALIBRATOR
Frequency Range: 20 to 2000 cps.
Output: 92 db re 0.0002 ",bar for excitation of 50 vol
Accuracy: ±0.7 db at tandard atmo pheric pI' ure.
GENERAL
Maximum Safe Input Voltage: 50 volt' behind 600 ohms.

Accessories Required: enerutor and detcctor. Generutor to supply
5 vol or more into It 200<J-pf load, and 2.5 volt· or morc into a
600-ohm load. Lower voltage can he used, wit.h a retiultant lowering
of ignal-to-ambient-noi e ratio. The TYPE 1304-B Bent-Frequency
Audio Generator, the THE 1210-C Unit R- O,o;ciUator, and the
TYPE 1311-A Audio OsciUator are recommended. The TYPE 1551-B
or - und-Level Meter is recommended for the detector.
Accessori.s Supplied: TYPE 274-NP Patch 'on.! and an exten ion
cable, for connection to generator llnd detector.
Cabinet: Flip-Tilt; relay-rack model al$o i- available. ( , e page 2lO.)
Dimensions: Portable model, ca' c1o~ed - width 10, height ,depth
7Yi inch' (255 by 205 by 190 nun), ovcr-nll; rack model- panel
19 by 10~ inch (485 by 270 mm), depth behind panel 5 inche
(130 mm).
Net Weight: Portable model, 13 pound' (6 kg); rack model, 14 powld.
(6.5 kg).
Shipping Weight: Portable model, 22 pound. (10 kg) j rack model,
29 pound (13.5 kg).

Type
1559.A Microphone Reciprocity Call.

brotor, Portable Model 1559-9701
1559.9820 Microphone Reciprocity Call.

brotor, Rock Model 1559·9820
PATENT NOTICE, e 'ote 22, page "iii,

Price

$475.00

475.00

9
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~Type 1553 VIBRATION METER

Vibrations in machines and tructures can be m a ur d quickly and en ily with thi in tru­
ment. For th manufa tur r of ma 'hinery and quipmcnt the TYPE 1553 Vibration Meter
i' xtr m ly u eful in r eareh, de ign, and produ tion t ting.

USES:

:.\Iaint nance ngin er- will find it u 'eful for hecking
the operating condition of b<>arin s g ar trains and other
mechani m . Exc iv \"ibration du to improper adju t­
ment or to structural r .onanc can b located and
mea ur d.

It e,'cellent low-frequency re pon permit the tudy
of the operation of belt drive and of th efTectivene of
mounting de iglled to reduce vibration in adja nt
t.ructure .
.\ fr quency analy. is of the m a ured vibration can b

made with the TYPE 1564- ound and Vibration nalyzer
or the TYPE 1900- Wave Analyzer, page 14.

DESCRIPTION: The TYPE 1553 \ ibration Meter con-
i t of an in I' ia-op rat d, I ad-zirconate-titanate ceramic

pickup, which d IivCl' a voltage proportional to the ac­
celeration of th vibratory motion; an adju. table attenu­
ator; an amplifi 1'; and an indicating m ter. Integrating
network can be witch d to con\' rt the ou pu of the
vibration pickup to a voltag proportional to either di ­
placement or velocity.

difT rentiating network can be witched in to convert
th output of the vibration pickup to a voltage propor­
tional to time rat.e of change of acceleration, or jel'k.

Th TYPE 1553- Yibration ~Ieter indica e dir ctly in
p ak-to-peak, peak, or average in he ,inche per cond;
inch p r econd2, or inch per cond~. Th TYPE
1553- ~K indication i in metric unit: millim tel' ,
meter / e , met r / c2, and met r / c3•

Filter jack on th pan I allow th u of xtemal high­
pa filter where it i de ir d to limina e the frequency
component below 30 or 70 cp .

Th vibrat.ion met. r' portabl and i mounted in a
Flip-Tilt cabinet, which erve' u· prot ctive c vcr and
eu 'e in tranit, and a a base on whi h the in 'trument can
be operat d in almo t. any po'ition from vertical to hori­
zontal. Th in'trum nt i power d by .. adily availabl
batterie nd i quipp d with a built.-in calibrating
circuit. A r lay-rack model i al available.

. cc rie includ ariou tip and a metal prob for
the pickup to facilitate mea urem nt in normally in­
acces ible plac . Available at additional co tithe
TYPE 1560-P3r P rmanent-~Iagnet lamp, which re­
place the prob or tip \\'h n mea ur m nts are mad
under condition wh r hand-held opera ion would not be
atisfactory.

FEATURES:

• Portabl and elf-contained.
• Ea y to operat .
• Dir ct r ad-out includ unit bing mea ured.
• Low-fr quency re pon e down to 2 cycle per econd.
• 1\1 ter indication indep udent of load onn ct d to
output jack.
• M t I' i tru peak, peak-io-peak, or average indicat. r.
• 20-eycl cutoff po ition on function witch increa
di placement n itivity by a factor of 100 over that ob­
tainabl with a 2-cycle cutoff.
• :'Ilea ur jerk a well a conventional vibration param-
t I' .

• an be u d to m a ure cceleration with a uitabl
pickup ov r the full range (2-20,000 cp ) of the amplifier.
• Panel jacks provid d for addition of external filter.

10

The Type 1553 Vibration Meter can be furnished with calibra·
tian in either English or metric units. The portable model in the
convenient Flip-Tilt cose is .hown here. A rack-mount model i.

also available, as listed on the opposite page.
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t: Peflk to I'wk .\l'Crf/gc
Frf'lue1If!l

T'lpl S", Ill/fin/ill/ .II in \lflr IJill .IJaI ("lIit.< Htlfll/l cp,·

1553·A Acceleration 0.3 300.000 0.1 100,000 in sec'J: 2·2000

1553·AK Acceleration 0.01 10,000 0.003 3,000 . 2-2000m sec-

1553-A Velocity 0.03 30.000 0.01 10,000 in sec 2·2000

1553-AK Velocity 0.001 1.000 0.0003 300 m sec 2·2000

1553.A Displacement 3 300.000 1 300,000 mils 2·2000

1553·AK Displacement 0.1 10.000 0.03 10,000 mm 2·2000

1553·A Displacement 0.03 30,000 0.01 10.000 mils 20-2000

1553·AK Displacement 0.001 1,000 0.0003 300 mm 20·2000

1553-A Jerk 30 300,000 10 300,000 in sec:! 2-20

1553.AK Jerk 1 10.000 0.3 10,000 m/secs 2·20

Ranges of Meosuremen

SPECIFICATIONS
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Th Typ~; 1.1.-;3 Yibmt ion :\Irters can be' :lIpplied
on :"p<'cial Ol'c! I' with a wid '-raug(' acce!('romet 1',

20- 20,000 cp. (EnJr\"Co modrl 2217). Writ for
d tail.::.(Left) Vibration pickup with permanenl·magnel clamp. (RIght) Vibration pickup

wilh probe and tips.

Accuracy: ± 10% of full scale.
Input Impedance: 25 megohmo.
Voltage at Output Jack, 5 volt.. rm, hchin I 75 kil hm. for full- cale
deBect.ion.
Allenuotorl: A 10-step attenuator chan!!;es the meter scale range by a
factor of 100,000 to I. \Vindo,," readout indicat , full-scalc values
llnd unit~.
Calibration: Intemal.
Allowable Pickup Sensitivity for Direcl Reading: 30 to 1"0 mv/g.
Termina's: A panel jack is provided for plugglllf!; in earphon s, TYPE
156-1- • und nnd Vibration Analyz 1', Typt; 1556-B Imp.lcl·
)\oi,e Analyzer, TYPE 1531-A i'oTROBOTAC· electronic strobos ope,
TYPE 1900-A Wave Analyzer, or an o.-cilloscope.
Balleries: 3 ~ize D cells and onc 7 1 ,,\' It baltery (Burge.' Type
XX45 or equivalent) upplied. Typical battery Iir , 7 day:- at bours
per day.
Accessory Supplied: TYPE J56o-P52 Vibration Pickup.
Other Accessories Available: TYPE t.:;60-P3~ Permallellt-~Iagnet
Clamp; TYPE 1557-A Vibration 'alihrator. page 12.
Cabinet: Flip-Tilt; relay-rack models abo are availllbl . (.' e pag
210.)
Dimensions: Portable model, ca~e closed - width ,height !ll"
depth 712 inches 1205 by 235 by JOO 0101 ,ov r-all; rack mod 1­
panel 19 by 10 1 ~ inch s lei ,i hy 270 mm), depth bebind panel
5 inchef (130 mm).
Nel Weight: P !'table mod I, JOI~ pounds (4. kll;)' ra k 111 I I,
11 pound. (5 kg).
Shipping Weight: Port.able model, \-1 1 2 pound, (7 kg); rack model,
2Hz pounds (10 kg).

Type

1553-A
1553-9820
1553-AK
1553-9840
1560-P52

1560-P35

Vibration Meter (English Units), Portable Model
Vibration Meter (English Units), Rack Model
Vibration Meter (Metric UnitsL Portable Model
Vibration Meter (Metric Units), Rack Model
Replacement Pickup*
Set of Replacement Batteries
Permanent-Magnet Clamp

1553-9701
1553-9820
1553-9819
1553-9840
1560-9652

1560-9635

$775.00
775.00
775.00
775.00
100.00

4.10
6.50

·l..ihe instrument and ~crial Humber wh~n ordering,
I ATEl\1' X01'1C8, "c :\0 e 12, pal<e ,iii.
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~Type lSS7-A VIBRATION CALIBRATOR

The calibrator provide a single-frequency (100 cps),
inglr-kvel (1 g) check on the TYPE 1560-P52 Vibration

Pickup (part of the TYPE 1560-PllB Vibration Pickup
y L m), the TYPE 1553 Vibration I tel', or any pickup

who e total ma ' i. 300 gram or Ie . It can provid

t.I) a:
I- 0 USES:z t-
W <:(

~
a:
I:lJ

:::::l :::::;
0:: <:(
I- U
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~
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U
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1hi- vibration cnlibralor i. n com'cnien[ dC'\'i('(' f I' calibrating \'ilru[ioll pickup' u('el'lel'Om­
e[er·,. vibration meters, und [her \'ibrution-ml';[ 'lll'ing . y '!l'ms that usc' "mall, pic-zo-

Ic Ii'll' accclerom(·trr.- ti thl' ~('n:illg 'I'mrnl:.

on-Lhe-:;pot calil ration of viI ration-mea 'uring y.l<.'m:
immcdiately h 1'01'(' amI aftl'r important me:l'Ilr('n1C'nt~
and can also be' u~('d to compan' tran 'dllcrr~ or to ctdihnt[p
\Vorkin rr tran due 1" again 1 a tandard tmn du' r.

DESCRIPTION: The TYPE l;'i.17-A Vibration 'ulibratOl' i.
a :mall, battery-op n trd unit consi tin of a transi '\orized
elect1'omechnnieal o:cillatOl' and a cylindrical hakeI'. The
a('celerntioll output of the calibrator uppC'urs at two pillbox-
hapI'd, 50-gram di..k· mounled on an intprnal cylind('r

that proje [s through the :ides of the in,'trument.
Operation 01' the ealihrator i- ·imple. r\ pickup of knO\ n

rna' is nUa hed to the. hakrr, eilher in place of one of
the removable 50-gram di-k or to one of the di k by
double-faced, pre "urp- pn itive tape. The USN adju. t.
the LEvEL control until the panel mpter, ealibratrd in
gram " iudi ale' t he mas of the pickup. Th pickup will
then b(' au[omaticnlly ubjPc[rd to an :1C '('leration of I g
at 100 Cp'. Th only other control on th in trument i 11
combination of on-o~T . witch and battery 'hpckcr.

Life te t· on the calibrator indicate that it. will p rat
continuou Iy for over 1000 holl\'~. -'ince normal operation
will u ually b belol\' t he maximum and will not b ('011­

tiouou , the ealibralor hould giv troubl -fl'(, servi e for
many y ar .

FEATURES:
• Compl [ely portable, with long-life mercury batl. rie .
• Accommodate' mo. t of the accelerom t l' and vibm­
tion pickups in u e today.
• '" igh Ics than foll\' p und-, with leather cal'J'ying a. P.

SPECIFICATIONS
OUTPUT
Acceleratian: 1 g rm ± 10%.
Velacily: 0.614 in/ ec (15.6 mm/ ec), rJlli.
Displacement: 0.00097 inch (0.0248 mm), rm ; 0.00277 inch (0.0704
mm), peak-to-peak.
Frequency: 100 cp ± 1 % for 50-gram load; 100 cp + 0, -2% ror
300-gram load.
GENERAL
Balleries: Four R -4 (or equivalent,) mercury cells. Battery life is
100 hours or continuou operation. (Dry cell optIOnal; plea
peciry.)

Accessary Supplied: Le.'1.ther carrying ca~.
Dimensions: Width 4, height ,depth 4 inche (105 by 205 by 105 mm),
over-all.
Net Weight: 37.1' pound (1.5 kg), including cs e.
Shipping Weight: 534 pound (2.4 kg).

Type

Functional diagram af
the calibrator.

Code Nlt/nber Price

...... ....
tJW)fIilCQIlr.

The Handbook 011 oise MeasU1'e1llenl, publi. hed by
n ral Radio ompany, 'ov I' thor ughly th ub­

i et of noi c and vibration mra mement. .\.ulhol" are
Dr. A. P. G. Pet rson und Ervin 1:',. Gr S', .Jr. of the
G nral Radio Engin ring luff. opic of [ill. handbook
arc available from eneral adio at a price f. 1.00 each,
po tpaid, in the l nil d ,tatl' and unuda.

A Pl'hller (If vise 1If aSllremellt pre. nt an elem .ntal'Y
di ell ion of ound mea U!'l'mel1 ,writt n for tho. (' wit,h
liLtl or no background in the fi ld. opie ar availablC'
fre on l' qu t.

$225.00\557-970\

HANDBOOKS
~

~:::.\ M~~~:~

1557-A Vibration Calibrator

12

~ File Courtesy of GRWiki.org



Tb in"trumrut de crihrd in thi' elion Ul'e u'rd to
determin thl' component' unu th 11', YC' 'hapr of com­
pi x electrical 'igllal' aeou ·tie noi', or mechanical
vibration '. The' choi f all in'trum Ilt for \'uluatinO' thl'
indiviuual l'om) on nt of ;ul'h a ignal lepl'nd upon lh
churactrr of 1hr .ignal, thC' information that i need U, und
how the re 'ult, al'e to bC' u:5C'(L

HETERODYNE ANALYZER - FIXED BANDWIDTH

If for C'xample, the signal is a p riodie one that i
r • nubly tubl in frC'qul'I1CY '(I,('h individual ('Ol11­
pon nt i' J'muily mrusur d with th TYPE 1£lOO- Wav
Analyz r. The Y l'y hi h s I '1 ivity of thi. al1Lllyzpr, wit h
it: undwidth' of 3. 10, and.1 cp:, i ind pcndrnt of th
fr qUe'1l y to which thl' llnulyz ri tun d. The' elpctivity
harnct ri ti· , which ar obtained through the u of

quartz-cl'y.tal fiJtrr-, ar im'aluable in th m a.Uf ment
of intermodulati n distortion of amplifier and other audio
quipmrnt. \\0 n thi' analyzer ill' d a an I clr nir

voltmeter in the mea urem ot of the trun'l11i iOD charar­
t ri tic f I ctricaL wave fil tel" and a a nul I detector for
imp<'dan ., bridg • the xc Urnt leclivity i f particular
value in avoiding th elTect of illt rf('ling ignal, hum,
n i e, and di tortioD product.. When used a n bridg .
detector it will al a 'uppl th g nerator 'ignal for op ral­
ing the briuge' with idf'ntical gem'rat II' and det etor
frequ nci . Th .10-cyclc balldwidth of tbi' analyz I' i
v ry u dul in thl' mp Ul'el11ent of noi c, particularly when
the p Lrlll11 i automatically plotted.

CONSTANT·PERCENTAGE BANDWIDTH ANALYZER

The TYPE ] 5G4--A ound and \ ibration nalyzer find
it gr ate t u in the m a urement of th c mponent of
noi ,either I ctri alar acoll tical when the bandwidth
of th TYPE 1 - Wav Analyzer i to narrow for rapid
analy~", and in the ill a lIr m Ilt of n i and complex
waveform who frequ n 'y component fluctuate. It pI' ­
vide- two b nd\vidth which are can tant perc Dtage of
th c Dter frequ n y: 1/3 octave (23 0) and 1/100 tav
(7 0)'

Although it tuning i continuou if on a ume tha
th analyzer - parate it range from 2.. to 2-,000 cp
into contiguou. band' according to it, ff tiv band­
width, it will have about 135 band without ppr ciable
overlap for the 1/ lO-octavc bandwidth alld about -0 I aDds
f l' th 1/3-ocLav bandwidth. Thi contra t with ap­
proximat Iy 16,600 000, and 1000 band- for the 3-, 10·,
and 50- y 'Ie bandwidth ,I' pectively f the way analyz-

1', who f\' qu Dey coverage i 20 cp to 50 kc.

RECORDING ANALYZERS

Eith r of thr abo\'e-mcntionl'd analyzer can be om­
bined with the TYPE 152l- \ 'raphic Le\ I R . I'd r t
f I'm It re('ol'ding analyz I'. The analyze\' dial i· driv D
ulltomutieally y lhl' rc 'OI'dC'r and ehal' pap I'i t vailable
to fit the s 'ale of eal·h p of analyzC1'. The (' combi­
nation- al'e illu trat d on pagC', 15 llnd 17. With Hch a
combinati n, eomplex 'prC'tra an 1)(' plott d utomati 'ally
over the C' mpl t freqUl'D'Y rang of th analyz r,

TUNED AMPLIFIER

:\pproximat magnitude of peetl'um compan nt can
b d t rmin db' m a 'ur m nt wilh th TYPE 1232-A
TI\IlC'd mplifier and .;\ull 1 rt ·tor (pag 79). TIll highly
: n-iliv in ll'umen\. ha- a I andwidth of about - and i
unable from 20 cp to 20 kc.

OCTAVE-BAND ANALYZER

For mnny noi e mea."urement' a impl l' divi i n of the
p trum i d ir d than that provided by cither the TYPE

l.-(H- OItnd and \ ibrution nalyz r or thc TYPE L900-A
Wavc Analyzer. " Iuch time can be v d in the evalualion

f th 'co ral p ·trul cli. tributi n f a noi e through thr
u 'C of an octave-baHu analyzer uch a the TYPE. 155 ­
and 1.55 -AP tave-Band nalyzer', The divid thf'
audio .p ctrum into t n band. Like the mol' ~el ctive
anal 'z r , the octave-band analyzer can at 0 be \I d a' a
el tive voltmeter when it i desir d to exclud crain

band' of fl' qu Dci or individual frequencie fmm a
ignaJ.

DISTORTION METER

Tb TYPE 1932-.'\ Di tortion and .l -oi e /\Ieter i a
pecialjzed y t vcr atil de ice for th ill a ur m nt of

di tortion into audio-frequ ncy y tern . Her.e the cam­
pI te ignal i u d ll. a ref rence valu ,he fundam Dtal
compon nt' uppr d; the l' mainder, which include
di tortion ompon nt hum, and noi ,is th n m a ured
to giv a in I -number di tortion rating. When u d with
a cathode-ray o. illo cop , it i a v I' til t 'ting tool,
indicating imm dia el optimum onditions when vel'
adju tm nt are m d that affect di tortiOD and noi

STEEP W AVEFRONTS

With impact-typ neoll. tieal 110isr and dect rical n i e,
which havc extrpmely ,tcep wa\'efl'Ont, a fr qu n y
analysi i u uall of littl valu('. Th important (·harnc­
t ri i f uch ignaJ are lhl' p uk amplitude and the
duration or d cay time. To evaluate th quantitie the
TYPE lS."'6-B Impa t-J. oi nalyz I' iud,

13
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~Type 1900-A WAVE ANALYZER
V,) W

0::: >
w «
N ~>-
-'-<z« FEATURES:

• \ride ft'C'CjllC'J1('y runge' - 20 \0 ,'iO,OOO 'p:. • 1 hrel' bandwidths - :3, to, and rIO l'p,',
• ()lIlput· for de !'C'eorder antI U"raph.ie Ie \"('1 1"{'('ordl'1".
• Tunable' filter - output at 'C']eelccl fr tjUl'ney i,' provid d.
• Tmcking anulyz(']" - anal) zer can he II 'eel a' both SOUI'('C' and delel'tor.
• Hl'lf-eontailwd m!tag('-calibmting 7't('ffi,
• :30 micl'O\'olt.' to :300 \'olts, full ;,;(" Ic', • Input imppuancC' of onC' ffiegohm.
• Thr('(' ffil'ter spC'l'ds for ea~ier noise IlIMly;i:,
• Lil C'ar frequeuey . 'ale for optimum tUlling chnracteri tic VeL' full mnge,
• Afo'C holds analyzer in tllllC' dC'sl i e 'mall drift, in input freqncl1('Y.

USES: The \\"a\'e analyzer i: lI' cl for ffiC'usuring th(' l'ompo­
n 'nts of or analyzing the 'P drum of '001\ It'x eleetrieal
signnl,.; intlllding those \\'hieh nre replica: of a 'otl"tic
noi,'e UI" mechunil'::t1 \'ibmt ion '.

Imliviulial comp( ll('nt of periodie cumplex Wl vdorm~
~uch a harmonie l' intermouulation Ji ·tortion are readily
. pamtcd and mC'asllt'C'd, owing t the {ox('C'!Icnt el eti\'ity
available.

Thi; analyzPI" is parlicularly 'uitl'd for anal zing noi' ,
b c'au,:C' its bandwidth in cyd R per !:5rcolld i,~ indep 'ndcnL
of the' (' nkr frequenty. The IT'quir'd t1\'eraging time i ,
thl'l'l'forr, constant, . nd thE' c::llcula ion of p ct.mm I \' I
i -implc. FurthCI'D1orf', Whe'll thc 50-cyde bandwidth i
u d, the a \'('raging time required i' reasonably hort.

The analyzer can aloo be We'd a' u tunable filter, '0

that the inJiyiduul compol\e'nL of a ('omplex input i nal
('an he u d Lo dl'i\'e oth r in,·trumcnts, 'uch a frC<)lleney
eoulltl')", wh n a highly uCl'lIrutc mPH Ul"l' of the component
freqllE'ncips i· de'ir d, or to clrin:' earphones. \\'hen a wide­
banJ lloise generator thin' - the t nulyzer, th output i a
tunabl narrow band of noi' .'uch a "ignal i - u dul in a
number of p ychologi al and architcctuml-,l ou ti t t.

In th "tra king analyzN" mode of operation th output
i a ine-wave -ignal tUl1ubl ov r the .sO-k' rangc and

alway' in tune with the analyzer. \\'hen thi ignal is u~ed
to drivc a bridge or other network, the' output can be
nll'u,'ured by th' analyzer, "ho.e C'lectivity reducE', the
intNf ITncl' from l'xtraneou noi ,hum, und di,tonion.

For automatic wa\'eform analri', output are providrd
for dri\'ing thl' TYPE \521-.\ Graphic LC'\'el Record l' tLS
well 'l" dc recorders.

DESCRIPTION: Th TYPE HIOO-A Wave Analyzer i
heterodyne type of \'01 t meter. The illLerm diate-frequcn y
amplifier at )00 kc include" a high.!)' ell' tiv quartz­
'l'y;,;tal filter who'e bantIwidth can be wit 'h to 3, 10
and .50 CP". Th u e of a het rorlyne 'y t m mo.k ~ it
pos-ible t vary the re'pon C' frequC'ncy altbou h the filt r
frel.! ueLlCY i, fixed. 1 he lOO-kc output of th filter i indi­
cated on a meter and is al 0 a\'ailable at the pan l. I none
mode of op mtion the output i- al 0 het rodyncd back to
th original frl'quency. In another mode th local 0 'illator
bE.'al with a 100-kc quartz-crystal O' 'illator to fun -tion a
0. bat-frequency 0 cillator. The"e two output· ar al
twailablc at panC'! terminal a' FILTERED INPUT O.\lPOXENT

< nd I~D[ AT D FHEQUE~CY, l'e p c ivciy. The block dia­
gram how how the l'll'ment of the analyzer operate to
produce the 'everal outputs.

SPECIFICATIONS
FREQUENCY
Range: 20 to 50,000 cps. The frequency i' indicated on 11 counter and
:l. dial with a linear graduation, 1 divi~ion/lO cps.
Accuracy of Calibralion: ± (LZ% + 5 cp~).

Incremenlal·Frequency Dial (~F): ± 100 cps. Accuracy is ± 2 cps below
2 kc, ±5 cps up t 50 kc.
Aulomalic Frequency Canlrol: Rang of frequency lock i ±200 cps for
So-eyel band. ±50 cp for lo-cycle band.

File Courtesy of G RWiki.org
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FILTEllEO
"'PUT
CO,"PONENT

AFC

Block diagram of the wove onolyler.

INPUT
~~'+-~--l

Wave Analyzer, Bench Model
Wave Analyzer, Rack Model

re ords of frequency sp ctra over the complele ran~e of tlt analvz r.
The end fram of the bench model" can be bolted together to furm
a rigid assembly. Th recorder is de,cribcd on pag 144. T; e cholt
puper 1521-9464 or 1.521-9-t6.5.
DC Output: ne milliamp I' in 1500 ohm. for full- call' meter deflec­
tion.
Filtered Input Companent: Output at least 1 volt acro:- 600-ohm load
for full- calc met r d fI tion with output cont.rol tl.t ma.·imum.
Tracking Analyzer (Indicated Frequency): 20 cps to 50 k ; outpu is at
lcast 2 vol acro" GOO-ohm 10 d with output control at ma.ximum.

GENERAL

ReliduClI Modulotion Products and Hum: Al least 7" db down.
Terminals: Input, TYPE 93 Billdin~ Posts; output, telephon jack..
Power Requirements: 105 to 1_.5 (or 210 to 250) volt, 50 to 60 cp',
approximat I)' 40 watt -.
Accessories Supplied: TYPE 15GO-P95 Adaptor 'ubi A."" mblv, phone
plug, TYPE AP-22 Power Cord, "pal' fus '. .
Other Accessories Available: TYPE 19OO-Pl l.ink nit for ('oupling to
THE 1521-A Graphic Level Recorder.
Cabinet: Ra k-hench (see page 210).
Dimensions: Bench model-width 19, height 16X;, d pth 15}i inches
(4 5 by 415 by 390 mm), over-all; rack model-pan 119 by 15%,
inch (485 by 400 mm), depth llehind pan 1 13ti inches (340 111m).
Net Weight: 56 pound' (26 kg).
Shipping Weight: pound' (39 kg).

15

Price

$2150.00
2150.00

1900-9801
1900-9811

Code umlJ r

19OO-AM
19OO-AR

A recording·anafyler anembly can be made up of
the wave analy<er and the Type 1521-A Graphic
level Recorder for the automotic recording of com­
plete spectra. A Type 1521 ,PI 0 Drive Unit and a
Type 1900-PI link Unit are also required. See pages
144 and 145 for a description of the recorder and
IIsling of chart paper to fit the analYler dial.

Either rack-mount or benth·mount models can be
used for this combination. Bench-mount units are
futnished with end frames. which can be bolted
together to form a rigid assembly without the use

af 0 rack.

Type

OUTPUT

l00.kc Output: mplitude i" proportional t amplitude f s lectoo
component in analyzer input signal. With the TYPE 1521-A raphic
Level Recorder conllected through the adaptor calli supplied, at
full 'cale meter def! ction output is at least 3 volt'. Dynumi range
i approximately 0 db.
Recording Anoly:lter: The analyz I' in combina.tion witb the TYPE
1521-A Graphic Level Recorder produc cOfltinuou, convenient

SELECTIVITY: Three bandwidtl s (3, 10, and 50 cpo') elected by witch.
3.Cycle Band: At lea t 30 dll down at ±6 cpo fr m c nter frequency,
at I t 60 dll down at ± 15 cp • at lea tOO db down at ±25 cp' and
beyond.
IO.Cycle BClnd: At least 30 db down at ±20 cp , at least 60 db down
at ±45 cp , at least db down at ± 0 cp and bey nd.
50.Cycle Band: At least 30 db down at ± 100 cp , at lea t 60 db down
at ±250 cp', at least 80 db down at _500 cp and beyond.

Effective bandwidth f r noise equal to nominal bandwidth within
± 10% for 10- and 50-cycle bands and _20% for 3-cycle bund.

INPUT

Impedance: One megohm on Illl rallges.
VoltClge RClnge: 30 microvol to 300 volts full scale ill 3, 10 s ric .

decibel scale i also provided.
Vo1lClge AccurClcy: ± (3% of indicated value +2% of full "cale + 3
microvolts), On tbe most en itive rllllge, a "mall rel idual error, due
to internal noise, occur8.
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~Type 1564·A SOUND AND VIBRATION ANALYZER

USES: Thc TYPE 1.-6 -;\ 'ound and Vibration Analyz r i.
d("igncd primarily for mellsuring the amplit,udc and fre­
III ney of the componen of complex ROund and vibration
p ttra. It J/3-octave' (23%) and J/lO-oetav' (7.1 )

noLl? bandwidth provide th(' f[rxibility nCl'ded foranaly i'
of bo h line ( iog]!' frrqllclley) and continuou pectra.
Th high input impedance' of t he analyzer permjt direct
c 1111('etion of piezo Icctri(' lran'ducer for measuring
Olmd pres llre' from 44 to 1.-0 db re 0.0002 J.Lbar and

acc 1('!'Uti n from 0.000.- g to 100 g.
Au omatic range 'witl'hing i' provided' that the TYPE

1521-A 'raphic Lrv 1 RecordN rau re ord automatically
th, 'pectrum r thc signal und r aualy i .

The analyzer can bud in conjunc ion wi h th
TYPE 1390-B Random-Xoise Generat I' for tran fer and

U"l z
ffi 0
N ~
>- -<
....I ~

~ >
« 0

z
<I(

oz
:::>o
I/)

FEATURES.

• '''ide' frequency range - 2..- cp - 25 kc. • True' logurilhmi' frequency cale.
• High input imprdanc - 23 mc'rohm in purallel with 0 pL
• High Ren:,oitivity - 0.3 milljvolt full calc.
• Dired reading in eithf'r volts or, ",hrll u 'ed lI'ith micr phone, in db I'e 0.0002 ~bal'.
• Operate from either po\\' l' lim' or rcchurO"cablL' buttC'ry.
• Internal amplitude calium1 ion 'y·t m.
• Qua i-I'm' detector with thl" e averaging times.
• Completely transistorize'd.
• Detent at, A 'A preferr d frequ neie' cun be engaged lI'it,11 pan I control.

rl'V rberation m u 'urem Ilt U ing 1/3- r l/IO-octave
band' of random noi e,

High 'en iti\'ity, wi(jp amplitude and frequency ranO"(' ,
and high input imp 'dance make thr TYPb: 15("i4-A u very
u ·e[ul lUlled voltmeter or O"clleruJ-purpo e wuv analyz >1'

at uudio and 'ubaudio frcqucneiC' .
The TYPE 1:60-P41 Audio-Fl'equC'ncy Voltag Probe

i a vailablefol' convenient connee ion to an electri 'al circuit.

DESCRIPTION: The TYPE 1.-G-1--.\'ound and Vibral,ion
Analyzer on i~·t of a high impedallc pI' amplifier, a
~ontil1UOU Iy tllllable filter ha\'ing a noi e bandwidth of

either J :3 or 1/10 OL'tuv , an output amplifier, and an in-
dieotol'. The center frequency of the filtcr i ontuillowly
adju table. ,\n all-pa, , 01' flat, characteri tic permjt'
mea.Ul'cment of th over-all signal amplitude.

SPECIFICATIONS
FREQUENCY

Range: From 2.5 cp to 25 kc in foul' decade rang .
Dial Calibratian: Logarithmic.
Accuracy af Calibration: ± 2% of frequ ncy-dial etting.
Filler Characteristics: I';oi e bandwidth is either 1/3 octave or 1/10
octave.

One- hird-octave chara('teri:tic has at Jea t 3O-db attenuation at
on -half and twice the 'electetl frequency (see plot). One-tenth­
octave characteri tic ha at lea t -to-db attenuation at one-half and
twice the selectetl frequency.

For both charactcri tic peak response i.' flat ± 1 db over the entire
tuning range.

All-pass respon e is flat ± 1 db from 2.5 cp to 25 kc.

INPUT

Impedance: 25 megohl11l! in parallel with 80 pf (inJependent of
attenuator etting).

Voltage Range: 0.3 millivolt to 30 volts full ('.ale in ID-dllstep .
Microphone: TYPE 156D-P-t PZT Microphone embly i. recom-
mended.

16

1/3- and 1/1 O-OCTAVE BANDWIDTHS

2.5 cps to 25 kc

OPERATES FROM SOUND-lEVEL METER

OR DIRECTlY FROM MICROPHONE
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TEST PROBE FOR VOLTAGE MEASUREMENT WITH THE ANALYZER
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Price

$1150.00
1150.00

1564-9701
1564-9820

Code Number

Recording Analyzer: Automatic r:Jnj:(e . witching at th end f cach
fr qu ncy decade aIIo,," convcnient contin ow' recording of pe tra
with the TYPE 1521- Graphic Levell ecorder. ee page 14-1 for a
de.~cription of the TYPE 1'21- Rec I'd r. (-o<c T ....PE 1521-Pl-l Link
Cnit and char paper l.'>21-9493.

GENERAL

Amplitude Calibrotion: Built-in, feedhack-ty calibration "'yt m
p muts amplitude calibration at any frequency,
Detedor: Quru; i-I'm ,,'ith thre a veraging time.~. Fa't t speed con­
forms with A A tandard f I' sound-l vel met !'S.

Power Requirements: Operat ' from liS (or 230) volt, 5(}..80 cp., or
from nickel-cadmium battery upplied, Hattery provid 25 h urs f

p ration wh n fully charg d and I' quiI" 14 hour' for char in~.
Accessories Supplied: TYPE CAP-22 Pow I' Cord, hielded cable, and
TYPE 1564-2020 Detented Knoh and Dial AJ'embly,
Accessories Available: TYPE 156G-P-t PZT Microphone Al; embly for
dir c acoustic pickup (pa~ 19); TYPE 1560-P52 Vibration Pickup
for >o<>lid-b rn vibrati n~ (pag 7)j TYPE 1t>6G-P41 udio-I<r quency
Voltnge Probe for voltage meU'ur ment (. hel w).
Cabinet: Flip-Tilt; relay-rack model al'o i available. ( e page 210.)
Dimension" Portable model, cru;e clo:led - Iyidth 1011 heigh I,
depth inch (260 by 210 by 205 mm), over-::tll; rack mod 1­
panel 19 by 10}1 inches (4 5 by 270 mm), depth behind panel
6 inch (J 55 mm).
Net Weight: Portable model, 1472 pound. (7 kg) j rack model, 15 12

pounds (7.5 kg).
Shipping Weight: Portable model, 23 pound' (10.5 kg) j mck model,
30 pound (14 kg).

Price
$45.00
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Sound and Vibration Analyzer, Portoble Model
Sound and Vibration Analyzer, Rock Model

'.T

Type

1564-A
1564-9820

Band·pass characteristics of the analyzer.

This combination of the Type 1564-9820 Sound and
Vibration Analyzer and the Type 1521-AR Graphic
level Recorder forms a rock-mount recording
analyzer, for the automatic plaiting of complete
spectra. The recorder is described on page 144.
Chart paper specifically designed for the sound
and vibration analyzer is listed On page 145.

Type
1560-P41 Audio-Frequency Voltage Probe

0

~I~~AVE
I

1// \\
2

/ / \\
/

/j t~\~

/ VI 1\."~
~

V / ",,-"/ / "'-
/ V "'- ~

10 / "'-

Input Impedance: 25 megohm ill parallel with 20 pr.
Net Weight: 74 pound (l15 gram'),

The TYPE 1560-P41 udio-Frequenc Yoltage Probe
on . t of a 10:1 RC divider. It pr . nt a high impedanc

to th circuit under te t and connert to lhc analyzer
with a -i-f ot eabl . It i upplied with a "ari ty f p;'ob
tip~, ill luding plug- t fit ja k-t p binding p t on
3· I-in h {' nt 1's.

PATE, 'T N Tl E. 'ee :'\otes 12, 15, and 22, P3l<e "iii.

OUTPUT
VoltClge: 1.2 volt:; open circuit when m leI' reads full . cal .
ImpedClnce: ohm '. Any load can b ann cled.
Meter: Three cales, 0 - 3 volt.'j 0 - to volts; -6 to +10 db.



~Type 1558 OC AVE-BAND NOISE ANALYZER
Tb TYPE 1558 ctave-Band oise Analyzer i u ed for th rapid analy is of broadband
noi ,where a knowledge of individual fr quency compon nts i not required. For the
m II urement of octave-baud ound-pre ure I vel aboy 44 db re 0.0002 ,ubar, the analyzer
can be used dir t1y with a piezoelectric microphon . For lower level, iL can be opera ed
from the output of th TYPE 1551-C ound-L vel Meter.

USES:

It is particularly useful for:
Mea urement of aircraft, v hi Ie, and rna binery noi .
Measurement of environm ntal noise, a in offices and

factories, where speech-interf rnce level i important.
tudies of environmental noi a related to hearing

damage.
Production testing and nois -level acceptance tests.
Loudness determination .
Acou tical studies of rooms and mat rials.

DESCRIPTION: Two model of th octave-band noi e
analyz r ar available. The TYPE 155 -A ha band a
specified by the A A tandard for Octave-Band 'ilters,
Z 24.10-1953. In the TYPE 155 - P, th band are centered
at th A Preferred Frequenci for Acou tical ea ure­
m nts, ASA S 1.6-1960.* In addition, the - model has
band-pas filter that extend the range at both end
beyond the range pecified in the standard.

Es ntially, the analyzer COll ist of a high-impedance
preamplifier, a filter, an output amplifier, and a ill tel'.
The preamplifier frequency l' pon c can be set to be
either flat or c-weighted. A built-in reference allows cali­
bration for microphones ranging in ensitivity from - 2
to -62 db l'e 1 volt/,I.Ibar. R active filter. are used, re ult­
ing in small ize, light weight, and lack of interfer nce from
tray magnetic field.. The bigh input impedance and pre­

amplification permit jhe 11" of pit>zoele tric microphone
and vibration pickup. The analyzer j portable and
powered by rechargeable nickel-cadmium batterie .

FEATURES:
• mall, compact, and portabl - w ighs le han
9 pound.
• Measur level in 10 octave bands.
• Direc us with piezoelectric microphones for levels in
t.he rang from 44 to 150 db.
• ses r charg able nickel-cadmium ba tery.
• Fully transistoriz d.
• Internal calibration y tern.
• Qua i-rm, met 1'; indication is entially I'm for all
waveforms except hort impact pul es.
• Load impedance ha no effect on meter indication.
• or 20-k preamplifier weighting can be selected by
mean of an in eroal witch.

ACCESSORY MICROPHONE
The TYPE 1560-P4 PZT Microphone A embly consi t

of a Tn...; 1560-P3 c<'ramic microphone uni attach d to
a short length of flexible conduit, which in turn mount on
a wivel ba e. The a embly plugs into he ~nKE input
connector on th panel of the 0 tave-band analyzer.

It ha. a flat re pon f' to ound of random incid nce from
20 cp to kc. T will with tand temperatures from -30
to 200 [i' and relative humidity from 0 to 100%. It how
littl chang in en i i"ity llnd internal impedance with
t~mperature.• ee 0.1 0 page 5.
o Also specified by 1,'0 Recommendlliion 402 and Germen , tellderd DI ='141">-401.

SPECIFICATIONS

Filter Choraderistic.t: Level at c nter frequency in bands from 37.5
to 9600 cps i. uniform within 1 db. Maximum deviation from ALL
PAS level at center fr('quency in any band i 1 db. For band. from
37.5 to 9600 r pon:e at nominal cutoff frequency is (3.5 ± I) db
below response at cent.er frequenc.. At.tenuation is at len~t 30 db at
t Measured with .i~nel e"pli~d at INPUT(8L") "'rminal•.

one-half the lower nominal cutoff frequency and twice the upper
nominal cutoff frequency for all octave bands. Attenuation is at
lea t 50 db at one-fourth 1he lower nominal cutoff frequency and four
ime.' the upper nominal cutoff frequency for all octave hands. Thc

75- ycle low-paQs filter ha.~ at lea . 30-db att.enuation at 200 op a.nd
a.t least 50-db attenuation a.t 400 cp .

18

The Type I SS8·A Octave·Band Noise
Analy%er with the Type 1S60·P4 PZT

Microphone Assembly.
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849
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cps

37.5
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Type ISSI.A

Upper CurojJ
Frequency - cps

Bandl:
Lower CurojJ

Frequency - cp8

18.75
37.5
75.0

150
300
600

1200
2400
4800
9600

LP
ALL PA

• Geometric mean.
t Th_ banda are not required by Z24.10.

For TYPE 1558-AP, center frequencies are 31.5, 63, 125, 250, 500,
1000,2000,4000,8000, 16,000.
Sound.Pre..ure Level Range: 44 to 150 db above 0.0002 "bar in any
band when TYPE 156o-P4 PZT icrophone Assembly is used.
Input: Impedance at MIKE terminals is apprOlCimately 50 pf in parallel
with 50 megohm . It is intended for use with high-impedance tran ­
ducers such as the TYPE 1560-P4 PZT Microphone A sembly.

Impedance at INPUT (SLM) terminals i apprmomately 100 kilohms.
Maximum input i 3 volts. Low-input terminal is connected to case.
Thi input i intended for connection to the output of a sound-level
meter.
Preamplifier Frequency Charaderlltic: Can be et to be either c weight­
ing, which is pecified by the American tandard A' ociation (A A

1.4-1961 LM), or 20 kc, an essentially fiat r ponse.
Output: pen-circuit output i at lea t 1 volt for fuLI- cale meter
indication. Output impedance i 6000 ohm. Any load can be COI1­
nected aero the output terminals.
Meter Re.ponlO: FAST or SLOW meter re ipon e i selected by panel
control. These characteristics are as sp cified in the American. tand­
ard pecification for General Purpose und Level Meter', A A

1.4-1961. Meter indication is clo ely rms for mo t waveform.
Internal Calibration: A built-in r ference allows the gain of the analyzer
to be calibrated for use with piezoelectric microphon having n i-

Relay-rack madel, Type 1558-9820 (or Type 1558-9822), is adapted from
pariable model; see page 210.

tivities from -52 to -62 db rc I volt/"bar. The ab olute accuracy
for ALL PAS is then within 1 dh over a wide range of atmospheric
conditions.
Ballerle" Two 9.6-volt rechargeable nickel-cadmium batteri (Gould
Type 9.6V/450B) give 30 houTS operation. They are recharged by
connection to a 115-volt (or 230-volt), 25- to 6o-cycle power line.
Full charge takes about 14 hours.
Acc...orie. Supplied: arrying trap, power cord for charging battery,
. hielded cable as mbly for connection to und-Ievel meter.
Accessorle. Available: TYPE 1560-P4 PZT Microphone mbly.
Cabinet: Flip-Tilt; relay-rack model al ar available. (See page 210.)
~imen.lons: Portable model- width 10'4, h ight 931, depth 731
lOeb . (260 by 235 hy 1 mm), over-all, including handll ; rack
mod 1- panel 19 by ~ inch (4 5 by 225 mm); depth behind
panel 5 inches (130 mm).
Net Weight: Portable model, ~ pound (4 kg); rack models, 9
pound. (·LI kg).
Shipping Weight: Portabl model. I 17~ pound ( .1 kg); rack models,
24 pound (11 kg).

Type Code umber Price

1558-A Octave-Band Noise Analyzer (ASA
Standard), Portable Model 1558-9701 $770.00

1558-9820 Octave-Band Noise Analyzer (ASA
Standard), Rock Model 1558-9820 770.00

1558-AP Octave-Band Noise Analyzer (ASA
Preferred Frequencies), Portable Model 1558-9829 770.00

1558-9822 Octave-Band Naise Analyzer (ASA
Preferred Frequencies), Rock Model 1558-9822 770.00

1560-P4 PZT Microphone Assembly 1560-9604 80.00
PATE 'T 'OTI E. See 'ote 12, I,age viii.

-10

·20

-30

·402<l':-..l:...._lo..:..;.....~-=--"....;..;'--;....:.---...c,OOO

FREOuENCY IN CyCLES PER SECOND

(Left) Fllter charaderistlcs of the Type 155B-A. The Type 1558-AP charaderislics are similar, exeept that
the center frequencies are changed, as specifled in the data above. (Righi) Lawpass and allpass charaderislies of the Type 1558.
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~Type 1556..8 IMPACT-NOISE ANALYZER

This device mea. ure the haracteristic of impact-type 'Olllld and electrical noi e impul e ,
which cannot b ati factorily m a ured with cooven iooal noise-measuring equipment.

IMPACT NOISES
include those produced by punch pI' , forging hammer,
fire alarm, pil driv rs, offic rna hinery, and similar
equipment. From the tandpoint of hearing damage 80m
of the e ound con itnt a eriou problem for indu try.
They have hith rto been mea umble only by complicated
meth d employing 0 cillo ope.

The two charaet ri tics of imp ct ound that seem mo t
significant are h p uk amplitude and the dmution, or
decay time. Thi analyzer meu ure both of the e qu n­
titie and al a qua i-peak value that i u ful in de­
termining the variation among repetitive peak value.

P ak vallie i the maximum sound-pre w'e I vel ruched
by th !loi e' qua i-peak i a continuou ly indicat,ing
mea~ur of the high ound-pres tire 1 v I r ach d iu t
b for the time of indication' time-average i a mea ur of
t.he av rage level ov r a pI' d t rmined period of time,
WID h, when ubtracted from peak 1 vel, i a m a ure of
the time duration of the 0 lOd.

For th~ e application, th TYPE 15.-6-B Impact-Noise
Analyz r operate hom the output of a TYPE 1551 otmd­
Levell\I t r and, when a vibration pickup i u din plac
of th mi rophonc OIl the 8Ound-1 v I m tel', will mea ure

vibrati n impac . It will al 0 operate from octave-band
analyzer, ape l' order, and vil))"ation meter.

ElEaRICAL NOISE PEAKS
in a wire communication circuit can b measured with
thi ins rum nt a on of th t't to d termin the ade­
quacy of the circuit for tran mitting data pul es to and
from computer and oth r busine machine. In uch
mea ur IDeot many peak may be mea ured in a hort
lime, and, after each p ak, th stor d signal mu t be
erased b for th next pul occurs. To facilitat this, to
I'l'duc op rator f tigue, and to minimiz acou tic noi e
fwm the witching proc s a RE ET pu'hbutton i pro­
vided, which can al 0 be op rated by an ordinary camera
cabl relea .

CIRCUIT
A battery-operated, deg nera.tive, tran istor amplifier
imultaneou ly drive three ac voltmetcr circuit, which

comprise rectifi rs, torage capacit.ors, and a dc electronic
voltmeter. The electrical torage system (a capacitor
harged by a rectifier) make i po iblc to mea liT three

chara teri tic - peak, qua i-peak, and tirne-averag
of an impul e' with a ingle indicating meter.

SPECIFICATIO 5

$240.00

The Type 1556-8 Impocl- Noise Analyzer
with the Type 155\-C Sound.

level Meter.

MEASURES BOTH ELECTRICAL AND

ACOUSTICAL NOISE PEAKS

Dimensions: Width 7h hei ht 6Yz, depth 47.( inches (190 by 170 by
110 mm), over-all.
Net Weight: ·H~ pound (2.\ kg); carrying case, 1 pound (0.5 kg).
Shipping Weight: 711 pounds (3.3 kg), in ea e.

Code umber Price

Impact-Noise Analyzer1556-8

Input: Any voltage from I to 10 vol for normal range. Inputs below
1 volt reduc the ran e of reading.
Input Impedance: Between 25,000 and 100,000 ohms, depending on tbe
setting of the LEVEL control.
Frequency Range: 5 ps to 20 kc.
level Indication: Meter calibrated in db from -10 to +10. Attenua­
tar witch increas range by 10 db.
Peak Reading: Hi e time is I than 50 micro cond for a value with­
in 1 db of peak value (for rectangular pul es). tarage time at normal
room temperature i greater than 10 econds for a I-db change in value.
Quasi.Peak Reading: Rise time of less than 7i milli econd and decay
time of 600 ± 120 millisecond for rectifier circuit.
Time.Average Reading: harge time of rectifier circuit selected by
even-po ition switch, having times of 0.002, 0.005, 0.01, 0.02, 0.05,

0.1, and 0.2 econd for the re istanee-capacitance time constant.
. torage time at normal room temperature i greater than I minute
for a I-db change in value.
Accessories Required: Asound-level meter or frequency analyzer to sup-­
ply the analyzer input if it i to be used for acoustical measuremen .
Input Terminals: Cord witll phon!.' plug at one end.
Batieries: One 1 Yz--volt izc D fln blight c 11 (Rayovac 2LP or equiva­
lent) nnd on 45--volt B battery (Burge _-- '30 01 equivalent) are
supplied. Typical hattery life is 100 hou .
Cabinet: Aluminum; carrying ease upplied. Cabinet can be fastened
directly to one end of a TYPE 1551 und-Level Met r.

Type
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~Type 1932-A DISTORTION AND NOISE METER

The TYPE 1932-A Di Lortion and Xoise l1eter measure di tortion, noi e, and hum lev I in
audio-frequency circuits. In conjunction with the TYPE 1931-B Modulation Monitor*, it
can be used to measure the e quantitie in the output of radio broad a ting tran mitt rs.

USES:

It finds many uses in the electronics laboratory and in
the production testing of radio receiver a a wide-range,
highly sensitive voltmeter for such measurement as
ignal-to-noise ratio, A vc chara ·teri tic , and hum level.

With the aid of an 0 cillo cope, individual hum and di ­
tortion component can be identified.

DESCRIPTION: The principal I ill nt of th unit are a
high-gain amplifier with an RC int l' tag coupling unit
that balance to a harp null, a calibrat d att nuator for
adju ting th sen itivity, and a vacuum-tube voltm t r.
Degeneration maintains tability in amplifier gain and a
flat transmission characteristic, except within an octav of
the null frequ ncy. The null frequency i continuously
variable. The null n twork eliminates the fundamental of
the audio-frequency signal, leaving only the distortion
• Price and 8pecifications on request.

produ t , which are indicated directly on the panel meter.
The null network i wit hed out of th circuit for Doi e

and hum mea urement , and the in trument then operates
a' a highly cn itive voltm tel'. Two input circuit are
provid d: (1) a tran form I' for bridging a 600-ohm line;
and (2) a direct connection to th 100,000-ohm gain
control.

FEATURES:
• Continuous adjustment of frequency over the entire
audio range is provided.
• Quick frequen y election.
• Frequencic up to ·5,000 ep arc pa cd by the amplifier
circui , 0 that di tortion m a ur m ot can b mad on
fundamental frequenei up to 1 ,000 cps.
• Distortion a low as 0.1% can b measured.

o »
~ zo »
~ ~<5 m
Z ~
~
!:!lm
;:a

SPECIFICATIONS
RANGES OF MEASUREMENT
Distortion: Full-scale deflection for 0.3%, 1 %, 3%, 10%, or 30%
di tortion.
Frequency: 50 to 18,000 cps fundamental; with bridging-tran former
input, harmonics up to 30 kCj with loo,OOO-ohm input, harmonics
up to 55 kc.
Noise: 0 db below reference calibration level, or 80 db below an
audio-frequency ignal of zero dbm level, at maximum ensitivity.
ACCURACY
Dislortion: ±5% of full scale, ± r idual di tortion, where distortion
is defined as the ratio of harmonics-plus-noise to total input ignal.
Noile, dbm: ±5% of full cale for specified bandwidth.
Residual Dillortion and Hum Level: 50 to 150 cps, 0.07%. 150 to 5000
cp , 0.02 %. 5000 to 1 ,000 cps, 0.10%. t
Relidual Noise Level: At lea t 80 db down.
INPUT
Impedance: 100,000 ohms, unbalanced, and 6DO-ohm bridging input
(10,000 obms), balanced or unbalanced.
GENERAL
Meter: cale is calibrated in percentage and db. The ballistic charac­
teristic i similar to that of a vu meter.
tean be reduced to 0.02% by U8e of low-level calibration tecb,tiques.

Accessories Supplied: TYPE CAP-22 Power Cord, cable for connectin
to the TYPE 1931-B Modulation Monitor, spare fuses.
Other Accessories Required: For measming the distortion in oscillators
and other audio-frequency sources, no additional equipment i re­
quired. For measmements on amplifiers, lines, anC. other communica­
tion networks, a low-di tortion oscillator is required. When the
modulated output of a radio tran mittel' is to be measured, a linear
demodulator having minimum undi torted output of 1.5 volt rms
can be used.
Terminals: Terminals are rovided at the rear for permanent wiring
connection. A We tern lectric jack i provided at the panel al 0,
as an auxiliary input circuit. Plugging into this jack automatically
di connects the rear connectors.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
The line input power is 65 watts.
Mounling: Relay-rack panel. nd frames are available for bench use.
(See price list below.)
Panel Finishes: tandard General Radio gray crackle. Certain standard
finisbes which can be processed in quantity can be supplied.
Dimensions: Width 19, height 7, depth 13 inches (485 by 180 by
330 mm) over-all; depth behind panel, 12 inches (305 mm).
Net Weighl: 35% pound (16.5 kg).
Shipping Weight: 41 pounds (19 kg).

1.'ype

1932-A
FRI-412-2

Distortion and Noise Meter
Aluminum End Frames

Code Number

1932·9701
5310-9478

Price

$795.00
15.00 Pair

FOR DISTORTION AND NOISE-LEVEL MEASUREMENTS ON AUDIO
EQUIPMENT AND CIRCUITS

~ File Courtesy of GRWiki.org
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AMPLIFIERS
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The wo amplifi I' Ii ted in thi ection arc broadband
in trum nt ,adaptnbl to a variety of application en­
count r d in the electronic laboratory. The TYPE 1206-B

nit Amplifier, with 3 watt output over audio ub­
audi ,and ultra onie frequencie . The TYPE 1233-A Power
Amplifier, a 15-watt in trument operate well up into
the rf range.

ther amplifif'r , with man application in addition to
tho for which they nre primarily de igned, are li eo in
other ec ion of the catalog. Among them are:

~Type 1206-8 UNIT AMPLIFIER

Tuned A.mplifier, TYPE 1232- ,page 79, i a elcc ive
amplifier, tunable continuously from 20 cps to 20 kc, and
at 0 kc and 100 kc; it aloha a bl'Oadband characteri tic,
20 cps to 100 kc.

DC Amplifier, TYPE 1230-A, page 140, amplifie weak
voltages and current to operate a recorder.

High-gain Logal-ithm1c AmpllJter, TYPE 1.551-C , ound­
L vrl ;\le r page 4, ha a fulJ- cal sen itivity of 20
microvolt and a range of 120 db.

See ellso the sedlon on DETECTORS, page 78.
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I (OUTPUT MEASIJf1[D Oft PEAK~JfUDlNG VClTMETl:ff)
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Thi well-dl'signed, high-quality, compac amplifier de­
livers 3 \Va t at audio and ultra oni fr quenci s. It has
many use in the laboratory - a a bridg amplifier, a
a driver for low-power electronic and cI ctro-a oustical
devices, (L d a an amplifier for use with the TYPE 121O-C
Unit R- 0 cillator. ingle-ended, pu h-pull circuit* pro­
duce excellent low-frequency re pon e.
• Arnold Peterson and DonAld B. , ioclAir. "A Sin~le.EndedPulIb·Pull Audio Ampli.
fier." PToc«d;"o. o/Ihe l"./iluU 0/ Radio Erlo;"...... JaoUAry 1952.

Pulse Response: NO LOAD 6000
Droop in 30-cycle square wave 15% 20%
Approx rise time: 50 v peak-to-peak 1 psec 2 psec

100 v peak-to-peak 2 psec 4 J.lSec
Max output, peak-to-peak magnitude 260 v 120 v

Accenories Supplied: Two multipoint connectors.
Terminals: Jack-top binding posts \\'ith %-inch pacing.
Cobinet: nit Instrument (see page 210).
Dimensions: Width 10.\1, height 5%, depth 6.\1 inches (260 by 145 by
160 mm), over-all. As hOll'n here, including power supply, 15 by
5% by 6.\1 inche (3 0 by 145 by 160 mm), over-all. Relay-rack
adaptor set listed below mount both instrument and power upply
(panel 19 by 7 inche ).
Ne. Weight: '" pound (1.9 kg).
Shipping Weigh': 14 pound (6.5 kg).

SPECifiCATIONS
Power upply is recommended. The a.mplifier plugs directly into a

nit Power upply (page 173). It can be rigidly attached, with lock­
ing strips supplied, to form a complete a.s.o:;embly. The combination
will operate satisfactorily from a 400-cycle supply.

INPUT
Voltage: Le::! than 1 volt for full power output.
Impedance: )00,000 ohm in parallel with 35 pf.
OUTPUT
Power: With'300-volt plate upply, 600-ohm load: 3 wat from 10 cpo
to 50 kc; 1.5 watts from 5 cp to 100 kc; 0.5 watt at 250 kc.
Load Impedance: 600 ohms optimum. Blocking capacitor i 100 pf.
(Internal impeda.nce about 100 ohms.)
Distortion: Le" than 1% harmonic di tartion with 2 watts output
(2% with 3 watt) into 600 ohm from 20 cp to 40 kc.
AC Hum In Output: Less than 15 millivolts, rm', with TYPE 1203-B

nit Power upply; less than 3 millivolt, rms, with TYPE 120l-B
ni Regulated Power upply.

GENERAL
Voltage Gain: ontinuou Iy adju table. Maximum gain i 50 to 1
(34 db), with no load; 42.5 to 1 (32.6 db) into 600 ohm.
Frequency Response: ( e curve above.) Down le- than 3 db at 2 cp
and 500 kc at 10 volts (or less) output, \\;th gain control set at
maximum. ee also power output pecification.
Power Requlremenh: 6.3 vol 2.7 ampere::!; 300 vot ,50 milliamperes.
TYPE 1203-B Unit PQwer Supply or Typ!!: 1201-B Unit Regulated

Type Code Number Price

1206-B
1203-B
480-P4U3

PATENT !'oj TICE.

Unit Amplifler
Unit Power Supply (for 115-volt line)
Relay-Rack Adaptor Panel (for AmpliAer
and Power Supply)

e Notes 5. 9. and 14, page viii.

1206·9702
1203-9702

0480-9986

$95.00
55.00

12.00

Type 1206·8 Unit AmpliAer
"11th Type 1203·8 Unit Power

Supply.
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~Type 1233-A POWER AMPLIFIER

OUlput pulse weveforms 20·cps to 3·Mc renge; inpul-puise rise time,
0.03 }.lsee; Ihree pulse lenglhs shown.

USES: The wide frequency rang and high power output
of hi amplifier mak i daptabil.' to many u (', in ('\c('­
tronic and \ ctro-acou ticallaboratorie . Typi 'al u c arc'
• Exciting antenna for radiation-patt rn and imppdancc
mea Ul'emcnt .

• Driving acoustical generator .
• Amplifying received ignal for oper. ting remote modu­
lation and frequency monitor.
• Amplifying weak ignnl for 0 illo cope d fie tion .
DESCRIPTION: Th excC'Il nt fr quency re pon of thi
amplifier i obtain d in thr pu h-pull, broadband cir­
cwt with ric -p akcd inter tage coupling. Tb two
power ran s u toroidal output ran former i the
voltag -amplification rang u a rie -peak d video­
output network with gradual roll-off abov 3 1\1 . Rc'\ng
arc elected by panel wit h. l\[et r l' ad output volt
and can b witched to read plate curr nt of output tub

SPECIFICATIONS
Inpul Voltage: Less tban 0.2 volt for fuJI output.
Inpul Impedance: 100,000 ohm in parallel with 37 pf (grounded).
Power Requirements: lOS to 125 (or 210 to 250) volu, ,10 to 60 cp ;
120 watts at zero output; 140 watts mnxim

InstnuDcl1 will op rat with a maximum output of 10 watts on
power- upply frequencies up to 400 cps.
Voltmeter: Full-wave-average type; 150, 50, and IS volts, full cnle;
accuracy ± 10%, compensated to 3 Mc.
Terminals: Input and output, TYPE 74 oaxinl Connector with

round po t for double-plug connection; TYPE 938 Binding Posts for
balanced output.
AccelSories Supplied: Two TYPE 274-MB Double Plu • two TYPE
74- 5 A Cable Connector, TYPE AP-22 Power ord, pare fu es.

Cabinel: Relay-rack pan I with end frames upplied for bench use.
Dimensions: Width 19~, height 7~, deptb 15~ inch (495 by 190
by 395 mm) over~all.

Net Weighl: 46~ pounds (21.5 kg).
Shipping Weighl: 56 pound (26 kg).

Range witch Operating Output Optimum Load
Position Freq Range Power· Voltage Impedance

20 c 10 20 kc 20 cps - 20 kc 8 wells 600 or 150 n
50 cps -15 kc 15 wells

20 ke 101.5 Me 20 kc-l.5 Me 8 wells 50 n grounded
20ke - 0.5 Me 15 walls

20 c te 3 Me 20 cps - 3 Me 150volts, eRO deAeclion
peek-to-peek, pleles; 1 MO.
bol; 50 volls 36" leads
grounded

Distortion
Rise at Rated
Time Oll/pui

0.1 4%
/Josec.

o'l.8e Leuel

60 db below 15 wolls or
equivelenl 10 200 /Jov input.

70 db below 15 wells or
equivelent Ie 63 /JoV input.

less Ihon 0.6 v. peek-Io­
peek, bol. or equivelent
10 600 /JoV peok-Io-peek
input.

Disconnected Any single frequency, 20 cps Ie 5 Me; 15 wells. wilh externol luned oulput Iransformer

• Rated output is obtainable at I06-volt line; output is greater for higher lille voltages.

l- f- I r,-
'0 .......

0· Ilk TO:t.. -....".....
10'<'01. ~ ~

· j ~[.,' I'-Ho-f-- f--

H-t-f-- f-.'~ ~ ;-;-'\R·0 -f--
i-oe t ...... !t I"" t ~! I ,. lOON t ! 1* ! .-

Phese shift versus frequency fer Type 1233-A Power AmpliAer.

.''''....
~ ..

Typicel response curves for the three empliAer renges. The
20-cps to 3-Mc renge is given e smoelh roll-off et the high end

10 essure good Irensienl response.

Type Code Number Price

1233-A Power Amplifier 1233-9701 $690.00

PATENT :r-;OTI E. Note 4, page viii.

20 cps to 20 kc

20 kc to 1.5 Me

20 cps to 3 Me
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ATTENUATORS

~Type 546-C AUDIO-FREQUENCY MICROVOLTER
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Calibrated attenuators are ba. ic in trument for
mea urement of voltage ratio linearity, circuit. gain or
10 , tran mi ion efficiency, and for the calibration of
meters and other mea uring device . De cribed in till

'C tion ar re i ive decade attenuator and preci voltage
divider', and also an audio-frequency :\Iicrovolter* for
u c with an audio 0 cillator to tand rdize Jow output
voltng .

FEATURES:

• An excell nt £1' qu ncy characteri tic, ex cnding from v ry low fr quenCl up to 100,000
cps. Convert an audio 0 cillo.tor to an audio ignal gen l' tor.

• Excellent accuracy for ab olute voltagc Icvcl a well n for voltage ratio in gain or 10
meo. urements.

• Both decibel and voltage seal s are provided.

DESCRIPTION: Thi in trument con ist , essentially of
a con tuut-impedance att nuator and a voltmeter which
tandardize the input to the attenuataI'. A witch con­
1'01. the output voltage in decade st p , while an indi­

vidually calibrat d dial provide continuous control over
each d cade.

USE: Th TYPE 540- udio-Fr quency :\Iicrovolter
u ed in conjunction with an 0 ciUntor i au efu1 ourc of
. mall, known :ludio-fr CJuen y voltag for respon mea-­
urement of amplifier', tran form rs, and other audio
equipment. The i'lIicrovoltcr can al 0 be used to mea ure
small voltages by ub titution method.

Price

$180.00

CONTINUOUSLV VARIABLE
OUTPUT

laboratory oscillators. The rectifier-type voltmeter itself introduc
'ome di ·tortion unles the ource impedance i very low. Witb a
600-ohm .ource tbe distortion introduced i about 0.2%.
Temperature Error: Accuracy of lte calibration is inJependent of
temperature when the microvolter i used an attenuator or volt­
age divider. Absolute accuracy i affected slightly by temperature
bccau.'e of change in the voltmeter characteri tics. The necessary
correction for temperatur from 65 to 95 F is furni hed with the
in'trument. The effects of bumitlity are negligible.
Input Requiremenls: About 2.2 volts aero 600 ohm, or approximately

milliwatts.
Terminals: Jack-top binding posts are mounted on standard %-inch
pacing.

Cabinet: Lab bench ('ee page 2 LO).
Dimensions: Width 10, height 7Xl, depth 6.Y.l' inches (255 by 1 5 by
160 mm), over-all.
Net Weight: 6Y2 pounds (3 kg).
Shipping Weight: 13 pounds (6 kg).

Code

Audfo-Frequency Microvolter*

Type

546-C
• Heg. L.'. Pat. Off.

SPECIFICATIONS
Output-Voltage Range: From 0.5 microvolt to 1.0 volt open circuit,
when the input voltage is set to the tandardized reference value
(2.2 volts).
Accuracy: For open-circuit output voltages the calibration is accu­
rate within ± (3% + 0.5 microvolt) for output cttings abov
1 microvolt and for all frequencie1 between 20 and 20,000 cp . For
higher frequencies up to 100 kc the calibration i accurate within
±5% for output ettings above 100 microvol . These pecification;
apply only where waveform and temperature errors are negligible
(see below).

For the determination of ratios of output voltages at a given
frequeucy, the accuracy of any given reading clln be assumed to be
within ± (2% + 0.5 microvolt), at frequ nci up to 100,000 cps.
At frequencie above 20 kc thi' accuracy applies only at level'
auove 100 microvolt-.

The microvolter can be used on dc with an external dc meter.
Internal meter can be calibrated for de.
Output Impedance: Approximately 600 obms, con tant with etting
within ± 5%. No correction of he output voltage i necessary for
load impedances of the order of 100,000 ohm and greater.
Inpur Impedance: Approximately 600 ohm, ub tantially independent
of output etting on all but the highest multiplier position.
Waveform Error: When this instrument is u ed as a calibrated attenu­
ator or voltage divider, its accuracy i independent of wl~veform. Abso­
lute accuracy of the output-voltage calibration depends on the charac­
teristics of the inpu copper-Qxide rectifier voltmeter, which has a
mall waveform error that depend. on ooth the pha:e and the magni-
ude of harmonic in the input. Thi error in the voltmeter can, in

general, bc neglected when the microvolter is used with ordinary
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FEATURES:

~Type 1450 PRECISION DECADE ATTENUATOR

• Wid ran0' of attenuation value in mall teps.
• Accuracy is maintained v n at low radi frequen ie
• Conv nient, d cade-typ wi ch arc arranged for break-before-mak opra ion to
pI' vent "bIn ting" and meter damag . They can b adju ted for make-b for -br ak opera­
tion if I' qupst d at tim of ord ring.
• An tcb d plat i attacb d to the case, indicating mi match 10 for t rmination other
than 600 ohms.

o »
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USES: Th Type 1450 Decade AttenuataI' i u eful in
power-lev I mea ur mrnt , tran mi ion-efficiency te t ,
and in gain or 10 m a urement on transi tor, filter
amplifi r , and. imilar efjuipment. It can al be u ed a a
pow r-I v I control in cir uit not C'quipped with other
volum control .
DESCRIPTION: The r. i. tors u ed in each decad> arc
mounted in compartmrnt in an aluminum hou ing, which
i campi tely hi Jded by the addition of aluminum cov I' .

Each decad can i t of four T-pad . ri, -connec ed by
am-operated witch , aIT, nged with po,itiv detents.

All cam ar mountC'd on a ontrol haft ",hi ·h is provided
with ball b aring-. Ea h pad i~ omplet ly hieldC'd, and a
'hi ld i intrrpo ed bC'tw n th input and output series
element of each pad. Each d cadC' bu ('\ ven po ition ,
o to 10 inclu ive so the dreud overlap. There < re no
top on the 0.1- and I-db-pcr- tep d rude, thu, fa ili­

tating qui ·k return from full to zero attenuation.

SPECIFICATIONS

A"enuotion Range: 110 or 111 decibel. in . tep of 1 or 0.1 decibel,
respectiv Iy.
Terminal Impedance: 600 ohm in either dir etion. An etched plate on
the cabinet indicates the mislTllltch 10 for other than 6OO-ohm
circui .
Accu'acy: Each individual resi tor is adjusted within ±0.25% of its
correct value. The low-frequency error in attenuation is less t,han
±0.02 db ± 0.25% of indicated db settin/!; plu!' a witch-r i tance
error of 0.003 db (for -TA) or 0.005 db (for -TB), when the !Itt nuator
i terminated at both ends in a pur I' i tance of 600 ohm. For
differenc in attenuation between any two settings, the 'witch­
resi tance error virtually disappear. To mainta.in accuracy at hi h
attenuations, special wiring m thod are employed to the "low"
INPUT po t.
Frequency Oi.crimination (with low terminal at panel potential): Less
than 0.1 db ± 1% of the indica I value at. {requenci below 200 kc.
For increments in attenuation, the 1% tolerance extend to approxi­
mately 1 Me.
Maximum Input Power: 1 watt.
Switches: Ca.m-type switche are UE d \\'ith twelve po ition covering
360·. The dials are numbered {rom 0 to 10 inclusive, and the twelfth
point i also connected to O. top are provided in the switch mecha­
nism for the 1OQ-db decade. '0 stop are provid d to prevent com-

plete rotation of the 10- and I-db decad ,bu pac r', which are
provided, can b u.ed W1t1 r the m lUlting crews to act as stops for
the knob. i[ de ired.
Cha,ode,istic Impedance: 600 ohm both directions. One end must be
terminated in 600 ohm;;.
Terminals: Jack-top binding po ts with %-inch pacing; common
tenninal insulated [rom cha is; round terminal provided.
Cabinet: Lab bench ( e page 21O). Each decade is individually
shielded, and all shields are connected to the p,anel, to which the" G"
po t i also connected. Both" high" and" low' . ides are connected to
insulated binding po. L, the "low" on being conn cted together.
The u er i.' tim. given free choice o[ grounding point for the "low"
side, including connectiOIl t the panel p s by the link provided.
Relay rack mounting i available on . pecial order at an additional
charge ( ee below).
Dimensions: TYPE 14 -TA-\\idth 10, height 5%, depth 1274: inches
(255 by 145 by 315 mm) over-all; TYPE 1450-TB-width 12, height
5%, d pth 12J,( in he.« (305 by 145 by 315 mm), ver-all.
Net Weight: TYPE 1450-TA, 10% pounds (4.9 kg); TYPE 145Q-TB,
14 12 pounds (7 kg).
Shipping Weight: TYPE 1450-TA, 18 pound ( .5 kg); TYPE 145Q-TB,
23 pounds (10.5 kg).

Type

1450-TA
145O-T8

Range

110 db in steps of 1 db
111 db in steps of 0.1 db

Impedance

600 ohms
600 ohms

Type uJ
Section

T
T

Code
Number

1450-9891
1450-9893

Price

$285.00
390.00

For 19-inch relay-,,,ck mounting add 10.00 to price alld add R to tYI,e lIumber (1',.." 1450-TAR, -TBR).

Type 1450-T8

Type U50-TA
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~Type 1454 DECADE VOLTAGE DIVIDER
I. V) O!
C c.:: w
L 0 0
L ~ :>, « 0

::> w
Z <-'w -<
~ ~
« 0

>

• T\\'o model , 10,000 ohm nd 100,00 ohm
FEATU RES: • High a curacy, 0.0-1 0 of indicat d ratio.

• on tant input re i tanc .
• Low thermal mf. • ompl te shi lding.

USES: The TYPE 1-lfi-l Drca \(' Voltagr Divider provid(" ac- for both dc und lludio-frpquency mN} ur\'ffiPnt
curat('ly known voHag\' rat io. from 0.0001 to 1.0000 for DESCRIPTION: Four drrade rp i tor of the ;31O-type are
u in d terminillg \'oltagr transmi ion rutio by dir t COl1lwctrd in a I\:rh'in-Yarlry circuit. Th voltage drop in
comparison 01' by null method. . 'witch\' and wirillg i' compelul.led by arc. i. tor 0 that

Th yare particularly valuablr in lin llrity mru Ill'cment accuracy i muintainrd d wn to thr low t etting'. Thr
and mrt r calibration. Cll (' pro\'ide~ an -\rctr ·tatic shield, to whi h th pl1rat,e

Theil' high input impedanc'<', high re olution and high ground t('rminul i: onn<,ctrd. Th<, divid I' circuit can be
accurucy mak<, hem wid Iy U I'd laborutory ac (" oric u ('d eith I' grounded or floating, a desired.

SPECIFICATIONS

Valtage Ratio: 0,0001 to OOסס.1 in . tep of 0.0001.
Accuracy: ±0.04% of indicated ratio foJ' input voltages belo\\' 120
volt, on the 10,000-ohm model TYPE 1454-A, and below 350 volts on
the 100,000-0hm model, TYPE 1454-AH.
Linearity: Better than =0.02% of full- ·caJe. etting for any decade.
Frequency Choraclerlstico: If the external capacitan e acro' the out­
put terminal. of the TYPE 1454-A i. I than 50 pf, the frequency
error i Ie. than 0.1 % to 20 kc for any setting. For the TYPE 1454- H,
the fl'equellC)' limit i 2 kc for the same capacitanc .
Input Ruistance: TYPE 1454-A, 10,000 ohnk TYPE 1454-AH, 100,000
ohm.
Maximum Input Valtage: For TYPE 1454-A, 230 volt rms (or dc) for
40 ri e of rei i tors of th input decade. Input voltage should be
limited to 120 for maximum accuracy. At maximum rated voltage
the total error can approach ±O.I%. For TYPE 1454-AH, 700 vol
rms, limited to 350 volt. for maximum accuracy.
Ruistance Unih: TYPE 510 Decade Resistors.

OUTPUT

Temperature Caefficient: Of each re~i~tor, less than _ 0.002% per
d gr c.. ince th volta!!:e ratios are determined by resistors of
similar conotruction, ambi nt temperature effec~ are very small.
Terminals: Jack-top binding po~ts with standard ~-inch spacing at
input and output. s parate !!:round post is provided, '0 that the
divider circuit can be used ground d or ungrounded, with the. hield
grounried.
Output Resistance: Yari s with output .etting, from zero to approxi­
mately 2700 ohms for the TYPE 1454-A, from zero to approximately
27,000 ohms for the TYPE I454-AH, depending primarily on the
settin~ of the highest decade in use. Dir ction:> for accurate calcula­
tion of the output resistance are given in the instruction manual.
Approximate values can be determined by interpolation from the
following table. The figur given in the table apply to the 10,000­
ohm model, TYPE 1454-A; for the lOO,ooo-ohm model, TYPE 14M-AH,
multiply the values by 10.

TABLE

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.D7 0.08 0.09

0 0 189 356 501 624 725 804 861 896 909
0.1 900 1069 1216 1341 1444 1525 1584 1621 1636 1629
0.2 1600 1749 1876 1981 2064 2125 2164 2181 2176 2149

0.3 2100 2229 2336 2421 2484 2525 2544 2541 2516 2469
0.4 2400 2509 2596 2661 2704 2725 2724 2701 2656 2589
0.5 2500 2589 2656 2701 2724 2725 2704 2661 2596 2509

0.6 2400 2469 2516 2541 2544 2525 2484 2421 2336 2229
0.7 2100 2149 2176 2181 2164 2125 2064 1981 1876 1749
0.8 1600 1629 1636 1621 1584 1525 1444 1341 1216 1069
0.9 900 909 896 861 004 725 624 501 356 189

Cabinet: Lab hench ( ee page 2101.
Dimensions: Width 15~, height 5, depth 5}i inches (400 by 130 by
135 mm), over-all.
Net Weight: 7U pound (3.3 kg).
Shipping Weight: 13 p und (6 kg).

Type Code umber Price

1454-A
1454-AH

Decade Voltage Divider (10,000 ohms)
Decade Voltage Divider (100,000 ohms)

1454-9701
1454-9817

$160.00
160.00
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Pot ntiometer t10ltage dipider Ilre de cribed on page 202.
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BRIOGfS AND IMPfOANCf-MfASURING INSTRUMENTS
~

Figure 3. Vector
diagram showing
the relation. be­
tween fadors 0
and Q, and angles

(l and 6.Q=tan(l=~=~=..!.=cot6
R G 0

R G 1
D=COIO=:X=a =0=lon6

R
Power Factor = co, (l = ZB~~iS I

(1 I
G

x

PF=cose=sino

and diff r from dissipation factor by less than 1% when their mag­
nitudes are less than 0.1.

In Figure 3, R and X ar tbe series resistance and reactance, and
G and B are the parallel conduotance and susceptance, of the im·
pedance or admittance involved.

Dissipation factor, which varies directly with the power loss, is
commonly u ed for capacitors and, to a le er xtent, for inductors.
Its reciprocal, storage factor, Q, i more of n used for inductors,
b cause it i a measure of the voltage step-up in a tuned cirouit.
Qi al 0 u,ed for r istor" in which ca e it is usually very small.
S.rles and Parallel Campanenh Ev ry impedance can be expressed
in terms of either series or parallel components. Tbe choice is a matt r
of convenienc for the problem at hand. One cannot tell from a single
mellSurement whether a combination of a resistive and a reactive
I ment i actually parall I or series/ and, regardl of the phy ical

configuration, the resistiv and r acbve components can be measured

i term d di ipation factor, D, and its reciprocal is tornge fact,or, Q.
These ratio ar d fin d in Figure 3 in t rms of phase angle ~ and
los angle 6. Dissipation fac or is dire t1y proportional to the energy
di ipat d, and storage factor 10 the energy stored, p r cycle. Power
factor is defined as

Phase Balanc. The compl x arm requir d 0 sa.tisfy h balance con­
ditions of (2) or (3) is a combination of a resis ance and a reactance,
either in series or in parallel. With a series combinat,ion in an arm
adja en to th unknown or a parallel combination in the arm
opposite to the unknown, the bridge will measure the equivalent

ri compon nts of th unk-nown, while, conversely wi h an adja­
c nt parallcl or an opposite series combination, the bridge will
measure the equivalent parallel components. Example of various
combinal,ions as u d in th TYPE 160 A Impedance Bridge are
shown on page 33.

H the two components in this complex arm are both adjustable,
he bridge will have independen and orthogonal balances for the

real and imaginary parts of the unknown. If only one of the com­
ponents in the omplex arm is adjustable, this compon nt wiIl be
proportional to either the D or Q of the unknown impedance, which
IS a measure of the loss of a reactive component or the reactance of
a resistor (see below). If thi adjustable compon n i tb more
promin nt of the two, a it is wben very-Iow-Q inductors llre meas­
ured, the bridge balance convergence i low, if not irnpo ibl. The
T PE 165Q-A Impedance Bridge ill' a mechanical ganging of the
bridge control (ORTHONUJ..L@ balance finder) to facilitate the con­
vergence ( ee page 34).
Dissipalian Faclor and Slarag. Faclar An important characteristic of
an inductor or a capacitor, and often even a resistor, is the ratio of
resistance to reactance or of conductance to su eptance. This ratio

(I)

GEN

tb detector terminals

GEN 0----,

Figure 2. Circuits for capacitance bridges in
which like reactance" CN and Cp, or unlike

reactances, LA and Cp, are compored.

Figure 1. The general
Wheatstone bridge

circuit.

RIJ, RN
RB = Rp

which is satisfied when the vol tag aero
is zero.

ALTERNATING-CURRENT BRIDGES
The ba ic circuit of :F igure I i also applicable to alternating­

current measurement.· With complex impedanc ,two condition of
halance mu be satisfied, one for the resistive component and one for
the reactive component. At balance:

Zp = Rp +j. p = YIJ,Z.sZN (2)
or YP = Gp + jBp = ZIJ,YBYN (3)

Equation (2) expresses the unknown in term of it impedance
components, while Equation (3) xpr the unk-nown in t rm of
i B admittance components. To satisfy the e equation , at least one
of he three arms A, N, or B must be complex.

The reactance X p can be measured in term of a similar reactance
in an adjacent arm or an unlike reactance in the opposit-e arm, as
indicated in Figure 2.
.. B. na.p,:ue, "Alt rnating-Currc:nt BridJEC ~leth0d8." -. ir Isaae. Pi ,rlan & DillS,
LuI.. London, 111.57.

DIREQ·CURRENT BRIDGES
The so-called Wheatstone brid e{ Figure I, has beeD used for over

a. century for he measuremen direr't,-current resistance and .
till considered tile fundam ntal circuit for the purpo . I 10 Rsurr

an unknown re i tan e in t rIO of calibrat d tandards of resistance
from the relationship:

For the measurement of all types of impedance resistive or r -
Clive, indu tiv or apllr.itivc,!lol frequ nei> well up into the uhf

hand, null methods h. ve proved to he the most acceptable on grounds
of both precision and convenienc . Whil 010 of th null ircuit
used from dc to anout, 100 Mc are adaptations of the fundamental
Wheatstone bridge circuit, many other types of networks that can
he adjusted to give zero tran mi ion are also uscd. till other
)·stems, uch a resonant circuits usill~ deflection-type instruments,

have advantages for certain applications.
At very-high and ultra-high frequencie , where imp dances can no

longer he treated a lump d element, null circuits bas d on coaxial­
line cbnique have been develop d in the General Radio laboratories.

r d Wh /:sian brid/:s'J. I1 Ran' CTh Ge erwra 10 ompany 'm.anu a.c Ilres our tns rumen tncorpora mg c ea I' ges:
Range oj Nominal ee

Typ amI' 11feasurellleni Accuracy Remarks Page

1650.A Impedance Bridge 1 mfl to 1 MO ±1% Also mea.ures ac R, L, C 34

1608.,6. Impedance Bridge 0.5 mfl to 1.1 MfJ ±0.1% Also measures ac R, G, L, C 32

16S2.A Resistance limil Bridge 1 fl to 1 Mfl 0.5% as Iimil bridge Equally useful as production Or laboratory 49
0.25% by null method bridge

S4-4-B Megohm Bridge 0.1 MO 101 MMfl 3% up to 1000 MI1 Excellent for mea.uring in.ulatlon reslstonce 47

'J'~'(J defloolion-type in.trumen'" Car the rn uremen! aC de r sialanee are also li81ed: lh 1'HII t 2-C ;llegobrnmete, (page 4 ) and the Type 1230-A Elecnome,er (paRe 140).
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LIMIT BRIDGES AND COMPARATORS
In limi to ting, tb unbalance vol ge of the bridg i u d to

actuate meters, whicb indi te th degr of d viation of one im­
pedan from llonother. In th TYPE 1652-A R itnnce Limit Bridge
an adju tabl r . tanc:e tanrls.rd i in luded, and the instrument is
thus a complete sy tem for Iimi testing of r . tors over a wide
rang of values. AI ,the operation can be invert d, i.. , the bridge
balanc d in a onventional bridge, and he answer read on the
dials of th internal standards.

Th TYPE 1605-A Impedance Comparator is an ac bridge with
ransform r ratio arm. 1 usa pba -sele ·tive voltage-m uring

system, and the magni ude and phase of he cliff r nc be ' n th
unknown and an xt mal tandard impedance are displayed inde­
pendently on two meters.

(lefl) Figure 60. General bridge netwark with guord circuit and unknown
three-terminal impedonce. {RighI' Figure 6b. Schematic far bridge and

guard circuit.

Note that tbe terminal ca­
pacitances to ground from
both the tlindard capaci­
tor, CN, and the unknown,
Cx, can have very little
effect on the m urement.

apacitan from the H
terminals appear acro 5 the
low-impedallc tran former
winding, while those from
the L terminal are acr
the deteetorhwh r they do
not enter t e balance ex­
pr ion, although they can
reduce the detector . n i­
tivity. Been till type of
bridge can tolerate relar
tively lar e capacitanc
from both id of the un­
known to the guard point,
long cable with guanl
'hields may b used for re.-
mote m urement, and cir- Figure 5. A capacitance bridge with
cuit capacitances can b transformer ratio orm•.
measured in situ.

Tran former ratio arms are u d in the highly accurate TYPE
1615-A Capacitance Bridg , the TYPE 1613- Capacitance Bridge,
and the TYPE 1605-A Impedance Comparator. The use of ransform r
windings for two arms of the bridg leave only one internal arm fOT
the two balanc adjustments.

THREE-TERMINAL MEASUREMENTS - GUARD CIRCUIT
Tbree-t rminal melU urements can be made on conventional

bridg (hough not 0 easily as on tran former bridg ) if th tray
impedanc - are negligibl compared to the bridge arm being shunt I
or if a guard cir uit i, used. For capacitance m ur men on the
TYPE 165Q...A and 160 -A Impedance Bridg ,stray capacitance to
ground ,hun n standard capacitor of 0.1 I'f or larger, ~o tbat con­
,iderable ray apacitance can be tolerated without appreciable
error. imilorl ,on the TYPE 544-B Megohm Bridge, a r lativ Iy low
leakage r i tan can be tolerated acro a~' tiv arm.

Thr e-terminal mea urem nta an be made on he TYPE 716­
ap8citan e Bridge if a TYPE 716-P4. uard ir ui i used. This

circui provid adjustable romponents forming a fifth bridg· node,
which is used liS the guard point ( Figur 68). It can be shown that
th bridg i in balanc if either of th following conditions i m :

A BFA N
- = P = H or B = P = 't'

hviously, these conditions includ th ordinary balanc quation
for the four-arm network A-B- -Po The a tual 'ir uit for th TYPE
716-P4 Guard Circuit is hown in Figure 6b. n auxiliary balanc is
mad with the internal arm, 0 that the tray capacitance to the
guard point does not affect the final bridge balanc

Figure 4. Serie. and
parallel components

af impedance.

BRIDGES WITH AalVE ELEMENTS
r cen development· in brid~ circui is he u of amplifi rs 8

bridg elem nts. The ar u d with potentiometers to form variable­
voltag BOurc . They permit the u of fix d capacitance and on­
ductanc standard, who curr n are adjusted by variati n of
appli d vol tag rather than by variation of impedanc magnitude.
This arrang m nt has many advantag ,partioularly in th m ure­
ment of nonlinear el m ot , su h inductors wi h ferromagnetic
cores. The TYPE 1633-A Increm ntal-lnductano Bridg u hi
yp of cir uit (ae page 44).

p = C C~ D'); s = p (l + D')

Lp = Ls (1 + ~) ;Ls ... Lp (1 ~'Q')

bat:

a ,a.nd xpr ssed as, (l) ri impedance component, (2) p. mllel
impedance compon nt . or (3) admittance compon nts.

The r lation h tween the various y t m ( e Figur .J-) lLre:

Rp = ..!.. = Ro' + X.s' = R (l + Q')
Gp Rs

... 1 _ Rs' + X&' _ ,- (1 + 0')
Ap = B

p
- X - AS

TRANSFORMER·RATIO·ARM BRIDGESt
Inductiv Iy coupl d, or transformer, ratio arms are u d in BOm

of tb n w st bridges. Fir introduc d nearly a ntury ago, th y
hav re ived increa d att ntion in tb last few years because, for
BOrne u s, th y po outstanding advan ,ages. ccurocie of a f w
parts per million can be obtained, even for ratio as gr t as 1000:1,
and th ratio are ntially unaff d by age, t mpcrature, or
vol tag . Th low im danc of h tran form r ratio arm also mak
i asy to measure tl wide range of impedanc in a thr - rminal
measurem nt without th u of guard Cir uits nd auxiliary balanc s.

Figur 5 ho\\ a transformer bridge in I menlar)' form. The
balanc condition for co.paC'itance is

x N
C",=-X'

• H. P. H..U. R. G. FuJkJI. "The rae of Active Dev.c"" in Pr""ioion Bridg "
Eltelr1c,,1 Eng",uriJ1g. May, 1962.
t For a more complel di&cu ion of tran.fom,er-rati.,..arm bridges. e John F.
11. reb. "Accuracy. Pr~ision. a.nd Convenience for Capacnane ~1e-lUIu.rem nu,"
Cm ..."l Radio E~perimenUr. 36, 9. AUgwll-- ptember. I 2.

Wher:

Q = Xs = Rp = B p
Rs Xp Gp

[n rm of indu tRnce and capa itance

Q = wLs = !!:!:- ... ~ D = .,R Cs = _1_._ = .!.
Rs ..Lp D ..Rp p Q

Only for values of Qblow 10 (or D greater than 0.1) do the differ-
nc b tw n.'(8 and Xp e"ceed 1%. For v ry low Q' , how v r, the

differ nce i marked: \ hen Q = 1, .\.p i t\\;ce X.s. If ther were no
10 es in the reactive alemen (i.., Q = CD), Xs and .\.p would
be qual.
Substitution Methods ub titution method of mew urement can
often bud to advantage in many a bridg . The unknown com­
ponen i pu eitber in eries \\'i h or in parallel with the main adju.
able component, and balances are made b fore and after the unknown
is connected. The magnitud of the unknown i th n equal to the
cbange made in the adju table component, inc, for both balance ,
the total impedanc of that bridge firm m t he r n tan . Tb I\C u­
racy of measur men i improved, because it is dependent nly on tbe
calibration of th adjustable arm and not upon th other hridge firm
as long as they are con'tant. (Th D or Q balanc , bowev r, will
generally depend on the other bridge arlJUl.)

Parallel ub titution i. often u ed with the TYPE 716-' apaci-
tance Bridg ,and ri ub titution i used in the TYPE 1606-A
and the TYPE 916-AL Radio-Frequency Bridg (, pag 52).
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AC BRIDGES

ominal

I .ee
Type a7lle .11ellSIl1'es Accurncll Frequency Remarks Page

Power-Frequency Bridges

1611·8 Capacitance- C o to 11,OOO,.f ±1% 60; 120 cps For t!!Sting insulators, bushings, capaci-
Test Bridge 0 010 60% ±2% (with Type 1214 tors, cables, and polarized eledrolylic ca- 42

Unit Oscillator) pocitars. Measures grounded capacitors.

Audio.Frequency Bridges

1650.A Impedance R 1 mn to 1 Mfl ±1% dc, 1 kc Completely self-contained, general-pur-
Bridge C 1 pf to 1000,.1 ±1% 20 cps to 20 kc pose, laboratory and production bridge.

34L I ,.h to 1000 h ±1% with external Belongs in every laboratory and elec-
Also 0 and Q ±5% generalor Ironic plant.

1608.A Impedance R 0.05 mfl to 1.1 Mf! 0.1% dc, 1 kc For precise sorting, accurate component
Bridge C 0.05 pf to 1100 IJ.f 0.1% 20 cps to 20 kc selection, laboratory measurement.

L 0.05 IJ.h 10 1100 h 0.1% with external 32
G 0.05 n<.l to 1.1 lJ 0.1% generator

Also 0 and Q ±5%, ±2%

1603·A Z-y Bridge R, X 0 10 I 000 fl ±1% 20 cps to 20 kc Will balance for any Impedance from 0
G, 80 to 1000 ,.mho ±1% 10 oc.ldeal for measuring audlo.frequency 31

transducers.

1615.A Capacitance C 10-17 to 10-8 f ±O.O~ For highly accurate measurements, cam-
Bridge 0 10-' to 1 ±0.1 a 20 cps to 20 kc par;"o" of standards, measurements of 36

G 10-8 to 100 1-'1.l ±1% very .mall capacitances, ele.

716-C Capacitance C 100 pI to 1 Ilf ±0.1% 1 kc Dlred reading.
Bridge C 100 to 1000 pf ±0.1% 30 cps 10 300 kc Direct reading.

38C 0.1 to 1000 pf ±0.2% 30 cps to 300 kc Substitution melhod.
D 0.00002 to 0.56 ±2% 30 cps 10 300 kc

1613-A Copacita nce C 5 pf to 0.011 Ilf ±0.1% 400 cps Measures 3 -Ierminal capacitors.
43Bridge D o to 0.11 ±2%

1632-A Inductance L 0.001 ,.h 10 1111 h ±O.l% 1 kc Six-flgure resoiulion for comparison of 46Bridge G 0.01 IJ.mho to 1111 mho ±1% standard inductors.

1633·A Incremental- L 0.2 Ilh 10 1000 h ±1% direct reading 01 for measurements of iron~lI:ore coils at
Inductance R 10 ma 10 1 Mfl ±2% nine frequencies, high levels of dc and ac excitation. 44
Bridge Q 00 to 1 ±2% 50 cps 10 15.75 kc Has own internal delector.

1605.A Impedance (:"Z _0.01% to±10% ±0.01% 0.1, I, 10, 100 kc Dired indication on meters, no balanc-
50Comparolor IJ.A ± 0.001 to ± 0.1 radian ing. Guard circuit Included.

Radia.Frequency Bridge>

716.C51 Capacilance C 0.1 to 11 00 pf ±0.1% 0.5 to 3 Mc High-frequency model of Type 716-C.
Bridge D 0.00002 10 0.56 ±2%

39

916·AL RF Bridge X ± 11,000 f! at 100 kc ±2% 50 kc to 5 Mc Mec:lSures antennas, line"" compon~nts.
R 010 1000 n ±I%

53

1606.A RF Bridge X ±5000 nat 1 Mc ±2% 0.41060 Mc Measures antenna 5, lines, components.
R 0101000n +1%

52

COAXIAL-LINE INSTRUMENTS
The Admittance Meter The upper-ir quency limit of conventional
brid!/:e ircuit using lumped-pa.rameter lem nt is determined by
th magni ude of the residual Impedance of the clem nts and leads.
The correcJtion for the usuaUy become unmanageable at frequell­
l'i higher than a few hundred m gaeycl p r -cond, and circuit
bn."l'd on coaxial-line technique are more satisfactory.

The """FE 1602-B UHF Atlmitt~lncp :\leter (see page 54) is a null
d'vic based on these techniqu . Throu!/:h adjustable loops, i
SlItnples the curr nt flowing in three coaxial line fed from It cornmon
SOUf!'e at a common jun(' ion (l int and t rminat d, r p ctively, in
thr unknown element, a tandard conductance, and fL tandard
uscep an ·e. Th outputs of l.he loop arc combined, and, when the

IMps are prop rly orient d, th combined output b com z· ro, 0
tlmt [1 null ballmc i prOdll(·cd. ales IISSocluteu with th three
luop give the value of the unknown admittan e directly. The loops
in the standard line are basicaUy a means of varying the effective
mllgnitlld s of condu tanc !Lnu susceptance, although t he standards
he Ive are 6..-: d. imilarly, th loop in t,he unknown line provides

a multiplying factor.
The Transfer.Functian and Immillanu Bridge Like the Admittance
:-'1t'ler, the TYPE 1607- Transfer-Function and Immi tance Bridge
i :\ null instrument u ing coaxial lines and adju table coupling loops.
A ~hematic is shown on page 57. This instrum nt can mea llr four-

terminal function, such as forward and reverse ransconductance
and Iran lIS ptanee, transimpeda,:ce, input-oll put ratios of volt.age
and current, and output-input ratIO, as well as th two-termmal
function of admittance and impedanc .

It is particularly useful for valuating the transfer functions of
vacuum tube flnu tran istors in he vhf and uhf range, and the
wa-terminal parameters of diodes.

Tho Siolled Line On of the basic methods of determining imp d!Lnce
of a coaxia.l device is the measurem nt of he standing-wave ratio it
introduce into a uniform line. The measurement is made by mean
of a coaxial lin in who ou r conductor is a longitudinal slot. An
cl c ro tatic probe enter the line through thi lot and can be moved
along the line to sample the elec ric field between the inner and outer
ronductors. From the voltage ml\ximum lLnd minimum, and their
location with respect to the unknown, the impedance can b cal­
culated. Thi' in"trument is on of few in which the impedance s nd­
ard is inherently part of the in trument and can be determined ill
absolute t rms, from physical dim nsion .

The TYPE 74-LBA lotted Line for general impedance measure­
ment is described on page 65.

preci ion slotted line for highly accurate measurements o[
standing-wave ratio i available a the T\-PE 9OO-LB and, in com­
bination ,vith the TYPE 1521-A Graphic Level Record r, a the TYPE
1640- lotted-Line order yst m. ee page 76.
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COAXIAL LINE INSTRUMENTS-

Nominlll ACClil'(lCII
S e

'l'ype (llnC J1e(J.ljllre~ Frequency R /llCJ,~ks Pfl{)e

1602·8 UHF Admltlance B, G 0.01 to 10,000 mmhos _3% 20 to 1500 Me For admltlon,e, impedance. and
Meter X,R 0.1 to 100,000 ohms VSWR meosurements an ,ao~lal

54lines, ontenna.s,. network.s, COm-
ponent!.

1607.A Transfer-Functian Z" o to 1500 ohm. +5% 2510 1500 Me Meo!J;vrBI four-terminal 'ronlfer
and Immltlonce Yn o 10 600 mmhos fundlons of lubes, transistors, and
Bridge V1/ V , o to 30 networ~s; also 2.termlnol func· 56

'I!" o to 30 tions, impedance, and odmlt-
B, G o 10 400 mmhos fance.
X, R o 10 1000 ohms

B74·l8A Slotted UM VSWR Better Ihan 300 to 5000 Mc Slandard Instrumenl for vhf 1m·
2.5% al 300 Mc pedanee and VSWR meos.ule .. 65
10.0% at 5000 Mc men I.

9oo·lB Slolled Line VSWR Beller Ihan 300 10 9000 Mc Precision line for best accvracy. 76

1640.A Slotted·Llne VSWR 0.1~ at 300 Mc. 300 to 9000 Me Type 900-LB with recorder. 76
Record er Sy.'em 1.0 at 9000 Mc

DETECTORS
(See also the discussion of detectors on page 78.)

For maxinllllll prprision of balane'e with any bridge or nl1U·bnluncc
'ircuit, i i n(,l'e ~ry 0 oh ain f{ virtuall. f'omplete null hal(m('~.
With modern RmpHfier, hOlvev 1', slIfficient nsitivity (~n he
obtain d to utilize all th potentinl prccision of any nllll-hi\lll.n,·
n",tl ork, evem with rela ively low applied brirtgC' voltage.

Th d, irable cbam ·teri tir~ of II bridge det 'ctor ar :
(1) High n itivity, pI' ferably the ability to detent a fel rnirr­

volt.
(21 Hif(h selcetivity, to reject hnrmQnics, noi " or other interfering

si!:,'nals. his is parti ularlv important in measuring iron-mre ('oils
lind ot.her nonlinear 01 m ott!.

(3) Quasi-Logarithmic r spense, to obviate t,he neeessit,Y of ~l\in
~djU6tm nt during the balancing pror dure.

(4) Good hi lding, to prevent, error from extran 011 picklJl1.
Th requirl'meut, nre b' t met by ome ('ombinlltion f IUllpli-

fier,filt 1', lind null indirntor. •
20 cps to 5 Me At audio frqucnr.ies, a tunf'd :\lupUSer wit.h me I'
Of earphan 's is snti fl1rt.orr. Th' 1'YPE 1232-A fltlL Drteclor is a
high- nsitivity devie- of t,his h'pe. The TYP8 1212- ni :-lull
Detector, which ha n wide-hano amplifier lind met 1', ('an It II p.d
at frequ neies up to severnI megurycle per second.
100 kc to 60 Me y tid mi er ore. vaiLable for both I}f thf' nbov
d t !'for', to Xl nd th ir IlSllhl ranges up to llhollt 60 ]\,fC'. In this
application t.he' signal is 11 tero 1.\'Il·d agamst fI. local 0 cillat.or, and
the detertor IInit i u d n an i·f arnplifj'r. Well-shieldt·r1 radio
r' uiv rs of th' communi('ations type art' /lLso sn.1i factory dl't,ectors
for th rl\nge from II f \ hundr d kc to SOIlJ 40 M .
40 Me to 5 Gc t WI'. -hill:h und ultra-bill:h fr quencie , 1bl' hetero­
dyne detector is preferI' ci, owing to its wide fr('quen y range and
exc lJent sbi Iding. Th TYPE D '1' Dl't rtor , consist.ing of th.
TypF. 1216-A ~t l-F . ffiplifir, a Unit ciLIlltor for heterodyning,
and a crystal mIxer, ar oxc Jll'nt det tors for this rrequen(')' rango.

mmel'cial rec£-ivers in this Taoge are ~I 0 sat' fal' ory.

GENERATORS
The important, con iderati n in thf' le~tion of a PO' er SOlln'p

fQf ac bridge measurem nk! Rrc go d fr qu n y stabihty, arlequut·
power Ollt.put, nd low hurmonic conten . For those General Radio
bridge tbat requir "..ternfl,! g n rators, a wide ehoi(· is availllhie
(e page 102 to 11 ).

For singl....fr queucy mell UJ'pment at.{ or 100 cps, th 1'y1'0:
1214-A Unit iIIator is sati fact I' '. For TLl asurement R, S veri
fix 'U fr qu n i in the nudlo range, the T FE 1311-A Audio 0 cil­
lator, a hil:ih-perform/!.nl~f', compad, tran ist r oscillator i recom­
m'Dded. Ii or continuous covern.g ov I' rang of frequenciea,
I' eomm nd do iJlators [If the Tl'PES 1304-B, 1210- ,and 1302-A
at low and fl.umo fr .qu nd' ; the TYPlil' 1330- lind 1211- • at
mf'dium fr qu ueie ; aTld, from 0.5 MI' to 2 G~ tb vari u vhf :md
uhf Unit eillator Rnd the TYPE 1361- LTH t' seillator. Frequen­
cie from 2 to 4.] Or ar overed by th Typ}; 1360- Ivlicrnwl1ve
o 'illator or the TYl'E 1220-A Unit Klystron cillator.

CONNECTIONS - SHIELDING
Ade'quatf' ground l' on etion and hil'ld d generator and det Nor

leads :trl' fie'O ry pre I\ulion in aDy bridg mea urements, but are
particularly importmlt !\t high fr qu 'ul'i' . At audio and 10w-TIIdio
freqUl1nri ,elretr Witir. hiplding of the I cis i u uaLly aU that is
IW,' ry; nbov 1\ fl'w !\I(', ('oaxial leads must be l18f'd, and h'
must bl' .erurely Jl;roundl'd to tbe d('tect 1', generator, and bridg·
IUcLd to provid . 11 l'omplet I)' hieJdcrl system, and to eliminll.te

l'ommon imppdun . hetwu g'nprator Rnd d tectoI'.
Th wide pread liSt' of three-wire pow I' roreLs with :l grounded

lead in II.c-()peratpd d vices has intTOdUI'ed unwanted ground-loop
CllTrent into mun)' t'1W of m t\ uremrnl . Onl)' by I'ar fltl elimina­
tion of muJtipl 1 athil to ground for he mcasUT ment silZual l'an
l't'rioull rrors 11 nvoided.

SPECIALIZED MEASUREMENTS
Vacuum Tubes and Tranliltors , TO jogl d vice will mpall Ire all th
dpsired rhomderistic. of uhc and transistors, nor will it mell ure
any nc property III all frequcnrjr . Th [undllrmcntnl va('.uU(l1-tllb~
pl1rnml't,er - pi:>!',! rr/'istancf', llInplifirll ion l'oeffieient, and trans­
('onelu tau e - fl.r lUell urpd ell 'Iy and tlCl'mat Ly at low frequend II
hy he TYPE 161)]-B Val'uum-Tllb" Bridge. Of trl.lusiator. , it will
ml'S lire th l short-dr uit e'ondl1l'tunc pl\rnmet 1', incL\ldin~ the It;
hybrid pnramet 1', nnd the fon ard lind I' v I' voltsp; ratio, in­
duding the IIr hybrid pl\ramet r. Th.. 1110 a, and fJ fa t,ors II well:l.8
other open-circuit plll'llm I. !'lS, CliO h clllculated from the e meas­
urement•.

At vrry-higb and uHTll-hi~h freqllenc'i, til TYPE 1607-A Tran fer­
Fun tion and Jmmittanee Hridg mcnsur importa.nt parnm tel' of
both t.l1h and [rao . t r. or tran i [,or • t.he im·Jud short­
circuit rurrent gll.in, ()J1 l n-drcui voLt.ngl'-feedbtlrk factor, hybrirt
input impedancE', and hybrid output lldmittance. For tub • t.hey
include- open-rirrui voltage gain, tmnsadmitt,/l,nc ,f dbllck lidmit­
tan (', and input llnd utput admittllnrl' . Thl' III I. two qU:lntities
('IlD hI' mea nred at lo~ frpqu nei by th TYPE 1603- 7.... Bridg.

The equiv(41ent~r.irclljt pnram leI' f unn ,1 diod I\t high fr -
qucnci c n uL h m a ured on the Transfer-Funotion and Immit,..
tance Bridg .

mall (·lJ,plleit.anre , such as he coli t,or-to-I
tTllnsi tor, are easily me urpd at pI' durtion-lin sp c with the
TYi'F; 1605-A Impedance omparat r. simila.r me hod of mea me­
m(lnt is u d to det rmin the mall phn angLes f high rctli tane .

Dielectric Mealuremenh For he m !\Surl'ment of th dielectri~ con­
stant and di sipa ion fae or of insulating material', th TYPe 1615­
Caparitunr Bridg is r r rom nded f r the Rudi fr qu nc~' rang .
For' 'der frequenc ' l;Ovl"rtlg , the TYPE 716- aput'ttanc Bridgt'
is U 'fUI up to 3UO kc llnd the Typo; 71~ , 1 from 300 kc to 5 Me.
With t.bese bridgr ,tb TnI'] 1690-A Dielectric fl.mpl Holder is
u ful in two-terminal n)l'a Ill' ments.

Wbrn the sampl is in a conditi ning cbamb 1', a thr e-tcrminal
m 9urC'ment mu t Lle ,d. The TYPE 1615-A Co.prlcitance Bridg
and th TYPE 1605- Jmpedan I' ompllrrator (whi b i w U suited
to nvir nmental s) hllve built-in. guard fa.rilitle!l. With th.
TYPE 716- Clipspitance Bridge, th TY!'E 7t6-P4 Guard Circuit
provides the third-termina.l ('.ODnection.

30

__________________________-__ File Courtesy of GRWiki.org



~Type 1603-A Z-Y BRIDGE

• Bal::u\<'c, for all. uoknowll impedance 0 10 00. • 'ovpr.' C'J1(ir :ludio-frequ ney rang
• Iv-~' llC'['\Lt'll('y to 7 kc (to 20 k' for l'psi. kUl('C and tonduetancl').
• Faiit c'onWlli('1l1 op "'ul iOIl. • 'all mea'llt·p l'ounupd, din'rl, or balun d impcduu

FEATURES:

USES: Thi remllrkublc bridge' c'an I'll ily If' balan ('d for
ally impedance ['onJ1cr:tc'd to it>: IC'I'minaJ '. For extlmpl ,
it rat bu' d to mc'usmc:

H, L, and C ('ompon nl', or any combiJmtion: of them.
Imppdun c (including lwgativf' l'l'si.-I:lllec) of llrt,ivc

ne work.
Complex impcdancp cbal':leH'1'islics of t nm:-;fOl'mers

Iran due I' ,fran i~-.ioll nelwork:, and trnnl'iistor .
Frequcncy charaC't riSI ie" of compotirnls, :uch :l' <:,1 e­

trolyti' 'apucit l' and onul' 10m lit',

DESCRIPTION: The hasic eir{'uit i: a rp, i t,an f'-capaeitanc
hridge', alld a sllb,;tj \ ulion method of mea ur men Ii' ll. ed,
Loll' imp Junef': :Ln' ffif';ISurpd dircctly in t I'm of R
nlld X, allll high impl'dHJl('(': (low ndmjttance) ar
nwa. ut'cd di"c,('t Iy in 1cl'm of (/ and H, Rand (l r ading
an' indcpc'lIdpllI of fl'l'quell 'y. X and fj ~ r' dire ,t reading
a 100 cp" 1 kc, and LO kc,

By :;elt'c,tion of detectOf' conlle ,t,ion., one can mra ure
(I) the ground d imp dance, (2) tht' dir ,t, impcdnnc, or
(3) Ihc imp('danc(' of thf' c'quivalf'l1L d Ita circuit, baJan ed
or 11I1balancl'd, of the ullknown [( ment.

SPECIFICATIONS

I +u~n+
~ - DO••, I
l- -

IF .~-
r\~I

I
"DO

'J1OKC.I

- ",r:C"'''..lI( A£lt6TfJ.a I ... +
!lOO -00 , ?" lOO 00 I~ toe ~4CX) 50C

R

~tCO

.10b
I

'.DO

l-
I,-,

"'0. '$00
I

crAimiE-1-1--

RANGES OF MEASUREMENT

frequency: 20 cp.- \'0 20 kc.

Impedance and Admittance: - '" 10 "'.
The ullknuwn is m arured U' lUl impedanre if th ahsolule re.-isl­

alice is l(':-;~ thull 1000
ohm. and the absnlutr /'r­
actanc i.' le.s,' lhllll 1000
ifoll) ohm$.

Th un known i. l11e11."­
ured ll$ an admit,tance if
the absolute conductanee
is 1.- I,han 1000 micro­
mho: and the ahsolute
su ceptance is I s IIlUn
lOOO (fIfo) mic/'omhos.
ACCURACY {with unknown
grounded'
R: ±1% ± (2 ohms on

main R dial or 0.2
ohm on toR dilll)
±0.OOO21keX

G: ±I% ± (2 ",mhos nil
main dial or 0.2

Input Impedance of a feedback circuit; data limho I)n .l. dilll)
taken with Type 1603,A Z·Y Bridge. .to.OOO21koB

X: ± I 'J( _ (210// ohm,' on main X dial or 0.2/011 ohm on dX dial)
0.OOO21~.1i'

8: ± I Ii{. _ (2111" limh(l' on main R dinl orO.2j/lQ ",mho on t.B dial)
j.. 0,{)()()2 Jk.(,'

The~e exprc. ~iolls nr vulid for Rand G up to 20 kc; f I' X and B
th. 1% erm is valid lip to 7 k ; abovt> 7 kc it become.'l 2%. n.bove
III kc, 3 o. There are ~Iightly larger errors at, high frequencie for
direct or d Iln measuremen .

GENERAL

Maximum Applied Vol!age: 130 volts, I'm , on bridge, giving I thun
32 volts on unknown.
Accessories Required: lllibrat d oscillator or uitable generator and
detect.nr. The TYPE 1210- Unit R- 0.' illator (pag 105) ~\nd the
TYl'E 1232-A Null Det ctor (pu.p;e 79) are recommended,
Accessories Supplied: One TYPE 274-NP and ne TYPE 74-R34.
Patch 'orel.
Cabinet: Lab ben h (see pag 210).

Dimensions, Width 12 1 '2, h ight 13 12, dep h 12 inches (32 hy 345
by 220 mm), over-all.
Net Weight: 21 1

2 pound (IO kg).
Shipping Weight: 31 pound. (14.5 kg).

For ll. more complete de~criptiOIl of thi. instrument. nd for the
;pneral Hadin Reprint No. ~';-102.

Type

1603-A Z-Y Bridge
Price

$475.00

A UNIVERSAL AUDIO-FREQUENCY
IMPEDANCE-MEASURING INSTRUMENT

• File Courtesy of GRWikLorg
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~Type 1608-A IMPEDANCE BRIDGE
w
~Uz
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I 0 FEATURES:w
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• O.lo/c ba ic accuracy for C, R, L, and G.
• Digital "eadou for C H, L, and G; decimal point and unit indic:.J.ted - no multiplying

factor,
• High-phase accuracy - mea ure D to 0.000.1, Q t 2000.
• M ure impedance of any phase angle in luding r active re i tors and high-Io re­

actanc .
• Rapid balancing made pos ible by onc ntric balanc control having only coal' e and

fin balanc .
• Appropriate D and Q cale ilIuminat d autoIDaticaJJy - no multiplying factors to

remember.
• elf-contained 0 ciilator, selective det ctor, thr d· upplie) and s 'tive null meter.

USES: This pI' ClSlon bridge i in ended for general­
purpo e impedance mea urement on modern preci ion
component requiring an accuracy of 0.1%. It will mea-ure
capacitance, inductance, and ac re i tance and conduc­
tanc , as well a dc re i tance. Th digital di play, includ­
ing decimal point and unit indic tion, provide n almo t
error-fre readou y tern, which, with th rapid-balancing
coaxial adju tment, make Ia oratory or produ tion t 't-­
jng quick and ure. Th ix nc bridge provide compl te
pha cov rage of the pa. ,'ve impedance plane 0 that
"black boxe ' uch a filte.r, tran duc I' , equalizer , or
oth r n twork can be measured regardle of pha lIgl.

The ac-re i tanc and -conductance bridge circuits
make po ible th m a ur ment of resistor at 1000 cps'
they includ a Q adju tm nt f l' pI' cis balanec, which
provides pha information ful in pI' di ting th ir
high-fr qu ncy performance. Th bridg ar al 0 u ful
for measuring hirrh-Io rea.ctan e, uch a rf chok ,
without a tiding null. The high-pha e pre i ion of ±0.0005
radian make D or Q mea uremen m aningfuJ on 10\\'-10
reac anc 5, ,,,.hich mu t. often have tight D or Q t lerances,
for u in preci ion n twork .

Oth I' u in lude he d mea urement of a wide tang
of re i tor at EJ:A p cified vol tag ,the mea urement of

three-terminal capacitor and m::tll capacitor remotely
located, mea. urem n on voltage-biad cap citors or
Curl' nt-bin ed induct I' or I' i t I' and th m asure·
meut of impedances over the audio-frequency runge.

The ability to m a ure mall capacitance in a thl' e­
t rminal connection make po ible he measurement of
he capncitullc b tween components, wires, or mounting

structure. It is po ible, for instance, to measure such
quantitie a th capacitance be wcen any two conductors
on an tch d-boal'd pattern with the other elements
grounded. Furthermore, long hi Ided cables can be used
to connect r mot or otherwi in cce ibl components
without significantly aff ctinO'th a curacy of the measure­
ment.

For production testing of compon nts a tes jig can be
u ed. The TyPE 1650-Pl Te t Jig is recommended.

DESCRIPTION: This. plf--contained bridge-m a ur m nt
sy tern include LX bridge, along with suitable ac and de
source and detee ,or . The bridg include the familiar

rie and paraLlel capacitance- and inductance-mea uring
il'cuit plu a s rie -re i tance ridge and a parallel­

conductance bridg , both having ph e (Q) adju tments.
The bridge element are precision unit . The wire-wound
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Elementary 'ChemotiC' of the capacitance, conductonce, resistonce. a"d reactance bridges.

l'e istor are ~imilar to tho u. ed in ~ D ral Radio deead
re istanc boxes, and th tandard eapa itol' i· a p eiaJ
·on.hination silv r-rnica and tabilized-p ly tyr n ca­
pacitor, with a low tempcratmc coelticient.

Th I' adout y m i digitaJ for C, R, L, and G, as weU
for be Q ot Ie i tor . Tb D and Q r ading for ea­

pa 'iior and inductor ar dir tly [' ad from a dial with
the correct cal iUuminated. Dc ima.) point and unit
are indicat d where ncar J and th re ar no multi-

lying factors for any quantity indi [lted at 1 k· or de.
Th main read ut h ~ both oar unu tine ll.djustm nt

('olllroll d by .( tH: nlric knoh . The fin ontr I i a C'om­
pen-ated, wlre-wound rheo'tat. The eO:11"e control. whi·\1
yi Id approximately lOO fixed unit t p of I'e~i ane .
wes onl\' -10 iudividual 1" istor combined in an in niou
~I\'i tehilig "'y. t m call d:l centadc.

The l-kc fl' qllency- lective n twol'ks for the internal
a ciliatol' and tuned det ctor are on a plug-in module,
whi·h can be a iJy rf'plac d with moduJe' available for
other int mal te t fI'equ neie . Pl'Ovi ion i made for u e
with an xt rnalo cillator. Thr de suppli are included to
obtain good ue t"n itivity over a wide rang of resistance.

SPECIFICATIONS

RANGES
Capacitance: 0.05 pf to J 100,.f ill even ralll!: S, seri or parallel.
Inductance: 0.05 I'll to 1100 h ill even range$, - ri 01' paraJlel.
R"htance: (s ri q) 0.05 milliohm to 1.1 megohms, a or dc.
Conductance: (paroJlel) 0.05 nanombo to 1.1 muos, ac or dC' (20,000
megohm to 0.9 ohm).
0: \of erie capl1citance) - 0.0005 to 1 at 1 kc.

(of para.llel rapacitancel - 0.02 to 2 at 1 kc.
Q: (uf •eri ioductllD.ce) - O.ii to iiO nt 1 kc.

(of VllJ'aLJel inductance) - 1 to 2000 at 1 kc.
(of serie- resi~tance) - 0.0005 to 1.2 inductive at 1 kc.
(of parallel conductance) - 0.0005 to 1.2 capacitive at 1 kc.

frequency: 1 kc with internal 0 cillator module supplied; 20 'ps to
20 k" with external oscillator.

ACCUIlACY

C, G, R, L
At 1 kc: ±0.1 % _ 0.005% of fuji cale eJ pt OD lowest (l and L

moges amI higu t C and G ranges, where it i ±0.2% ± 0.005% of
full acale.

Addillanal % errar terms for high frequency and large phase angle:
Cand L: (±O.OOlf:' ± O,lD/1eo _ 0.5DI)%of meu.sur d quantity.
It and G: (±O.OO21:. ±O.OOOOO1f~ ±O.IQ)%of measured quantity.

le.idual Terminal Impedance: R~ 0.001 ohm, L ~ 0.15 ).Ih ' ,..., 0.25
pro

C le.i.tance and Conductance: arne as for l-kc measurement, except
HIlII nrCllrIL('y i . limited by ~en itivity ILt the rllng extreme. Blilanc
;) 0.1 % lire poaslllie from 1 ohm to 1 nl gohm with th internal
<1l11JlI' Iwd detector.

D (or~) of Cor L, ±0.0005 ± 5% aL Ik or low r.

±0.OOO5/1eo ± 5% above 1 kc.

Q of It er G, ±0.00051in ± 2 :70'

GENERATOR AND DETECTOR

Internal Oscillator: 1 kc ± I % normally upplied. Plug-in moduJ
fur other frequenci available on request. Level control provided.

Internal AC Detector: 'an be u ed either flat or selective at fr quency
of plu~-ill modul (nol'mally 1 kc). ' olld-harmoni rejection approx­
imatefy 25 db; en-itivity control provided.

Internal DC Supplies: 3.5 volts, 35 volt, 350 volts, adiustable, and
power limiteti 10 I - than!-a watt.

External Oscillator and Detector: For me urernent at other (requeoci
from 20 cp" tu 20 kc, TYPE 1210- ' Unit R- ' 0 ciliator tpage 105),
the TYPE 1311-A Audio ciliator (page J09). and TYPE 1232-A
Tun d mplificr und uJl Det 'ctor (page 79) are recommended.

DC Bias: Provi ion i made for bili ing capacitor to·OO volts with
external 'upplie', anti Cor bia ing (:urreut in inductOrs.

GENERAL

Accessories Supplied: TYPE CAP-22 Power ord, spare fuses, spare
!Delicator lamps.

Acceuorie. Available: TYPE 1650-P1 T t Jig (page 35); external
generator and detector, if used, Ii Ii ted above.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 ops,
10 watt'.

Cabinet: Rack-helleh (e page 210).

Dimensions: Bencb model-II ieltb 19, hci ht 12~, deptb 11 ~'2 incbes
(4 5 by 320 by 29fi 0101), ov r-all; ra~k model- panel, 19 by 12
inches (485 by 315 mOl), deptl behind panel 10 inch (255 mm).

Net Weight, Bench mod I, 36s pound (17 kg); rB.ck mod I, 34U
Jlound' (15. kg).

Shipping Weight: Bench model, 50 pounds (22.7 kg); rack model,
48 pounds (22 kg),

For !I. complete de;;criptioll, se' Gelturfll Radio Experimenter, 36, 3,
March, 1962.

Type Price

1608-AM
1608-AR

Impedance Bridger Bench Model
Impedance Bridge, Rock Model

1608·9801
1608-9811

$1300.00
1300.00
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~Type 16S0-A IMPEDANCE BRIDGE

DESCRIPTION: Till bridge i a compJet Iy self-contained
and portable instrument. Five ('parat blidgl' circuit are
included toO give flexibility and \vid range. Battery­
powered, low-drain transi tor os ilb-tor and d t etor are
included. The panel meter indicate both de and ac brida
• Including sucb low-Q inductors "" rf coils m.....ured at I kc.

• Completely elf-contained and portable.
• Wid impedance range, cov ring all commonly u d components.
• ORTHON LL~' balance find r to facilitate low-Q balan e .• Vi ual null indicator.
• Tran i~tor a ciliataI' an d tector powered by commonly available ltD" cell
• Proyj ion for applying dc bias. • Ea y-to-r ad dial .
• Very small re idual error. • Long battery life; easy replacement.
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FEATURES:

USES: Th TYPE 1/350-A Imp£'dance Bridge will mea me
the inductanc and torag factor Q of inductors,· the
capacitance and di ipat.ion factor, D, of capacitor, and
th ac and de r i tan e of all type of l"csi tor.

In th laboratory it i' extremely u· ful for mea uring
thp circuit can tant~ in experimental equ.i.pm nt, t .i.ng
preliminary sample, and id£'ntifying unlab I d part. In
th hop and on the te t bench it ha many appli ation
for testing and component orting.

Three-tenn.i.nal mea urements can be made in the
presence of con iderablc stray capaci ,ance to ground.

llnhalane " and therefore, earphone a,re not I' quired.
Th measll1'ed quantitie , H, L, C D, B,nd Q, are in­

dicated dir ctly on dial with logarithmic call'. No
multiplier i nec ary for the D and Qindication I and
the ,H, or L multiplier and the unit. of maul' m nt ar
indicated by the mnge witch etting.

The bridge circuit are made up of high-quality, tabI
component to give ac uracy for many years under a wide
range of condition. The ORTHO LL balanc find I' a
patent.ed m chani ai-ganging devi e, i us d 0 make
low-Q (high-D) balance possible without a "sliding null."
Thi mechanism, which may be switchl'd in or out a
de irl?d, add :l.C ur:1.Cy a w Il a cony nience and makes
eas many 10w-Q Jnl'[l, ur m nt that are practically im­
po sible on oth r impedance bridg .

The Flip-Tilt, case provid(' a hand! and a captive, pro­
tective cov r and allow the bridg pan I to b tilted and
held firmly at any augl

SPECIFICATIONS

34

RANGES OF MEASUREMENT

Resistonce: 1 milliohm to 11 JI\egohm~, ight ranges, ae or de.
Capacitance: 1 pf to 1100 I'f, scven ranges, series or parallel.
Induclance: 1 ILh to 1100 h, veIl rang ,series or parallel.
0: (of eries capllcita.nce) - 0.001 to 1 at 1 kc.

(of parall 1 capacitance) - 0.1 to 50 at 1 kc.
(C. = C'p \ ithin 1% if D < 0.1.)

Q: (of series inductance) - 0.02 to 10 at 1 kc.
(of parallel inductance) - 1 to 1000 at 1 kc.
(L. = Lv within 1% if Q > to.)

ACCURACY

AC Re.istance: ± 1% ±I miUi hm (re~jdua.l R = 1 milliohm).

DC RUistance: 1% from 1 ohm to 100 kiloLun.. An external dc supply
i required for I % accuracy above Loo kilohms.
Capacitance: ±1% ± 1 pf (residuul C = 0.5 prj.
Inductance: ± 1% ±1 ,uh (residual L < 0.2 I'h).
D, ±5% ±0.001 at 1 kc or Lower.
I/Q: ±5% ±O.OOl fl.t 1 k or lower.
Frequency: (I kc upplied int rnnlly)

1% accur. y for fl, 20 cps to kc; for L l.l.lld C, 20 cps to 20 kc.
D and Q rang lire function of frequency. With reduced accuracy,
meHSUl'emen can be made up to 100 kc.
GENERATOR AND DETECTOR

Intern,d Oscillatar Frequency (external ac and de sources can 0100 be
used): 1 kc ±2%

COMPlETELY SElF·CONTAINED

UNIVERSAL BRIDGE

~ File Courtesy of GRWiki.org
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PARALLEL INDUCTANCESERIES INDUCTANCE
L,

RESISTANCE

Schematic diagrams of the flve circuits used In the bridge.

PARALLEL CAPAC,TANCE

C,
SERIES CAPACITANCE

Inlernal Detector: Hetipun~e, nat I' sci ctive at 1 kc; 'en,.,itivity COI1­

trol provid d.
Internat DC Supply: ti volts, 60 milliampere:>, maximum.
Paw.' Requirement" -t 0 cells, upplied. 'lllTent. drain (ac meu~ure­
nwnts) 10 milliampereo'l.
External O.cillato, and Delector: TYPE 1210- L'llit H-C OHc.iUlltur
(page lOS), 'l'yp~~ 131l-A udio Osci IIl1 tor, und TYPE 1232-A ~ull
Detector (page 79) ar re om mended for audio 111eaSurcment~at fre­
queocie' otber than I kc.
DC Pola,lzation: 600 volt, may be applied (from xl. mal source) for
cries capacitance mea urement .

GENERAL
Acceuo,ies Ayoilable: TYPE 165Q..P1 Teo'll. Jig.

Othe, Accessories Required: None. Earphones oan be w;ed for high
precision at tile xtremes of the hridg rang .
Cabinet: Flip-Tilt; relay-rack model al 0 available ( ee Pll I' 210).
Dimensions: Portable model, cw:; cll1~ed - width 12%, height 12 1 2,
depth 7% inehe,~ (325 by 320 by 200 mm), ov r-all; rack model­
panel 19 by 12)4: inch (4:) hy 315 mm); depth behind panel
5 illches (130 mnl).
Net Weight: Portable model, L7 pound· (8 kg); rack model, 1 pound~
( .5 kg).
Shipping Weigh': Portable model, 2 pounds 02. kg); rack model,
30 poulld (13.6 kg).

For a more complete description of this in trument send for General
Hadio Heprint Xo. B-1O

•
Flip-Tilt cabinet hold. bridge firmly tilted at almost any angle and provides protection

when bridge Is not in use.
Type 1650·9820 Impedance Bridge,

fo, relay-rock mounting.

Type Code Number Price

16S0-A
1650-9820

Impedance Bridge, Portable Model
Impedance Bridge, Rack Model

1650-9701
1650·9820

$460.00
460.00

PATENT NOTI E .• ee Not"" I, 15, 19. "lid 22, 1)8ge viii.

~Type 1650-Pl TEST JIG
Thi t ~-jig adaptor provid a way to connect com­

ponents quickI to a pair of terminal, which can be
placed on he ben h directly in front of the op rator. Thu ,
the ~est jig and TYPE 1650- Impedanc Bridge make a
rapid and efficient component orting device \Vh n the
panel meter of the bridgr i. u d a a limit indicator.

The test jig makes a thre -terminal connection to the
bridge, so that the r sidual Z 1'0 capacitanc i negligible.
The lead resistanc (0.0 ohm ota)) has effec only when
very low impedance at measur d, and th I ad capaci­
tance affects only th mea ur ill lit of Lb Q of inductor,

introducing a small rror in D (or b) of 1 than 0.007.

Nit Weight: 10 ounces (2 5 gram ).
Shipping Weigh', 2}<l pounds (1.2 kg).

TYPf Code Number Price

MINIMIZES EFFEGS OF

LEAD CAPACITANCE

1650.Pl T",t Jill 1650-9601 $19.00
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~Type 161S-A CAPACITANCE BRIDGE

• 0.01% dir ct-r ading accumcy; compari on accuracy ne ppm.
• 6-figure l' solution for capacitance; one ppm for <Ii ipation factor.
• Wid capacitance rang - 10-· pf to 11 ~f.
• La can b mea ur d a ither dis ipation factor or conductan
• 1 "er-typ balanc control.
• In-lin readout in J D, and with automatically po i ioned decimal point.
• ::\Iak s both 2- and 3-t rminal maul' ill nt .
• Low terminal at ground for 2-t rminal maul' ment .
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FEATURES:

USES: Intercompari on of capacitanc tandard to 1 part
in 106• tandards differing in magnitude by a much a
10,000:1 can ell. ily be compared.

Accurate and preci e measurements of capacitance and
di sipation factor.

111 a ur m n of circuit capacitan
Di I ctric maw' ment .

DESCRIPTION: This bridge improves the accuracy of ca­
pacitance measurement by an order of magnitud over
what ha pI' viou ly b en available. This accuracy is
achiev d through the u of preci Iy wound tran former
ratio arm and highly tabl tandard, fabricated from
Invar and hermetically al din ni rag n. Eight standard
capacitor re u d, in d cad valu from 1000 pf to
0.00001 pI. Each of th int rnal tandard all b asily
compar d with on anoth r.

The circuit, shown h r in I m I tary forID, i also
clearly d lineated on th panel. hange in conn ction
and ground ar al indicated a the terminal 3.1'

witch d for differ nt mea ur ment condition .
Th 10 balanc c n be mad in term of ith rill ipa­

tion factor or conductallce.
The bridge ha six-figur r solution for capacitance from

I ~f to 1 pf and a dir ct-1' ading a curacy of 0.01% over
thi capacitance range and a l' rna t of th frequ ncy
range from -0 cp to 10 kc. Th minimum d t ctabl
capacitance i' 10 af (10-'7 farad) and an auxiliary capacitor
i available to extend the range to 11.11110 ~f. Th
impedance of th tran form l' ratio arm ha been kept
very 10wJ so that accumt thr c-t rminal mea uremen s
can be made even in th pI' nce of capacitance to ground
a large a 1 ~f. c urat maul' ment thu can be made
with the unknown ann ctcd by m an of long cables. The
bridge also ha the ne'c ary internal hi Iding to permit
one terminal of the unknown to b dir ctly grounded, so
that both tru two-terminal and thr -t rminal m a ure­
ment can be made 0 er th wh Ie capacitance rang.

For both capacitance and di ipatiou factor J th balanc
on 1'01 are moothly perating, lever-typ witch'. T

l' adout i digital J and the decimal point i autom tica.lly
po ition d. Each capacitance decade has a -1 po ition 0
facilitat rapid balancing.

The e f ature and many other re ult in a capacitance
bridge that bring to the ill asurement of apacitance, to
the intercomparison of tandard J and to the mea urem nt
of di I ctric prop rtie an unu ual degree of accuracy,
pr ci ionJ r ngeJ and convenience.

SPECIFICATIONS

RANGES OF MEASUREMENT

Capacitance (6 rangu): 10-17 to 10-6 farad (10 ppf to 1.11110 pC), direct
reading; 6-figure resolution, mallest division 10-17 farad. With
TYPE 1615-P1 Range-Extension apacitor, upper limit caD be
extended to 11.11110 pC.

Diuipation.Factor (3 ranges): 0.000001 to 1 at 1 kc, direct reading.

Directly proportional to frequency at other frequencies. Four-figure
resolution; maI.lest division, 0.000001.
Conductance (2 ranges +; 2 range. -): 10-6 pmho to 100 pmho,'
4-figure resolution, smal.lest division 10-6 pmho; independent 0
frequency; varies with C range.
Frequency: Approximately 50 cp to 10 kc, useful with reduced
accuracy to 100 kc.
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Elementary schematic diagram of the capacitance bridge.
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ACCURACY

Capacitance - direcl-reading, internal standard: ::!:0.01 %, from I pf
Lo I pf. At high capacitanc 'and high end of frequency range, error

i. +0.002% Cl'f C~y. At I w capacitance and low frequency,

accuracy may b limited by bridge en 'itivi y.
Capacitdnce - comparlsoll with exterllal stalldard: approximately
I ppm.
Canduotance: ±(l % + 0.00001 I'mho).
Dlnipatian Faclor: Direct reading, _ (0.1 % of me ured valu)
1-0.00001.

GENERA~

Temperature Coefficients af Internal Standards: Less than 5 ppmr
for the 1000-, ]00-, and lO-pf units; lightly greater for tbe 'maller
capacitance unit.
Maximum Safe Generator Voltage: 30 vol at 1 kc. Proportional to
frequency. If g nerator and detector connections are interchanged,
300 olt can be applied.
Accenories Required: Generator and detector; tbe TYPE 1311-A
Audio 0 cillator and the TYPE 1232-A Tuned Amplifier and 'ull
Detector are recommended. See below for complete a embly.
Acceuories Supplied: TYPE 874-WO Open-Circuit Termination,
TlPE 74-R22A Patch Cord, and TYPE 274- -L Patch Cord.
Cabillet: Rack-bench (see page 210).
Dimensions: Bench model-width ]9, height 12%:, depth 1O~ inches
(485 by 325 by 270 mm), over-all; rack model- panel 19 by 12~
lOch' (4 5 by 315 mm), depth behind panel Y2 inches (220 mm).
Net Weight: 3 Y2 pound' (17.5 kg).
Shipping Weight: 5 pounds (27 kg).

Type Oode Number Price

1615-AM
1615-AR
1615-P1

Capacitance Bridge, Bench Model
Capacitance Bridge, Rack Model
Range-Extension Capacitor

1615-9801
1615-9811
1615-9601

$1475.00
1475.00

35.00

PATENT, 'OTICE. See ote 4. page viii.

~Type 1620..A CAPACITANCE..MEASURING ASSEMBLY

The TYPE 1620..

View of the Type 1620-A Capacitance-Measuring Assembly.

Type

t620·A Capacitance.Measuring
Assembly

o cillator and dct.e ·tor ar mounted id by 'd a
hown in the photograph. Th end fram ar bolt d

toIT th T to make a rigid mbly without th u of a
I' lay rack. Connection cable are upplicd.

Th 0 cillator opera from the power line, the d t cOOl'
from int mal batterie .
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~Type 716-C CAPACITANCE BRIDGE

• 1 frC'qu nci from 30 cp t 300 kc, thi dir ct-reading bridg m a ure rapacitan and
eli ipation factor by either direct or ub itutiou m('thod .
D igned to m a ur 2- rmioal apa i aoc(', i can be adapted for 3-t, nninal mea uremp,nt
by addition of a uard circuit.
It i well uit d to th m('a urcment of th dielcetri(: propcrtic 0 of insulating mat rial
did tric con tant, cli. ipation factor, 10 factor, pha c angl' - and thC'ir chang \ ith
£1' quency, tcmpC'l'a ur , and humidity.

USES:

apaeitor' beyond t hI.' rangr of he internal tandard.
can h m a urcd hy sub tilution mcthod·.

ther po iblr sub titution mf'a urempnt arC' thC' in­
cluctancC' and Q of largr inductor..:, the inductanc and rr­
si tance of cahlt> , the I' .i tance and pam!l('1 capacitancr
of high-valu cI ,. itor., and conductancr and pamU",1
re i tance f ele trolyt
DESCRIPTION: Th TYPE 710- apacitance Bridge i a
modified chering hridge. To obtain a wide and dirpct­
reading capacitan c rang nt 1 kc, tbe I'a io arm are
wi hed to give d cade mll] iplif"1' of 1 to 1000. to ,her

fr quencie th(' maximum direct-reading capacitan
that of the intemal tl1udard, which i a worm-dl'iv n,
preci ion variable rapacitor. areful hielding to eliminn.
th ('/fect. of tray capacitance permit a e1ir t-reading
ar macy of 0.1

FEATURES:
• , ide frequency range, 30 rp to ~oo kr.
• Direct-r a ling dial .
• onvenient to operatr.
• Flexible in application.

RANGES OF MEASUREMENT
Capacitance, direct.reading: 100 pf to 1.1 Itf at 1 kc; 100 pf to 1150 pf
at 100 cpo 10 kc, and 100 kc.
Capacitance, substitution: 0.1 pf to 1050 pf with t,he int rnal Inndal'd.
0.1 pf up to valueof available landaI'd with xternal tandurd.
Dissipation Factor, direct.reading: 0.00002 to 0.56.

. . 0 00002 I 0 56 X C".nd.,dDlsslpahon Factor, subshtution:. o. C--_·
uDknown

Frequency: 30 cp to 300 kco
ACCURACY
Capacitance, direct.reading: to.l % ± (0.6 pf X capacitance multi­
plier t\ing) when D < 0.0l.
Capacitance, substitution: ± l.2 pf.

A correction chart for tbe preci ion capacitor i supplied, whicb
allows a ubstitution measurement accuracy of to,05% or to.6 pf.

A tOO-point calibration of the tandard capacitor is available, at
extra cbarge, which allow ub titution mea urements to be made
with an accuracy of ±0.05% or to.2 pf.
Dissipation factor, direct.reading: to.0005 or t2% of dial reading,
whichever i larger.
Dissipation Factor, substitution: ±0.00005 or t2% for the chang in D
when tbe change i Ie thnn 0.06.

Formulae are supplied for makin/l; correction. when D i greater
than the e limits.
Zero Capacitance Across the Unknown Terminals: Approximately I pf
(negligible in 'ubstitution mea urement or direct measurement
with the multiplier at 10 or higher).

SPECIFICATIONS
Temperature and Humidity: Variations of temperature from 65 to 95 F
have no . i,gnificant effecl on the accuracy of th hridp;e. PI' cise
mew uremen!.' of di, sipation factor should not h attempted wh n
th hridp;e ha.' heen expo. I to abnormally hip;h relative humidi y,
unle.s it is first dried hy heat or a del iccanto
Power Input: 1 watt, maximum, at GENERATOR terminal', which
allows a maximum of 200 volts at I kc, or 50 volts at 60 cp . If the
p;enerator and detector conn ct,ions are interchanged, 700 volt..- can
be applied at 1 kc and lower.
Accessories Supplied: One TYPE 274- lL • hielded Patch 'ord and
one TYPE 74-R34 Patch ord.
Accessories Required: Oscillator, high-impedance detector, and, for
sub titution measurementl , a balancil1~ capacitor. The TYPE 1311-A
Audio 0 cillator (pa~ 109) or the TYPE 1210- nit R- Oscillator
(pu,l(e 105) and the TYPE 1232- ull Detector (pa~ 79) are recom­
mended. The TYPE 1422 Preci ion apacitor and the TYPE 505,
1409, lind 1401 Fixed apncitors are recommended for use as balanc­
ing capacitors. For dielectric measurements, the TYPE 1690-A Dielec­
tric ample Holder can be used.
Mounting: Relay-rack or hardwood cabinet.
Dimensions: Rack model-width 19, height 14 inches (4 5 by 360 mm),
depth b hind panel 9 inches (230 mm); cabinet model-width 21~,
height 14}1, depth 11}1 inche (555 by 365 by 290 0101), over-all.
Net Weight: Rack modeJ, 30.l1 pound (14 kg); cabinet model,
40.l1 pound (17 kg).
Shipping Weight: Rack model, 45 pounds (20.3 kg); cabinet modeJ,
55 pound (25 kg).

Type

7l6-CM
7l6-CR

Capacitance Bridge, Cabinet Model
Capacitance Bridge, Rack Model
lOO-Point Calibration for Internal Pre­
cision Capacitor

ode Number

0716-9803
0716·9813

0716·9728

Price

$825.00
785.00

50.00
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~Type 716-CS1 CAPACITA CE BRIDGE

FOR CAPACITANCE MEASUREMENTS
UP TO 11 50 pf AT 1 Mc

Both comm rcial and military pecifi ation for capaci­
tor of 1000 pf and Ie call for m a urement of capaci­
tanc and dis ipation factor at a fr qu ncy of I l\Ic. The
TYPE 7l6-C 1 Capacitance Bridge has b en d ign d
specifically for th s measur m nt . It is also ati factory
for measuring di I ctric with th TYPE 1690- Di lectric

ample Holder at the A TM te t fr quency of 1 :Mc.

Thi bridge, a modification of the standard TYPE 716-C
mod I, ha a ingle capacitance range and a more limited
fr qu ncy range.
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SPECIFICATIONS
RANGE AND ACCURACY

Range and accuracy specification are identical with those of
TYPE 716-C Capacitance Bridge, xcept that the direct-reading
cap~citance range i 100 to 1150 pf.

The tated accuracy i for I-Me measuremen . The same accuracy
can be obtained from 0.1 Mc to 3 M if correction are made for the
effects of residual impedanc and if adequate selectivity is provided
by the null detector. With decreased accuracy, measuremen up to
.) Mc can be made.
AcceSlories Required: Generator and detector. For measurement at
1 Mc only, the TYPE 1214-M nit 0 cillator (pa e 110) i the recom­
mended generator; for measurements over the range of 0.5 to 3 Me,
the TYPE 1211-0 Unit 0 cillator with Unit Power upply (page 114).
For measurements at 1 Mc only, a convenient detector is the TYPE

1212-A nit Kull Detector (page 80) with TYPE 1212-P2 I-Mc Filter.
For ()peration at frequencies other than 1 Mc, thi null detector, with
the TYPE 1212-P3 Mixer and a heterodyning local oscillator, can
be u ed.

For ubstitution measurements, a balancing capacitor is needed.
This may be a fixed TYPE 505, 1409, or 1401 Capacitor or a variable
TYPE 1422 Preci ion Capacitor (pag 14 157).
Accessories Supplied: Two TYPE 874-R34 Patch Cord, to fit the above
generators and detectors.
Other Accessories Available: For measurements on unguarded di­
electric pecimen, the TYPE 1690-A Dielectric ample Holder
(page 41).

Other specifications are the same as tho e for the standa.rd TYPE
716-C.

Type Code umber Price

50.00

$750.00
710.00

0716·9728

0716-9843
0716-9846

Capacitance Bridge, Cabinet Model
Capacitance Bridge, Rack Model
lOO-Point Calibration for Internal Pre-
cision Capacitor

See Note 4, page viii.

~Type 716-P4 GUARD CIRCUIT

7l6-CMSl
7l6-CRSl

PATENT NOTE.

temperature, and humidity, becau it eliminate from the
mea urem nt he ffect of the leads from the bridge to
the sample in it conditioning apparatu . A schematic
circuit is shown on page 29.

The guard circuit facilitate thre -terminal mea ure­
mnt uch as guard d dielectric sample at frequencie up
to 300 kc. It is particularly u ful in th mea urement of
component and materials ov r wid range of frequency,

SPECIFICATIONS Type Code Number Prict!

Capacitance Range: Designed for use with the I-multiplier range,
100-1150 pf, of the TYPE 716-C Capacitance Bridge. The range can
be extended by the addition of external capa.citance to the standard
arm of the bridge.
Fr.quency Range: 30 cps to 300 kc.
Guord Balance Copa<lton Any value of capacitance up to 1000 pf
between the guard point and the high measuring terminal can be
halanced out.
Acc...orles Supplied, One TYPE 74-Q2 Coaxial Adaptor and one
TYPE 83s.-B Alligator Clip.
Mounting: Relay-rack or hardwood cabinet.
Dimensions: Width 19, height 9%, depth ;!4 inches (485 by 235 by
22,) mm), over-all.
N.t Weight: Rack model, 17 pound ( kg); cabinet model, 23 pounds
10.5 kg).

Shipping Weight: Rack model, 29 pounds (13.5 kg); cabinet model,
31 pound (17 kg).

COMPLETE MEASURING SYSTEMS - See next page for complete, rack.
mounted assemblies.

716.P4M Guard Circuit, Cabinet
716.P4R Guard Circuit, Rack Model

PATE TN TreE. See Note 4. page viii.

0716-9943
0716·9945

$350.00
330.00
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~Type 1610 CAPACITANCE-MEASURING ASSEMBLIES

SPECI F ICATIONS
RANGES OF MEASUREMENT Type 1610-8 I Type 1610-82 Type 1610-AH

Frequency 20 cps to 20 kc, 50 kc, 100 kc
Direct, 2-terminal 100 pf to 1.1 pf 100 pf to 1.1 pf 100 pf to 1150 pf
Substitution, 2·term inal 0.1 pi to 1050 pf 0.1 pf to 1050 pi 0.1 pi to 1050 pf

C Direct, 3-terminal 100 pi to 1150 pf
Substitution, 3-terminal 0.1 pi to 1050 pi
Direct 0.0002 to 0.56

0
Su bstitution 0.0002 to 0.56 multiplied by CS1'O/CUNK

Each TYPE 1610 Capacitance-Mea uring A mbly is a complete sy tern for the measure­
ment of capacitance and di ipation factor. ~I asurement can be made by either direct
or ub titution methods.

USES:

DESCRIPTION, The TYPE 1610-B apacitance-Measuring As.o.embly,
which includes a guard circuit, makes both 2-terminal and 3-terminal
mea. urements over the frequency range of 20 cps to 100 kc. Thus
it is well uited for studie of the frequency characteri tics of dielec­
tric sample and component in conditioning chamber .

When only 2-terminal measuremen are to be made, the guard
circuit is unnecessary, and the TYPE 1610-B2 Capacitance-Mea ur-

ACCURACY, NOMINAL

ing A embly, which covers the same frequency range, i used.
The TYPE 161G-AH Capacitance-Mea uring As..o.embly is used for

2-terminal mea uremen at 1 Me. The Dielectric ample Holder,
TYPE 169Q.-A (page 41), i recommended for use with any of th
a sembli in til measur ment of solid--dielectric pecimens. All
assemblies include cabinet rack, rack adaptor panels, connecting
cables, spare fuses, and power cord.

Capacitance: ±0.1 %. Dissipation Factor: ± 2% of dial. For complete .totement, .ee bridge speciflcotion•.

GENERAL

Power Supply
105 to 125 valls, t 50 to 60 cp.·

50 walt. 50 walt. 100 walt.
Dimensions Width 22Y2, height 43, depth 20 inches (570 by 1090 by 510 mm), over-all
Net Weight 203 pound. (93 kg) 180 pound. (83 kg) 150 pounds (69 kg)
Shipping Weight 305 pounds (140 kg) 280 pounds (129 kg) 241 pounds (III kg)
Code Number 1610-9702 1610-9481 1610-9817
Price $2000.00 $1650.00 $1250.00

• Aasembly will operate satisfactorIly a.t power-eupply frequcnc'es up to 400 cps, prOVIded that supply voltage is at least 115 volta.
t TypE 1610-BQl for 210- to 250-volt. 50- to 6O-cycl supply. Code Number: 1610·9 1 . Price: $2010.00.

TYPE 1610-B2Q18 for 210- to 250-volt, 50- to 6O-cycle eupply. Code :-lumber: 1610-94 2. Price: 1660.00.
PATE T OTICE. 0 Notcs 4 and 15, page viii.

TYPE
1610·B

Type 716-( Capacitance Bridge
Type 716-P4 Guard Circuit
Type 1210-C Unit R-C O.cillotor
Type 1203·B Unit Power Supply
Type 1232-A Null Detector

TYPE
1610·B2

Type 716·( Capacitance 8ridge
Type 1210-( Unit R-C Oscillator
Type 1203-8 Unit Power Supply
Type 1232-A Null Detector

TYPE
1610·AH

Type 716-CSI Capacitance 8ridge
Type 1214-M Unit O.cillotor
Type 1212-A Unit Null Detector
Type 1212-P2 l-Mc Filter
Type 1203-8 Unit Power Supply

L
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~Type 1690..A DIELECTRIC SAMPLE HOLDER

LIGAOUNOEO
ELECTRODE I

IIiNSULATOA)

PLUGS FOIl
...-~_ VERTICAL

PANEL
CONNECTION

H (INSULATED ELECTAOOEl

FEATURES:

VERN lEA CAPACITOR
CAL,aAATION

THERMDMETEA HOLE
PLUGS fOR HORIZONTAL
~Na CONNECTIO/L""",,=::::=1L--ilI:::!.!.JJ

• pecimen can b mea ured over a wide range of frequ ncie with th ame hold r in
differen measuring circuit.

• Prcci ion calibration pI' vided for eacb holder.
• alibration take aceoun of corrections for edge fringing and tray capacitance.
• Rigid casting upport entire structure. • Complete shielding.
• Large easily read dials.
• "Floating" electrod protec s precision drive.

USES: The TYPE 1690- Di 1 tri ample Hold ria It can be u ed, for exampl , with l' sonant circuits for
micrometer-driven ample hold r of the Hartshorn type,* su ceptance-variation or fr quency-variation measur-
u d for the mea urcm nt of di lpctric con tant and dis- ments, with the TYPE 1615-, 716-C and 716-CSI
"ipation factor of specim ns of dielec ri nlaterials in the Capacitance BridgC' ,th TYPE 874-LBA and 900-LB
form of tandard A 'nl 2-inch diamE' C'r di ..k . It is uitable lotted Line, and he TYPE 1602-B HF Admittanc
for any f1a sample whos Jurg t dimC'llcion is not over Meter.
2 iochC' and whosl' thickne s is not ov{'\' 0.3 inch. A preci ion microm tel' screw, M, with large instrument
'1. H8rtshorn and W. II. 'Nard. Pro<.edi"gs o/th. T...!it,dio,,"/ el.ctriclIl Ellai" •.,.. knob, K, drives th movable grounded electrode, L, with
\'01. 79. pp 597-609 (1936). respect to a fixed, in ulated electrode, H. An accurately

o divided drum, D, indicates the electrode spacing. The
c"ti::::TEO MIMlCflOMETEA SCREW I micrometer screw i el ctrically shunted by a metal

bellows, S, to assure a po itiv , low-resistance connection.
A release mechanism automatically di engages the drive
to prevent damag from xcessive mechanical pressure
when the electrode are in contact. The movable electrode
adjust itself to th plane of the specimen urface.

A ylindrical vernier capacitor with micromet r screw,
V, i provid d for use in the su ceptance-variation method
of mea urement.

The ass mbly is mounted in a rugged aluminum casting,
B, wbich shields it on four sides. The shielding is com­
pleted by two removabl cover plates, which permit access
to the electrodes. The bolder can be mounted on either
horizontal or vertical panels.

SPECIFICATIONS
Eleclrode" Diameter, 2.000 inch ± 0.0025 inch. urface are
ground optically flat within a few wavelength .
Eleelrode Spacing: Adjustable Crom zero to 0.3 inch, indicated by the
micrometer reading in mil .
Vernier: Incremental capacitance is 5 pf, nominal.
Callbra.ion: For th main capacitor, a chart ives the calculated air
capaci ance as a function of pacing. A correction curve giv . he
mea-.ured deviation from calculated values over the range from
300 mil to 10 mil' pacing. [n accordance with recommended A TM

practice, this calibration i. reCerred to he calculated geometric
vulue at a spacing of 100 mils. Accuracy i ±0.2% ± 0.1 mil.

For the vernier capacitor, a correction chart i provided, from
which capacitance dillereoc can be determined to an accuracy of
to.OM pc.
Zero Capacitance: Approximately 1 pC.
Opero,ing Temperature: p to 150 C.

Frequency: 0 significant error occurs at frequencies below 100 Me.
Accessories Supplied: TYPE 1690-Pl Adaptor Assembly for mounting
to the TypE..'> 1615-A, 716-C and -CSI apacitance Bridges; hard­
ware for mounting ample holder on TYPE 1611-B and 544-B
Bridges and TYPE 1862- Megohmmeter.
Accessories Available: TYPE 169D-PZ Adaptor A mbly to TYPE 874­
LBA Slotted Line or TYPE 1602-B UHF Admittance Meter.
Mounting: Wooden carrying cru e supplied, which provides storage
Cor hardware and calibration charts.
Dimensions: Mounted on adaptor-6,li by 5%, by 4Y2 inches (160
by 150 by lJ5 rom), over-all.
Nel Weight: 3%, pound (1.8 kg), excluding carrying case.
Shipping Weight: 13 pound (6 kg), including carrying case.

For a more complete description of this instrument refer to the
Genercil Radio Experimenter, 26, 3, August, 1951.

I 690-A
1690·P2

Dielectric Sample Holder
Adaptor Assembly (for
conneclion to cOo xial
equipment)

l'ATE~T NOTICE. See Note 4, page viii.

Code Number Price

1690-9701 $435.00

1690·9602 20.00
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~Type 1611-B CAPACITANCE TEST BRIDGE

• Wide range - 0 to 11,000 Jtf.
• Mea ures both 2- and 3-termrnal capacitors.
• Vi ual null indicator.
• External polarizing voltage can be applied.
• Measures polarized el ctrolytics under conditions of actual u e - with 120-cycle rippl
• Measurements ar unafl' cted by moderate I ctrostatic field .

FEATURES:

USES: Capacitance and di ipation-factor measurement
can be mad quickly and conv niently with this bridge.
Among it u e in hop and laboratory are the mea ure­
ment and te t of:

Paper and mica capacitor .
Polarized el trolytic capacitor (also tantalytic) at

60 cp withou ex rnal gen rator (50 cps for TYPE
1611-BQ1).

Dielectric prop rtie of olid in ulation and transformer
oil.

Cabl s - tpst' g and fault loca .on.

In ulators and in ulation - bu hings, tran formers, ro­
tatin machine.

Capacitance compon nt for el ctric equipment.
Transformer interwinding and intershield capacitance.

DESCRIPTION: Th rie -re i tance capacitance bridge
circuit i used. hi Id t rminal is provid d for 3-terminal
m asurements. The null detector con i t of a tun d ampli­
fier and electron-ray tube. :;Vleasurem nts are mad at the
power-line fr qu ncy. xternal generator can be connected
for 120 cps and oth r frequencies.

SPECIFICATIONS

42

RANGES OF MEASUREMENT
Capacitance: 0 to 11,000 Ilf at 60 cp ; 1 Ilf to 11,000 Ilf at 120 cps and
other externally upplied frequencies.
Dissipation Factor: '!'1""PE 1611-B, 0 to 60% at 60 cp ; TYPE 1611-BQI,
o to 50% at 50 Cp . Range i proportional to frequency (0 to 120%
at 120 cp ).
ACCURACY
Capacitance: ± (1 % + 1 pf).

Dillipalion Factor: ± (2% of dial reading + 0.05% X~)­

VOlTAGE
AC Voltage on Capacitor under Test: Varies from a maximum of approxi­
mately 125 vol at 100 pf to I than 1 volt at 10,000 Ilf. A maximum
of one voltampere of reactive power i. delivered to the sample.
Voltage can b reduced by an external rhea tat on the four rugh t
ranges for measurem t oC tantalum capacitor.
Polarizing Voltage: A dc polarizing voltage of up to 500 volts can be
applied externally for measurements on capacitors oC 1 to 11,000 pi.
GENERAL
SensitiVity: Capacitances from 100 pf to 10,000 Ilf can be balanced
to a preci ion of at least 0.1 %.
• I

50 for TYPE 1611.BQ1.

Selectivity: Detector filter i tuned to power-line frequency or 120 cp ,
elected by witch. External filter can be conn cted a.t panel jack for

other Crequenci .
External Fields: For bushing testing, the fields usually ncountered
in hop a.nd laboratory, even up to several thousand volts, will not
affect the accuracy. For mea urement in location where the over­
head voltag are very high, the unknown should be bielded.
External Generator: Required Cor frequencies other than 60 cps.
TYPE 1214-D nit 0 cillator (page 110) is recommended Cor 120­
cycle measurement .
Environmental Effects: The reading oC the bridge are unaffected by
temperature and humidity variations over the range of room con­
ditions normally encountered (I to 35 C, 0 to 90% RR).
Power Requirements: 105 to 125 (or 210 to 250)· vol , 60 c for
TYPE 1611-B, 50 cp for TYPE 1611-BQl. Power inpu is 15 wat .
Accessories Supplied: TYPE AP-22 Power Cord and pare Cuses.
Accessories Required: 12O-cycle 0 cillator, if 12O-cycle mea urements
are to be made. TYPE 1214-D Unit Oscillator i recommended.
Cabinet: Luggage-type, completely hielded to ensure Creedom from
electrostatic pickup.
Dimensians: Width 14~, height 16, depth 10 inches (370 by 410
by 255 mm), over-all.
Net Weight: 30Y2 pound (14 kg).
Shipping Weight: 37 pound (17 kg).

Type Code Number Price
1611.B Capacitance Test Bridge 1611-9702 $665.00
1611.BOI Capacitance Test Bridge,

for 50-cycle supply 1611-9914 700.00
1214·D 120·cycl" oscillalor (includ.

ing power supply) 1214-9704 115.00

WIDE-RANGE TEST BRIDGE fOR
SHOP, fiELD, OR LABORATORY
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~Type 1613-A CAPACITANCE BRIDGE

Te t et, Capacitance Bridg ,TT Z,*/E, Precision, Three-Terminal, pot. M ts the
es ential requirements of l\lIL-T-!778 (USAF) for calibration of capacitive fu I-gage
t tel'.* AI 0 an excellent general-purpose bridge for 3-terminal capacitanc m a ur ment
to 0.1%.

USES:

DESCRIPTION: The circuit is a transformer-ratio-arm
bridge, direct reading in 'apacitance and di sipation
factor at 400 cp . The direct impedance of th T network
us d in the standard side of the bridge balance the direct
impedance of the unknown. The tandard capacitor con­
sist of a 50- to 1100-pf preci ion variable air unit and a
1000- to 1O,000-pf decade of ilvered-mica capacitor .
"\ oltage on the unknown capacitor remain con tant at
25 volts as the bridge ratio is changed. Generator fre­
quency is practically independent of tube param t r
change. Frequency-determining components are GR

pI' CJ Jon I' sistors and capacitor. A buffer cathod­
follow r amplifier prevent external loading from aff cting
th frequency.
FEATURES:
• Direct reading.
• asy to operate - few balanc controls; panel lights

indicate direction of unbalance.
• TO guard circuit nece ry.
• Internal generaLor aud detector.
• High det ctor selectivity.
• See page 155.

~
oo
~

SPECIFICATIONS

,...-------(0 UNK o~-- ........

!h----1111
MULTIPLY I
TOTAL C I

BY I
I

GEN)-__,,-__~__~jll [ET
,....----'''1

I

~

as embly, with TYPE 74 Connectors; desiccant; power cord.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
30 watts input at U5-volt line.
Cabinet: teel, with detachable cover.
Dimensions: Width 22.J.;2, height 14, depth 12% inche (575 by 360
by 325 rom), over-aU, including cover.
Net Weight: 55 pounds (25 kg). Shipping Weight: 67 pounds (30 kg).

RANGES OF M.EASUREMENT
Capacitance: 5 to 11 ,000 pf. Dissipation Factor: 0 to 0.11.
ACCURACY
Capacitance: ±0.1 % from 11,000 to 40 pf, ri ing to O. % at 5 pf.
Di..ipation Foclor: ±2% of reading ±0.0002.
Internol·Osciliator Frequency: 400 cps - 25 volt, nominal output.
100o-cycle model can be upplied on pecial order.
DETECTOR
Sensitivity: I-MULTIPI"IER - 10% deflection for 0.05 pf liC. 1/10­
MULTIPUER - 10% deflection for 0.005 pf nCo
Selectivity: Down 44 db at 800 cp , down 72 db at 60 cps.
GENERAL
Effect of Impedance to Third Terminal (Chassis): Impedance from un­
shielded lead to cha si causes no bridge error. The output voltage
is reduced approximately 50% by shunt impedance of 5 kilohms or
0.1 1Jf. On the I-MULTIPLIER position. impedance of 1 kilohm or
0.1 IJf from coa.xial lead to cha i ha a negligible effect. On the
I/lo-MUlJI'IPLIER, there is negligible effect from 10 kilohm or
O.OllJf.
Acce..ories Supplied: For connection to TYPE 1429-A Fuel-Gage
Tester, two un hielded cable as emblie. and one common hielded
assembly; for connection to TYPE 03 Fuel-Gage Te tel', one cable
harnes , including termination-unit assembly; for general-purpo e
three-terminal mea urements, one coaxial and one un hielded cable

Type Code Number Price

1613-A Capacitance Bridge
l00-point Calibration for precision capacitor

PATENT NOTICE. See Nou,4, page viii.

1613-9701
1613-9728

$2175.00
50.00
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~Type 1633-A INCREMENTAL-INDUCTANCE BRIDGE

• :\lea ure Land R or Q directly at nine frequencie . • "ide ranges of mea urement.
• High ac and dc power-handling capacity - up to 1250 volt and 50 ampere.
• D and ac can b impr ed imultaneou lyon the coil being mea med.
• Kn \yo induction level can be t and maintained through a te t procedure.
• ~.0 tiding balanc. • Both g n rator and detector can be grounded.
• Exten ive safe y precau ion hav b en tak n to avoid shock hazard to the operator and

damage to the equipment.

I,RF
GEN B +--r--------'w..--...,

R. +1:>-'0----11----''-+---;...--<:
a.

mere (II and /3 = fraction of potentiometer voltage ap­
pli d to the isolation amplifiers,

Rs = ratio-arm r i tance,
C. and G. = capacitance and conductance tandard.

'p to 7 mper ,rm (ombin d ac and d ), at up to
12·0 volt, can b impr d on th mple, and with
a TYPE 1633- 1 Rang - l xt n ion nit, up 0·0 ampere.
1hr p w r uppli are available, a dc upply, a line­
fr Clu n Y upply and a variable-ft· qu DCy oscillator,
which ar d igned p cifically for use with the bridge.
:\10 t conventional power upplies are not uitable.,

cee:; aries Required in p cification .
The internal detector i highly elective at nine fre­

qu ncie between 50 cp and 15.75 kc. Owing to high
detector ensitivity and low noi e, mea urem nt can be
made at excitation level below one volt on the highe t
inductanc range and 10 millivolt in the lowe t rang .
• H. P. HaU, R. G. Fulks. "The Be of Active Devices in Precision Bridg ....
Electrical Engineering. May 1962.

wCQ ......,-.
{3G.

FEATURES:

USES; The measurement of incremental inductance, or the
inductance of a coil under different ondition of dc
and ac excitation, i important to both manufactur rand
u er of ilicon t I and ther magnetic all y , ferrite
chok tran form l' , and filter. uch mea urement can
be made accurately and conveniently with the TYPE 1633-A
Incremental-Inductance Bridge. It can 0.1 0 be used to
mea ure nonlinear re i tor and the ac impedance, with
dc up rpo d, of r ctifiers, Zener diode, thermistor,
and oth r miconduc or device. omplete a eID­
blies of bridge and pow r upplie are Ii t d on th(' n xt
page.

DESCRIPTION: Thi bridg u a n w circuit, which in­
clude active element,* in order 0 obtain wid op rating
range of induetance and cmren without the u of
excessive numbers of resistance and capacitance decade.
For each range a imple fixed capacitor and a single re­
sistor are u ed, and the flect of chan!!ing magnitude i
imula d by chang in th appli d voltag .

The active elements ar thre multi tage, tran i tor,
feedback amplifier , d signed to ha e parameter at 1 a t
an order of magnitud more table than i requir d for
he d ired bridg ac uracy. 1wo ar u d for i I tion,

and, wi h their a ciat d pot ntiom t£r, th y form
variable-voltage somce , wi h low output imp dan e, to
imulate change in magmlud of th fix d tnndard, C.

and G,. The third amplifi ria pha £' inver er.

At balance, 11 + 12 + 13 + 14 = 0, and

w ....
u~z z« w
to- ~
U lli!
=:>u
o ~z

1w
(j
o
0=
CD
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RANGES OF MEASUREMENT

Full-Scale Ranges
SmalleotFrequency

b d f Divisiona c e

50, 60, 100, 120 cpo 10 mh 100 mh 1 h 10 h 100 h 1000 h 20 j.<h

400, 800 cpo, 1 kc 1 mh 10 mh 100 mh 1 h 10 h 100 h 2 Ith

10 kc, 15.75 kc 100 Ith 1 mh 10 mh 100 mh 1 h 10 h 0.2 Ith

all 10 !"l 100 fl 1 k!"l 10 kfl 100 kfl 1 Mfl 10 mfl

all
00-1

Q = 1000Direct Reading at Above Frequencieo

rmo vo,,, 12.5 125 1250 1250 1250 1250

rmo amp*t 7 7 7 2 0.7 0.2

R

Q

Max

Max

SPECifiC T I 0 S ~~
;:0 0
~G)

~r,... z
oc
Q
>z
()
m

-:-'Jax.imum rrnS current = VIde'.!: + lac'
t For those applications rcquirin~ more tban 7 ani peres. the TyP& 1633-Pl Range-Extension l·nitt which containe 0. O.l-ohm r sistor. csn
be externallf. connected to ahUlIl RB 011 t.he three lowe to bridge ranJ!;es: the inductanc and re:!listance values arc then reduced by a fac­
tor of 10. t\ ith this resi~lor. ID aSUl'"Pfnpnts lip lo 50 ompere8, Il~ or dc, are. possible.

ACCURACY

InductClnce: ±1% of reading or 0.1 % of full scale, ± (?~ X ~:) %.

Resiltance: ±2% of reading or 0.1 %of full cale, ± Q;~.. '70.

1
'Q: 12% ± 0.001 ± O.OOOlfto.

INTERNAL DETECTOR
Frequency: elective at anyone of nine specific frequencies, accurate
to ±1%,50,60, 100, 120,400, and 800 p, and 1, 10, and 15.75 kc.
( an be u ed with external detector from 20 cp to 20 kc.)
Second-HClrmonic Response: Approximately 60 db below fundamental

GENERAL
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps;
approximately 6 watt .
Acceuories Supplied: One TYPE: CAP-22 Power Cord, pare fuses.
Acceuories Required: Cen rator to cover d ired range of frequency
and power, and a ource of dc bilLS current (if d ired). For optimum

performance when dc bia i. used, the ac upply mu. t be capable of
with tanding large dc currents in the output circuit, and the dc
upply lan!;e lLC curl' nts. The following are recommended; TYPE

1265-A Adjustable D Power upply, 200 watts (page 177); TYPE
1266-A Adju table A Power urc, 200 voltamperes (page 177),
for 60-cycle ac mea ur men ; and TYPE 130 A Audio 0 cillator
and Power Amplifier, 200 voltamper (pa e 10 ) for measurements
at the above nine frequenci and, with the 1'n>E 1232-A Null D tec­
tor (page 79), contJnuously over the audio-fr quency range.
Accenaries Available: TYPE 1633-PI Ran e-Extension Unit.
Cabinet: Rack-bench ( 00 page 210).
Dimensions: Bench model- width 19, height 12%, depth 107.(
inch (485 by 325 by 260 nun), ov r-all; rack model - panel 19 by
127{ inche (485 by 315 mm), depth behin panel 8% inche
(225 mm).
Nel Weight: Bench model, 31 pounds (l4.5 kg); rack model, 29 pound
(13.2 kg).
Shipping Weight: Bench model, 50 pound (22.8 kg); rack model,
4 pound (21. k ).

For a complete description, with examples of measurements, ,00
General Radio Experimenter, 36 5, May, 1962.
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View of the Type 1630·AV Inductonce-Measuring Assembly.
Spoce io provided ot the top af the rack for the addition af
an oocilloscope, which permits the current waveform or the

hyoteresis loop to be viewed during the measUremenlo.

1050.00
125.00

$1050.00

Price
$2440.00

3230.00

Priceumber

1633·9801

1633-9811
1633·9601

Code

Type 1630-AL
For 60-cycle meaourements

Type

Type
1630·AL Inductonce.Measuring Anembly
1630·AV Inductance.Measuring Assembly

1'\1"1:;. 'T . -OTlCE. ee Kotes 1, 7. and 15, pSlle ,;ii.

Type 1630.AV
For measurements at 9 frequencies

from 50 cps to 15.75 kc
Type 1633·A Incremental-Inductance 8ridge Type 1633·A Incremental-Inductance 8ridge
Type 1265·A Adjuotable DC Powe, Supply Type 1265·A Adjustable DC Power Supply
Type 1266·A Adiuotoble AC Power Source Type 1308·A Audio Oocillotor ond Power Amplifier

The power ~upplies will produce 200-voltamp r outpu into a wide runge of load
impedances lind are d igned to pas th large dc and liC curren requir d. Although these
pow~r ,"uppli do not cover the full pow r capabiliti . of the bridge, they are adequate
for aU cxc pt extreme power ranges.

1633-AM Incremental-Inductance Bridge,
Bench Model

1633-AR Incremental-Inductance Bridge,
Rack Model

1633-Pl Range-Extension Unit (50 amperes)
PAl'E"T NOTICE. Noles 1 and 15, page ,;ii.

~Type 1630 INDUCTANCE-MEASURING ASSEMBLIES
The TYPE 1630 Inductance-l\fea uring roblies are compl tc y tem

for the m a UTem nt of the inductance and lo of coils with f rromagn tie
rore-' at hi h dc and ac excitati n levl . Each a sembly 011 i t of the
bridge and two 200-voltamp r powr upplien(one de and on a), a cabi­
n Hype rack, a shown, and th n cary conne ting abl '. Two model
are I1vailabl ;

• File Courtesy of GRWikLorg



~Type 1632-A INDUCTANCE BRIDGE

FEATURES:

DESCRIPTION: The brid circuit i ho\yn chematicall
on the panel. The tandard reactance is a capacit r, WID h
owing to it very low r idual impedance, exhibit a
n gligible chan in it effective capacitance over the
audio range. The w n ir uit al make po ible the II
of the high accura y of d cad r i tor for the inductance
balance. The bridg can be made direc reading in eith r

w Z
U 0
Z (;;
<Ii( 0
.... w
U !l'
~ ~

oz
I
~
<.'
o
ii::
CO

+ Wide rang, 0.0001 J.'h to 1111 h.• ±O.lCfc direct-reading accuracy.
+ ix-figure resolution. + \\ill detect 0.1 millimi roh nry.
+ 'a y, fool-proof r dout with in-line decade reading nd india d decimal point
• ~o lidin balan • j i[ a ur ri or parallel inductanc .
• Circuit and in truction engraved on th panel.

USES: Thi brid mea ure the serie and the parall I cries or parallel component of the unknown indu tor.
compon nt of two-terminal ground d inductor, at audio Tndu tance i indicated by the etting of a ix-decad
fr quencie. It high accuracy m ke it uitabl for ontrol; conductance by the eUing of four d cade and a
tandardization mea. urement ,whil it onvenient in- variable air capacitor. The illduclanc dial which how

line readout f atur and the ab nce of a liding blanc only the pertinent digit of each decad , indicate directly
make po ibl rapid, highly pr ci mea ur men! . ei h r ~erie or parallel inductanc . R i tanc , eith r

rie or parallel, i the reciprocal of th conductanc
tting. An eight-po ition multiplier automatic lIy indi­

cate both the decimal point and th unit of mea ur -
m nt.

To obtain ma;"imum accura y for the m a ur men of
both large and mall valur of inductance, the reo idual
impedance a 0 iated , i h the "unknown" erminal
have be n minimized.

Code umber I Price
1632·9701 $950.00

Inductance Bridgt'

Type

1632-A

SPECIFICATIONS
Two nearly equal inductors can be intercompared to a pr ci ion

of one part in lOS or hetter. •
The bridp;e add. approximately 1 pf to he capacitance acro

the inductor.
Conductonce - ±1% direct-reading accuracy, reduced at the

extreme:; of the Land G decades, of Q, and of frequ ncy. The CN
capacitor decad are adju ted within ± 1% + 2 pL

Wh n Q is great r than 10, the error, in either. ries resistance or
parallel con luctance, i increa ed to Qx (+ 0.05 ± Q8)%. ee the
table above for values of QB at 1 kc.

Above 1 kc, the valu of Qs i multiplied by I in kilocycl .
When the bridg reads seri I' i. tance with the L decades set at

one-ten h full calc (RN = 10 kfl), there i. an additional error of
0.15 Qx% at 1 kc, which i proportional to frequency (wit,h con-
tant Qx) and approximately proportional to the resistance (RN)

of he L decad .
Maximum Meosurable Q: eri connection, proportional to fre­
quency, 60 at 100 cp ; parallel conne tion, 0 at 100 cpo and RN of
100,000 ohms, inve el proportional to frequency and to RH •

Moximum Safe Bridge Input Voltage: One volt on low-inductance
rang to 100 vol on hip;h range!. Valu engraved on panel.
Accessories Required: Generator - the TYPE 1311- udio 0 cillator
(page 109), the TYPE 1304-B Beat-Frequency Audio Generator (palte

106), or the TYPE 1210- nit R-C Oscillator
{pa e 105); detector - the TYPE 1232-A u1l
Detector (page 79).
Accessories Supplied: TYPE 274-NL bielded
Patch Cord and TYPE 74-R34 Patch Cord
for g nerator and dete tor connection. TYPE
1632-Pl Tran former to match low bridge­
input impedanc to 60Q-0hm generators.
Cabinet: Aluminum, witb aluminum panel. End
frames can be removed for relay-rack mounting.
Dimensions: idth 19 11, height 16, depth 1072
inch (495 by 410 by 270 mm), over-aU; depth
behind panel 1 inch (230 mm).
Net Weight: 40 pound (1 }.1 kg).
Shipping Weight: 53 pounds (24.5 kg).

For a more complete d cription of thi in tru­
ment refer to the General Radw Experimenter,
33, 11, ovember, 1959.

For frequenci higher than 1 kc, multiply the Qs valu by I,
the frequency in kilocycles. There i an additional error of
0.1 X 10'" P% on thc lowest inductance range and of 4 X 10-11 P%
on tbe highest range.

---
It-High Zd-HighZ e-High Z

11Range a, b, C d-Low Z e-Lollf Z I-LowZ g

~B 1 {} 100 100 fl 1 kf! 10 kO 100 kG

QB at 1 kc ±.03% ±.005% ±.002% ±.002% ±.02% ±0.1%

Ranges of Measurement:

lnductonce - 0.0001 I'h to 1111 h.
Conductance - 0.0001 m icromho to 1111 mho .

Frequency: Designed primarily for pI' oi e and accurate measur­
men at 1 kc and lower. hIe to at least 10 kc with orne decrea.e
in accuracy ( e below).
Accuracy:

Inductance - ±0.1 %, direct reading excep at the :trem of
the inductance, Q, and frequency rang ; ±1%on the lowest induct­
ance range (0.0001 to III I'h).

When I I . than unity, the accuracy i reduced to
(+0.05 Qs)%/Qx. Valu of Qs at ] kc are:
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FEATURES:

~Type 544..8 MEGOHM BRIDGE

• Direc mea urement to 1012 ohm. • Approximately logarithmi ale.
• Con tant voltage on unknown, indep ndent of re ist.ance magnitud
• Voltage abilization prev nt" urges in charging current.
• af>ty feature - in ula d terminal nd current limiter'.

C~A~GE

OPE~ATE

C~ECK

USES: The TYPE 544-B Megohm Bridge measures .all
types of resistances in h megohm range. The e include
composition, film, and carbon re i tors, and the in ulatioD
r istance of elec rical mn,chinery, appliance , cable , and
capacitors. Among other mea urement arc tho e of the
volume re i ivity of in ula ing rna erial, of dielectric
absorption effects in the in ulation of electrical machines,
and, with an external decade rc istor, the intel'comparison
of high-re i tance tandards.

DESCRIPTION: Th circuit i a conventional 'Thea tone
bridg wi h a vacuum-tub voltmeter to iudi ate the null.

witehin i includ d to eheek thp m tel' zero and to hal'
capacitors quickly to f II voltage 1erOI' m a ttl' m nL.

SPECifiCATIONS
bnse: 0.1 megohm to 1,000,000 megohms, covered by a dial and a
5-position multiplier switch, A I' i tance of 1,000,000 megohms can
be di tinguished from infinity.
Accuracy: ±3% on th 0.1, I, and 10 multiplier'; ±4% on the 100
and 1000 multipliers. Above 10,000 megohms, the accuracy i essen­
tially that with which the scale on the lEGOH}/S dial can be read.
Power Supply: Two types of power 'upply are available - (l) an
aC-Opl'rated unit delivering dc t t voltag of 500 and 100 vol to
the hridge, and (2) a battery power upply of 90 vol . The ac unit
operates from a 105- to 125-volt (or 210- to 250-volt), 40- to 60-cycle
line. It will also operate from a 4QO-cycle upply. The battery power
supply consi ts of one o. 6 dry cell and three 45-volt batteries. Thi
'uppli 45 volts for he tube anode and 90 volts for the test voltage.
External Bridge Voltage, p to 500 volts can be applied from an exter­
nal source.

Power Requirements: 60 watt at 115 volts, 60 cp ; with battery
upply, approximately current requirement are 60 milliamperes for

cathode heate and 7.5 milliamperes for anode.
Accessories Supplied: T t probe. With ac power supply, a. TYPE
CAP-22 Pow r ord, par fu , pare neon ballast tube. Batteries
areupplied wi h the battery-operated model.
Cabinet: nielded, oak, with cover.
Dimensian.. Width 11, hei~ht 22 1"2, d pth inch (220 by 575 by
215 rom), over-all, with cover clo ed.
Net Weight: With battery power supply, 29 11;: pounds 03.5 kg);
with ac pow I' supply, 26 11 pound (12 kg); TYPE 544-P 0, 14}2
pounds (6.5 kg); TYPE 544-P3, JJ l,{ pound (5.2 kg).
Shipping Waigh!: 35 pounds (15.9 k ); TYPE 544-PIO, 22 pounds
(10 mm); TYPE 544-P3, 19 pound (9 mm).

Type Code umber Price

544-BA Megohm Bridge, with AC Power Supply 0544·9807 $450.00
544-BB Megohm Bridge, Battery Operated

(Including Batteries) 0544·9808 315.00
544-P3 AC Power Supply Unit Only 0544·9603 180.00
544-P10 BaHery Power Supply Unit Only 0544·9610 45.00

FOR MEASUREMENT OF INSULATION RESISTANCE,

RESISTIVITY, DiElECTRIC ABSORPTION

• File Courtesy of GRWiki.org
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~Type 1862-C MEGOHMMETER

DESCRIPTION: Tb megobmmeter con i t of a I'egulat d
pOWN upply, a mpl m nt of I'esi t nee tnnuat'd, and
un indicating met r. Th indi ator i a ualanced dc,
\'acuum-tubc voltm t r that ha a very high illput I' ­

si tunc.

FEATURES:

• Direc r ading and impIe to operate.
• Te:'t voltag of 100 and 500 permit approximate m a urement of voltage co fficient.
• Yoltag can b I' moved from l':\K)i()\\':\ terminaL by sf'ttillg of eith r witch 0 Dr: HARGE

po iti n, thu pcrmittin connecti n' to b mad without danger of ~hock.

• Pun I liU'ht indicat \Vb n voltng appli d to t rminal .
• Guard and ground terminal provided,

USES: Rugged, versatil and f" Uti mC'gohmm t I' rapid :lnd UCCtll' te mea ul'ement of he leakage re'i tance
rapidly m a ur wide ran of l' i tan 'e at ith I' f t\\' of tapa 'itor .
t t voltag . Th lOO-volt level i the £1. tamlal'd for Guurd and gr lind t rminal permit me~ ul'em .nt of
mea urem nt of ompo ition, film, and wire-woUIld re- J'ounded OJ' ungl' unded tw - r thr -t rrmllal I' 'I t l".

i tor abov 100 kilohm. Th -OO-volt level i a tandal'd
valu in th m a urcm nt f th in ulatioD r istaoc of
rotating rna bin J'y, traIl former , cable , capacitor , ap­
pliane ,and otb I' I etrical equipment.

ReguJated p W I' upply and charging circuit permit

SPECIF CATIONS
Calibration: 'witch p :ition i. provid I for tandardizing the cali­
uration at 500 volt '.

Power Requirements: 105 to 125 (or 210 to 250) volb, 40 to 60 cp',
2.1 \lutts. lnstrum nt will op rat . tUaetorily on power-supply
frequencie up to 400 p..

Accessories Supplied: l'pllre fu e, \\'0 color-cod d t. lead.

Cabinet: Flip-Tilt; rclu)'-raek mud 1 also i. aVllilabl . ( page 210.)

Dimensians: Portable mod I, en- oJ sed - width 11 1'2, heigh ~,
d pt" 7 1 2 inch' (295 by 210 by 190 mmJ, 0 er-all; rack model­
pan I 19 hy 5 14 inchE's (4 5 by 135 mrn); dE'pth behind panel
,j wehe.' (130 mill).

Net Weight: Portabl model, 9 pound (4.1 kg); rack mod 1,10 pound
(.J.G kg).

Shipping Weight: Portable model, 16 pound (7.5 kg); rack model,
23 pound (10.5 kg).

Range: O. to 2,000,000 megohm. at 500 volb and to 200,000 m g­
ohm at 100 volt... Th rare ,ix deClide tep s leeteu by a multiplier
'wit h.

Scale: Each I' i~tar1l' seal lip to 500,000 megohm. utiliz 90% of
lh m tel' ~cl1l . Cent r-~cale valu .. aTe I, 10, 100,1000 10,000, and
100,000 megohm~ fOT ,')oo-\'olt opernlion.
Accuracy: From ± 3o/c. al the low-I'e~i tunc euu f each dc ad to
±12% (ncellrs y to \\ hich the .eale can be read) at the high-rC:ld­
ance nd lip 0 50,000 m gohm . Th re can b an auditional ±2%
error at the top dE'ead .
Voltage on Unknown: 100 I' ,500 \'olts, ll~ .. el cted by 'witch on front
panel. Indicator lump is lijl;hted wll n voltag i applied. 'urreut
available limit d to sar vulu. oltag aer ~ unknown i, 500 volt~ ==
10 vol " or it is 100 It.; ± 4 volt.. This volta!t;e "ow'ee i regulated
for operation from 10-- to 125- (or 210- to 250-) volt line.
Terminals: nknown, gl'owuJ, and guard t rminals. All bu th ground
terminals are insulat J. The voltage i. removed from the terminal
in the DIS HARG!!; position of either witch.

Type

1862-C
1862-9844

Megohmmeter, Portable Model
Megohmmeter, Rack Model

1862-9703
1862-9844

Price

$310.00
310.00

MEGOHM BRIDGE: The Type 544-B Megohm Bridge, a bridge for resistance measurements in the
megohm range, is described on page 47.

ELECTROMETER: The 'Type 12S0-A Electrometer and D-C Amplifier, described on page 140, meas­
ures resistance' a high a 5 X 1014 ohms as well as very low voltages and currents.

48
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<@>Ty~e 1652-A RESISTANCE IMIT BRIDGE

• Rapid, a curate for limit t st. • qually u eful for null m a ur m n
• Large, op n- ale meter, color coded. • Wide ran<re - one ohm to on megohm.
• AC-op rated - no batteri ne ded.

FEATUR S:

USES: This resistanc limit bridge i intended for the pro­
duction testing of re i tors at dc. It c 11 be u ed:

To indicate deviation from nominal value.
To mat h pair of re i tor .
To compare l' i tor to a tandard mple.
To mea ure re i tance by the null m thod.
For manufacturer and user of r i tor J thi bridge i

/I rapid and accurate mean for rtin into tal ranee
cia ification, for ele ti n to clo tolerances, and for
matching pair of l' i tor for balanced cil' uit .

In the laboratory, it ac ura y i adequnt for all but
the mo t exacting requirement, and it will measure r ­
i tor up to on megohm.

For automa ic orting, a relay and amplifier can be
connected to actuate a elector m chani m.

DESCRIPTION: The cir uit i a onventional equal-arm
\Theatstone bridge, upplied from a constant-voltage de

urce. Th meter indi ate per enta d viation directly.
Th internal tandard can i t of cv n TYPE 10 Decade­
R i tanc nit and i adju tabl in O.l-ohm tep from
on ohm to 1,111,111 ohm.

For limit t tin, the . andard i t to th de ired
nominal valu , and th perc nta d via-tion i read from
the met r. Terminal ar providE'd for conn ction of a
te t jig uch a the Typ 1650-Pl (page 35).

For matching pair, the resi tor a be matched i ub­
tituted for the internal tandard.

'or null measurements, the internal standard ad-
ju ted to equali y with the \Jnkn wn r i tor.

0 O:ln ;;0

;JlJ 6
m G)(f>
u; m
~ U'I
>- Izn
m r-

~
=i

SPECIFICATIONS

....------..-0+

'----_-i-II-

Schemotic circuit diogrom of the Type 1652-A Resistance limit Bridge.

Resistance Range: A a limit bridge, 1 ohm to 1,1l1,J 11 ohm with
internal standard; for null measurement, L ohm to 1,111,111 ohm
with internal tandard; 1 ohm to 2 megohm with external standllnl,
Limit Range: Meter read from -20% to +20%, with he standard
EtA (RETMA) tolerance ran e of ±5% ami ± 10% clearly indicated
by gold and ilver coloring, re pectively.
Accuracy: A a limit bridge, ±0.5% or better; ror matching ±0.2%i
for null mea urement, with internal tandard, ±0.25% above
10 ohms and ±0.4% between 1 ohm and 10 ohm; with an exter­
nal tandard, from 1 ohm to 2 megohm ± (0.2% + accuracy
of standard).
Voltage Applied to Unknown: One volt when the meter indication i
zero; 0.9 volt at -20%; 1.1 volts at +20%.
Power Requirements: 105 to 125 (or 210 to 250) voL ,60 cp . The
power inpu i approximately 30 \Vat .
Accessories Supplied: TYPE CAP-22 Pow r Cord, . pare ru es.
Cabinet: Rack-bench ( ee page 210).
Dimensions: Bench mode1- width 19, heigh %:, depth 12~ inch
(485 by 225 by 315 mm), over-all; rack model- panel 19 by %:
inches (4 by 225 mm), depth behind panel 11 inches (280 mm).
Net Weight: 29 pounds (13.5 kg).
Shipping Weight: 43 pound (19.6 kg).

Type Code umber Price
1652-AM
1652-AR
1652-AMQl
1652-ARQl

Resistance Limit Bridge, Bench Model
Resistance Limit Bridger Rack Model
Resistance Limit Bridge (50 cps), Bench Model
Resistance Limit Bridge (50 cps), Rack Model

1652-9801
1652-9811
1652-9495
1652-9496

$600.00
600.00
725.00
725.00

~ File Courtesy of GRWiki.org
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~Type 160S..A IMPEDANCE COMPARATOR

• Hi h- p ed m tcr indication - no balancing operation required.
• \rid fr qu DCy range - 100 cp 0 100 kc.
• High accuracy.
• Four internal frequencic - 100 cp 1 k 10 kc, and lOO kc.
• Vel' atil - compare imp dance of any phase' angle.
• ,ride impedance rang - 2 ohms to 20 megohm .
• Compare both maO'nitud and pha angle imultaneoll ly and indicate direction of

unbalance.
• Guard point available.
• Comp] tely elf-contained.
• Terminal are brought out, t r('ar for op ration of autom tic lection d vic ,0 cillo cop ,

or r cord r.
• 1\J tel'S are pro ected from off-scale damage.

USES: Typical u e for tbi highly precise in trument
include:

Rapid te ting, sorting, and matching of preci ion com­
ponen , etched board, lIba. emblies and complex
network, either manually or in combination \\ ith auto­
matic sorting equipment.

1\1 a uring the effect of tim, temperature, humidity,
and pres me on component , with high precision and
continuou indication.

Rapid te t for tracking of ganged potentiometers and
variable capacitor.

Frequency characteri tics of components.
Ea y compari on of quantitie u uaIly requiring labora­

tory techniqu , uch a :
mall impedance differenc

D of low-los dielectric materials.

D ( = b) of inductors.

Q or pha e angle of wire-wound re istors or poten­
tiometer .

Balanc of tran former winding .
miconductor capacitan e .

Can al 0 be u cd a a null bridge with thc addition of
an adju table tandard.

Bloclc .chematic of the Type 160S-A Impedance Comparator.

DESCRIPTION: Thi completely If-contained impedance
comparator indicate directly on two panel meter the
differ nce in impedanc and pha angle bet\ een two
clement connected 0 it terminal. Three highly de-

ACCURATE AND VERSATILE ON THE PRODUCTION LINE AND IN THE LABORATORY

so

~ File Courtesy of GRWiki.org
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irable characteristic not usually obtain d together are
combined in this unique in trument:

- high ac uracy
- high pe d
- wide range. of imp dance and frequency.

As a r ult, not only doe it. bring laboratory a curacy to
production-line in pcction, but, conver ely, it brings the
speed of the production test to mea ur ment in the
laboratory.

The ba ic circuit of the comparator i a bridge circuit,
with the unknown and tandard impedance serving a
lwo of the bridge arm and th halve of a enter-tapped
tran former econdary winding rvin a the other two
arms. n internal R 0 cillator driving the transformer
primary windin provide fr quenci s at 100 cp" 1 kc,
10 kc, and 100 kc. The bridg unbalan e voltage, resulting
from inequality of ·tandard and unknown impedance , is
spparat d in 0 in-pha e and ou -of-pha e component,
which are amplifi d and indicated dir ctly by two meters

reading, respectively, impedance magnitud differ nee in
percent and pha e-angle diffcr nce in radians.

The tran form r i e pecially designed to hav a high
a degree of coupling a po ible b tween th two halv
of its secondary winding. The coefficient of coupling
achieved is greater than 0.9997, and the open-circuit
voltages of the two halve re balanced to within 1 part
in 106• Thi mak po ible measurcment of differ nc a
low as om% on th TyPE 160.5-A and 0.003% on th
TYPE 1605-AH and minimize the loading effect of xt mal
impedanc on the bridge transformer.

An InU ual type of cathode-follower circuit provid
a very high input impedance for the bridge det ctor and
al 0 a guard terminal. This hield makes po sible the
mea urement of high impedances at a di tance from the
in trument, a in an environmental test chamber.

For operating external elector circuits, meter voltage
are available at the rear of the instrument; a plug con­
nector i supplied.

Calibration can quickJy be checked at any time by
means of a simple built-in network.

> '"n 25!
~ 0
." Q
m m
0 VI
> Izn cm
~
=i

SPECIFICATIONS

'To 0.1 pf witb reduced accuracy.

IlANGES OF MEASUREMENT

R or IZI C

Frequency: 100 op , 1 kc, 10 ko, 100 ko, all ± 3%, from internal
generator.

Accessories Supplied: TYPE AP-22 Power Cord, telephone plug,
external-meter plug, adaptor plate a 'embly (fits panel terminals),
pare fu~e..

Cabinet: Rack-hench (see page 210).
Dimensions: Bench model- width 19, height 7, depth 13Y2 inches
(4 5 by 1 0 by 345 mm), over-all; rack model- panel 19 by 7 inches,
depth behind panel 12 inches (305 mm).
Net Weight: 29Y2 pounds (13.5 kg).
Shipping Weight: 46 pound~ (21 kg).

For a more complete description of this instrwnent end for
General Radio Reprint .. o. E-I03.

Long leods from copocitor in conditioning chamber, as .hown here, have a
negligible effect on measurement accuracy. Bridge output can 01.0 operate

a recorder to give a continuous record of environmental tests.

2fl to 20 Mfl 40 pf to 800 I'f* 20 I'h to 10,000 h
20fl to 20 Mfl 40 pf to 80 I'f 200 Ilh to 10,000 h

METER RANGES
Type 1605.AM, ·AR:

Impedance·Magnitude Di"erence - ±0.3%, ± 1%, ±3%, ± 10%,
fuil scale. (Can be adju ted for maximum of 50%.)

Phase·Angle Di"erence- ±0.D03, ±0.01, iO.03, iO.l radian,
full cale. The phase-angle difference is very nearly equal to the D
difference for capacitors or inductor, or the Q difference for r istor I

Illllong a the D or Q i Ie than 0.1.

Type 160S·AHM, ·AHR:
Impedance.Magnitude Di"erence - ± 0.1 %, ± 0.3 %, ± 1%, ± 3%,

full cale.
Phase·Angle Di"erence - ±O.ool, ±0.003, ±0.01, ±0.03 radian,

full cale.

ACCURACY
Difference Readings: 3% of full cale; i.e., for the ±0.3% impedance­
difference cale, accuracy i' 0.009% of he impedance magnitude
being mea ured.

GENERAL
VoltQge Across Standard and Unknown: TYPE 1605-A, approximately
0.3 voltj TYPE 1605-AH, 1 volt.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cp ;
about 100 watts input at 115 volts. In trument will operate aati ­
fact.orily on power- upply frequencies up to 400 cp , provided that
the supply voltage i at least 115 volts.

1605-A
1605-AH

Type Code u.mber Price

1605-AM Impedance Comparator, Bench Model 1605-9801 $875.00
1605-AR Impedance Comparator, Rock Model 1605-9811 875.00
1605-AHM Impedance Comparator, Bench Model 1605-9951 925.00
1605-AHR Impedance Comparator, Rock Model 1605-9961 925.00

PATENT NOTICE. e Notes 4 and 5. page viii. ~Iodels with otber met r ranges or other frequencies are available on special order.
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~Type 1606·A RADIO-FREQUENCY BRIDGE

OET.

Schemalic
diagram.

Wid frequ ncy range - 400 kc to 60 l\lc. • Direct reading in ohms.
F t, impl op ration. • ccurate, r liable measurements.

mall, light, and rugged - suitabl for field or laboratory.

The TYPE 1606- Brid incorporate several important
feature in bridge d ign.. ingle, internal tran former,
u d to couple an ext rnal generator to the bridge circuit,
cover the entir 150:1 frequency range of the instrument,
while it triple hi lding k ep undesired couplings to an
in ignificant level.

pecial type of variabl air capacitor, having v ry low
10 and inductance, i us d for the reactanc balances
and the initial resistance balance. In thi capacitor the
complete rotor and stator sections are milled out of solid
blo ks of aluminum a construction that avoid losses at
the joint betw n plates and spacers and provides the
utmost tability.

Finally, the entir m chanical design is such that the
instrument can operate und I' difficult environmental
conditions imilar to tho e sp cified for t ting military
lectronic equipment, which makes the TYPE 1606­

Bridg an xcellent instrument for portable field use .

DESCRIPTION: l\leasurem nt ar mad by a erie - ub­
titution method in which th bridg . fir t balanced by

m an of capacitor p and GA ( ch mati diagram)
with a hort-cir uit acro th unknown terminal. The
hort i th n romov d, h unknowD imp dance con-

nected, and the bridge r balanc d.
Th . <- . h . b R R (CAo - CAl)e resl _nce IS t en gIven y x = B CN

• 1(1 1)and the reactance by. x = - -C --C
W p. PI

where the ub cript 1 and 2 denote the dial reading for the initial
and 6nal balances respectively.

Th unknown reactance at 1 1\lc i read directly in ohms
from the dial of GP, and the unknown re istance in ohms
from th dial of CA ,

The resi tiv component is mea ur d in term of a
fixed I' si tOl' (RB), a fixed capacitor ( .), and a variable
capacitor (GA ). Thi f ature is an important factor in th
high-fr qu ncy performance of the bridg b au e residual
param tel' ca.n be mad much malleI' in a fix d re i tor
and a variable capacitor than in a variable I' i tor.

V) >- •w U
(.' z FEATURES: •w
0 ::l •52 a
ce w

CI'
lI. USES: The TYPE 160 -
Q
0
<
C<:

SPECIFICATIONS

RANGES
frequency: 400 kc to 60 c.
Reactance: ± 5000 ohms a 1 Mc. This rang varies inve ely a the
frequency; at <,Jther frequencies th dial reading mu t be divided by
the frequency ill Me.
Re,i,lance: 0 to 1000 ohm .
ACCURACY
Reactance: A frequencies up to 50 Mc, ± (2% + 1 ohm + 0.000 H])
wher R' the measured resi tance in obm and f i the fr quency
in Me,

Reslslance: At frequencies up to 50 Me,

[ (
R ) 10..... X ]± 1% + 0.00241' 1 + 1000 % ± -]-(l + 0.10

subject to correction for residual parameters. X is the measured
reactance in ohms. t high fr quenci ,the correction depends upon
the frequency and magnitude of the unknown r i tance component.
A chart from which the correction can be determined i given in the
instruction book upplied ,,'ith the bridge.

ati 'factory but omewb.at I . accurate operation can be obtained
at frequenci as low as lOO kc and somewhat above 60 Me. Tlle]2
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term is important only at frequenci above 10 Me. Til II! term i
importan only at v ry low fr quenci wben the resi. tanc of a high­
reactanc ,10w-lo capacitor i measured.

GENERAL
Terminols: Generator and dete tor terminals are lock in TyPE 74
Coaxial Connectors. Thi instrument can lJ quipl ed with type X,
B C, T::-.lC, C, ,or HF connector hrollgh h u of 10 king
adaptors, listed on pag> 64.
Accessories Supplied, Two lead. of different lengths for connecting
th unknown impedanc to the bridf!;e terminals; one )'2-inch . pacer
and one %:-inch, 6-32 screw for mounting ompon nll to b m IUiUr J
directly on th bridg t rminal j two TYPE 74-R22A Patch ords for
conn cting the generator and detector; and one TYPE 74-PB5 A
Panel onnector.
Other Acce..ories Required: Gen r tor and d t ctor. The TYPE 1330-A
Bridge 0 cilia or and the TYPE 1211- 'nit scillator are SJJ.ti fac­
tory p;elleraLun>, a' are the TYI'E 100l-A and h "YPE 05-D tand­
ard-Signal Generator" t frequellci s above 50-Me, a TYPE 1215­
tnit 0 cillator or a TYPE 1021-AV tandard- igmll enerator i

recommended. ( e pages 114 to 125.)
A heterodyne-typ detector, con isting of the TYPE 1232-A Tuned

Amplifier and ~ ull Detector, II local o. cilia or, and the TYPE 1232-P I
Mixer (pag 79), i recommend d for u up to 10 Me. If mea ure­
ments are to b made above 3 Mc only, the TYPE 1212- CniL Xull
De ctor and the TYPE 1212-P3 ixer can be u ed. A lI'ell-~hi Id d
communications receiver covering th d ~ired fl' quency Tanl);e al 0
mak a ,ati, factory detector. Jt is recommend d that the re iver be
fitted lI'ith the TYPE 74-PB5 A Panel onnector or other coaxial
connector to avoid leakage at th input connection.
Cobinet, W Ided aluminum. A luggag -typ arryin" ell. e is available
eparately.

Dimensions: Width 12!1, h ight 9J.1, depth 10J,1 inches (320 by 245
by 260 mm), over-all.
Net Weight, 23 pound (l0. r. kg) without carr 'jng ca, e; 29 pounds
(13.5 kg) with carrying ca e.
Shipping Weight: 30 pounds (13 kg).

For a m I' complete descripti n of thi in trument refer to the
General Radio Experimenter, 30, I, Jun , 1955.
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Type Code .Vwnber Price

1606-A
1606-Pl

PATENT NOT! E.

Radio-Frequency Bridge
Luggage-Type Carrying Case

Note 4. page v;;i.

1606-9701
1606·9601

$750.00
25.00

~Type 916-AL RADIO-FREQUENCY BRIDGE
lead of different lengths (for connecting the unknown impedance);
two TYPE 74-R22A Patch ord for connecting generator and
d t etor' on TYPE 74-PB5 A Panel Connector.
Other Accessories Required, Generator and detector. The TYPE 1330-A
Bridge 0 ciliator (page HI) and the TYPE 1211- unit 0 cillator
(page II·!) ar ati factory enerators, a ar th TYPE IOOl-A and
the TYPE OS-D tandard- ignal Generators (R,aF; 122 and 124).

heterodyne-type detector, con i ting of the TYPE 1232-A Tun d
Amplifi r and Null Detector (pa e 79), a local o. cillator, and the
TYPE 1232-P1 Mixer, is recommended. A welkhielded radio rec iver
covering the desired frequ ncy range al 0 makes a sati fa tory
d tectOI'. It i recommended that the receiver be fitted with the
TYPE 74-PB5 A Panel Connector to avoid leakage at the input
connection.
Cobinet, Luggage-type. Both input tran formers are stored in ide
the case.
Oimensions: Width 13M, height 17, depth 11}1 inches (345 by 435
by 290 mm), .-/ r-all.
Net Weight: 34,!-1 pound (16 kg).
Shipping Weight, 45 pounds (20.5 kg).

The TYPE 916- Radio-Frequency Bridge uses the
sam rie - ub ti ution cir uit a the Tn 1606-A to
cover the low and medium frequencie b tween 50 kc
and 5 Me.

AD. impor ant feature i th t.X dial, which gr atly
facilitate tb measurement of large capacitances and
mall inductance .

RANGES

Frequency: 50 kc to 5 c. ati factory operation for many measure­
ments can be obtained at frequencies as loll' a 15 kc.
Reoctance, ± ll,ooo ohm at 100 kc. Thi' range varies in erselya the
frequency; at other frequenci th dial reading mu t be divided by
the frequency in hundreds of kc. To facilitate the mea urement of
smaU reactances, the in'trument is provided with an increm ntal
reactance dial which ha a range of 100 ohm at 100 kc.
Reslstonce: 0 to 1000 ohm .

ACCURACY
100

Readance: Below 3 Me, ± (2% + 0.2 X -,-n + 3.5j'lkcR X lO-lon),
.Ike

lI'here R i the measured I' i tance in ohm: and Ike i' the frequency
in kc. The erro increase at frequencies above 3 Mc; at 5 Mc, the
accuracy is ±(2% + O.Oin + 2.3R'" X 1O-3n).
Resistance: Below 5 Mc, ± (1 % + 0.10), ubject to correction for
residual paramete at low frequencie. The corr ction depend
upon the frequency and upon the magnitude of the unk"llown react­
ance component.

GENERAL

Tlrminol" Generator and detector terminal are lockin~ TYPE 74
CoaxiAl Connectors. This instrum nt can be equipp d wlth type 1 ,
BNC, T C, C, C, or UHF connectors hrough he use of locking
adaptors, listed on page 64.
AcceuorieJ Supplied: Two input tran formers, one covering the lower
portioD of the frequency range, the other the hiJl:her portion; two

50 ke to 5 Me

Type

916.AL Rodio.Frequency 8ridg e

PATENT NOTICE. "ee Note 4, page viii.

Price

$825.00
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<@>Type 1602-8 UHF ADMITTANCE METER

Schematic diagram af admittance-meter circuit, with standard., generatar,
and null detectar cannected far admittance measurements.

rigid vhf and uhf transmission line used with TV tran ­
mitting ant noa . With th adaptor~ and the adj.u able
lin m ntion d abov , the over-all accuracy of mea ur ­
ment i mOT than adequate for m a urement in h
de ign, te t, and in tallation of an nua.

FEATURES:

• Direct r ading in admittanc component - conduc anc and ceptanc - ind pendent
of frequ ncy.

• With line tre ch r, can indicate impedanc directly.
• Can mea ure v \VR dir cUy with TYPE D~T t tor or any 0 h r lin ar d tector.
• ·0 sliding balanc - re istive and reactive adju tm n ar ind p nd nt.
• ", ide frellu ncy range - direct reading from 40 to 1500 c.
• ccura ,rapid, easy to us

USES: Thi null-typ impedan -mea urin in trument is
particularly u ful for m a ur m nt on coaxial y m:
an enna , line, coaxial component.

It can be u ed a an indicator for adju ting a n work
to a pred t rmined adrni tance or for matching one net­
work to anoth 1', and i parti ularly u ful in rna ching
an enna and oth r networks to 50-ohm cir uits.

a comparator, the Adrni tance Meter can be u ed
to determin impedance magnitude, reflection-coefficient
magnitud , and vol ag tanding-wave ratio. Direct-read­
ing mea urement of v , R can b made when a linear
detector is u d.

Th u efulness of the dmittance Meter i greatly n­
hanced by the many accessorie available for use with i .
Among the ar:

Th TYl'E 74-LK20L Con tau -Impedance dju able
Line which an b t to one-half wavelength 0 eliminate
correction for the I ng b of transmission line b tween the
unknown and the m a uring point. When the line i et
to one-quarter wavel ngth, th dmit ance eter dial
read dir c ly in imp dane parameter, i,e., the erie
resi tance and reactance of th unknown.

Th TYPE 7 - BL Balun for u in m lll'ing balan ed
impcdanc .

The TYPE 74-ML Componcn :\Iount, whi h provi
a convcni nt mean of connecting lump d element (rc i ­
tor, apa itor , or inductor) 0 the drni tanc ~1 ter
for mea mem nt.

Low-v WR adaptor (which can be locked in pIa 'e) for
mo t ype of military connector and (nonlocking) for
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A UNIQUE INSTRUMENT FOR UHF-VHf ADMITIANCE,
IMPEDANCE, AND VSWR MEASUREMENT fROM

40 TO 1500 Me
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DESCRIPTION: The TYPE 1602-B lTHF dmittanee NIeter
comprise a coaxial lin to which the unknown i con­
nected, a hi ld d pickup loop to ampl th current, a
second line and loop terminated in a pure re i tance, and
a third linc and loop terminated in a pure rea tance. All
are fed from the same voltage ouree, that their input
voltage are in pha ,and the current in eaeh line i pro­
portional to the admittane . The voltage induced in each
loop i proportional to the current in the corre ponding
line and i dependent upon the orientation of th loop,
which i adju table.

The three loop are connected in parallel, and the voltag
from the loop in th unknown line i cane led by adju t­
ment of th loop oupl d to th tandard line until a
null i reached. The conductance and usc ptance of th
unknown arc read <lir ·tly from the calc of the tandard
loop, while the scale of the loop in the unknown line
indicates the mul iplying factor.

Thj arrangement produccs the effect of continuou ly
variabl el ment by u. ing known fraction of the current
in fixed lement.

The Type 87A-ML Component Mount is shown here attached to the Type 87 A·
LK20L Conslant-Impedance Adjustable Line. These useful accessories plug
easily into the Admittance Meter. Also shown is the Type 87A-Z Stand, which

provides support.
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SPECIFICATIONS

RANGES OF MEASUREMENT

Admittance: Theoretically, zero to infinity; practically, the lower limit
is determined by the smaUe t readable increment on the cale, which
i· 100 micromho (0.1 millimho). The cale upper limit i about
1000 millimho . With the 0.1 multiplier plate, the mall t readable
increment i 0.01 millimho; the upper limit i about 10,000 millimho .
Range i' the same for both conductance and susceptance, but sus­
ceptance can be either po itive or negative, Le., the liSceptance dial
is calibrated from -20 to +20 millimhos. cale-multiplying factor'
from 1 to 20 are provided on the dial, and, with the 10:1 multiplier
plate, the limit is extended to 200.

tanding-wave ratio' of les than 1.2 can be measured by a direct­
reading method; the tanding-wave ratio i read directly from the
meter of a TYPE D.\'T Detector (or equivalent) without adju-tment
of the Admittance Meter control. \' WR a high as 10 can be readily
measured by a voltage-ratio method.

Frequency: 40 to 1500 Me, direct reading. Range can be extended
do,,-oward to 20 Mc, if a frequency correction i applied to the us­
ceptance reading.

Accuracy (far both conductance and susceptance):
Up to 1000 Mc,

from 0 to 20 millimhos, ± (3% + 0.2 millimho)
from 20 to ex> millimhos, ± (3 M % + 0.2 millimho) where M
is the cale-multiplying factor.

Above 1000 fc, error increase lig! tly, and, at 1500 Me, the ba ic
figure of 3% in the expre ion above become 5%. For matching
impedances to 50 ohm, the accuracy i 3% up to 1500 c. When the
multiplier plat are u ed, the fixed error of 0.2 millimho i reduced
to approximately 0.04 millimho.

GENERAL

Accessaries Supplied: Two TYPE 1602-P4 5Q-n Termination, for u e
a conductance standard, and one TYPE 1602-PI Adju table tub
and one TYPE 1602-P3 ariable Air apacitor, for u ceptance
tandard ; two TYPE 74--R22LA Patch ord for connection to gen­

erator and detector; and one TYPE 74-PB5 A Panel Connector
for in. tallation on detector, if needed; TYPE 1602-PIO and -PI I

Jultiplier Plates. A wooden torage case i furlli hed.

Other Accessories Required: Generator and dete tor. Generator should
cover de ired frequency range and deliver between I volt and 10
volt. TYPE 120 (65 to 500 Me), TYPE 1215-C (50 to 250 Mc),
TYPE 1209-C (250 to 920 Me) and TVPE 121 A (900 to 2000 M )
vnit 0 ciilators and the TYPE 1361-A FHF O.ciIlator (500 0 1000
Mc) (pages 11 117) are recommended. The TYPE I021-A and -AV
tandard- ignal Generators are al 0 satisfactory.
Detector sen itivity should be better than 10 microvolts. TYPE

DKT Detectors (page I) are recommended.

Other Accessories Available: Coaxial adaptor (page 64); line stretcher
(page 71); balun (pa e 73); and component mount (page 72); Smith
charts (page 65).

Terminals: All terminal are TYPE 74 Coaxial Connectors and are
locking-type, except for the detector terminal. Aoaptor to other
types of coaxial connectors (pag 64) can be u ed on the generator
and detector terminal .

Dimensions: Width 5Y2, height 7Y2, depth 5Y2 inches (140 by 195 by
140 mm), \dthout tandard: or unknown.

Net Weight: J4 pound (3.8 k ).

Shipping Weight: 18 pound' ( .5 kg).

Type

1602-8 UHF Admittance Meter
874-LK20L Constant-Impedance Adjustable Line
874-ML Component Mount

PATEKT KOTI E. e. ole 4. page viii.

Code umher

1602-9702
0874-9631
0874-9663

Price

$325.00
42.00
29.50

OTHER COAXIAL IMPEDANCE-MEASURING DEVICES: Type 1607-A Transfer-Function
and Immittance Bridge (page 56), Types 874-LBA and 90o-LB laUro ltines (pages 65 and 76).
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<@>Type 1607-A TRANSFER-FUNCTION AND IMMITTANCE BRIDGE

• imple to op rate. uitabl for both laboratory and routine production m a urem nts.
• ~Iea ure ffectiv network param t l' of tran i tor, diode, tub ,and two-t rminal and

four-terminal networks, ac ive and pas ive.
• Wide frequency range - 25 to 15()() Me. • Direct l' ading.
• Componen mounts available for commonly used tran i tor and tube
• Built-in provisions for de bia ing.

Type 1607·P401
Tetrode Transistor Mount

Type 1607·P201
Tube Mount

Type 1607-P10I
Tra n,istor Mount

DESCRIPTION: The TYPE 1607- Transfer- un ion and
Immittance Brid comprise three identical loop , f d
from a ammon ource and magnetically coupled to thr
coa,'{iallin . n of the e line is terminated with a re i t­
ance tandard, on with a reactance standard, and one with
th network to b t ted. The coupling of each loop i ad­
ju t d until a null is obtain d on an external d tector in
which the three line are terminated. 'ach loop ha a cali­
brated scale and tbe ttings at null condition indicate the
value of the unknown.

Two intcrchang able loop-and-scale a emblie (Trans­
fer-Fun tion Indicator and Immittance Indicator, respec­
tively) allow eith r four-terminal or two-terroinalnetworks
to be maul' d with equal en .

Two constant-impedance, adjustable-length lin s are
built into the in trum nt to eliminate the need for I ad
corrections.

FEATURES:

• Immittance - impedance and/or admittance.

USES: Th Tran fer-Fun tion and Immittance* Bridge is
a null-typ in trument for vhf and uhf measurements of the
forward and rever campi x transfer functions and the
input and output imp dane s and admittances of four­
t mUnal electrical n twork , either active or passive. The
complex impedance or admittance of two-terminal circuits
or componen can a1 0 be mea ur d ea ily.

fewexampl of the mea urement that can be made
with tbis bridg ar :

Transislol"S - a, f3, h" h" hi, hn •

Tunn 1 Diodes - Equivalent cir 'uit param tel' .

Vacuum Tubes- J.I, Y21 and Y12, Y n and Y22.

Geneml two-terminal or four-terminal networks -
Zu, Z22, Z21, Z12.

Yu , Y22, Y21 , Y 12.
12/11,11/12 and EdEI , EJE2•

Ungrounded components-
Inductor - inductanc and If-r sonance.
Capacitor - capacitance and resonances.
Resi tor - I' sistance and bunt capacitance.

Components, Coaxial Lines, and Other Grounded
Elements - Z, Y, Ipl, VSWR.
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FOR TRANSFER-FUNCTION, IMPEDANCE,
AND ADMinANCE MEASUREMENTS FROM

25 TO 1500 Me

In,trument with Tronsfer-Fundion Indicator mounted in place.
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Accessories and storage
box for the Transfer­
Function and Imminance

Bridge.

SPECIFICAT o NS
Frequency Range: 25 to 1500 Mc, with reduced accuracy above 1000
Mc and when flexible cable i~ u~ed in the lines. The use of this cable
i required at frequencies below 150 Mc and is optional at other
frequencies.

• When the 0.1 mulbplier plate i. used. these residual errors are significantly
reduced.

DC Bias: Terminals are provided for introducing dc bias from exter­
nal ources. Maximum bias CUrl' nt, 2.5 amperes, continuous; higher
currents are permissible for short period ; maximum bias voltage,
400 volts.
Accessories Supplied: Range-Extension Unit; Transfer-Function Indi­
cator; Immittance Indicator; 6 terminations (open, short, matched,
etc.)' standard; 10-db attenuator; air lines (21.5 and 43 cm);
3 -be sections; constant-impedance adjustable line; a special tee;
two 0.1 multiplier plates; 10 patch cords; carrying case with storage
space for in trument and accessories.
Accessories Required: Generator, detector, and mount for unknown
device. Unit 0 cillators (page 112) and TYPE DNT Detectors (page

1) are recommended. For coaxial adaptors, see page 64. See below
lor mounts available.

Measurement Range:

Voltage and Current Ratios
(R) 0-30

Transimpedance (Z,,)
0-1500 ohms

Transadmittance (Y11)
0-600 rrunhos

Impedance (ZlI)
0-1000 ohms

Admittance (YlI )
0-400 mmhos

Accuracy: (Up to 1000 Mc)

2.5(1 + vR'i % + 0.025*

2.5 (1 + ..Jfi) % + 1.25 ohm •

2.5(1 + M % + 0.5 mmho·

2.0 (1 + ..Jfi) % + 1.0 ohm·

2.0 (1 + M % +0.4 mmho·

Other Accessories Available: Four transistor mounts, ungrounded
component moun, and tube mounts listed in the price table belo\ .
Dimensions: ase, 11U by 1431 by 40 inches (290 by 370 by 1020 mm),
over-all.
Net Weight: 63 poun (29 kg).
ShippIng Weight: 132 pounds (61 kg).

For a more complete description of this intrument, refer to the
General Radio Experimenter, 32,10, March, 1958, and 33, 5, May, 1959.

"8· Unt
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Schematic diagram of rf circuits of the Transfer-Fundion and
Immittance Bridge.

Typf! Code Number Pricf!

1607-A Transfer-Function and Immittance Bridge 1607-9701 $1775.00
1607-Pl0l Transistor Mount (JETEC-30, 0.200 in. D

pin circle, for TO-S, -9, -11, -39 and simi-
lar packages) 1607·9992 60.00

1607-Pl02 Transistor Mount (JETEC-30, 0.200 in. D
pin circle, grounded emiHer, for TO-5, 9·,
·11, -39, and similar packages) 1607-9993 60.00

1607-Pl11 Transistor Mount (0.100 in. D pin circle,
grounded base, for TO-I, -18, -23, -24,
and similar packages) 1607-9994 65.00

1607-P201 Tube Mount (7-pin miniature, grounded
cathode, for Type 6AN4 and similarly
based tubes) 1607-9995 75.00

1607-P401 Tetrode Transistor Mount (0.200 in. D
pin circle, grounded bose, for TO-12 and
similar packages) 1607-9996 65.00

1607-P601 Ungrounded Component Mount 1607·9997 25.00
PATE T NOTICE. c ote 4, page viii.

II File Courtesy of GRWiki.org
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~Type 1661-B VACUUM-TUBE BRIDGE
The TYPE 1661-B Vacuum-Tub Bridge m a til' the low-frequency dynamic coefficient
of electron ube. and ran i tor ov l' wide ran" and under a wid vari ty of conditions.
It i litable for re 'earch development, and production measurements.

USES:

'or electron tub ,independ nt, dire t-reading m a lll' ­

mcnt of vol tag -amplification fac 01', resistanc, and
transconductanc can be made qui kly and easily. Volta"
and Uri" nt ratin lT permit many tran mitting tube to b
tested. The bridlTe meet the requirem nts of IE Docu­
ment 39 ( ecretaria 111).

For tran i tor, he hort-circui conductance param-
tel' gi, g., g" and 01 and the h, and hi parameter can

be determined directly. Wi h extf'mal . hielding om
open-circuit parameter can be measur d. Th hlb (0:)
and hlc ({3) parameter and op n-circuit impedanc pat'am­
eter an be calculat d from hort-circlli condu an
mea ur ment .

DESCRIPTION: In thi ac null me hod of mea urement,
ch of th thr co ffi i nt i obtained in term of the

ratio of two altcl'natin tc t vol aae . Resi tance, vol tag
ratio, and ran condu tance paramet l' can be mca ured
with reference to any pair of I ctrodc . Connection are
made with coaxial pa tch cord. ach ction of wo-
ection tube can be te ted independen ly.

FEATURES:
• imple to operate.
• l\fea urc both po itive ::Lod 0 ga ive value of ube
parameters.
• witch provide for bo h . tatie and dynamic mea Ul' ­

meot on one- or two- ection tube

SPECIFICATIONS

Null Detector: The TYPE 1232-A Tuned Amplifier and r ull Detector
(page 79) and the TYPE! 1212-A nit Null Detector (page 0) re
recommended.
Accessories Supplied: Adaptor- and oeket as Ii. ted above, all nee ­
ar plug-in lead' and shielded patch cord for connecting enerator

and det etor, adaptor case.
Cabinet: The instrument is mounted in a hardwood cabinet. A wooden
torage case' provided for the adaptors and lead. torage space i

provided for a pnre univ r al adaptor, on whieh any type of ocket
can be permanently mounted.
Dimen$lon", Panel, 15%; by 20 inch (4.00 by 510 mm); height above
bench, 11 Illches (2 0 mm).
Net Weight: 54 pound (24.5 kg) with accessorie .
Shipping Weight: 90 pounds (41 kg).

Range: Amplification factor (,,), 0.001 to 10,000.
Dynamic internal plate I' i tance (re), 50 ohm to 20 megohm.
Tran conductance (gm), 0.02 to 50,000 micromhos.
The variou parameter can al 0 be mea ured with respect to differ­

ent electrod , uch a creen grid , etc.
Accuracy: Wi hin ±2% for resi tances (r" wi ch po ition) from
1000 ohms to 1 megohm. At lower and higher values the error
increases.

The expres ion" = rrg.. will check to ±2% when the quantities
are all measured by the bridge, and when r. is between 1000 ohm
and 1 megohm.
Frequency: 270 to 400 cp , or 1000 cps.
Tube and Transistor Mounts: Adaptor are provided for 3- and 4-lead
tran istor and for tubes of 4-pin, 5-pin, 6.-pin, small 7-pin, large
7-pin, octal, loctal, miniature button 7-pin, miniature button 9-pin
(noval), acorn (5- and 7-pin), flat-pres ubminiature up to 7 wires,
and -wire subminar. In addition, a univer al adaptor, with nine
soldering lug, i provided for unbased tran istor , unmounted tubes,
01' tub \yith nonstandard bases. For short-lead ubminiature ubes,
for Kuvistors, and for tran i tor , .ocket are upplied which Clln be
mounted on the univer al adaptor. The panel jack plat and the
adaptor. are made of low-lo. (natural) phenolic, reducing to II mini­
mum the hunting effect of dielectric 10 es on the dynamic resi tance
being mea ured.
Current and Voltage Ratings: Maximum allowable plate current,
400 milliamperes; maximum plate voltage, 1500 vol .
Electrade Voltage Supply: Batterie or other suitable power upplies
are nece ary for providing the various volta es required by the
device under test.
Bridge Source: TYPE 1214-A O. ciJIator (page 110) or TYPE 1311-A
Audio 0 ciliataI' (page J09) is recommended.

Simpllfled diagram of the
circuit employed for the
meosurement of transcon­
ductance with the Type
1661.B Vacuum.Tube
Bridge. The paints of in­
troduction of the test yalt­
ages e,and elarechonged
byo switch wh en the other
coefficients a re measured.
Another switch reverses
the polarity of e, when
negotiye yolues of the co·

efficients are to be
measured~

8,
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Type

1661·B I Vacuum·Tube Bridge

ICode Number I Price
1661-9702 $11 00.00



DC TO MICROWAVE

COAXIAL INSTRUMENTS AND COMPONENTS
~

The inductance, capacitanc , and radiation of ordinary
wire leads make them un uitabl for mo circuit applica­
ion at vhf and above. When h y ar arranged a con-

centric lin wi h uniform pacing, lead radiation and
tray-fi ld effe t are eliminated, and indu tance and

capacitance are cli. trihuted uniformly. This coaxial-line
arrangement al 0 ideally ha a . n an valu of character­
i ic impedan e due to the uniform di ribution of in­
ductanc and apacitan e. n valu of characteri tic
impedan e - 50 ohm - ha b n widely adopted.

General Radio coaxial component are buil around a
standarci %-inch-diameter rigid air line with a chara ­
teri ic impedance of 50 ohm . While rigid line 10 Iy
approximate he ideal, flexible oaxial cable (with oEd
dielec ric between the condu tor) i required for a variet.
of practical itua ion. onnector compatibl wi h a
broad range of flexible cable ize are available to upple­
men he ba ic air-line compon nt .

Mea urement at the e frequ ncie po e pedal problem
which are mo t readily overcom by lIS of coaxial tech­
nique ; the ba ic general-purpo coaxial in trument i
he lotted line (see pag 65). Bridge-type circuit built in

coaxial-line form are al 0 u ed for mea urement at very­
high and ultra-high frequencie '. In trument of hi yp
are the dmittance M tel' and h Tran f r-Function and
Immittance Bridg (ee pag 5-1-57).

In coaxial mea urement , even minor variation in the
characteri tic impedance anywhere in th y t m introduce
reflection of incident en rgy and t up voltage tanding­
wave (v WR) pattern, which redu e y tem preci ion

and incr a e frequ n y en i ivity. Careful de ign, 10 ­
tolerance production, and xa tin quali y ontrol are
required to achi ve the con. i tently low v WR that i
haracteri tic of General Radio coaxial component .

in e oaxial instrument are no better than the c n­
nector u ed with them, the core element of any family
of coaxial devie '. th onn tor. It mu ombine
repeatable, low-reflection performance wi h rugg dn
and ea e of II e. Fift en year ago General Radio developed
the TYPE 74 connector serie , whi h uniquely meets those
requirements in general laboratory u e. Through the year
the TYPE 74 de ign ha undergone many refinement
and ha1 been extended to a ho t of new application. In
tha tim it ha become tandard on all GR in trument
requiring. a coaxial terminal and ha been the ba i for
the d velopment of a broad line of coaxial in trument
and a e orie of ever-incr a ing accuracy.

To me th growing n d of tandard labora orie for
even higher accura y, G neral Radio has d velop d a
practical ultra-precision, coaxial connec or and a ocia ed
in trument. and acce orie. Tbi new line (e page 74)
i ba ed on the TYPE 900-BT Pr c' ion Coaxial onnector.

For maximum utilization of instrumen and for the
con truction of developmental and mea urement circuits,
many different type of coaxial elements are required.
Th G n ral Radio line of coaxial connector, adaptor,
t rmination ,flltel ,attenuator , isolator, detector, fixed
and adju table air line, tee, elbow and 0 her acce orie
includ mo. t type. of commonly used coaxial-circui
component.

INDEX TO TYPE 874

• ee n/so type number index at the back oj this catalog

Component
Accessories, Slotted-line
Adaptor.
Adjustable line.
Air Line.
Attenuators
80lun
Cable
Cable Connectors
Capacitor, Coupling
Capacitor, Variable
Clamps
C1iplock
Component Mount
Conneclors
Constant-Imp edance Line
Coupling Elements
Coupling Probe
Crimping Tools
Deteclors
Ell
Fillers, low-Pass
Fi xed Attenuators

Page
66
64
71
71
69
73
66
63
72
68
73
72
72
63
71
72
72
63
67
72
68
69

Component
Flexible Line
Indicator, Voltmeter
Inductor, Series
In>ertion Unit
Isolators
Kit, Coble Meo.urement
Kit, Slotted-line
Lines

Adjustable
Constont.lmpedonce
Radiating
Rigid
Trombone

low. Pas. Filters
Micrometer Vernier

Mixer Rectifier
Mount, Component
Open-Circuit Termination
Panel Connectors
Patch Cords
Probe, Coupling
Radiating line

Page
66
67
68
72
68
66
66
71
71
71
72
71
71
68
65
67
72
70
63
70
72
72

omponent
Rectifier, Voltmeter
Rotary Joint
Series Ind vclor
Short-Circuit Termination.
Slotted line
Slotted·Line Accessories
Smith Charts
Stand
Standard Terminations
Stub.
Tee
Terminal Pad
Terminal Unit
Terminations
Tool Kit
Trombone line
Tuning Element.
Variable Capacitor
Vernier, Micrometer
Voltmeter Detector
Voltmeter Indicator
Voltmeter Reclifier

Page
67
72
68
70
65
66
65
73
70
68
72
73
73
70
63
71
68
68
65
67
67
67

Precision coaxial components in the Type 900 series are described an pages 74-77.
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~Type 874 SERIES COMPONENTS

lOGeIGe'OOMelOMe
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PoWER RATINGS FOR A.1500
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A comprehensive line of coaxial component nd
in trument for gen ral laboratory use compri the
General Radio TYPE 74 eri . All elements have a
characteri tic imp dan of 50 ohm and mo have
a low VSWR from d through 7 Gc. By virtue of its
broad line of onne tor and low-reflection adaptor ,
the TYPE 74 eries can be combin d with mo t repre-
entative military-type coaxial- abl and -conn ctor

series and with larger air line . Power-handling and
peak-voltage capabilitie for the entire line appear in
t,h adjacent. figure and the chart below.

-I Z
< 0
~ 6o :::J

U 8
D::

~

See Cu.rve Category Applicable Type 874 Unil$ Peak Volt~

Connectou .B, .Bl, .PLT, .PRLT, ·PFl

A
Air lines -l10, ·ll Ol, .l20, .l20l, ·l30, ·l30l

1500
Elements ·El, ·El·l, •T, •Tl

Adoptors .QHJA, .QHPA, ·QUA, .QlPA, .QlTJ, .QlTP, ·QUIA, ·QU2A, ·QU3A

B Adjustoble Air lines ·LAl, .lK1Ol, .lK20l 1500

Connectors ·CA, ·CLA, ·C8A, ·CL8A, .PBA, .PB8A, .PLA, .PL8A, .PRLA, .PRl8A
C Adoptors .QCP, ·QCJA, ·QCJL, .QNP, .QNJA, ·QNJL, .QSCP, .QSCJ, .QSCJl 1000

Potch Cords ·R20A, ·R20lA

Connectors ·C58A, ·Cl58A, .C62A, .Cl62A, .PB58A, ·PB62A, .Pl58A, ·PL62A, ·PRL58A, ·PRL62A
Adoptors ·QBJA, ·QBJL, ·QBPA, ·QTNJ, ·QTNJL, ·QTNP, ·QUJ, ·QUJL, ·QUP

500D Elements .K, .KL
Potch Cords ·R22A, ·R22LA

Slotted line ·LBA 1500

E Filters ·Fl 85L, ·F500L, ·Fl000L, F2000L, ·F4000l 200

F
Connectors ·C174A, ·Cll74A, ·PB174A, ·PL174A, ·PRL174A

300
Adoptors ·QMOJ, -QMOJL, ·QMOP

~Type 874 COAXIAL CONNECTOR*

A unique m chanical advantag hat any two of the e
connectors, although identical, can b pluglTed t gether,
eliminating the inconvenienc 0 often n ountered with
the u ual plug-jack type connec ors. Thi h rmaphrodite
f a ur , plus the fae that T PE 74 connector mer ly
plug together without twi tin make them the ea ie t-
o-use coaxial connee or availabl . The e connector can

be used wi h air lin with mo type of coaxial cable

ince a coaxial connector is very much a part of a
transmission line, it mu t no significantly add to the
VSWR of the line. The General Radio TYPE 74 Coaxial
Connector, designed primarily for us in mea urement
sy terns, offers excellent performance in thi re pect a
well a unmatched mechanical convenience. It pos e es
the lowe t reflection chara teri ics f any andard,
gen ral-purpo e, 50-ohm coaxial connector in it frequen y
range. Typically, its v WR performan i superior to that
of the mo t highly r garded military- ype connector in
common laboratory u e, as i demonstra ed by the curve
given in the adjacent figure.

Detoil parts of bosic
Type 874 Connector.

RETAINING INNER
RING BEAD CONO/TOR

COUPLING
NUT--+-I

(on patch cord or pan I mount d), with single-wire
solder terminal, a,nd panel fe dthroughs.

Th ba ic lement of the TYPE 74 Coaxial Connec or,
a hown in th explod d view, are an inner conductor,
an outer conductor, a upporting poly tyrene bead, a
pho phor-bronze retaining ring and a thr acled coupling
nut. All metal part are rna hined and formed to extremely
lose tolerance from hard-drawn bras, except for the

cent r condu tor which i made of h at- rea-ted beryllium
copp r to en ur good gripping capability and wear. An

lbaloy fini h on all urfa e produce high-conductivity
for low 10 and give long-Ia ting tarni h resistance and
durability.

Inn r and out r conductor are similar in principle;
each i e entially a ub with fo 11' longi.tudinal lot, in
one nd, with two oppo ite quadrant di pia d inward.
When two conn ctors ar joined, the undi placed quadrant
of on overlap the di pIa d quadrant of the other and
form ir ular inner and outer urface. The overlapping
as well a the cir ularity of the joined connector, can be
een in h cutaway view.

• 1'r\TENT N TI E. ,-' e Noe 4. palle viii.

Typicol VSWR of
poirs of Type 874.B
ond ·BL Connectors
compared with a
poir of the latest

standard type.N
connectors.

1.06.02.0 3.0 4.0 5.0
FREOUENCY-Ge

10

CURRENT HPE N.... ........
;;-

.......... V ... - .....
TyPE 814 B ....

~ --
~ ---l-_'""! ~ TYPE: 874-6

, 12
, 10

i 108
~ 106
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1.02

1.00
0
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Basic Type 874 Connector (,ig"') moted with Type 874 Cable Connector.

Z
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;lg

o
o
c
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TER CON DUCTDR OF LINE

IN ER CONDUCTOR Of LINE

Section view of Type 874 locking connectors.

and recognizing the implici y convenien ,and adapta­
bility of the TYPE 74 erie, ar incorporating hi
versa ile connector in their advanced equipment de igns.
It unexcelled abili y to handle fractional-nanosecond­
rise-time pulse' i but one feature ha has attracted
attention. Inquiries from intere ted OEM user are invited.

TYPE 874 CONNECTOR GROUPINGS
The TYPE 74 coaxial- onne or lin include 30 differ-

ent kind. compl listing appear on page 63.

Air Line Connectors The TYPE 74-B a.nd -BL Ba ic Con­
ne tor, r gular and locking vel' ion I' pectively, are for
u on rigid, 50-obm, air line mad from %-inch-OD,
%-inch-ID tubing and O.244-inch-diameter rod.

Cable Connectors 1 here are five kind of TYPE 74
Cable Connector, each of which i available in locking
and nonlo king vel' ions. They fit a wide variety of
common oaxial-cabl ize, in luding miniature. In addi­
tion to the G neral Radio TYPE 74- 2 and -A3 able,
the e connector fit more han 40 diff r nt RG- type (ee
he table on page 63) and should be elected on the ba is

of cable type. The cable connectOl' on i t of a ba ic
connector plu inner and outer tran ition piec ,a soft­
copp r ferruJe, a heat disk, and a fI xible cable guard.
The cylindrical tran ition piece maintain th 50-ohm
chara teri tic irnpedan e of the onnector throughout the
reduction to the cable diame r. Th cable inner onduc or
i soldered to the inner transition piece, and the cable
braid and jacke are crimp-fas ened 0 the outer tran ition
by he f rrule. The eoprene cable guard provide a
protective handle which enhances the exclu ive fa t­
connection properti of the TYPE 87 de ign.

The improv d "A- uffix" cable onnectors, her cata­
logued for he fiT time, offer v WR performance uperior
to that of any cable wi h whi h hey can be used. In fact,
performance is cornmen ura e with that of rigid-line
connectors. And th new conn tor are ven ea ier to
a emble, thu minimizing unit-to-unit VSWR changes
resulting from a embly variations. Average v WR curve
are giv n OD the nex page.

Highligh of the improved design are a change from a
mooth tap I' to a stepped transition, the addition of the

Teflon heat hield 0 prevent cable di lectric distor ion,
and the introduction of a longer, perforated ferrul which
secure both cable braid and jacket. The new ferruJe thu
prevent the braid from working 100 e and cau ing reflec­
tion and lcakag . Th ning in the gray able guard

.0..0... '.0
fREOIJENCY - GC

0 I I~
0 0-0-0 G~'14·8l[lOCKINGl

+-+-+ SNC(NiEW 1'YP£}
0 lC-.l-1I: H.-e-·. GFI: e"'""· EU NCtn...OCKINGl
0 ----- "PPftOICIMArE MEoASURENENT ---- --SEN$lTlVlTYtl30dbl I ---- --

GR 174-8""'.....
,-

-------
~.C.,.

........ +- 1 i------
0 .'c

/ LEAKAGE CHARACTERISTICS
0 OF

COAXIAL CONNECTORS

0

fSle'P'4·BL
H, __ lC--;I'

0

£'- -y
c ,"

"0

Typical leakage characteristics of Type 874 Connectors compared with
other type ••

tZ

'JI •::;
~ ..

For applications requiring a semipermanen connection,
or minimal leakage, locking versions of all connector type
are offered. with regular Typ 74 connec or, he
locking type i hermaphrodite, any two making a pair.
Moreover, locking and nonlocking connector are fully
compatible. In addition, two locking connector can be
joined without 10 king, I' taining he peed and ?n­
venience advantage of the regular connector. Locking
connector, be ide furni hing a rong mechanica.l connec­
tion provide optimal leakage reduction. comparison of
leak~ge r ults of rna ed pail' of TYPE 74 locking con­
nector with pairs of 0 her leading ype i hoWD below.

In the locking ver ion, he ba ic conn ctor i equipped
wi h a nickel-chrome-fini hed locking nut, threaded on
the inside and knurled on tb ou ide, and a hreaded
coupling nut. When two locking conn ctor are joined
(refer to the ection view), the locking nut of the econd
connector i ba k d off and no us d. The 10 king nut
draws the two connector together until the two coupling
nuts com in contact. In tbi po ition, the mating element
of the connector are 'engaged, but are not bo tomed.
Bottoming i avoid d to prevent damage to the connector
a.nd to pr erve a low VSWR.

Virtually all coaxial components in the TYPE 74 serie
are available with either locking or nonlocking conne tor;
all coaxial in trument are equipp d with locking con­
nectors. In mo in tance other G neral Radio in tru­
roents fitted with TYPE 74 connectOl are furni hed wi h
the locking panel-moun ed vel' ion. n attractive variant
of he panel 10 king connec or is the rec ed ver ion
which provide a coaxial erminal flu h wi h the front of
the panel.

An increa ing number of electronic-instrument manu­
factur rs, requiring a high-performance coaxial conne tor
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(which ident.ifies the new erie) i now iz d to grip th
cable securely \vithout ompres ing it, pI' eluding imped­
ance variations from that omce.

Panel Connectors ix panel-connector configurations are
available. There are thre version for each of the fiv
cable-connector grouping. Basically, they are identical to
the cable connector, except that the cable guard is
r pia d by complete mounting hardwar . Th thre panel­
mounting typ , d signed for use with cable, are:
(1) Flanged, nonlocking, mount ei h ride of panel;
(2) Panel Locking, mount with four cr w ; (3) Recessed
Panel Locking, mount with four crew protrusion in
front of panel limited to Y8 inch to ave pac and pre ent
a neat appearance. Terminal Locking and Recessed Termi­
nal Locking Panel onne tor , to join . ingle-\vire leads
(via a older enninal) to TYPE 74 connector, are also
available.

A recent innovation i the Typ 874-PFL Panel Feed­
through Locking Connector. A hort ec ion of air lin
with a locking connector a each end, i i u eful for joining
TYPE 874 cable conn or dir ctly through a panel, thus
avoiding awkward pat.ch-cord run on instrument racks.
It i upplied with hardware for mounting either as an
ordinary or a re e d panel-locking connector.

Type 874 Adaptors fore than 30 different low-reflec­
tion adaptor are offered to p rmit u e of TYPE 874
connector with common military and comm rial coaxial
conn ctor, including high-power type for televi ion
broadcast u . They are available both in regular, quick
connect./disconnect, and locking version. TYPE 74 adap­
tors can convert any instrument Ii 'ted with TYPE 74
connectors for use with connector of almo t any type.

Average VSWR of ~:::::::::::::::__::::__-_.....__----....,:,·~_.':~~~~-,-i]
single connector on :> l04 ----.--------0 _-~

infinite length of 50- I TYPE B74~~
ohm cable. ..l...-...J _

I ~ 5 G 7 B
FRE UEN<;Y Go

T 'pically, the v WR of th converted TYPE 874 connee or
i comparable to th VSWR of the other connector by it elf.
The TYPE 7.f locking adaptor offer a low-leakage connec­
tion that can be wrench-tight ned, yet one that can be
quickly removed if a chang of connector is desired. When
a Tn 74-PRL Locking Rece ed Panel Connector i
u ed, th adaptor extend I s than an inch in front of
the instrumen panel urfa e.

The e uniform 50-ohm adaptor offer electrical per­
formance to match th ir convenience. In nearly every
in tance, design improvement in the "other-series" con­
nector raise its v WR performanc clo er 0 that of the
TYPE 74 connector to which it is join d. For example, the
nominal dimen ions of adaptor to variou military eries
ar refined, and the tolerance maintained xc ed military
p ification. VSWR plots for pairs of many of the e

adaptors are given on page 64. Photos below how three
principal application of Tn 874 adap or to General
Radio instrum nt and illustrate their neat and unobtru­
sive appearance.

Because any wo TYPE 874 adap ors mate, a few TYPE
87 adaptors can perform aero s-connection job that
would otherwi e require a co t.ly quantity of direct
adaptor. 'or in tance, interconn ction of all po ible
'ombination of types N, C, BNC, TNC, HF and
ficrodot plug and jack would require 72 adaptor 'while

only 12 TYPE 874 adaptors will perform the job.

r---~-----------------------------.
most types of connectors can be used

with GR instruments

TYPE 874 ADAPTORS PROVIDE THE LINK

unit oscillator output
connector adapted to
type BNC with
Type 874-QBJl

recessed Type 874
panel connector adopted

to type TNC with
Type 874-QTNJl

locking Type 874 panel
connector adapted to
type N with
Type 874·QNJl

type
C

62 II File Courtesy of GRWiki.org



~Type 874 COAXIAL CONNECTORS
SEE PAGE 60 FOR POWER AND VOLTAGE RATINGS
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TYPE 874·Bl

TYPE 874·Cl

Group

Basic
Connectors

Cable
Connectors

Type

874.B
874·Bl

874·CA

874·C8A

874·C58A

Fit·

50-ohm Rigid Air line
50·ohm Rigid Air Line

(50-ohm) 874·A2 Coble

(50-ohm) RG·8A/U, ·9B/U,
-tOA/U, -87A/U, .116/U, ·156/U,
·165/U, ·166/U, .213/U,
.214/U, .215/U, ·225/U, -227/Vi
(non-50-ohm) RG·11 A/U, -12A/U,
·13A/U, ·638/U, ·798/U,
.89/U, .144/U, .146/U,
-149/U, -216/U Cables

(50·ohm) 874·A3, RG·29/V,
·55/U (series), .58/U (series),
-141A/U, -142A/U, -159/U,
.223/U Cables

Code 8
wnber Price- Z

Z
m

0874·9400 $2.25 Q
0874-9401 3.25 0

~

0874·9410 3.00
(I'

0874·9412 3.00

0874·9414

0874·9416 3.00

0874·9418 4.50

0874-9411 4.00
0874-9413 4.00
0874·9415 4.00
0874·9417 4.00
0874·9419 5.50

0874·9440 4.00
0874·9442 4.00
0874.9444 4.00
0874·9446 4.00
0874-9448 5.00

0874-9441 4.00
0874·9443 4.00
0874·9445 4.00
0874·9447 4.00
0974-9459 4.00
0874·9449 5.00

0874·9461 4.00
0874-9463 4.00
0874·9465 4.00
0874-9467 4.00
0874-9479 4.00
0874·9469 5.00

0874-9451Mates any pair of Type 874 Connectors
directly through a panel or wall.

(50·ohm) RG.174/U, ·188/U,
.316/U; (non-50·ohm)
RG·161/U, -179/U Cables

Some as Type 874-CA.
Some as Type 874-C8A.
Some as Type 874·C58A.
Some as Type 874-C62A.
Some as Type 874·CI74A.

Some as Type 874·CA.
Same as Type 874·C8A.
Same as Type 874·C58A.
Some as Type 874-C62A.
Wire Lead.
Same as Type 874-C174A.

Same as Type 874·CA.
Some as Type 874·C8A.
Same as Type 874·C58A.
Sor"e as Type 874-C62A.
Wire Lead.
Same as Type 874·CI74A.

Some as Type 874-CA.
Same as Type 874-C8A.
Some as Type 874·C58A.
Same as Type 874·C62A.
Same as Type 874·CI74A.

(non.50-ohm) RG-59/U, ·62/U (series),
·718/U, -140/U, -21 O/U Cables

874·PRlA
874·PRl8A
874·PRLS8A
874·PRl62A
874·PRlT
874.PRl174A

874·C62A

874·PLA
874·PL8A
874·Pl58A
874·Pl62A
874·PLT
874·Pl174A

874-PBA
874.PB8A
874-PBS8A
874·PB62A
874.PB174A

874·ClA
874·Cl8A
874.Cl58A
874·CL62A
874·C1174A

874.C174A

Panel
Connectors
-locking
Recessed

Panel
Connector.
-Flanged

Panel
Connectors
-locking

Cable
Connector.
-Locking

Panel 874·PFl
Connector
-locking

Feedthroug h

TYPE 874.Pl

TYPE 874·PB

TYPE 874·PRL

N t weight 1 to 4 ounce •dellendin~ upon item.

TOOLS

874·T058

874-T08

CRIMPING TOOLS

Crimping Tool Type

6

U e on Cable onneclor

4

1. Ou'er·co,..duclor wrench
2. In",er-condvctor wr@nch
3. Coupling. nut wrench
4. Front7rinQ e~po"dl!" (rl!d)
5. KI!!l!pt!!r for ring expondeu.
6. Soc -ring e~ponder (green)
7. Ring pu~her

TYPE 874-TOK TOOL KIT

3

874·CA, ·CLA, -C58A, -CL58A, ·C62A,
·CL62A, ·CI74A, ·C1174A, .PBA, .PlA,
.PRLA, -PB58A, .Pl58A, -PRL58A, -P862A,
-PL62A, -PRL62A, .PBI74A, ·P1174A,
·PRlI74A
874·C8A, ·CL8A, ·P88A, -PL8A, -PRL8A

$25.00
85.00
75.00

874.TOK Tool Kit 1 Ib (0.5 kgl 0874·9902
874.TP58 Crimping Tool 1 % Ib (0.8 kg) 0874·9901
874.T08 Crimping Tool 1 JA Ib (0.8 kg) 0874-9900

Ithough TYPE 874 conn ctors can b a mbled with ordinary
pliers and II'r nehe ,u of peeial tools i r commended. The tool
ensur ease of assembly, uniformity, and good ppearanc, as well
as optimum Ie trieal and m chanical characteristic.

Th TYPE 74-TOK Tool I<it consi ts of an inner-conductor
wr neh to install both he insulating bead and the inn r conductor,
aDd an outer-conductor wrench and a coupling-uu wrench to in tall
th outer conductor and to tighten the coupling nut. The r maining
pieces aid in in tallation of the retaining ring.

When a TYPE 74 connector i in tal led on cable, the ferrule mu t
be crimped to eeure the cabI to the connector. Pliers caD be used to
crimp the ferrule, but where many conne -tor UTe to be in . lied, or
where the nellte po sible crimp i de ir d, 1I of the TYPE 74­
T 5 or -TOB Crimping Tool is recommend d.

Type Net Weight CodeNumber Price

6
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~ADAPTORS
In ordering adaptor by type number, not tha th P

or J uffix Ie tel' identifi the onn tor on th adaptor,
and no the connector that he adap or fits. (For in tan e,
the J in TYPE 874-Q TJ indica e that the adaptor contains
a typ -~ J jack, and th refore fits a typ -N plug.) final L
in th type de ignation indicates a locking adaptor,

tha . ,one ha ontains a locking TYPE 74 Connector.
TYPE 74-Q lA, -Q 2, and -Q 3A Adaptors are u ed

to connect the rigid line in television transmitting antenna
y terns to in ruments or components fitted with Tn·
74 connectors, a , for in tance, the TYPE 602-B URF
dmi tance Meter and the TYPE 874-LBA 10 ted Line.

32
fREOUENCY GC

12

J74-6U2.10
T ,-..

06
./ \, !

874i9U3A ".- V -....., / ""04 ,Jt-
V, Bi4'iUlj-.- ......

02

tA" l T1.000

0:"I<Jj

>
I.

762 3 4 5
fREOUENCY-GC

I I I
674- QLJAf674 - QLPA/'

1l14-0"'!'lf87~~ "'I
f ""J,r -.........J

/ N / /J -V
'P'\ ~ I / ~ IY ........ ".-J'f/\ 7\

:.J>< '-" 874-06JAf67l1-0BP.A

116
1.14

1.12
0: 1.10
~ lOll

!:?1.06

lO4
1.02

lOOo

Typicol VSW Rintroduced in line by poir. of Type 874 Adaptors plugged together.

ADAPTORS
SEE PAGE 60 FOR POWER AND VOLTAGE RATINGS

Fig Contains
Type· Ref 874 and ... Connects Type 874 to ... NelWth Code Number Price N onlocJ..:ing Adaptors

TO TYPE 874.QBJA A BNC Jock BNC Plug I 0% 0874·9700 $ 4.75 ~
BNC 874.QBJI. INC Jock BNC Plug I\'2 0% 0874·9701 5.75

~874.QBPA B INC Plug BNC Jack 11'2 0% 0874·9800 6.00 B

TO TYPE 874·QCJA C C Jack C Plug 1 0% 0874-9702 6.00 ~
C 874·QCJL C Jack C Plug 2 0% 0874·9703 7.00 (C31'J'" D874·QCP D C Plug C Jack 2 0% 0874-9802 6.25 C

TO TYPE 874.QHJA E HN Jack HN Plug 11'2 0% 0874·9704 6.00

E~flFHN 874.QHPA F HN Plug HN Jack 2\'2 0% 0874.9804 7.50

TO TYPE 874.QLJA G LC Jack LC Plug 5 0% 0874·9706 6.00

~;HLC 874.QLPA H LC Plug LC Jack 7\'2 0% 0874·9806 16.00 .. J,
G

TO TYPE 874.QLTJ I LT Jock LT Plug 4* 0% 0874·9708 10.00 ~..
LT 874.QLTP J LT Plug LT Jack 70% 0874·9808 20.00 \~~JI

TO TYPE 874-QMDJ K Microdot Jack Microdot Plug 1 ox 0874.9720 9.50
F,\};fMICRODOT 874·QMDJL Microdot Jack Microdot Plug 1 \'2 0% 0874·9721 10.50

I.
874·QMDP L Microdot Plug Microdot Jack 1 0% 0874·9820 9.50 K

~".
L

TO TYPE 874.QNJA M N Jock N Plug 11'2 0% 0874·9710 5.00

M'If.N 874.QNJL N Jack N Plug 20% 0874-9711 6.00

874.QNP N N Plug N Jack 1'4 0. 0874-9810 5.00

TO TYPE • 874·QSCJ 0 SC Jock SC Plug (Sondia) 1Ya 0% 0874·9712 9.00 -~
SC 874.QSCJL SC Jack SC Plug (Sandia) 2 0% 0874·9713 10.00 ~~874.QSCP P SC Plug SC Jack (Sandia) I Ya 0. 0874-9812 9.00 0

TO TYPE 874·QTNJ Q TNe Jack TNC Plug (Sandio) 1 0% 0874·9716 6.50

TNC 874.QTNJL TNC Jack TNC Plug (Sandia) 11'2 0. 0874.9717 7.50
874.QyNP TNC Plug TNC Jack (Sondia) 1!4 0% 0874-9816

')
R 6.50 Q R

TO TYPE 874·QUJ 5 UHF Jack UHF Plug
.

1 0% 0874·9718 5.00

'T
UHF 874.QUJl UHF Jack UHF Plug 20% 0874·9719 6.00

874.QUP T UHF Plug UHF Jack I\'2 0% 0874-9818 5.00 S

TO TYPE 874.Q2 274 Plug/Jack 274 Plug or Jack 2 0% 0874·9870 5.50

874·Q9 93B Jack 938 Binding Post. 3 0% 0874.9874 6.00
Shown on page 208

274

TO UHF 874.QU1A ¥e.in., RG.15S/U (EIA TR-134) 7 0% 0874·9770 35.00

~~.,......~874·QU2 1 Ya.in., RG.153/U (EIA TR-134) 1!4 Ib 0874-9772 80.00
RIGID LINE

50.0HM
874·QU3A U 3\,.-ln., RG.1S4/U (EIA TR-134) 5!4 Ib 0874·9774 240.00

11I..-...- U

• L-8Uffix denoteo locking TYPE 874 conn <ltor -'00 photo', pa~e 62.
•• To convert ounces to grams, multiply by 28; to convert pounds to kilogramst divide by 2.2.

64
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~Type 874-LBA SLOnED LINE

FEATURES:

• HigWy accurate but rea onably priced.
• Rugg d enough for production use.
t Integral probe and crystal.
• Wide frequency range, 300 Mc to 5 Gc.
• Wide variety of acce orie available.
• Low-reflection adaptors available to connect to mo t coaxial-connector

(II (....
(0

~ :t
m >
Cl j.... I'"

eri Z
m

USES: One of the mo t importan ba i mea uring instru­
ment u d at uhf and above i the 10 d line. Wi hit,
v WR, phase of the refle ted wave, impedance or admit­
tance of the load, wavelength of the rf signal, 10 in
attached element, degr of mismatch be w en load and
line, and 0 her characteristic of antenna, omponent,
coaxial element and network can b determined.

Th TYPE 874-LBA i ideally uit d for general-purpo e
mea urements where a curacie of a few percent are
ufficient. The TYPE 9OO-LB Preci ion Slotted Lin (page

76) i available for u er r quiring accuracie of a few
tenths perc nt.

Measurements can be made on balanced lin and com­
pon nt with the aid of a TYPE 874- BL Baluo (page 73).

DESCRIPTION: The TYPE 74-LB lott d Line is a 50-
ohm air-dielectric coaxial line who e el ctric field i
ampled by an integral probe that projects through a

longi udinal 'lot in the line. Probe coupli.r..g is adju table.
The prob carriage i driven by a puUey-and- ord arrange­
men conveniently operated from one end of the line, and
can b preci ely . A ource of about one milliwa t rf
pow r i adequate for rna mea urements; suitable gener­
a or are Ii ted on he next page. A crystal rectifier is
built into the carriage and can b tuned to the operating
frequency by means of an adju tabl ub. Three suitable
types of detector are described on the n xt page.

SPECIFICATIONS
and TvPJ;: 874-R2ZA Patch ords, for generator and detector con­
nection .
Accessories Available: A complete slo ted-line kit is described on
page 66. For measurement of v. WR greater than 10, a TYPE 874-LV
Micrometer Vernier i recommended. mith harts are listed below.
Adaptors are listed on page 64.
Dimensions: 26 by 4}2 by 3;4 inches (660 by 115 by 89 mm).
Net Weight. 8}2 pounds (3.9 kg).
Shipping Weight, 23 pounds (10.5 kg).

SM ITH CHARTS
The Smith Chart facilitate measurements made with

the TYPE 874-LBA Slotted Line. It can be used to deter­
mine the impedance corresponding to any v WR and to
convert from impedance to admittance, and vice ver a.
Four forms of mith Chart are available; see below. Those
with normalized coordinates are for u e with line of any
impedance. The 50-ohm characteri ic impedance (20­
mmho chara teri tic admittance) is common to all General
Radio coaxial equipment. Charts are 8~ by 11 inches.

Charaeferistic Impedance: 50 ohm ± 0.5%.
Probe Travel: 50 cm. cale in centimeters; each division i 1 mm.
Scale Accuracy: ± (0.1 mm +0.05%).
Frequency Runge: 300 Mc to 5 Gc. At 300 Mc, the slotted line covers a
half wavelength. Operation below 300 Mc is po ible with slightly
reduced accuracy by use of length of TYPE 74 Air Lines (page 71).
Constancy of P,obe Pickup: ±1.5%.
Residual VSWR, Less than 1.025 at 1 Gc, 1.04 at 2 Gc, 1.055 at 3 Gc,
1.07 at 4 Gc, 1.1 at 5 Gc.
Accesso,ies Supplied: torag box and pare drive cable.
Acceua,les Required, Adjustable tub (TYPE 874-D20L) for tuning
the crystal rectifier when audio-freq,uency detector or microammeter
is used; suitable detector and generator; one each, TYPE 74-R22LA

~TYpe 874-LV MICROMETER VERNIER
For precise mea urements of larg v WR by th width­

of-minimum method, and for precise phase measurement.
Consists of a micrometer h ad calibrated in centimeter
(calibrated to 0.001 em), mounted on an arm that can be
attached to the rear ba e rod of the 10 ted line. One turn
of he micrometer barrel advance the head by 0.5 moo.
Maximum range is 2.5 em. Can be read to to.002 moo.
Ne' Weight: 8 ounces (230 grams).

TyPe

874·lBA
874·LV

Slatted Line
Micrometer Vernier

$255.00
37.50

Code Number

Smith Chart - Admittance Coordinates (20-mmho
characteristic admittonceJ

Smith Chart - Impedance Coordinates (50-ohm
characteristic impedance)

Smith Chart - Normalized Coordinates
Smith Chart - Normalized Expanded Coordinates

• MInimum quantity sold.

5301-7568Y I
5301·7569Z

5301-7560N
5301-7561 NE

Quantity Price

1 50'
$ 2.00

100 3.75
200 7.00
500 14.00

1000 25.00

Type 874·LBA Slo"ed Line with Type 874-LV Micrometer Vernie,.
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<@>SLOTTED-LINE ACCESSORIES
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GENERATORS
Oscillators covering the frequency range of the slotted line are

uercrib d on pages 1I2 to 11 . They can be square-wave modulated
at I kc with the TUE 1264...A Modulating POlIo l' upply. or u e
at the higher frequenci , both the TYPE L220-A nit Klystron
o cillator and he TYPE 1360-A I[icrowave OticilIn.tor have internal
l-kc . quare-\nl.ve modulation. Where a calibrated output i desired,
a standal'd- ignal generator (sucb as the Typl!] 102L-Al, page 124)
can be used. To modulate any of these generator at frequencies
other than 1 kc, the TVPE 121Q-C Unit R-C 0 cillator (page 10-)
is recommended.

DETECTORS
Anyone of three type. of detector can be u ed with the lotted

line. The heterodyne detector i an excellent general-purpose in tru­
ment. The eneral Radio TYPE D~T Detector.- cover the frequency
range from 40 to 2030 Mc (up to ;) Gc by the u e of harmonics).

Each TYPE D~T ystem includes local o. cillator, i-f amplifier,
mixer, filter, attenuator pad, and ell ( e page 1),

The implest suitable detector i a microammeter u ed with he
lotted line' built-in cry'tal. Its en itivity is low, but satisactory

with high-power o. cillatot'S. Excellent I' ult can be obtained with a
-O-microampere meter and oscillator power level between 100 milli­
watts and 20 watts, for v WR between 1 and 5. A TYPE 74-D20L
20-centim ter Tuning Stub i required. A meter- en itivity control,
con i-ting of a LO-kilohm variable shun r -istor, is recommended.

\\'[ost popular VSWR indicator will serve as atsfactory detectors
with the TYI'g 74-LBA. 'e of 'uch a d tecto l' requir that the
gener'ator be modulated at 1 kc. Also, a TYPE 874-D20L 2D-centi­
meter tub is required for tuning.

FILTERS AND ISOLATORS
A low-pas. coaxial filter hould be u ed between generator and lot­

ted line to eliminate harmonics of the signal ource. An isolator prevents
10ad-generatOI' interaction. e page 6 for complet pecification.

TyPE: IJGO-A
MICROW4V[ OSCILLATOR

STANDING WAVE
INDICATOR

~:

B74-1,.S. SLOTTED 1.INE

Typical measurement setups show­
ing use of slatted line, VS W R
Indicator (left), and heterodyne

detector {right}.

..."OSCILLATOR

1-----pEiZ~------, ~R£CEIV£'R
t 1-11' AArt\.lfqER l OFt TYPE Dtn

I f'~~~C~~R0: ~O[
: 1 INolCAfllO P"iII'T~
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I
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TYPE 874-EKA BASIC SLOTTED-LINE KIT
For impedance and v WR mea. ur m n with the lotted line, a

group of coaxial element is available a the Typg 74-EKA Ba ic
Slotted-Line Kit. The TYPE 74-LBA lotted Line i included in the
ki t, but the generator and detector are not.
Shipping Weight, 38 pounds (17.5 kg).

Type Quantity Pr'ice

874·A2 Coaxial Cable 25 ft $10.00
874·A3 Coaxial Cable 25 ft 5.00
874.8L 8asic Connector, Locking 2 6.50
874.8 8asic Connector 2 4.50
874-CA Coble Connector 2 6.00
874-C8A Cable Connector 2 6.00
874.CLA Cable Connector, Locking 2 8.00
874.C58A Cable Connector 2 6.00
874-CL58A Cable Connector, Locking 2 8.00
874·D20L Adjustable Stub 1 16.00
874.D50L Adjustable Stub 1 19.00
874.LAL Adjustable line 1 27.00
874-LBA Slotted Line 1 255.00
874·PL58A Panel Connector, Locking 1 4.00
874PRLS8A Panel Connector, Locking

Recessed 4.00
874.Q8JL Adaptor, Locking, Connects to

type BNC Plug 5.75

Type Quantity Price
874.QNJL Adaptor, Locking, Connects to

type N Plug $6.00
874·QNP Adaptor, Cannecl$ to type N

Jack 5.00
874-R22A Patch Cord 10.00
874-R22LA Patch Cord, Locking 12.00
874.R34 Potch Cord 6.00
874·TL Tee, Locking 15.00
874.W50 50·ohm Termination 18.50
874-WN Short.Circuit Termination 3.50
874·WO Open.Circuit Termination 2.50
874·YOK Tool Kit 25.00
874·Z Stand 19.50

Type Code Number Price
874-EKA 8asic Slotted.Line Kit (0874-952 t) $513.75

KITS FOR CABLE MEASUREMENTS
ariou combination of TYPE 74 coaxial element Can be used

very effectively with nit Instrument and a ociated equipment to
measure attenuation, characteri tic imp dance, velocity of propaga­
tion, and capacitanc of both coaxial and twin-conductor cable.

For convenience in ordering, the necessary equipment is offered
in a semblies for pecifie types of measurement. These kits and their
u. e are described in Reprint E-104, "The Measurement of able
Characteri tics," available on request.

<@>COAXIAL CABLES

Price

$0.60/ft
(0.40/ft in lengths of

25 " or more)
0.35/ft

(0.20/ft in lengths of
25 ft or more)

are higher. Recommended

0874-9501Coaxial Cable

874-A2 Coaxial Coble 0874-9500

874·A3

flexible than th TYPE 74-A2, but 10
for mo t general-purpose applications.
Characteristic Impedonce: 50 ohm ± 5%.
Nominal Capacitance: 29 pf per foot.
Attenuation, 5.3 db per 100 feet at 100 Mc; 22 db pel' 100 feet at
1 Gc; 45 db per 100 feet at 3 Ge.
Propagation Velocity Factor: 66%.
Net Weight: 1 pound (0,45 kg) per 25 feet.

Type Code umber

TYPE 874-A3 COAXIAL CABLE Same as TYPE 74-A2 except inner
conductor i 19 trands of 0.0066-inch tinned, soft-copper wire,
eparated from the double braid by 0.Jl6-incb 00 polyethylene di-

electric, and a 0.206-inch 00 black polyvinyl-chloride jacket. More

TYPE 874.A2 COAXIAL CABLE Flexible, double- hielded, bulk cable.
Consistll of '0. 14 tranded inner conductor eparnted from the two
tinned-copper braids by 0.250-inch OD polyethylene dielectric and a
0.365-inch 00 gray polyvinyl-cblorid jacket.
Characteristic Impedance: 50 ohms ± 5%.
Nominal Capacitance: 29 pf per foot.
Attenuation: 2.6 db per 100 feet at 100 Mc; 10.5 db per 100 feet at
1 Gc.
Propagation Velocity Factor: 66%.
Net Weight: 2% pounds (1.3 kg) per 25 feet.
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Price

$30.00

874-NlR

limber

0874·9940

0874-9941 32.00
0874·9942 30.00

0874·9943 32.00
0874·9944 32.50

0874-9945 34.50
0874·9936 95.00

Corle

TO MET[fI

Voltmeter Detector
Voltmeter Detector (locking
connectors)
Voltmeter Rectifler
Voltmeter Rectifier (locking
conneclors)
Mixer Rectifier
Mixer Rectifier (locking can·
nectors)
Voltmeter Indicator

174-1111

Schematic diagram of Types 874·VR, 874.VQ. and 874·MR.

874·VR
874.vRL

874-MR
874·MRL

874-VQ
874.VQL

874·VI

Type 874-MR MIXER RECTIFIER
Th TYPE 74-]\IR Mixer He tifier i a broadband rf

mix r. With a TYPE 1216-A nit I-F Amplifier, i forms a
heterodyn d t tor having a 30-Mc difference frequen y.
The output ircuit ontain a low-pa fil er having a
cut-off frequency of 40 Mc. 250- hm eri s re i tor i 0­

late the signal circuit from the I al-o illator circuit.
Tn E 7 -l\IRL h, lorking conn tor-.
Operating Frequency Range: 40 Mc to 5 G ; a I, \I" r ::Ind higher fre­
qu Ilcie.~ with decrea~et.l ~ellsitivity.
Cryst"l: I N2l B.
Cryst,,1 Current: 5 m (maximum), 0.2 rna (minimum).
M"ximum Input from Loc,,1 Oscill"tor: 2 voltJ'.
Cutoff Frequency of Output Filter: -10 Me.
Output Impedance: Approximately -100 ohm'.
Accessories Required: For complete detector [I.!'" embly, c pa~ I.
Dimensions: I. ngth 3%:, heigh 3 1 :2 inche.~ (96 by 9 mm).
Net Weight: 7-l.-]\ilH -7 ounces (200 grams); 7-1-MRL - ounce~
(230 grams).

Type

Type 874-VI VOLTMETER INDICATOR
Mea ure dc output f either 1 YPE 7-1-- Q Ot' TYPE

7cl-VR a anv I \" I h tw n 0.1 and 2 YOIt ., I uil -in
GO-cyd l.'alib~ation y. tem eliminate error arising fmm
difference in cry tal redifieation effieiencies.
Range end Accur"cy of C"libr"ting Voltege: 0.1 to 2 volt, ±0.05 volt.
Cryst,,1 Current for Full·Sc"le Indication: 200 O1il'roaml I" •

Power Supply: 105 to 125 (or 210 to 250) volt., .')0 to 60 cp~.

Input Resistance: 600 ohm. minimum, 10,000 ohms maximum.
Acce..ory Supplied: TYPE AP-22 POll' r ord.
Accessory Required: On TYPE 74-R34 Pa h ord (page 70).
Dimensions: 5Yz by 51.~ I Y 4 12 inch . (140 I y 140 by 115 O1m),
over-all,
Net Weight: 3 p und' (1.4 kg).
Shipping Weight: 5 p unds (2.3 kg).

Type 874-VR VOLTMETER RECTIFIER
In coujun ion with h TYPE 74:- I ( b low), an

bud to m a ur or to monitor, th voltage in coaxial
y m. It contains a 50-ohm re i tor in eries wi b th

output lin , and thus can be u ed to mea ure the voltag
behind a 50-ohm impedance. The unit when u ed with a
ignal source, will simulate a 50-ohm generator with a

known, equivalent, open- ir uit Yoltage. In addition, it i
a good g neral-purpo e d tec or and an be u ed wit,h a
mi roamm t r or, when hi h n itivity i de ir d ( p­
proximately 100 microvolt ) with modulated ignal and a
tuned audio amplifi r uch a the TYPE 1232-A. v i h th
TYPE L63-B Amplitude-Regulating Pow l' upply, i
provides an effective oscillator amplitude-leveling ys em.
The TYPE 74-- RL ha locking connector ,
Frequency R"nge as C"libr"ted Veltmeter: 15 Mc to 2.5 Gc.
Reson"nt Frequency: Approxima ely 5A Gc; correction urve ~upplied.

Moximum Voltage: 2 volts.
Crystol: 1N23B.
8yposs Copocitance: Approximately 300 pf.
Dimensions: Leng h 3%:, height 2~:2 inche (96 hy 64 mm).
Net Weight: TYPE 74-VR, 5 ounc (]40 gram~); TYPE 74- RL,
6 ounces (170 gram ).

~COAXIAL DETECTOR, VOLTMETER, AND MIXER

Type 874-VQ VOLTMETER DETECTOR
d with TYPE 7cl-'i I ( e below) for Yoltag
. with a tun d audio amplifier ueh a he

TYPE 1232- Tuned Amplifier a a en itive dete tor (ap­
proxima ely 100 mi roy It ) of modulated ignal, or with
a microammeter a an rf detector. It introduc no
appreciable di ontinuity ",h n in rt d in a 50-ohm
coaxial line. With h TYPE 74-\ 50 50-ohm TermiJ1a­
tiou, it can be Llsed a a match ddt ctor to terminate a
lin. TyPE H-'i QL ha locking connectOl .
Frequency R"nge "s M"tched Detector: 0.5 Mc to 2 ,C'. l"sahl fwm
60 p to 7 Gc.
Reson"nt Frequency: Approximately' A c; corre ti n curve Rupplied.
M"ximum Volt"ge: 2 vollli.
VSWR: than 1.1 at I Gc, 1.2 at 2 G .
Cryst"l: 1N23B.
llyp".. C"p"cit"nce: Approximately 300 pf.
Dimensions: Length 3%:, heigh! 2~2 lnche; (96 hy (j4 mm).
Net Weight: TYPE 74-\1<2,5 OUII' " (140 gmm'); TYPE 74-VQL,
6 ounces (170 gram. ).

Typic,,1 YSWR end
correction feclor for
Types 874.YQ and

874·VR.

Type 874.VRL

Type 874-MRL
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<®>FILTERS
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Typicol in,ertion loss ond VSWR,
Type 874· F Filters.
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OPERATING FREOUENCY
CUT-OFF FREQUENCY
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1\ I,

\'I- - -/ \J / .
Typical stap·band respon,e of
Type 874·F500l low·Poss Filter.

TYPE 874-F LOW-PASS FILTERS Recommended for any
immittance- or voltage-mea urement y tem to reduce
harmonic J e pecially with y tem containing nonlinear
elements, or section that might re onate at a harmonic.
At 0 useful if high standing-wave ratio are to e mea ured
by mean of a lotted line. The TYPE 74- Low-Pass
Filter are T cheby heff type, whi h produce a very teep
cutoff characteristic at the expen of pa band flatnes .

purious re pon e in the top band ar v ry small.
Equipped wi h locking connector on both end.
Accuracy of Cutoff Frequencies: -0%, +10%.

Type 874.F2000l

Type Physical Length Net Wt Code Number Price

874·F18SL 18S·Mc Low·Pa.. Filter 17'1. in. 1201 0874·9533 $32.00
874·F5OOl 500·Mc Low·Pass Filter 1D3A. in. 8\!2 01 0874·9537 26.00
874.Fl000L l000.Mc low·Pass Filter 7\!. in. 8 01 0874·9541 24.00
874.F20ooL 2000-Mc Low·Pass Filter 4'/a in. 4\!, 01 0874·9545 24.00
874.F4000l 4000·Mc low·Poss Filter 2¥. in. 3 01 0874-9549 24.00

<®>TUNING ELEME TS
TYPE 874-D20L AND -D50L ADJUSTABLE STUBS For
matching or tuning, for use a adju table hort-circuit
terminations, and for u e as rea tive lements. With an
external indicator, fun tion a a reaction- ype wave­
meter. Con ists of a coaxial line with a liding hort circuit
of the multiple- pring-finger type. The 20-centimeter tub
is calibrated in electricalleng h. The 50-centimeter tub i
not calibrated but has an adjustable reference marker.
Each is equipped with a locking connector.
Charocteristic Impedance: 50 ohm.
Maximum Travel: TYPE 74-D20L 20 em; TYPE 74-D50L, 50 cm.
Physical Length: TYPE 74-D20L, 2 cm (min) to 4 cm (max);
TYPE 874-D50L, 5 cm (min) to 109 cm (max).

TYPE 874-VCL VARIABLE CAPACITOR Tuning element
for resonant-line circuit matching transformer, and
baluns a low frequencie wher line- ype elements are

awkward to u e. Well- hielded, high-temperature poly t ­
rene in ulation, preci ion ball bearings, locking connector.
Scale: 0 - 100.
Capacitance Range: Loll' frequenci ,14 to 70 pf at connector, 16.5 to
72.5 pI a T-jun tion.
Capacitance Variation: Lineal'.
Dimensions: Diam tel' 2,l1, height 5~ inches (64 by 135 mm).

TYPE 874-XL SERIES INDUCTOR ed as a general­
purpo e tuning elemen in resonant-line circuit J matching
tran formers, and balun at low frequencies.
Series Inductance: 0.226 ph ± 5% a 1 kc.

Type Net WI- Code Number Price
874·D20L 20·cm Adjustable Stub 7 01 0874-9511 $16.00
874.D50l 50·cm Adjustable Stub 13 01 0874·9513 19.00
874·VCl Varia ble Capacitor 12\!, 0% 0874-9931 61.00
874.XL Series Inductor 3V2 0% 0874-9998 15.00
• To convert ounces lo ~rarns. multiply by 2 .

~ISOLATORS
TYPES 874-H500L, -H 1OOOL, and -H2000L ISOLATORS
The e are ompac, broadband on -way tran mi ion
device . They con i t of a e tion of 50-ohm coaxial line

Type 874-020L

surrounded by a p rmanen magnet and load d internally
wi h ferrite material. Th y hav very low in ertion loss
in one direction and high att nuation in th reverse direc­
tion. Thus, they efficiently liminat int raction be ween
lements in a coaxial-measurement se up. They are par­

ticularly useful for isolating a generator from the effects
of load changes and for rna ching a generator 0 a 50-ohm
load. All have TYPE 7 locking connector at both ends.

5
o
o

Net Weight
Type Pound.'J kg Code Number Price

874·H5OOL Isolator 4 1.9 0874·9581 $550.00
874.Hl000L Isolator 1% 0.7 0874·9583 325.00
874.H2000L Isolator 2 1 0874·9585 275.00

.,.,
!;; ~ Length

<> ;3
~ .~ ~~ c.,

~~
·S.!i

~.,
~1? ~~ ]~ t;~l'l. "'" ~~ ~~ ~~ ~:s ~.o 1:1.0 ~..... "ti ...., "ti

874·H500L 0.5-1 1.20 5 10 1.5 10¥i 27
874.H1000l 1-2 1.15 5 10 1.0 7¥i 20
874.H2ooOL 2-4 1.18 5 20 1.0 8IA 21

Type 874·Xl
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~Type 874-GAL ADJUSTABLE ATTENUATOR
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FREOUENCY-Go
Typical main-line VSWR of Type 874·GAl Adjustable Allenuator.

(Specifkations in red.)

A waveguide-below-cu off type, u ful a a calibrated
a tenuator or as a sampling devic . It i alibrated in
decibels on a micrometer-type cale. Absolut attenuation
is the urn of inser ion 10 and cale reading. Th main line
is a short coaxial ection wi h 10 king conn tors, one end
for source and he other for load. It introduce minimum
discontinuity when in erted in a 50-ohm line. The loop
outpu . brought out through thr feet of 5{}-ohm cable.

Can be used with TYPE 74-VR/VRL Voltmeter Recti­
fier and TYPE 74-VI Vol meter Indicator to conv rt a

nit 0 cilia or (page 112 to 118) into a ignal g nerator.

SPECIFICATIONS
Calibrated Range: 120 db (relative attenuation) with input line termi- Insertion Lass Directly Through Tee: 'egligibLe.
nated in 50 ohm; 129 db with input Line terminated in adjustable Accuracy of Attenuation:
tub to minimize the eLectric field at the coupling point ( cale read Stub.terminated input, ± (0.01 time differen 'e in attenua ion read-
-9 to 120 db). iug +0.2) db, direct reading.
In.ertion Lass (from input conne tor to end of output cable at I Gc, 50-ohm terminated input, ± (0.015 time difference in attenuation
when 'igna] source impedance i 50 ohm): reading + 0.2) db, when corrected. Correction cbal ·upplied.

With Input line terminated In 50 ohms, and scale set at 0 db, 33 ± 2 db; VSWR Introduced into Line: Le than 1.03 at 1 Gc; ] han 1.12
set at - 9 db, 18 ± 2 db (etting below 0 are not aceu1'llte). between I and 4 Gc.

VSWR of Output: Less than 4 at I Gc. I than 5 to 4 Gc.
Maximum Power: Input power illvers ly pl'opor ional to quare root
of frequenc ,and should not ex eed 300 watts at I Gc. Output power
hould not exceed }j! watt.

Frequency Range: 100 Me to 4 Gc.

~Type 874·G FIXED ATTENUATORS

With input line terminated in adjustable stub (which extends the range
over which the calibration is accurate to the - 9 db scale selling), 20 ± 2
db minimum.

(In ertion 10 - i' approximately inve Iy proportional to fre­
quency up to 1 Gc.)

ingle- ection, T-type r i tance pad, for adding fix d
attenuation in 50-ohm y tern and for rna ching to 50
ohms over a broad fr quency range. Con i t of one di k and
two cylindri al r i to ,a hunt and eri lernents
re pectively. vailable with r gular or locking TYPE 874
connector.

SPECIFICATIONS
DC Resistance: 50 ohms ± l % when terminated in 50 ohms.
VSWR: Less than 1.1 to I Gc, 1.2 to 3 Gc for all uni j to 4 Gc, Ie
than 1.3 for -G20, 1.35 for -GIO, and 1.4 for -G3 and -G6.
Accuracy in 50.ohm System: ± 1.5% of nominal at de; ±0.2 db from
value indicated on curve to 1 Gc, ±0.4 db to 2 Gc, ±0.6 db to 4 Gc.
Temperature Coefficient: Les than 0.0003 dbjOC/db.
Maximum Power: CW - 1 watt; pul e - 3000 watts peak, 1 wa t
average.
Physical Length: 3}j! mche (90 rom), over-aU.

Typical VSWR af
Type 874·G Atten­
uators. (Specifica.

tion. in red.)
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Type Net Weight Code Number Price
874·GAL Adjustable Attenuatar 1 14 Ib (0.6 kg) 0874·9577 $67.00
874·G3 Fixed Attenuator (3 db) 3 0% (85 grams) 0874-9564 36.00
874·G3L Fixed Attenuator (3 db), locking connectors 4 0% (115 gram.) 0874-9565 38.00
874.G6 Fixed Attenuatar (6 db) 3 0% (85 gram.) 0874-9568 30.00
874.G6L Fixed Attenuator (6 db), locking connectors 4 0% (115 grams) 0874-9569 32.00
874·G10 fixed Attenuatar (10 db) 3 0% (85 gram.) 0874-9570 30.00
874·G10L Fixed Attenuator (10 db), locking connectors 4 0% (115 gram,) 0874·9571 32.00
874.G20 Fixed Attenl'atar (20 db) 3 0% (85 grams) 0874-9572 30.00
874.G20L Fixed Allenuator (20 db), locking connectors 4 0% (115 gram.) 0874·9573 32.00
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<®>STANDARD TERMINATIONS

TYPE 874-W200 200~OHM COAXIAL STANDARD am
as TyPI<.: 74-WIOO exc pt standard resi tance is 200 ohm
DC Resistance: 200 ohm ± 1%.
Maximum Power: !{ watt con inuous, 50 watts peak.

TYPE 874-W03 OPEN·CIRCUIT TERMINATION. arne a
TYPE 7-1-' xcept hat posi ion of open circuit cor-
re ponds to po ition of hort ir ui in rHE 7..J.-WX3.
TYPE 874-Wl00 lOO-OHM COAXIAL STANDARD Pro­
duce knowll I'esi iv termina ion at peeific locations on
coaxial lin . L ful for checking ac uracy of directional
coupl I' ,bridge and admittan m tel' . The known
location of the purely re i tive termination permits the
produc ion of many known ompl x imp dan e hrough
the addition of e tion of TYPE 7!-L \.ir Lin (pag 71).
DC Resistance: 100 ohm ±] %.
Maximum Power: .Ji watt continuou , 150 watts peak.

1.16
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:> 1.06
VSWR of

Type 874-W50.

TYPE 874-WN SHORT-CIRCUIT TERMINATION A fixed
h rting trap moun ed in a conne tor. for e tabli hing

r f ren e conditions on coaxial lin and for u e in sub­
titution measmement .

DC Resistance: ·0 ohms _ 0.5%.
Maximum Pawer: 2 watt con inuou .
VSWR: L than 1.06 at ,I Gc; e curve.

TYPE 874-W50 50-OHM TERMINATION A 50-ohm cylin­
dJ'iral re i or mOllnted in a tap r d oaxial holder, u'Jeful
for imp dane mat hing, tabli hm nt of reference
ondition , and t rmination. -' king- and nonlocking­

conn ctor v r ion available.

TYPE 874-WN3 SHORT-CIRCUIT TERMINAliON U. d
same a TYPE H-WY-. rh bort cireui i. a a point,
3 em (3.2-cm electrical di tanc ) beyond the face of he
bead in the TyPE H conn tor. This di'ltance corre pond
to t,h distaD e b we n the bead and the ground plane
of the TYPE H-l\IL Componellt ~roun ( e page 72)
and h ff tive di tance between the bead and the bal­
anced t rminal in th TYPE 7-l-uBL Ballin ( pag 73).

TYPE 874-WO OPEN-CIRCUIT TERMINATIO A melding
cap for open-circuited lin ,for tabti hin r ference
conditions on coaxial line, and for u in suh titu ion
meamement . Produ an p n circuit at am point in
line that TYI'E H- _• produce a hort circuit.
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Type Net lV/* Code Number Price

874·W50 50·ohm Termination 2\!~ 02 0874-9952 $18.50
874·W50t 50.ohm Termination, lacking 3 02 0874-9953 19.50
874·WN Short-Circuit Termination 1 02 0874-9970 3.50
874.WN3 Short-Circuit Termination 1!12 02 0874-9972 5.50
874-WO Open.Circuit Termination 1 02 0874-9980 2.50
874·W03 Open.Circuit Termination 1 \/2 02 0874-9982 4.00
874·W100 100-ohm Coaxial Standard 3 02 0874-9956 35.00
874-W200 200·ohm Coaxial Standard 3 02 0874-9958 35.00

• To con\"crt ounceS to (,!::r.o.mS, muhilly by 2 .

~PATCH CORDS

21~----

••.~_--J._...L..~_..J....::i:..i"":"",,,,::,-,.

TypicolVSWRofTypes 874-W100 ond -W200•

The e coaxial patch cord' me t the need for fl xible
connection in m ur m n work. 11 ar 3 f et long
and are erminated in r pl'. ntative n raj Radio con-

nectOl' . Th TYPE 74- 'lOA and -R22A Patch ord
hav very low VSWR charact >ri tic ( urv) and ar
available with either locking or nonlocking connector.

*' To COIl\"crl ounces to ~r.nJlIS. multiply by 2 .

Cable ConneclOr8 Len(Jth Freq et Code
Type Type Used Braid (Feet) Range W/* Number Price

874-R20A 874-A2 874·CA Double 3 1 -7 Gc 7 02 0874·9680 $11.00
874-R20LA 874·A2 874·CLA Double 3 1 -7 Gc 9 02 0874-9681 13.00
874·R22A 874.A3 874.C58A Double 3 1 -7 Gc 402 0874-9682 10.00
874·R22LA 874-A3 874-CL58A Double 3 1 -7 Gc 6 02 0874·9683 12.00
874.R33 Coaxial 874·C58A & 274·NO Single 3 - 2 \/2 02 0874-9690 6.00
874·R34 Coaxial 874.C58A & 274·NK Single 3 - 3\!2 02 0874·9692 6.00
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~FIXED AND ADJUSTABLE AIR LINES
1,60

1.50

TYPE 874-L RIGID AIR LINES For spacing tub or other
elem nt of a ouxial y tern' al 0 useful a time-dela
el m nt . Each air line" con ist of a length (l0, 20, or
30 em) of 50-obm, air-dielec ri c axiaJ lin with a Tn

74 coaxial connector, either regular or locking, at each
end.

TYPE 874-LAL ADJUSTABLE LINE An air-dielectri co­
axial line that can be telescoped to hange its length.
U d in matching network, a a pha bifter, and a a
variable time-delay elem n. ontact ar made by multi­
ple- pring finger. Connector are locking TYPE 74.
Characteristic Impedance: Jot constant - approximately 50 ohm
when fully ollap ed, approximately 57 ohm when fully extended.
Adjustment Range: 25 em.
Physical Length: 33 em (minimum) to 58 em (maximum).

Typical VSWR af
Type. 874-LAl

and -LK10l.
(Specification.
are shown in

red for
Type 874­

lKl0L.)
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TYPE 874-LK CONSTANT-IMPEDANCE ADJUSTABLE
LINES A line stretcher with a very low VSWR and a uniform
characteristic impedance of 50 ohms. E pecially useful for
eliminating the u ual mith-char correction for leng h of
line between unknown and impedance-mea uring device.
These line are u eful as impedance-matching tran form r
and pha -adju tmen element in coaxial y terns. Thus
he TYPE 1602-B HF Admittan e Me er can be made to

read impedance by adju tmen of the over-all line length
to an odd multiple of a quarter wavelength. Locking
TYPE 74 connectors on both end.
Characler;stic Impedance: 50 ohms.
Adjustment Range: TYPE 874-LKlOL - 10 em (half wavelength a
1.5 Ge); YPE 874-LK20L - 22 em (half wavelength at 6 0 Me).
Phy.ical Length: TYPE 74-LK10L - 35 em (minimum) to 45 em
(maximum); TYPE 874-LK20L-58 em (minimum) to 0 em
(maximum).
VSWR: TYPE 74-LK20L - L than 1.03 at 500 Me, I than 1.06
at 1 Ge, les than 1.08 at 1.5 Ge, less than 1.10 at 2 Ge. TYPE 74­
LKIOL - arne as TYPE 74-LK20L to 2 Ge, les than 1.15 at 3 Ge
I han 1.2 at 4 Ge, Ie than 1.25 at 5 Ge.

TYPE 874-LTL TROMBONE CONSTANT-IMPEDANCE AD­
JUSTABLE LINE Wi h till line tre cber, built like a
trombone lide, the user can vary the length of a 50-ohm
tran mis ion line b tween wo fixed erminals without
moving the terminal or u in fJ xible cable. Con i
of two TYPE 74-LK20L dju table Line m un d in
parallel and joined at one end by a u- hap d s ction to
form a rigid a embl. an be plugg d into two adjacent
TYPE 74 coaxial conne tor or inserted in a lin by means
of two ell (no included) when installed vertically to ave
b nch pace. Low v wn. An excellent phase shifter.
Characteristic Impedance: 50 ohms.
Frequency Range: DC to 2 Ge (TYPE 74-LK10L i, recommended
above 2 Ge).
Adjustment Range: 44 em (half wave at 340 Me).
Physical Length: 61 em (minimum) to 83 em (maximum).
Spacing: PII. ineh between centers.
VSWR: Le s than 1.10 to 1 Ge, and 1.25 to 2 Ge.

Type Net IVt* Code Number Price

874-L10 10-cm Air Line 2Y20Z 0874-9604 $ 8.50
874-L10L 10-cm Air Line, locking connectors 3Y20Z 0874-9605 10.50
874-L20 20-cm Air Line 4Y20z 0874-9608 9.00
874-L20L 20-cm Air line, locking connectors 5Y20z 0874-9609 11.00
874-L30 30-cm Air Line 6Y20z 0874-9612 9.75
874-L30L 30-cm Air line, locking cOnnectors 7Y20Z 0874-9613 11.75
874-LAL Adjustable Line 10 02 0874-9621 27.00
874-LK10L lO-cm Constant-Impedance Adjustable Line 90z 0874-9627 42.00
874-LK20L 22-cm Constant-Impedance Adjustable Line 150z 0874-9631 42.00
874-LTL Constant-1m edance Trombone Line 21 4 Ib 0874-9645 97.00P

-'To convert ounces to grams, multiply by 2 ; to conve.rt. pounds to kiloloCrarns, di\fid by 2.2.

874-l20
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~COUPLI G ELEMEN S

PROBE Electro tatic probe
mount d on a TYPE 74: co-
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Typical VSWR af
Type. 874.K, ·EL, and
-JR. (SpectAcotians are

shawn in red.)
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FREOUENCY-GC

long and 9/16 inch in diameter. In thi pace may be
mounted arrang m nt of mall component, such a re-
it, capacitor , or inducto . Th in ertion uni can be

u ed a a.hi Id d hou iog for impedance-matching net­
work, aU nuaf.or pad, vhf ran former, filter I and
many 0 h r network . I offer excellent hielding mini­
mal di continuity in the line, and convenience.
Length, 4% inches (115 mm).

TYPE 874-Y CUPLOCK ylindrical pring that can be
lipped ov r nonJocking TYPE 74 connector to provide a

cure lock, preventing accidental disconnection.

TYPE 874-ML COMPONENT MOUNT A shielded enclo ure
with jack-top binding po t in id a 10 king TYPE 874
coaxial connector out id , for convenient mounting of
mall component b iug mea ured. e of mount minimize

1 ad r actance and tray capacitance in impedance mea ­
urement of circuit element and networks from dc to
5 Gc. Connec directly to TYPE 74-LBA lotted Line,
TYPE 1602-B H dmi tance Meter, TYPE 1607-
Tran fer Function and Irnmittance Bridge TYPE 874-LK

dju table Line, and all OR coaxial element.
upplied with the mount are hort- and open-circuit

terminations to implify determination of correction for
length of line between mea uring poin and component
being mea ured.
Frequency Range: DC to 5 Gc.
Accessories Supplied: One TYPE 74-WN3 hort-Circuit Termina.tion,
one TYPE 74-W03 Open-Circuit Termination.
Accessory Recommended: One TYPE 74-LK20L Con tant-Impedance
Adju ble Line (page 71) for use with TYPE 1602-B HF Admit­
tance Meter.
Dimensions: Diameter 3 inche (77 mm); height of hield can, 2%
inches (67 mm).

TYPE 874-MB COUPLING
con i ting of a binding po
axial connector.
Over-all Length: 3 inches (77 mm).

TYPE 874-El 90° ELL onvenien right-angle lin ection
with TYPE 74 coaxial connector at each end. Available
with ither regular or locking conn ctors.
Charaderlstic Impedance: 50 ohm.
Eledrical Lenglh: Approximately 7 cm.
VSWR: Leas than 1.06 at 2 Gc; Ie than 1.15 at 4 Gc.
Dimension: 2~ inches (57 mm) on a ide.

TYPE 874-JR ROTARY JOINT ed when one part of a
coaxial y tem mu t be rotated with re pect to another
part. ot for motor-driven applications.
VSWR: Less than 1.06 at I Gc; les thall 1.3 at 4 Gc.
Length: 2% inches (64 mml.

TYPE 874-T TEE For conne ting stub and other element
in hunt with aoaxial line. Available with regular or
locking TYPE 74 connector.
Dimensions: 3% by 2~ inches (86 by 5 mm).

TYPE 874-X INSERTION UNIT A hollow cylinder fitted
with a TYPE 74 conn ctor at ach end and with a sl eve
hat tide back to provide ace to a pace about 2 inche

TYPE 874-K COUPLING CAPACITOR (DC Block) hor
length of coa,xial line having a di k capacitor in erie
with th inner conductor. High frequen ie are rans­
mitt d with mall reflection, but dc and low audio fr ­
quencie are blocked. vailable with r gular or locking
connecto .
Coupling Capacitance: 4700 pC - 20% + 50%.
VSWR: Lea t,han 1.06 at 1 Gc, LI5 at 2 Go, 1.3 from 2 to 4 Gc.
Voltage Rating: 500 volt.
Length: 3 inches (77 mm).

TYPE 874-lR RADIATING LINE Leakage oupler for
field within a coaxial y tern. hort oaxial line with
opening in out r conductor hat can be partly or com­
plet ly ov red by a rotatable leeve.
VSWR: Closed, less than 1.10 at 1 Gc, Ie< than 1.4 at 3 Gc, and les
than 1.3 at 4 Gc.
Length: 4% inches (112 mm).
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Type Net Wt· Code Nwnber Priu

874-K Coupling Capacitor 20z 0874·9596 $10.50
874-Kl Coupling Capacitor, locking connectors 3 oz 0874-9597 12.50
874-LR Radiating Line 40z 0874-9660 12.00
874-MB Coupling Probe I oz 0874-9666 5.00
874-El 90° Ell 2V20Z 0874·9526 9.50
874-EL-l 90° Ell, locking connectors 30z 0874·9527 11.50
874-JR Rotary Joint 3 oz 0874·9590 16.00
874-T Tee 40z 0874·9910 12.00
874-Tl Tee, locking connectors 5 02 0874·9911 15.00
874-X Insertion Unit 3 oz 0874·9990 13.00
874-Y Cliplock loz/10 0874-9992 10 for 2.5
874-Ml Component Mount 10V2oz 0874-9663 29.50

• To conve~t. oUn.... to IIr'"n . multiply by 2 .

874.Y874·El

-~:==:~ 874.1( 874-LR =---
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~BALUN AND ACCESSORIES
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Typical VSWR of Type 874-UB-P3 {left} and Type 874-8M (righ'}.
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TYPE 874-UB-P2 2oo-0HM TERMINAL UNIT Connect
the balun directly to 200-ohm tran mi ion line or balanced
components via screw terminals.
Characteriotic Impedance: 200 ohms.
Frequency Range: DC to 1 Go.
Recommended Transmlnlon line: RG-86/U.
VSWR: 1.2 to 300 Me, 1.3 to 1 Gc.
Dimensions: 1 by 1~ by 1Ys inches (25 hy 44 hy 48 mm), over-aiL

II:
~I

'">

TYPE 874-UB-P3 300-0HM TERMINAL PAD C nv rt to
300 ohm th 200-ohm balan ed output imp dan pro­
duced by the balun from a 50-ohm unbalanced. our . Tbi
pad facilitate power and voltage mea uremen on
balanc d 300-ohm y ems with ignal generat.or and
detector de igned for u e with 50-ohm coaxial circuits.

Pn.ge RefTuning Element~ Required

Type 874..UBL BALUN
The TYPE 74- L Balun i a uned coaxial ransformer

with a 4:1 ratio that permi mea urement on balanced
devices with generally available coaxial and grounded
mea uring equipment. The balun conver 50-ohm. coaxial
line to 200-ohm. balanced line. Thu the200-obm balanced
line can be treated a an ext n ion of the 50-0hm line of he
measuring device. d with he TYPE 74-LB lotted
Lin the TYPE 1602-B dmittance e er, or the
TYPE 1607-A Tran fer-Function and Immittanc Bridge,
i permit mea urement on balanced compon nt from
54 Mc to 1 Gc without appre iable in l' ion loss or tran ­
formation error. When th balun i u ed with the admi -
tance meter and a TYPE 74-L1 on tant-Impedanc

dju table Line, the admittanc meter read balanced
impedance,

The balun cony rt from unbalanced to balanc d by
using an artificial half-wav line, adju. ted for operation a
a particular frequency by mean of hun uning lement .
The e element. , listed below and de crib d on page 6 ,
are no upplied wi h the balun bu should be ordered
eparately.
Fr q1.l nC'lJ Range

Me
68
68,71
68,71
68,71
68,71
68, 71
68,71
68,71
68
a listed

54 - 88 2 Type 874-VCl and 2 Type 874·Xl
88 - 140 2 Type 874-VCl and 2 Type 874-l30

140 - 174 2 Type 874-VCl and 2 Type 874-l20
174 - 216 2 Type 874-VCl and 2 Type 874·110
170 - 280 2 Type 874-D50l and 2 Type 874-l30
225 - 280 2 Type 874-D20L and 2 Type 874·l30
275 - 380 2 Type 874-D20L and 2 Type 874.L20
350 - 525 2 Type 874-D20l and 2 Type 874-LlO
470 - 1000 2 Type 874·D20L

Frequency Range, 54 Me to 1 Ge with aeces ory element
above.
Dlmensionl' 3Ys by 3% by 2% inches (79 by 1 by 60 mm) over·all
per as embly.
Aceeuorlu Supplied, One TYPE 74-UB-Pl 3OO-ohm Terminal, one
TYPE 74-WN3 hort-Circuit Termination, one TYPE 874-W03
Open-Circuit Termination.
Other Accenories Recommended, One TYPE 74-l.K20L Adjustable
Line (for u e with the TYPE 1602-B HF Admittance eter), one
TYPE 874-Z tand, and tuning elemen Ii ted above.

TYPE 874-BM 300-0HM BALANCED TERMINATION
Termination for 300-ohm line under e t.
oc Resislance, 300 ohm ± 5%. Frequency Range: DC to 1 Gc.
VSWR, 1.2 to 900 Mo.
Dimensions: 2 by 2 by 21~ inches (51 by 51 by 64 mm), over-all.

Type

TYPE 874-UB-P4 ADAPTOR Provide a reliable, shielded
connection between h balun and TYPE RG-22/ (mall-
ize twinax) cable. daptor include G-422/ twinax

connector, which connect to G-I:21/ cable connector.

Type 874..Z STAND
A table upport for component of coaxial . tern.

Con ist of a heavy ea t-iron ba with rubb l' feet, 22-inch
and -inch tainle -, te I rod ,and three univer al clamp .
Th vertical rod can be u ed to hold long uning tub.
Th horizontal rod can be mov d longitudinally or can be
in terehang d with the vertical I'od 0 provide upport
where n eded. Two ba eJ can be u ed with one 2~-inch rod
b twe n them to UPPOl't a long horizontal run of coaxial
part. lamp will fi a range of diam t I' and will join any
two rod. ny desired arrangement can b up qui kly.
Ba e (3~ by 4%i inche ) can be bolted to b nch top.

et W~ Oode Number Price

874·UBL
874-BM
874-UB-P2
874·UB-P3
874-UB·P4
874-Z
874-ZC

Balun
300-ohm Balanced Termination
2oo-ohm Terminal Unit
300-ohm Terminal Pad
Adaptor (Balun to Twinax.)
Stand
Extra Clamp

1\4 Ib 0874·9921 $78.00
1Y2 oz 0874·9928 15.00
1 oz 0874-9923 9.00
1 oz 0874-9924 22.00
4 Y2 oz 0874-9925 60.00
5Y2 Ib 0874-9996 19.50
3 oz 0874-9997 2.25

• To convert ounces to gra.m., nlultiply by 2 : to convert poumu to kg, divide by 2.2.
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Th TYPE 900 oaxinl mea uring equipment introduce
a new cJa of coaxial element characteriz d by ultra­
preci physical dimen ion, by out tanding tability, and
esp cially by uperior 1 ctrical perform n . The TYPE
900 component for tb fir t tim permit v WR mea ure-

ent a a accuracy of a few tenths of one perc nt. They
ar th r f re, particularly uited for tandard applica­
tion for p rforming ab olute calibration and for low­
v component d ign, a w II a for g neral-pllrpo e
high-frequency mea urement .

The prill ipal factor in this ub tantial improvem n i
be TYPE 900-BT Preci ion oaxial onnec or* which

po ex lien r p atability and a v WR blow 1.002
to 1 G and blow ] .01 to 9 c. Prior to thi , highly
accura e coaxial mea uring equipm n wa not only impo -
ibl to de ign but al a not worth de igrung ince any

improvement would be ob cured by the connector d fi­
cien ie . While he Typ 74 connector (pag 63) i an
exc lIent, low-v WR unit for low-co t, g neral-purpo e
application it and oth r popular connector Jack uf­
ficient precision to meet all pI' nt need of gOY rnrnent
and indu trial laboratorie . Th TYPE 9OO-BT conn tor,
on th other hand, provide th pr ci ion n d d.

n importan pra ,ti aJ requir m nt of a pI' ci ion con­
nector is that it b adap a Ie to oth r conn tor ype in
common u e without having it p rformance degrad d
ignificantly belm hat of the other erie . To atUy thi

requirement the TYPE 9OO-Q 74, a precision adap or to
h TYl'E 74 connector, i available, a ar the TYPE

9OO-QNJ and -Q P, low-reflection adaptor to onnec the
Typ 900 connector to ,yp -N plug and jack. . are uIt
preci. ion te quipment, .g., bl,jdg , lott d line and
refle tometers, fitted with TYPE 900-BT conn ctor can
be u ed to make m rieur men in oth r oaxial erie tha
are limited only b he accuracy of the lowel'-pr cision
connector them lve. 1\for over, in trum n quipped
with TYPE 900 connector may b calibrated at the Typ
9OO-BT oonector reference plan (,0 an order-of-magnitude
better han ha be n pI' viously p ible.

Type 1640-A Slotted Line Recorder System. See poge 76 for description.

General Radio ba developed a compr h n ive line of
ultrapr ci coaxial m a uring quipment around he
TYPE 900-BT onnector, th. principal in rumen being
th TYPE 900-LB Prec' ion lotted Line de crib d on
pag 76. upplementing it, in addition to h item
pr viou ly mentioned, are tandard air line, a mat h d
50-ohm termination and hort- and op n-circui. termina­
tion . The TYPE 1640- lotted Lin R cord r y tern
offer a new capabili y in pre i ion coaxial in trumenta­
tion maximizing the utili .y of th TYPE 900 components.
Till compl e y t m combin ,the TYPE 9OO-LB PI' ci ion

lotted Lin with a TYPE 1521- L Graphic Level R corder
( ee page 76) and make convenient the mea urement of
v WR' a low a 1.001 on a ontinuou permanent record.

Th p cification given in th following page for h
TYPE 900 compon nt appl under ordinal'. laborator
oondition a 23 , at ea level. .
'For n deUliled deBcripllon of he T,·p£ \lIJO·RT Pr isioll Coaxial ConneGtor. ~
A. Eo ,'anderson, "" Hadically N W onxinl 'onneclor for lIigh·Precision ~leB ure·
m 01 ." GOltr'ttl Radio EZ/Jerirntn/er. 37, 2, l'~cbruurya~larch.10 3.

ype 900-BT PRECISION COAXIAL CONNECTOR

FEATURES:

ne-pi ce de ign - no 100 e par .
WR Ie han 1.002 to 1 Gc, 1.01 to 9 c.

• xcellent repeatability of v WR, within 0.05%.
• onvenien and well-defined l' ference plane.
t Low 10 s and low dc contact re i tano .
• Low leakag , better than 130 db below i nal.
• egligible hang in char t ri tic wi b time.
• Compact versatile, ea y to u e.

74

CHARAC ERISTlCS: n important cbaracteri.'ltic of a pre­
cision conn ctor i it v WR th tithe extent to which i,
introduc reflection into an otherwi match d tran­
mi, ion line. The graph on pag 7 how th v WR te t
pecification for a pair of conn ctor~ (1.001 + 0.001 X far),

a well a th averag v, W"R for a production 10. inc it i
impo ibl 0 y bm mu h eacb connector contribute t,o
the v Wl~ of h pail', h t t limi for tbe pair are u, ed
a th guarant d, pecification for a ingle conn ctor.

nother important h ract ri t,i of a pI' ci ion con­
nector is repeatability, that is h on' teo y of mea ured

value a the onnection i broken and remade in differ nt,
orientation . Tb onne ti n f a pair of TYl'E 900-BT
connector und r th ondi ,ion typically repeat to
wi bin 0.03 0 up to 9 G I far I t r than I \V r-preci ion
conne t r . Th leakage of th Tn>E 9OO-BT onn t l'

( grapb) i lower han that of any other ommonly u d
coaxial conn tor, better than 130 db below the ignallevel.
Tbi i due to the triple hielding acti 11 f (1) be butt
contac of the outer conductors, (2) th interlo king and
overlapping of the centering gear ring, and (3) the outer
locking nu .
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Typical leakage curve of mated pair of Type 900-8T Precision Coaxial
Connectors compared with other leading types.

LOCKING
NUT

I

I
COUPLING

NUT

RETAINING
RING

I

\
INNER CONDUCTOR Of COMPONENT

O\ITER CONDUCTOR Of COMPONENT

I
OUTER

CONDUCTOR

CENTERING
GEAR RING

I

I
BEAD

SUPPORT

Type 900-8T Precision Coaxial Connector.

Mated pair of Type 900-8T Precision Coaxial Connectors.

CENTERING GEAR-RINGS

SPRING CONTACT Of INNER CONOUCTORS~
BUTT CONTACT Of OUTER CONOUCTORS)

Tb In

conn

frequencies where kin

nnector. ( onne tor
abov limit for 11 pair

Frequency Range: D to 9 Qc.

Characteristic Impedance: 50 ohms ± 0.1 % a
d pth is in ignificant.
VSWR: I than l.OCH + 0.001 X fOe per
til' t -ted by pair" con ervatively using th
of conn tors.)
Repeatability: ithin 0.05% r .0005 in v WR.

leakage: B t ter than 130 db belo\\' ignal.

SPECI FICATIONS
Insertion lass: ' than 0.003 JOe db per pair.
Voltage: 3000 volt (peak).
Power: 20 kiJolYat up to J Ic; 20 k\\-j J.\le above 1 M .
Electrical length: 3.500 ± 0.005 cm per pair.
DC Contact Resistance: Inner conductor, lei;:' than 0.5 milli hm; outl'r
conductor, 1 . than 0.07 milliohm.
Dimensions: Length of on connector, 136 inch (31 mm); maximum
diameter, }I 6 inch (27 mm).

Type

9OO-BT Precision Coaxial Connector

Price

$35.00*
• ,",ubjeet t.o quanlity dioeOl,nt.

75
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The basic in trument for the most preci e measurements of imped­
ance and VSWR at high fr quencies is he lotted line. The TYPE
9OO-LB Preci ion lotted Line d ign takes full advantage of tbe
accuracy of the TYPE 9OO-BT connector; as a r ult, th VSWR
specification of the lotted line is irlentical to tba of the connector.
Tbe line is u eful for the mo t precl e calibration and compari on of
rf standard impedanc and mi match ,as well as for he design of
componen of tbe lowest po ibl v WR. The accuracy of this slotted
line eliminates the tedious, time-con uming CIllibration procedur
required with I a urate instrumen . Wi h a T\"E 900-Q TJ or
-QNP Adaptor, it can be imply converted to It type-N lotted line
~'ith a v WR less than 1.005 + 0.005 X fa.·

The TYPE 900-LB i a lotted section of pre ision coaxial trans­
mission line who e characteri tic irnpedan e i, very accurately known
(50.0 ohm ± 0.1 %). The outer conductor i precision-for ed bra
tubing lined with pure silver for low 10. . The inner conductor, a steel
tube with a layer of ilver, i pred ion-machined. The load nd of the
line ha a TYYE 9QO-BT Pred ion Coaxial onn ctor, and the gener­
ator end ha a lockin TYPE 74 connector.

The probe is mounted in a movable carriage which 1\1 0 contain a

crystal detector, a tuning tub,
lind a TYPE 74 audio output
jack. The removable, barrel­
type uning stub upplied has
a vernier drive for tability,
smooth rotary action, and ea.~y
settability, and a tunin range
from 300 Me to 9 Gc. Probe
penetration is adju table by
means f a knob (calibrated in
thousandth of an inch) at the
top of the tub. For measure­
men of width-of-minima,
a micromet r carriage drive,
which can be read to 0.002 mm,
i also upplied. For applica­
tion requiring a direct rr out-
put, an rf probe acc ry i
I!rovidedj rminated with a.
TYPE 74-BL connector, tIllS
unit r places he tuning tub.

_............

I '"f.tGe -
SOOIlTTm:!
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45 42 39
PROBE POSITION. eM

Typical readout of Type 1640·A
Slotted line Recorder System
(described below and .hown on

page 74).

SPEC FICATIONS
Characterlslic Impedance: 50.0 ohms ± 0.1 %. rf probe assembly (with TYPE 74-BL connector); micrometer
Probe Travel: 50 em. cale calibrated in centimete from the refer- carriage drive (accumte to 0.01 mm) j par drive cablej storn e box,
ence plane. Attached vernier scale can be read to 0.1 mm. mith harts.
Scale Accuracy: ± (0.1 mm + 0.05%). Accena,ies Required: Generator and detector ( ee pag 66).
Frequency Range, 300 Me to 9 Gc. A 300 Mc, cove a half wave- Dimensions: Width 27)1, height 10, depth 4%" inches (700 by 255
length. Operates below 300 Me with TYPE 900 Precision Air Line. by 125 mm).
Ca!lstancy of Probe Pickup, ±O.S%. Net Weigh" 10%: pounds (4.9 kg).
Residual VSWR: Less than] .001 + 0.001 X fae (e.g., 1.002 at 1 Gc). Shipping Weight, 27 pound (12.5 kg).
.Accessaries Supplied: TYPE 74-R22A Patch ord; TYPE 900- T Code Numh&'
PreCision hort- ircuitj TYPE 9OO-WO Precision Open-Circuit; _.--..::..;y~pc..:e=-~I-- +:':':::::::"~~~-I-"":P"':T'l:...:·::::ce:....-_
tuning stub-probe mbly (including 1 21C and 1N23C crystals); 9QO.LB Precision Slotted Line 0900·965 I $515.00

~Type 1640-A SLOTTED LINE RECORDER SYSTEM
This ystem automaticall plot the tanding-wave pattern in

the TYPE 900-LB Precision lotted Line. VSWR' from 1.001 to 1.20
can be measured c nveniently and accurat Iy. Th positions of
minima, with a short circuit at the l' ference plane, can also he plotted
automatically ( ee sample trip chart above). In substitution meas­
urements·, vera! urv may be plotted on the arne record to
facilitate measur ment of VSWR differenc directly and cancel be
effect of nODcon tant probe pickup.

The TYPE lfS4Q-A system includ a TYPE 9OO-LB Precision lotted
Line, 0. TYPE 1521-:t. lotted-Line R corder, simiJar to the TYPE
1521-A Graphic Level Recorder (page 144), and an adju table

mechanical-linkage unit through lI'hich the recorder drives the car­
riage of the slotted line. The audio output from the carriage driv
the pen of the completely tran istorized recorder, which h a. va.ri­
able expanded- cale V6IVR presentation. Horizontal 'cale can he
either 1 cm/div or 0.5 em/div, with the two sprockets provided.
Audio input- ignal I vels from 0.05 to 2 millivolts can be accommo­
dated, thus permitting operation at the ignal level producing the
b t si nal-to-noise ratio.

•. E. ,alld~..on. "An ACQurot" ';ublltitlltlon Method of Measuring the vswa
01 Coaxisl Conn..,!o..." Th. "'icrow" • J.",,,,,t . .ranuary, 1962, Vol 6, No. I, PP
69·73.

SPECIFICATIONS

Type 900·tB Precision Slotted tine. For a photograph
sbawing tbls In.trument installed as port of the Type 1640·A

Slotted Line Record er System, see pag e 74.

Code Number Price

76

Senslllvity, Continuously variable from 0.05 to 2.0 mv (on- cale).
Frequency: I kc ± 3%j 3 db bandwidth - 50 ± 10 ep .
Chari: 4-inch recordinj!;. width ....'ith 8 major, total of 40, division.
Horizontal divi ions, U inch.
VSWR Range: ontinuou Iy variable from 1.00 (0.8%) to 1.20 (20%)
full cale; accurate to within one minor division at any etting.
Noiu Level (referred 10 Input): hort-circuit, I than 0.1 microvolt;
open-circuit, I than 4.0 picoamperes. Noi figure less tban 5 db
at the optimum ouree r i tance (about 25 kilohms).
Power Requirements: 105 to 125 (or 210 to 250) volts, 60 cp , 35 watts;
50-cycle models are available; ee price Ii below.
Dimenlions: Width 19, hei ht 9, deptb 14!4" incbes (485 by 229 by
362 mm) - TYPE 1521 L only. ee above for TYPE 9QO-LB.
Net Welghl: 67 pounds (30 kg).
ShippIng Weight: 100 pound (46 kg).

PATE '1' 01'1 E. "Kat•• I, 4. end 1 ,pa~ viii.

Type

1640·A

1640·AQl

Slotted Lina Recorder Sys­
lem (60 cp.1
Slatled Line Recorder Sys­
tem (50 cps)

1640·9701

1640·9494

$1815.00

1815.00
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VSWR: Less than 1.00 + 0.Ql5 X foc 0 1 Gc; 1.01 + 0.005 X foc
from 1 to 7 Gc.
Eledrleal Length: 6.50 ± 0.04 em to front face of mated nonlocking
TYPE 74 connector bead.

TYPE 900·TOK TOOL KIT • 'ine-piece tool kit in fitted case for con­
venient installation of TYPE 900-BT Precision Coaxial Connector
on uitable air line or component. Complete in tructi n for use of
tool are upplied ,,-ith each connector to implify as embly and
en ure precUon resul
1. Open. End Wrench
2. Coupling-Nut

Torque Wrench
3. Inner-Conductor

Torque Wrench

-'. Gear Wrench
S. Inner-Conductor pnet

6. Bead Pu,her
7. Inner·Conductor

Iniector
8. Bead Compres;­

,jon Sleeve
9. Spring-Contacl Wrench

PRECISION ROO AND TUBING sed in fabrication of custom air
lin and component employing TYPE 900-BT Preci ion Coaxial

onnecto . Diameters are pecified at a temperature of 23 C. Both
rod and tubing have een tr reli ved.

PRECISION INNER·CONDUCTOR ROO (0900.9508) Preci 'on, center­
I ground, ilver-layered br rod tock with a nominal 0.24425­
inch diameter.
Length: 27 incb (710 rom).
Diameter A<eura<y: ±65 microinches.
Uniformity of Diameter: ± 25 microincbes.
Surface Finish: 20 microineh ,max.
Straightness: 0.002 inch per foot.

PRECISION OUTER·CONDUCTOR TUBE (0900.9509) Precision-forged,
ilver-lined brass tubing with a nominal OD of 0.830 inch and a

nominal ID of 0.5625 (9 6) inch.• 'ominal wall i 0.13-! inch.
Inner Diameter A«ura<y: ±140 microinches.
Inner Surfa<e Finish: 30 microinch ~, max.
Stroightness of 10: 0.005 inch per foot.
Length: 27 inches (710 mm).

ADAPTOR FLANGE (0900·9782) A flange which threads onto the
TYPE 900-BT connector, in place of the gear ring and I cking nut, to
connect the TYPE 900 component. to coaxial ystem tha t rminate
in a flat-plane surface, or to other f1ang t)'pe nnectors.
Mounting Holes: 0.157 ± 0.005 inch dia. 120" ± 0.50 apart on a
radius of O. 12 ± 0.003 inch.

TYPE 9OO·W50 50·0HM STANDARD TERMINATION A precision,
low-Y WR tandard, designed around a highly table, depo i~­
metal-film resistor, with TyPE 900-BT conn tor. Excellent
5Q-ohm tnndard for calibration of bridg , lotted lin ,and imped­
ance plotter . The combina ion of a TYPE 900-W50 terminati n plus
a TYPE 9OO-Q. TJ or -Q).-P adaptor h low r v WR than generally
avnilabl 5o-ohm series-X termination alene.
VSWR: than 1.005 + 0.005 X foe. up to 9 Gc.
DC Resistan<e: 50 ohm ± 0.3%.
Maximum Power: 1 wat witb negJigibl change; 5 wat \\ithout
damage.
Temperoture Coefti<lent: 150 ppro;oC.

TYPE 9OO·110, ·L15, ·L30 PRECISION AIR LINES hort ections
(10, 15, and 30 cm) of precision, 5Q-ohm air line with a TYPE 900-BT
oonnector on each end. Conducting. uriac of inner and outer con­
ductors are of pure ilver for low 10 . T ed as low-reflection lin
extenders, as an aid in checking the \. WR of preci ion connectors,
and as 5Q-ohm· impedance tandard at frequenci for whicb the
electrical length i an odd multiple of "/4, for example, in calibrating
a slotted line and termination.
VSWR: Less than 1.0013 + 0.0013 X fa" up to 9 Ge.
Choraderistl< Impedan<e: 50 ohm ± 0.) %.
Electri<aILength: TYPE 900-LI0 - 10.00 ± 0.02 em; TYPE 9OO-L15­
15.00 ± 0.02 cmj TYPE 900-L30 - 30.00 ± 0.02 cm.

TYPE 900.WN PRECISION SHORT.CIRCUIT TERMINATION A preci 'on­
machined, ilver-pla~ body, mounted in a centering gear ring
and locking-nut mbly, wbieh 'hort-clr ui he face of a TYPE
900-BT connec or. For tabU hing reference plan and for e ~n
10 measurement. Reflection coefficient> 0.9995.

TYPE 9OO.WO PRECISION OPEN.CIRCUIT TERMINATiON A hield­
body mounted in a centering ring and locking-nut ~ embly. Estab­
li~b a well-shielded open cir uit 2. ± 0.2 mID beyond the face of
a TYPE 9llO-BT connector. For tahlishing a reference plane and
for we in 10 measureroen . Reft ction coefficient >0.9995.

TYPES 9OO.QNJ, .QNP ADAPTORS Low-r flection adaptors from
TYPE 900-BT Preci ion oaxial onnector 0 type-. - connector.
TYPE 900-Q.'J contains an improved type-. ' jack and mat with a
standard type-N plu . TYPE 900-Q••p contniT15 an improved type-l-
plug and ma witb a tandard ype-l - jack.
VSWR: Less than 1.004 + 0.004 X foe. up to 9 Gc, either unit.
Eledrl<al Length: TYPE 900-Q, ,p - 5.50 ± 0.03 cm 0 end of male
out r conduc or. TYPE 900-Q. -J - 5.00 ± 0.03 em to end of female
inner conductor.

TYPE 9OO·Q874 ADAPTOR Low-reflection adaptor between TYPE
9OQ-BT Preci ion Coaxial onnector and any TYPE 74 connector
(see page 63). 'ontain the new TYPE 74-BL Locking onnector.

77
Precision Rod

ond Tube

Adaptor flange
TYPE 0900·9782

TYPE
900-QNJ

Type Length inches el WeighJ· Code umber Price

900·L10 Predsion A ir line (10 <m) 4 6\1202 0900·9603 $ 85.00
9OO.L1S Pre<ision Air line (15 cml 6 1002 0900·9607 90.00
900·L30 Pre<ilion Air Line (30 em) 12 1502 0900·9613 100.00
9OO.Q874 Adaptor ta Type 874 2% 3\12 0% 0900·9883 45.00
9OO.QNJ Adaptor (conloins type·N Jack) 2~ 3Y202 0900·9711 50.00
900·QNP Adaptor «onloins Iype-N Plug) 2.51\6 402 0900·9811 50.00
900·TOK Taol Kit 21b 0900·9902 95.00
9OO.WN Short·Cir<uit Terminatian PI\6 2Y202 0900·9971 9.00
9OO.WO Open.Cir<uit Termination PI\6 2 02 0900·9981 9.00
9OO·WSO 50·0hm Termination 2 3\12 0% 0900·9953 60.00
0900·9508 Pre<lsion Inner.Condudar Rod 27 7 02 0900·9508 25.00
0900.9509 Pre<ision Out.r·Condudor Tube 27 2Yz Ib 0900·9509 35.00
0900·9782 Adaptor Flange 3 02 0900·9782 3.50

'Tu con\·ert ounc"," to grams, multil1ly by 2 ; pounds to kg, divide b)' 2.2.

TYPE TYPE ,.. TYPE 9oo·L30
900·W50 9oo·WO
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Unit Amplifier
Sound-Level Meter

High-Gain Tuned Ampl ifier
Broadband Logarithmic Ampl ifier
Heterodyne with I-F Amplifier
Crystal Rectifier

7'ype

Type

1232-A
1212-A
DNT
874-VQ, -VR

1206-B
1551-C

quencie at 50 and 100 k . It un ually high n i ivity,
low noi e lcv I, x II nt Icctivi y and high gain mak
i nitable for h mo t exacting bridge-mcn Ul'cm n 1'­

quir ment . With the TYPE 1232-P1 RF :\Iixer, it can Ie
u d a th i-f amplifier in :1 heterodyne-detector y tern
at 1'1' qu ncie up to 10 i\Ic.

Th TYPE 1212-A nit Null Detector is an tmtuned de-
ctor which cover a wide frequency I"ange and u e

limiting amplifier to produc a nonlinear compre ion of
the me I' cal of at I a t 100 db, thu liminatiuO' th
n ed for amplifi I" gain djustm nt during bl"idg­
balancing operation .

For maximum ff ctiv n itivity, on I'y
fil er h uld be u d at h input: th TYPE 1212-P1, for
elimina ing pickup at thc power-line fl' qu n yin maw' ­
ment ab ve 10 kc; and the TYPE 1212-P2, for maximum

n itivity and el cti\rityat 1 ~Ic. The TYPE 1212-P3 RF
lixer i also available for thi in trument, extcnding it

h"equency coverage to 0 Mc or more.

imple l' tifier aI' often uscd a h high fl" qu nei .
Th TYPE 74- T1Q Toltmetel' Detector and TYPE 874- r H
Toltmeter Rectifier cover a v ry wid frequency !'angc, a'
indica ed on the chart. Wh n one of the e i u ed dil"ectly
with a meter or earph ne ,the n, itivity i low. d
\vitb an audio amplifier, uch a th TYPE 1232- , hey
ar n itiv d tector of modulated ~ignal .

t very-high and ultra-high fr qu nci ,th h t rodyne
method of detection ha many advantao- . It can have
high n itivily, a wide fre uen y I' ng , any amount of

lectivity, and exc lIent lineal"i y. In the TYPE J) '1
Detector', th ignal i h terodyncd in a Typ 74-1 rRL
Mi.xer R ctifi l' with a ·igual from a nit 0 illator, The
30-1Ic b at fl" qu n y i amplifi d and detected by a
TYPE 1216- ni I-F Amplifi r. ariou local 0 ciliataI'
can be u ed to cov I' th v ry exten 'v £1' quency rangc
hown in the chart, and harmonic peration an be u d

to ext nd th l'ang of any oscillator. The O-db lin ar
rang i al u ful in l' lativ voltag -1 v 1 mea memento

OTHER INSTRUMENTS SUITABLE AS DETECTORS

Othcr gencral-purpo and pecial-purpo e amplificr
uch a the TYPE 1206-B nit Amplifier and he TYPE

1551- ound-Level M ter can also bud in detection
y tern over their re p ctiv fr qu n 'y range.

10100 IkMe10 100 IMe 10

FREQUENCY

100 Ike

Sensitivity and frequency range of various detectors.
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In prac i ally all type of I ctri al m a ur m nt , n
means mu t b provid d f l' aw'al or vi u I indi tion of
th de ired mea urement condition. For bridge m a ure­
m nt, som d gree of I c ivity in the indicator or
d t ctor i, u ful to eliminate puriml ignal, noise, and
harmonic of th de ired ·ignnl. For vol lag -amplitude
measuremcnt , a wid linear rang i de irable, and in
modulation mea urement the output 'gnal should be a
faithful rcproduction f th modulalion envelop .

For the applications, a number of d tector ar in
common u :

1. Amplifi r follow d by a meter or rphone.
2. Simple rectifier to cony rt an ac signal to dc or to

demodulate an rf signal.
3. imple rectifier followed by a hio-h-gain amplifier

with an aural or vi ual indicator.
4. l\liJ"er in which the ignal to be mea ur d i h tel'O-

dyned with signal of a differ n1, frequen y from an
oscillator nd the difference frequency amplifi d in
fix d-frequency, band-pll. ,high-gain amplifier.

An amplifi l' with m t r or earphonc is commoLlly
u d in the £r quen y range between a few cycle and
scveral mcgacycle'. 'Ih TYPE 1 J2-A Tuned tll/plijier and

ull Delectol' i' an in trumen t of this typ unable vel' th
audio-frequency n\,ng , with two addition I 0 rating fre-
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~Type 1232-A TUNED AMPLIFIER AND NULL DETECTOR

• High n itivity - typi ally, 0.3 microvol at 1 kc. • 120-db gain.
FEATURES • High el ctivi y - approximat ly 5% bandwidth.

: • ery low noi I vel- nerally blow 0.1 microvolt.
• Continuou , single-control tuning - 20 cp to 20 kc.

USES: Bridge det ctor for audio fr qu n i . Extr m ly n itiv , heterodyne, rf null detector when
Audio-frequ n y pr amplifi l' for 0 cillo cope, mi ro- u d a a 2Q-kc and 100-kc i-f amplifi l' with th TYPE

phone, vibration pickup, and other Lransdu er . 1232-P1 RF ~lixer and appropriate local 0 cillator.
Gen ral-purpo , unabl ,or broadband audio amplifier DESCRIPTION: Th circuit con' t of a low-no' pre-

(±3 db from 20 cp t 20 kc plu pot fr qu ncie a amplifier followed by a fr quen y lective tage, and an
50 k and 100 kc). amplifier-compr SOl' tag. Tran ist rs are used throu h-

udio wave analyzer (for approximate mea uremen) out. Tuning is a compli hed by th ingl -control RC
with a n itivity of a fra tion of a microvol . n twork in a negative-feedback loop.

Detector for modulated frequencie from 500 kc to The meter cale can be ith l' compr d or linear, as
5000 c, with the TYPE 874-VQ oltmeter etector. lected by a panel witch.
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m ;;0
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50 ;00 zoo so Ike 2:
fREOUENCY

SPECIFICATIONS

(Left) Typical noise levels
as a function of fre­
quency. (Right! Minimum
input for full-scale meter
deflection as a function

of frequency.

frequency Response: Meter linearity: Db diff rences on cale are accurate to ±5% for
Tunable filters - 20 cp to 20 kc in 3 ranges; 5% bandwid hj 2nd input of I than 0.3 vol.

harmonic at least 34 db down from peak, 3rd at least 40 db downj Compression (on lOG position): Reduces full-scale en itivi y by
rejection filter on two high t rang reduc' 6O-cycle level to at 40 db. D 'not affect bottom 20% of cale.
least 60 db below peak (50 db a 50 cp ). Dial accuracy is ±3%. Distortion (in FLAT position): than 5% (from meer r ifi ra).

50- and l00-kc Flltets-2nd harmonic4! and 53 db down, r p ctively. Power Supply: 12 vol' dc, from 9 mercury (M72) cells in enes.
flat Relponse - ±3 db 20 cp' 0 100 kc. . ed b !if' 00 h

Sensitivity: lot. Typically 0.1 microvolt ov r mo t of the fre- • lJrnat attery e I 15 ours.

(
Acceuories Supplied: TYPE 74-C A Cable Connector.

quency range :'" = 1). 81 no' I v I plo . Cabinet: nvertible b nch (see page 210).
Noile level Referred to Input: e plot. l oi. figure at 1 kc i I . than Dimenlionl: idth, height 6, depth 7% inches (205 by 150 by
2 db at an optimum ource impedance of 27 kilohm. 190 mm), over-all. Panel adaptor e are available for 19-inch
Noise level Referred to Output: .. than 30 millivolt on flat po-ition relay-rack mounting (panel height 514' in h ).
and at minimum ain setting. Net Weight: 5~ Ib (2.6 kg). Shipping Weight: 12 Ib (5.5 kg).
Input Impedance: Approximately 50 kilohrns at maximum ain, varies Typ Code umber Price
inver ely with gain to one megohm at minimum gain.
Maximum Safe Input Voltage: 200 vol ac or 400 vol dc. 1232·A Tuned Amplifier and Null
Gain: 120 db on the tunable rang j 100 db, flat ran e; 106 db a Detector 1232-9701 $360.00
50 kOj 100 db at lOO-kc po ition. 4BO-P30B Relay-Rack Adaptor Set 0480-9638 7.00
Output: 1 volt into 10,000 ohms. Internal impedance i 3000 oh PATENT NOTICE, See ales 4o!Uld 15, pag viii.

~Type 1232-P1 RF MIXER
Thi weU-shielded RF mixer, with the null detector and a local to noi level.) Typically 1 microvolt from 70 kc to 150 kc; 0.4

o iIIator, b com a nsitiv h terotlyn de ctor with a high degree microvolt (rom 150 k to 10 Mc.
of harmoni r jection. Wb n hc (requency o( th local oscillator is Input Impedonce: Approximately 200 ohms.
wept,. th~ combin~tion caD. be used for approximate. pc trum Output Impedo~ce: Approximately 20,~ ohms.

analySIS IVlth an 0 iIIo cope. I can 81 b used a a sensltlv level Dimensionl: Dtnmeter 21~, length 6%: Inch (5 by 175 mm).
indicator in attenuation me urements. The circuit compi a semi- Net Weight: 1 pound (0.5 k). Shipping Weight: 2 pound (l kg).
conductor diode, tuned i-f output transformer, cry tal-curren meter, T mb P .
and a 0 iated compon nt . UP u er ru:e

S I' E C I F I CAT ION S 1232·Pl Rf Mixer $105.00

frequency Range: 70 kc to 10 Me. (Can be used up to 60 ie, with
care in he election and identification of lo<:al-o illatar frequencies.)
lof Output Frequenciel: witch- elected to 20 ko or 100 kc.
Bandwidth: O. kc in 2Q-kc iti n, 10 kc in 1OQ-kc position with a
2Q-kilohm output load (Typfl 1232-Pl RF Mixer alone).
Sensitivity: (Open-circuit voltage from 50-0hm source, equivalent

(Right) Type 1232-A Tuned =
~ Amplifier and Null Detector. =
~ (Left) Type 1232-Pl RF Mb<er. ==

~ File Courtesy of GRWiki.org
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~Type 1212-A UNIT NULL DETECTOR
V') a
Ct: zo -<
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• 50 cps to 5 c. • Qua i-logarithmic response.
• On- cale rang of approximately 120 db.

FEATURES: • M ter n itivi y control provid d for ettin of voltage range de ired.
• nsitivity in r a balane i approached, thu increasing speed and preci ion.
• Regulated tube voltag and balanced met r ircuit maintain stability.

USES: Tbi unit null d tor i an inexp n ive, broad- DESCRIPTION~ The in trumcn con i t of a thr - tage,
band balanc indicator for ac bridge m a ill m nt from broadband amplifiel' with ries-peaking comp n
50 ep to 5 Me. With the TYPE 1212-P3 RF Mixer and a Germanium-diode clipper are used between stage
local 0 cillator, it range an be e .tended to 60 Me a a t..'l,in the qua i-logarithmic re pon e. The output me
heterodyne detector. a linear cale. <arphone terminal are provided.

SPECIFICATIONS
fREllUEH:\"

Price

$185.00
55.00
12.00

1212·9701
1203-9702
0480·9986

Code umber
1212.A Unil Null Delectar
1203·8 Unit Power Supply (115·" Iinetl
480·P4U3 Relay.Rack Adaptor Set

P TENT N TICE. Notes 4 and 15, page viii.
t palte 173 for 230·volt upply

Net Weight: 4~ pounds (2.2 k ).
Shipping Weight: 12 pounds (5.5 kg).

Type

..'----_....I...._J.....J_.....L.....L..._L.J._-'---'------'LlJ

Frequency response

charederistic of the I,,·'
Type 1212·A Unit 1--)'--++- '-+_+

Null Delector.

Frequency Response: ee plot.
Sensilivity: than 40 /-IV at I kc for] %of full cale.
Power Supply: TTl'E 1203-B i recommended (see page 173). Power
supply can be attached to detector to form a rigid unit (locking
trip upplied).

Hum and Noise level: Hum, 20 /-IV; broadband noise, 30 /-IV.
Input Terminal: LockiJ!g TTPEl 74 Coaxial Connector.
Accessories Supplied: Power- upply plug, TTPE 874 Cable onnector.
Accessory Equipment Available: TYPES 1212-Pl and -P2 Filte ,
TYPE 1212-P3 R ixer. (See below.)
Cabinel: nit In trument ( page 210).
Dimensions: Width 10~, height 5~, depth 6)i inch (275 by 150
by 160 mm), over-all. A hown here, including power supply, 15 by
5%: by 67.( inches (3 5 by 150 by 160 mm), over-all. Relay-ra k
adaptor et Li ted below mounts both in trument and po er upply
(oanel 19 by 7 inches).

Type 1212-Pl HIGH-PASS FILTER
Thi hielded RC filter provides about 5Q-db attenuation at 60 cp .

Plugs into detector input connector.
Nominal Load Impedance: 1 megohm.
Input Voltage Limit: 150 volts maximum.
Terminals: TYPE 74 Coaxial Connector at each end.
Dimensions: Diameter %, length 4~ inches (25 by 110 mm).
Net Weight: 3 ounces (0.1 kg).
Shipping Weight: 1 pound (0.5 kg).

Type 1212-P2 l-Mc: FILTER

This hielded, tuned LC filter provides insertion gain at 1 Me and at­
tenuates higher and lower frequ nci . Plugs into detector connector.
In."rtian Gain: Between 22 db and 32 db at 1M.
Second.Harmanic Relection: At least 39 db.
Maximum Inpul Voltage: 200 volts.
Terminals: TYl'E 74 Coaxial Connector at each end.
Dimensions: Diameter 2, length 5 inches (50 by 130 mm).
Net Weight: 9 ounces (255 grams). Shipping Weighl: 1 pound (0.5 kg).

Type 1212-P3 RF MIXER
The TYl'E 1212-P3 RF Mixer, which is unilar to the TYPE

1232-PI, combin with the TTPE 1212-A nit r uU Detector to
form a ensitive het rodyne null detector from 3 Me to 60 Me.

Thi combination may also he u ed II.'; a. receiver, pectrum ana­
lyzer, and en itive I vel indicator throughout i frequency range.
Frequency Range: 3 Me to 60 Me. (Can be used up t 150 Me if care
i taken in the election and identification of local-o ciliator frequency.)
Sensilivlly: (Open-circuit voltage from 5O-ohm urea, equivalent to
noi e level) 10 /-IV from 3 Me to 5 c, 6 /-IV to 60 Me (typical).
I·F Output Frequency: 1 Me.
8andwidlh: 25 kc witb TTl'E 1212-A nit ulI Detector.

Input Impedance: 200 ohm (approximately).
Output Impedance: 50 kilohms (approximately).
Terminals: TYPE 74 Coaxial Connector at end of cable.
DImensions: Diameter 2U, length 6~ inches (58 by 175 mm).
Nel Weight: 1 pound (0.5 kg). ShIpping Weighl: 2 pounds (I kg).

Type Code Ntunber Price

1212·Pl High·Pan Filter 1212·9601 $15.00
1212·P2 I·Mc Filler 1212·9602 35.00
1212.P3 RF Mixer 1212·9603 105.00

PATENT NOTICE. See, ate 4, page viii.

Type 1212·A Unil Null Detector with Type 1203.8 Unit Power Supply

~~~~~~~Type 1212·Pl

Type 1212.P2

80
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SPECIFICATIONS
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TYPE 1602-B HF dmittanc eter and the TYPE
1 07- Tran fer-Function and Immittance Bridge.

Individual assemblie for variou fr quency range are
li ted below.
DESCRIPTION: Each a mbly comprise one TYPE
74-MRL Mixer Rectifi r, on TYPE 1216- nit I-F

Amplifier, one TYPE 74- lOL 10-db Pad, on TYPE
74- L-L 90° Il, plu on unit illator and one 6.1 r,

both d pending on th fT quen y range de ir d ( price
table). For maximum hi Idin c mponent ar quipp d
with locking TYPE 74 axial nne tor which can b
u ed iot rchan ably with th nonlo king type.

The incoming signal a d th i 1from th unit oscilla-
tor ar heterodyned in th mix r r ctifier to obtain a
30-Mc difference fr qu n y whi h i amplified and indi­
cat d on the meter of th TYPE 1216- nit I-F mplifi. r.

Higher-frequency op ration i obtainabl ,vith 0 illator
harmonic, but ensitivity i d cr a d, and are mu t be
taken to avoid ambi uou beat. If tiv harmonic rang
(i.., without overlap), \ ell a fundam ntal, ar hown
in th curv . Th lowest harmonic covering the de ired
fr qu ncy should bud.

When wide range of frequency are to be covered, how­
ever, it i recommended tha one complete DJT d t tor
be pmcba d, plus the nec ry 0 illators and fil for
the additional frequ ncy ranO' d ir d. For in tanc , to
over the range from 40 to 950 Ic, on would order a

TYPE D T-2 D ctor, plus on TYPE 1209-C nit
illator and on TYPE 74-FlO00L Filt r.

~Type DNT HETERODYNE DETECTORS

• ide frequ ncy rang . + High n itivity.
+ Exc llent hielding. + Ave for null-d ector u
• Broad bandwidth with good lectivity. + Wide-range calibrated attenuator.

FEATURES:

~ File Courtesy of GRWikLorg

Type ONT-4 Heterodyne Detector.

Frequency Range: See sensitivity curv ; al price table. For connection to other ypes of coaxial connecto , ee TYPE 74
Sensitivity: Typically 5 microvol -; ee accompanying curves. Coaxial Adaptors, page 64. The TYPE 74-R22LA Patch Cord
Mixer: TYPE 74-MRL Mixer Rectifier (p e 67). (page 71) is also a convenient acc ry.
Local Olcillatar: See pag 112 to 115 for pecification. Rack-Mount: Relay-rack adaptor pan are available for both
Input Terminal: Mixer input terminal is TYPE 74 Coaxial Connector. oscillator and i-f amplifier. ( below and png 116.)

(Specifications continued on page 8$)

USES: Thi i a general-purpo , well-shi Ided, high­
frequency heterodyne detector. It can be used a a high­
sen itivity, high-frequency voltm ter for relative signal
level ,a a tanding-wave indicator, and a a null detector.

The system is extremely well hielded and i , therefor ,
uitable for low-level mea memen in the presence of

high-lev I xternal field .
A an indicator of r lativ

to mea ur the insertion 10 and a t nuation of filt rs,
attenuator ,and cabl ; cro talk in roul i-terminal d vi
such a switche' to calibrate at nuator . a a fi Id­
strength indicator; to mea ure ant nna gain and radiation
patterns i and as a general-purpo high-frequency re­
ceiver.

ince the mixer is linear over a wide range of input
voltage, the built-in t P att nuator make po ibl
th direct measurement of i nal I v I ov r an O-db
rang. itb the .use of external TYPE 74- 20L tt nua­
tor ,thi range can u ually xt nd d to about 110 db.

"hen tandardized at one 'gnallevel in term of an rf
voltage tandard, a, for in tance, a tandard- ignal
generator, the TYPE D T D t ctor can be used to mea me
rf voltage as Iowa 10 microvolt with a reasonable degree
of accuracy.

This detector is recomm nded for use a a tanding­
wave indicator with the TYPE 74-LB lotted Line. It
is parti u1arly useful for m a urem n on nonlin ar ele­
ments, wh re a high degr of harmonic rejection and
SlDall operating ignallevel are requir d.

As a null detector, it is recommend d for u with the
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.en,itivily of Type DNT De­
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and harmonic operation.
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TYPE 1216-.
l-F

AMPLIFIERDETECTOR
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Frequency Range -!lTc
Local

9nti Brd 4th Oscillator Filter Code
Type Fundal/llm/al lIarmanic· Harmon-u;' Harmonic' Supplied Supplied Number Prue

ONT·I 40t-530 100-1030 165-1530 230-2030 1208·C 874·F500l 1235·9601 $714.00
ONT.2 40t-280 70-530 120-780 170-1030 1215-C 874-F500l 1235·9602 674.00
DNT·3 220-950 470-1870 720-2790 970-3710 1209·C 874.fl000l 1235-9603 747.00
DNT·4 870-2030 1770-4030 2670-6030 Nol recommended 1218·A 874-f2000l 1235-9604 927.00

• l:ot harmonic operationt the alJproprinle low-pfl fill~r must be u ed.
PATE;>iT N T1 E. ~e ;>iole 4. paRe vii;'

t 40 116 is the practical low-frequency limit.

~Type 1216-A UNIT I-F AMPLIFIER
The ba ic element of the TYPE D T Detector is the

TYPE ]216- nit I-F Amplifier. It consists of four tuned
i-f amplifi r ta ,a detector, a video amplifier tage, an
accura rf attenuataI', and two power upplie. It i de­
signed to operate from t,h 400-ohm nominal ou pu im­
pedance of the TYPE 74- fRL i\Iixer Rectifi r.

Automatic volum control i provid d to facilitate
bridge balancing and oth l' null- ype m a urement . The
A v can be wi ched ut for voltage level measurement.

built-in precision, film-type-re i tor, tep attenuator

included 0 make po ible accura e m a urement of
relative signal level . Th indicating meter i calibrated in
db, a well as in linear unit, for convenien interpolation
be we D th IO-db attenuator steps.

PI' vi ion i made for measuring cry tal-mixer CUrl' n .
ne of th internal power supplie operate the amplifier

circuit; the other upplie heater and plate power to the
heterodyning unit oscillator.

Modulation on the input frequency i amplified by a
cathode follower and i available at th output t l'minal .

Price

$360.00
11.00

1216.A Unit I·F Amplifler
480·P4U2 Relay-Raok Adaptor Panel

PATEl'T NOTICE. l'Qte. 4 and 15, page viii.

SPECI F ICATIONS
not be obtained from a unit 0 cillator, but output i ample for
heterodyne u e.
Power Requirements: 105 to 125 (or 210 to 250) volt I 50 to 60 cp .
Power input, 45 \Vat at full load. Can al 0 be operated at 400 cp
where line voltag does not drop below 110 volts.
Accessories Supplied: pare fuses.
Cabinet: nit Instrument (see pa 210). Relay-rack adaptor panel
listed below (panel 19 by 7 inches .
Dimensions: Width lOU, height 5%, depth 6U inch (260 by 150
by 160 =), over-all.
Net Weight: U pound (3. kg).
Shipping Weight: 14 pound (6.5 kg).

Type

Center frequency: 30 l\1c.
Bandwidth: Greater than 0.5 c at 3 db down; 9.5 c at 60 db
down.
Sensitivity: From B 400- hm urce, 2-microvolt input required for
1% meter deflection (above noi e); 50-microvolt input for full- cale
meter deflection. Th e ar open-circuit ource voltages.
Nalse Figure: Approximately 5 db.
Allenuator Range: 0 to 70 db in ID-<lb steps.
Attenuator Accuracy: ± (0.3 db + 1%).
Output.Circuit Bandwidth (Modulation): 0.4 Mc.
OUlput Impedance: 600 ohm.
Maximum Output Voltage: 2 vol open circuit.
Terminols: Input, TYPE 874 Connector on 2-foot cable; output,
%:-incb- paced TYPE 938 Binding Po
Supplementary Power Supply Output: 300 volt de at 30 milliamperes;
6.3 volts ac at 1 ampere. With this power upply, full output will
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THE MEASUREMENT OF

FREijUENCY AND liME
~

Figure I. Block diogram of frequency .tondordization system.

TIME

IF. D. r. wis. "F"requ n~y nlld Tim
pp 1046-1069,

a time ale related to Eph m ri Tim. but off et by nn amouot
which I reduce appro>.--im:l . a re ment with n1 r I Tim ,
Th' ol'ft ha en -130 X 1O-1u in 1 2 od 1963.

The principal type of frequency aod tim tandard have been
di eu ' d in a paper by Lcwi ,1 which r ferenee original work.
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(Di~
-f

Figure 3. Measurement of the frequency
difference be.....een an unknown frequency

ond a nearby standard frequency,

Figure 4. Elementary block diagram of an analog frequency meIer.

--1 INPUT H PULSE I
CIRCUITS SHAPER

}

DIGITAL
COUNTER
METHOD

Maintenance of Frequency Standards
Any m a ur ment of Ir qu ney d p nd for its accuracy upon

the ccur cy of th fr quen y tan ar u ed which den nd , in
turn up n both the accuracy of calibration and the tability of
the io al tandard. Th rno t widely u ed, and the rna t u ful,
laboratory fr qu n y sta.ndnrd ar quartz-crystal-con rolled
o cillator with appropriate divider and multipliers attached.

0+2

RANGE-EXTENSION 1----+-'1''----1 METHOD
UNIT L- --J

fl

o n+1
HARMONIC NUMBER

n-I

Ix
FREQUENCY

TO BE
MEASURED

FAEQUE NCY-METER
OSCILLATOR

OR
TRANSFER OSCILLATOR

n-2

TIME BASEL _

fx

Figure 2. Relation be.....een an unknown frequency and a series of standard:
frequency harmonics.

tion condition at low frequ nei . For inf rmation and chedul~
of transmission of standard fT quenci , apply to th Radl

ta dard Lab ratory, National Bur au of tandards, Depart­
ment f Commerce, Boulder, Colorado.

The U. , Javal Radio tati n :rBA (Panama Caillll Zan) on
1 kc I 0 radiate on a tandardized carri r fr qu ncy, The
excellent g agraphic p ition of thi tation make vlf taudard
time and frequency ignal available ov r a large porti n of the
w rId,

1ethod of utilizing "If transnll ion for the alibration of
local tandard have b en di cu ed by Pi rc 2 and Lewi .3

Frequency Measurement
An unknown frequency i mea ured by compari on with a

known tandard frqueney. The tandard of comparison Jruly b
r mote, for dir et mea ureID n with a calibrat d d vi uch a
n analog frequen y ill ter, or 11 component part of the mea uring

in trument a with 8 digital counter. In general, it i desirable
to make u 'e of a tandard fTequ ncy that lie clo to the un­
known fr quency nd to mea ur th diff r neb tween til
unknown and the tandard fr qu n y by an interpolation devic
The relation between til tandar and unknown fr quencie i
hown in Figur 2. Th h terodyne, analog, and digital int f\ ol~­

tion ytems are outlin d in Figure 3. The heterodyne meth d IS

often ed for th mea ur m nt of noi y, k yed, or remotely
originating signal when monitoring f the ignal i nece ry to
avoid incorrect mea urement .• ince the human ear ervc a a
monitor, th calibra d audio 0 illn, r n d cov r only up to a
few kilo ycles f range,

The analog frequency meter i dir ct reading in fr qucncy,
c vering w U beyond the audible range of beat frequencie . It
can be used for elir t mea urement of £requencic up to 1.5 I(c,
'J. A. Pierce, "rnL .continental Frequ nO$' Comparison by \'LF Radio Trano­
lIli ion," Prot: IRE, Juno, 1957, pp 794- 3.
• F. D. I.e,,;., "YL•• landard-Frequenoy C"libration," C,,,,,,nl RlJd,a ELpt'f'.m.,,·
I,." Jun ,1962.
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TYPE 1134-A
DIGITAL-TO
-ANALOG
CONVERTER

TYPE 1130-A
DIGITAL TIME

AND FREQUENCY
METER

IOOMe

Freqyency Standards (±5 X 10-10)

Frequency Standards (±5 X 10-7 )

Standard -Freqyency Oscillator
Freqyency Divider
Time Comparator
Heterodyne Interpolation As.embly
Digital Freqyency Meters (CoYnters)
Digital-la-Analog Converters
Data Printers
Analog FreqYency Meter

APPROXIMATELY IScps BEAT
(~20.c.fl

TYPE 874-VQ TYPE
V~H~8b~R 874-1'

DIODE DIODE
LOAD D-C RETURN

clueing loo-Mc output frcquencie , together with the frequency
meter-di cnminator in it mo t ensit-iv operatin range, i.e.,
the interpolation mode, produce a resolution of approximately
±0.1 cycle per second, or ±1 X 10-9 at 100 Mc. If a second
frequency multipli r unit to 1000 Mc i added in each leg, the
resolution can be increa ed to ±1 X 10-10 •

De cribcd in this section of the tftlog are in trumen I ingly
and in combination, to perform the function described above:

FigYre 6. System for intercompori.on of two .tondord-freqYency oscillators, by means of a digital fre­
quency meter, 10 a resolution of ± 1 X 10-11 •

TYPE 1I/3-A
STANDARD­
FREQUENCY
OSCILLATOR

TYPE 1113-A
STANDARD­'I FREQUENCY

OSCILLATOR

sati factory p rformance by means of local comparisons of fre­
quency, in addition to routin alibration with re p ct to rec­
o~nized standards. It i po sibl to provide a frequency tandard,
Wlth two or three local quartz-cry tal 0 cillator , a compari on
y tern, and a calibration system, that can furnish frequ ncy­

calibration data of accuracy equivalent to that of all but the rno t
f'xpen ive atomic frequency tandard. In many ca ,multiple
atomic tandards will not improve ultimate accuracy, and I' sort
mu t be had to calibration with respect to the oatiooa.lly recog­
nized standards. It is also worthy of note that all atomic or
molecular frequency tandard' include quartz-cry tal tandard,
with the exc ption of the ammonia and hydrogen ma ers, which
are not pI' eotly commercially available. On the other hand, the
stan ard-frequency and -time signals broadcast by th ational
Bureau of tandard, a.vy, and the appropriate agencie
of other government enable adequate calibrations to be per­
formed at low cost to the user.

General Radio ff quency-standard equipment is specifically de­
ig ed to facilitate establi hment of a t\ 0- or hree-o cillatol'

frequency tanda,rd. The TYPE l113-A tandard-Fr qu ncy
o cillator doe not contain expensive frequency-divid I' elements
that must be purchsed if only th os 'illator i de ire . The
TYPE 1114-A Frequency Divider can be ea ily transferr d from
one oscillator to another if, for any reason, it is desired to use th
alternate source of driving ignals. Intercomparison equjpment
for the cb cking and recording of standard-frequency 0 ciliator
performance i de cribed belo~ . Combination other than thos
illu trated are available and can be arranged to suit individual
needs.

For the highest re olution intercomparison, two oscillators are
put through eparate multiplier chain ,which produce output fre­
quencies of 1 Gc. The output of each multiplier is applied to a
common mix r. The beat frequency, which is produced when one
o ciliator frequency i lightly off et from the other, is amplified
and applied to a digital period counter through a low-pass filter.
The output of th digital counter is appli d to a digital-to-analog
converter, which selects the three mo t en itive digits of the
indication and upplie the required drive to a graphi recordel·.
Figure 6 i a block diagram of this ystem. The resolution of thi
sy tern i approximately ±1 X 10-11 , wi h a ampling time of
approximately one-tenth econd. In addition to the intercompari-
on feature, thi a embly provide output signals up to 1 Gc.

An intercomparison syst m of less resolution and lower cost is
shown in block wagram form in Figure 7. It is useful for averaging
times of 5 second or longer. The use of multiplier chain pro-

INTERPOLATE SCALE
IOcps FULL SCALE

.--~".,......, ±O,/ cps RESOLUTION
(o± I XI0-9)

F'~~n

~ fe--- -..l
~ '-------'

x

Agyre 5. Elementary block diagram of Q digital freqYency meter (coynter!.
Figure 7. Allernote inlercomparison system with analog freqYeney meter.

ResolYtion Is ± 1 X 10'" as shown in this figure.
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~Type 1120 FREQUENCY STANDARDS

• Excellent long- erm and instantaneou stabilities.

• High p tral purity.
• Reliabili y - available with m rgen y pow l' upply.
• Wide ran e of output fr qu nci - up to 1000 Me.
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FEATURES:

In he elec ronic plan, th fr qu ncy tandard ha
many u . It uppli tandard frequencie both for
laboratory m a urem nt and for production te ting; for
standardizing digital count l' (eith I' a a ource for
routine accuracy check or din:'c Iya a count r tim ba );
and for mea uring received i nal in onjuncti n with
frequency meter and oth I' compari on quipment.

The Tn 1120 Frequ ncy tandard ar highly table
sources of standard-fr qu ncy i nal at deead interval
from 100 cp to 1 Gc, a well as a 5l\Ic, 60 cp ,and 400 cp .
Th tandard-frequency oscillator operates at - l\Ic, u inIT

a high-Q, fifth-overtone-mode quartz cry tal. A fr qu ncy-

divider chain provide lower fr quencie hrough a ri s
of ca caded divider circuits.

In the TyPE 1120-AH model frequencies above 5 Mc are
produced in low-noise pha -lock d-o cillator fr qu ncy­
multipli I' unit. Th tandard offer the hi he quali y,
low-noi , tandard-fr qu ncy ignal for uhf and micro­
wave application. The vhf and uhf ignal ar ntially
fr from ubmultipl 0 Itput frequ ncie .

Th Y RONO)lETER time comparator integrate he
oscillator frequency and provide a ime indication. By
means of the built-in, precisely adju table microdial con­
tactor, the frequency of the 0 ciliator can be compared with

TYPE 1120-A TYPE 1120-AH TYPE 1120-AB
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tandard-time iuaal 0 approximately 0.1 milli ec nd.
The tandard can alo b calibra , d by comparison with
tandard-frequ ncy broad at.

Gen ral Radio frequen 'y tandard are known the world
over for reliability and ability. Th yat· u- d by gO'rrn­
mental a nci ,indu trial plant , reseal' h 111borl1tori(' ,
and military rvice. They are excellent national tandard
of time and frequency for communi ation mini rie. They
are u eful a frequency monitoring and mea mil1g y tern
for checking the frequeQ ic f radio ran mitter . The high
t&biIity and low airing l'a of the - -:\ reo 'illator make it
uitabl for u e a an ob ervatol' clock, along with th

frequency divider and YN RO' METER time omparat.or.

Three a emblie are Ii ed:

TYPE 1120-A a a i fl' quncy tandard, upplying out­
put fr quencie. up to 5 Me.

TYPE 1120-AH. con i ting of the TYPE 1120- pIll
frequ nc multiplier produ ing 10, 100, and 1000 Mc.

TYPE 1120-AB, which i th TYPE 1120- plu mcr-
gency power- upply equipment.

Other y tem can be a emhled to mee p emc n d.
F r in an ,th SY CRONO;\IETER time ompal' tor can b
mitt d from any of he ll, mbli and h emE'rO'en y

p weI' equipment ran b added t he TYPE 1120- H. Our
en ineer will gladly a, iJ t in the election of equipm nt
to m t pe ifie requir ment ,

The individual component of he tandard aI'(' available
for pe ial appli('ation. inc th 5-:\1c reference cciLlat I'

i a s H- ontained unit, it i po ible t pcratc everal
0, cillatol's for intel'compari on h kinO' without the pm­
cho. C' of tmnece._saI'Y frequency divider or other auxiliary
eqnipmpn with each 0 cillatol'. The pamt fr quenc ­
divi I I' and fr quen y-multiplier unit. may b pUl'eha C'd
a requir('d. It i a imple matter to provide multipl
tandard-frC'quency work 0.1' a by tbi mean. pace i

available in the 1'0. k for additi nalunit" a Ii ted below.
Blank panel are uppli d to fill unu cd rack po. c.

For a detailed de ription of the TYPE H20 Fr qu ney
tandard, ee R. W, Frank, F. D. Lcwi and H. P.
tl'l1tcmeycI', itA table and R Ii ble FreCluency tandal'd,"

Geneml Radio E.rpe-I'imenler 3~, 4, April, 1961.
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SPECIFICAT10 S

,.- The perf rrnance pecification of the;:e frequency standard a1'e LL~ted under the description
of the component uni d cribed in the following pag

------- TYPE 1120.A FREQUENCY STANDARD

unit for 400 cp and 60 cp are also available. , ee TYPE 11l4-A
Frequ ncy Divider, page 9.
Power Requiremenh: 140 \\'att , mllximum, a 105 to 125 (or 210 to
250) volts, 50 to 60 cp ,
Dimensions: Width 22, height 76 11, clepth 1 II:! inches (560 by 1950
by 470 0101), over-all.
Net Weight: 275 pound (125 kg).

c, 1 Mc, tOO kc, 10 kc, 1 kc, 100 cp ,Plug-in Shipping Weigh': 4 5 pounw (225 kg).

Components:
TYPE 11l3-A tandard-Fr quency 0 cillator.
TYPE 11l4-A Frequency Divider.
TYPE 1103-B yncronometerfi1 time comparator.
Floor-type I' lay rack.
Blank panel to fiJI rack.
Connection cabl .

Output Frequencies: 5

_______ TYPE 1120·AH

Components:
TYPE 11l3-A tandard-Frequ ncy Oscillator.
TYPE 1114-A Frequency Divider.
TYPE 1l03-B yncronometer time comparator.
TYPE 1112-A Frequency Multiplier.
TYPE 1112-B Fr quency fultiplier,
Floor- ype relay raok.
Blank panels to fill rack,

onnection cables.

IOOO·MEGACYCLE FREQUENCY STANDARD

Output Frequencie" 1000 c, 100 Mc, 10 Mc, 5 Ic 1 Me, 100 kc,
10 kc, 1 kc, LOO Cp'j optionally 60 cp' and 400 cps ( ee pag 9),
Power Roqulrements: 375 watt, maximum at 105 to 125 (or 210 t
250) volts 50 t 60 cp .
Dimensions: Width 22, height 764, clep h L 1 2 inches (560 by 1950
by -170 mOl), over-aU.
Net Weight: 325 pound (150 kg).
Shipping Weight, 575 pound (265 kg).

______ TyPE

Components:
TYPE 11l3-A tandard-Frequency Oscillator.
TYPE 11l4-A Frequency Divider.
Typ 1103-B yncronorneter R time comparator,
TYPE 1116-8 ErneI' ency Power. upply.
TYPE 126 -A Automatic Bat,lery Chargel·.
TVPE 126 -PI Battery Druwer,
TYPE J26 9 02 Battery.
Floor- ype relay rack.
Blank panel t fill l'Uck.
Connection cables.

1120·AB FREQUENCY STANDARD

Output Frequencies: 5 Me, L lc, 100 kc, 10 kc, 1 kc, 100 cp . Plug-in
uni 'for 400 cp and 60 cps are al 0 availabl . TYPE 1114-A Pre­
quency Divider, page 9.
Power Requirements: 370 wut ", ml!x.imum at 105 to 125 (or 210 to
250) volts, 50 to 60 CP',
Dimen.lons: Width 22, height 76~, clep 11 I I-§ inches (560 by 19-0
by 470 0101), over-all.
Net Weight, 475 pound (220 kg).
Shipping Weight: 645 poumls (300 kg), lc,'- ba, t ry j battery, hipped
tlire t from uppli I'.

Type Code (Imber Price

1120-A Frequency Standard
1120-AH l000-Megacycle Frequency Standard
1120-AB Frequency Standard

PATENT 1\OTICE. See Kotc. 1.4, and ,pBge viii.

1120-9701
1120-9817
1120·9430

$3715.00
6525.00
5200.00
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~Type 1113-A STANDARD-FREQUENCY OSCILLATOR

,..toO

,

"

J\ .

Spectrum of Type
1113·AStandard.
Frequency Oscillator
os measured at 23,900
Me by the National
Bureau of Standards.

FEATURES:

SPECIFICATIONS
FREQUENCY STABILITY
Aging: Less than ±5 X 10-10 per day, averaged over 10 days, after
60 day of operation. AIter one year of operation, typical drift i less
than ±2 X 10-10 per day.
Short·Term: Better than 1 X 10-10 per minute, as measured with one­
second samples. See also pectrum plot at 23,900 Me.
Oven Cycling: L than 1 X 10-10, peak-to-peak.
Ambient: L~ than 1 X 1O-10jOC (5 X 10-11 for 0 to 50 ).
line: L than 1 X 10-10 for 105 to 130 volts.
loading: Less than ±2 X 10-10 for 50 ohm ± 20%.
FREQUENCY ADJUSTMENTS
Coorse: Approximately 500 X 10-9•

Fine: ±5 X 10-11 in divi ions of 5 X 10-10•

SeHability: To 1 X 10-10•

OUTPUTS 1 volt, rIDS, into 50 ohms at 5 Me. 0.4 volt, rms, for General
Radio TYPE 1112-A Frequency ultipLier.

Typical frequency drift of
Type 1113.A Standard.

Frequency Oscillator.

• xc 11 at hort- and long-term tability.
• D on tub h a r for lowe t po ible fro.
• Frequency can be to 1 par in 10-1°.
• <ive-point meter circuit to ch ck aU importan op rating characteristic.

Thi high- tabilityo cillator u a 5-M ,fifth-over one, omponen at can tant temperature. The outer stage
AT- ut cry tal in a modified Gomi t-Clapp ir uit. Th operate a approximately 57 C, the inner stage at the
block diagram show the functional arrang ment of the temperature at which he cry tal has zero temperature-
circui . The driv I vIi held con tant by the automatic coefficient. This temperature varies between units and is
gain control. In addition, negativ fe dba k i used to hold between 70 and 80 C.
he driv -level variation to Ie than 10% for 2:1 changes Both plate and heater voltage are regulated. Long-life,

in tube tran condu tanc . premium-quality tubes are u ed in both the oscillator and
A two tage oven hold cry tal and critical oscillator the amplifier.

GENERAL
Power Requirements: 102 to 125 (or 210 to 250) volts, 50 to 60 cps,
100 watts, maximum.
Cabinet: Rack bench (see page 210).
Dimensions: Width 19, height 5}4, d pth 16!!4 inches (485 by 135 by
425 mm), over-all; rack model- panel 19 by 5}:1" inches (485 by
135 mm); depth behind panel 16 inches (410 mm).
Net Weight: 30 pounds (14 kg). Shipping Weight: 40 pound (18.5 kg).

Type Code Number

1113-AM
1113-AR

PAT 'T OTl E.

Standard-Frequency Oscillator, Bench Model
Standard-Frequency Oscillator, Rack Model

e Notes 1 and 4, page viii.

1113·9801
1113-9811

$1550.00
1550.00
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View of Type 1113·A Standard.fre·
quency Oscillator control ponel. The
front panel is held in place with two
catches, and is easily removed for ad·
justment of controls or observation of

aven performance.
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-
~Type 1114-A FREQUENCY DIVIDER

The frequency divider operate from the 5-l\lc output
of the standard-frequency 0 cillutor 0 produce output
f1' quencie of 1 Me, 100 ke, 10 k , 1 k , and 100 ep ;
optionally, output of 400 ep and 60 pare al 0 available.
Th 5-:\le to l-l\lc divider i. a reg n rativ(' type; all others
a1' witching type. All cirC1lits are "Jail-safe." There 1'S

110 output when the input ,'figllal i ab, ent. Output of all
divid l' tage i ine wave, with qual' wave al. 0 avail­
abl at 10 kc and 100 ke. All divid I' unit are plug-in
module.

FEATURES:
• Wide ran (' of utpu. f1' quencie .
• Fail-safe op ration.
• Very low ji tel'.
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SPECIFICATIONS

PULSE
SHAPER

Spurious Signals: Better than 34 db down.
JIlter: ]..ess than 0.5 n ee for lOO-cycle output with I' pect to 5-Mc
input.
Additional Frequencies Available: 400 cps; 60 cp . See price table
below.
Power Input: 105 to 130 (or 210 to 260) vol ,50 to 400 cpo i approxi­
mately 7 wat .
Cabinet: Rack-bench ( ee page 210).
Dimensions: Width 19, height 57,i", depth tI ~ inch' (485 by 135 by
295 rom), over-all; rack model-panel 19 by 57,i" inches (45 by
135 mm); depth behind panel 1I inch (280 rom).
Net Weight: 15 pounds (7 kg).
Shipping Weight: 22 pound (10 kg).
.. ptionaJ ace ories.

l>'lOO1lc

DRIVING FR[OVENCV

5Mc l~ 1OOi,

------- - - _..!_---- -, •

,..,

, ..,_......'1'"-,

IOOkc..-.......M..,

View of typical plug-In unit.

Input: 5 Mc, 1 Mc, 100 kc, 50 ohm., 1 volt ± 50%.
Output (with S.Me input):

Sine Waves - 1 c} 1 volt {+50%} into 50 ohms
100 kc -10%

1~ t~} 1 volt {~~g~} into 600 ohms
100 cp C

-400 cp } 1 volt {+50%} into 600 ohms
~O cps -10%

Square Waves - 100 kC} Approximately 7 vol~ peak-to-peak
10 kc open circuit

Type Code tImber Price

1114-AM Frequency Divider, Bench Model
1114-AR Frequency Divider, Rack Model
1114-P6 400-cycle Plug-in Unit
1114-P7 6O-cycle Plug-in Unit

PATENT NOTICE. See Noles I and 4. page viii.

1114-9801
1114-9811
1114-9606
1114-9607

$950.00
950.00
115.00
130.00

Rear view of the fre­
quency divider, showing

the plug -In units.
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~ Type 1103-8 SYNCRONOMETER® TIME COMPARATOR

The TYPE 1l03-B yncronomete time comparator is a
precision clock with a 24-hour dial for the calibration of
frequency and tim andard . The 100-tooth phonic­
wheel motor i driv n by a 1-kc tandard-frequency signal
at 10 revolution p r second. worm-and-gear reduces
thi to one revolution per second at a haft \ hich carries

• Tim -of-arrival readings can be mad without disturbance of the indicated time on the
clock.

• '1 h WOO-cycle synchronou motor i tarted from the front panel through pushblittO'
control of the power-frequency starting motor. ----

FEATURES:

a am op ratin a pha able contactor. The contactor
op ratin time, or phase, is adju table to any time setting
within th s cond (one revolution). The contactor etting
i indicated by a thr e-wheel digital microdial indicator
reading dir ctly in millisecond with graduation at 0.2­
milli ccond int rval , which can be read accurately to
± 0.1 milli econd. The ability of th clo ing time of the
contactor i ±0.1 millisecond. The variation in time of
arrival of tim ignals in the hf band is generally of com­
parable magnitude. Time comparison by this method can
yield a fr qu ncy-calibration accuracy of ± 1 X 10-9 over
a 4 -hour interval.

Th YNCRONOMETER time comparator i a constant mon­
itor of th continuity of operation of thc frequency stand­
ard, a well as of th proper functioning of the divider
chain. If the clock driving ignal is interrupted or changes
freqll ncy momentarily, or if the power supply fails, the
clock top and requir s restarting. The entire mechanism
is simple and reliable, and will give years of service with
minimum maintenance.

SPECIFICATIONS
Mounting: Relay-rack panel.
Dimensions: Panel 19 by 8%, inches (485 by 225 mm); depth behind
panel 11 inches (280 mm).
Net Weight: 35 pounds 06.0 kg).
Shipping Weight: 46 pounds (21 kg).

Input: 1-kc sine wave, one volt into 50 kilohms.
Microdiol Contactor Stability: Maximum contact-clo ing-time devia­
tion at any microdial etting is ±0.1 millisecond.
Calibration Errors: The IlULximum deviation between the indicated
microdial etting and the actual contactol' clo ing time vari , inu­
soidally from 0 to ± 1 millisecond (maximum) over the lOOD-milli­
second range.
Accuracy of Time Increments: The maximum error over a time interval
of 25 milliseconds is ±2% ± 0.1 millisecond.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps;
22 watts, continuous; 10 watts additional for starting motor.

Type

1103·B

Price

$975.00

----

$450.00
450.00
195.00
250.00

1116·9702
1268·9701
1268·9601
1268·9602

Code Number Price

EmerlleMY Power Supply
Automatic Ballery Charger
Ballery Drawer (less balleryl
Ballery

Type

1116·B
1268·A
1268.PI
1268.9602

EMERGENCY POWER EQUIPMENT
TYPE 1116-8 EMERGENCY POWER SUPPLY

TYPE 1268·A AUTOMATIC BATIERY CHARGER
TYPE 1268·P1 BATIERY DRAWER

TYPE 1268-9602 BATTERY

This emergency power-supply equipment will maintain con­
tinuous operation of a frequency standard comprising an oscil­
lator, frequency divider, and clock Wlit. It furnishes ac power
from stora e batteries, the switchover being accomplished auto­
matically in Ie s than two cycle of the supply frequency upon
failure of the main ac upply. The tran ition to battery supply
occurs without interruption of the continuou operation of the
oscillator and timing system, so that calibration procedure in­
volving time integration can be fully relied upon.

While the design of the TYPE 1l13-A tandard-Frequency
Oscillator prevents the possibility of permanent damage in the
event of power failure, a period of bours or even days may be
nece sary for the standard to recover equilibrium after a tempo­
rary unsettlement caused by power failure.

The emergency power supply is, therefore, a recommended
acces ory for the frequency standard, with the addition of the
TYPE 126B-A Automatic Battery Charger, TYPE 126B-Pl
Battery Drawer, and battery.
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<@>Type 1112 STANDARD-FREQUENCY MULTIPLIERS

• Provides microwave-range standard frequencies - 20-milliwatt output (50 milliwatts at

F TU ES 1000 Mc).
EA R : • <xcellent phase stability.

• xtremely low noise.

USES: The TYPE 1112 Standard-Frequency Multipliers gen- filter, which selects only the desired harmonic at each
erate sine-wave signal of 1, 10, 100, and 1000 Mc when output frequency.
driven from a 100-kc or I-Mc ource, or, when driven from In the TYPE 1112-A Multiplier, the 1oo-kc input signal
a 1-, 2.5-, or 5-Mc source, outputs of 0, 00, and 1000 Mc. is multiplied to 1, 10, and 100 Me. Quartz-crystal filters

The output provides standard frequencies ill th micro- are used, each in an oscillator circuit whose frequency is
wave region for precis frequ DCy m a urem nts. Th phase-locked to the desired harmonic frequency.
unu ually low noise and exeell nt phase stability of out- In the TYPE ll12-B Multiplier, which operates from a
put signal permit intercomparison of lower-fr qu ney, separat 100-Mc output of the TYPE 1112-A, a phase-
standard-frequency 0 cillator and comparison of cry tal lock d klystron oscillator is used as. a selective filter. Phase-
with atomic standards. modulation noise inherent in kly trons is minimiz d by
DESCRIPTION: Th phas stability and low nois of th negative feedback. The reference standard is the multiplied
multiplier outputs result from the u of a narrow-band harmonic of the crystal-controlled 100-Mc driving signal.

SPECIFICATIONS

Input

.Fll Volts Residual FM Locking Bandwidtht Output Open-Circ:uil
T1fpe ~n c Noise Range Decade cps Power Output Volts

0.1 1 0.1-1 Me 50 20 rnw into 500
1112.A 1 1.5 < ±I X 10-' ± 15 in I ()6 1-10 Me 500 4 channels, 2

2.5 0.4 10-100 Me 5000 1 at 1 Me
5 0.4 I at 10 Me

2 at 100 Me
1000 Me

1112·8 100 20 mw* < ±I X 10-' ±100 kct 100 kct 50 mw >3
(500) son

Sine WaVe

... ";;>ll ;;:0
m m

°D::ii cz m
("l Z
-<()
~ -<
g ~
"'0 ~
~ Cf)
;v c
(/'I ;lO

m
~
m
Z
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-

~ At input frequency .

Net Weight: TYPE 1112-A, 25 pounds (11.5 kg); TYPE 1112-B, 35
pounds (16 kg).
Shipping Weight: TYPE 1112-A, 50 pound (23 kg); TYPE 1112-B,
60 pound (28 kg).

Type Code Number Price

TYPE 1112·A

I, lO, 100 Me

• From TUB 1112-A. t Expressed"" allowable frequency deviation rale.

Spurious Signals: At least 100 db below output level.
Terminals: Locking TYPE 874 Coaxial Connectors; adaptors (page 64)

'e available to all commonly u ed types.
.ecessaries Supplied: TYPE 1112-A - TYPE CAP-22 Power Cord,

TYPE 874-R22A Patch Cord, two TYPE 874-C58A Cable Connectors,
pare fuses; TYPE 1112-B - TYPE CAP-22 Power ord, two TYPE
74-R22A Patch Cords, one TYPE 874-C58A Cable Connector, spare

fuses..
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60 cps. TYPE
1112-A, 110 watts; TYPE 1112-B, 125 watts.
Dimensions: Relay-rack panel, 19 by 12~ inches (485 by 330 mm);
depth behind panel, 11 inches (280 mm).

1112·A
1112.8

PATENT

Standard.Frequency Multiplier
Standard.Frequency MUltiplier

OTICE. See Notes 4 and 15, page viii.

1112-9701
1112-9702

$1450.00
1360.00
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-
~Type 1213-D UNIT TIME/FREQUENCY CALIBRATOR

, .......-....c:I..
•CliCltl.OtCO"'l.

DESCRIPTION: The block diagram how the functional
arrangement of circuit . The er tal 0 cillator uses a -Mc
AT-eut, h I'm tically al d quartz plat of exe ptionally
small emperature co fficient at room emp ratill' . Th
mul ivibrator output an b witch d to drive eith r a
video amplifier to upply fr quency mark rand iming
pul e or a harmonic generator and mixer for fr quency
calibrations, with he video amplifier automatically
switched to ac as a high-gain audio amplifier.

narrow-range fr quency adju tment is provided, and
al 0 a touch-button deviator for tabli bing "sense" in
low beat frequencies.
• De eribed in Technical Publication 1310: copy frce on request.

FEAT RES:
• Hig~ acc~racy - a few part ~ 107

, • Wide rang of output frequ ncies.
Ea ily adJusted to zero beat WIth wwv tandard-frequency transmi ·on .

• Accurate timing sourc for 0 cillo cop . • Internal mixer for maximum utility.

SES: The TYPE 1213-D nit Time/Frequ ncy Calibrator The amplitud of the pul i ufficient to trigg l' pol e-
is .R compact frequency .tan~ard compr~ ing all th cir- g nerating equipment and 0 ilio cop weep.
c';11ts nece sa~y for cahbr!l:tlOn op ratIOns that. hay The cry tal 0 cillat?r can b tandardiz d again t
hitherto reqUll' d everal ill trum nt, The Cll'cwt tandard-frequency radio tran mi sion .
include: (1) a cry tal-controlled ourc of harmonic at
multipi of 10 fc, 1 Mc, 100 kc, and 10 kc, (2) mLx rand
eat amplifier and (3) a pul amplifier.
The elf-contained mix r and audio amplifier p rmit

fr qu ncy calibration of 0 ci11ator and ignal generator
without requiring additional equipm nt. The tandard­
frequency harmonic are u eful for l' c iv r calibration and
for frequency measurement with external detectors and
interpolating equipment.

With auxiliary nit Oscillators for interpolation and an
oscillo cope for zero-beat indications, this calibrator can
mea ure accurately all b frequencie of radio broadca t
and television transmitter .*

The output of the cathode-follower pol amplifier can
be u d directly or differ n-
tiated in the TYPE 1213-P1 =..
Differentiatortoprovidepuls- ...~ ~..
es at intervals of 0.1 psec,
1.0 psec, 10 psec, and 100 psec ,.
for time markers in swept­
frequency applications and
for calibrating variable time­
delay units and oscilloscopes.

$310.00
55.00
12.00

1213-9704
1203-9702
0480·99B6

1213·0 Unit Time/Frequency
Calibrator

1203.B Unit Power Supply
480·P4U3 Relay-Rack Adaptor Panel

PATENT NOTICE. e Note 4. pegll viii.

SPECIFICATIONS
GENERAL
SensitIvity: sable baa can be produced with 50 millivolts input
mixer over the harmonic rang listed above.
Power Requirements: TYPE 1203-B Unit Power upply i recom­
mended.
Accessories Supplied: TYPE 1213-Pl Differentiator TYPE 874 Coaxial

onn ctor, and multipoint connector. '
Cabinet: nit In trument (see page 210).
Dimensions: Width 1O!.1] height 5~, depth 7 inches (270 by 150 by
180 mm), over-all. A hown her, inclucling power supply 14~ by
5~ by 7 inche (375 by 150 by I 0 mm), over-all. Relay-rack adaptor
set Ii ted below mounts both in trument and power supply (panel
19 by 531' inches).
Net Weight: 4~ pounds (2.2 kg).
Shipping Weight: 12 pound (5.5 kg).

For a detaiJed d cription of the caJibrator, ee R. W. Fmnk and
H. P. tratemeyer, ItA Time/Frequency Calibrator of Improved

tability," General Radio Experimenler, 30, 10, October, 1959.
Type Cod~ Nltmber Price

OUTPUT
Frequencies: 10 c, 1 Mc, 100 kc, 10 kc.
Frequency Adjustment: ±5 ppm.
Amplitude: 10 Mc - 5 vol peak-to-peakj 30 vol ,paak-to-peak,
at lower output frequencies from pul e amplifier; rf harmoni usable
to WOO c from lo-Mc output, to 500 c from 1-Mc output, to
100 Mc from lOO-kc output, and to 10 Mc from lQ-kc output.
Impedance: Video cathode-follower, 300 ohm j rf output obtained
from cry tal-diode harmonic generator.
Terminal: Locking TYPE 74 Coaxial Connector. This instrument can
be equipped with ype ,BNC, T C, C, C, or HF connectors
through the use of locking adaptors, Ji ted on page 64.
fREQUENCY STABILITY
Warmup Drift: Not more than -2 X 10-7;0 for ambient tempera­
tur of 25 ,or over. Wi h ambient 0 to 10 C cry tal may not
operate until operating temperature j reach d. Minimum operating
ambient,O .
Temperature: Between - 1 X 1O-7;c and +2 X 10-'1;cC in ambient
range 20 to 40 C.
line·Voltage: Momentary chnng of ± 10% affect frequency by less
than 5 X 10-. Changing line voltag will affect frequency per
temperature specification above (± 10% line will cllange temperature
±4C).
Switching and Loading: Over-all, les than 1 X 10-7•
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Type 1213-0 Unit Time/fre­
quency Calibrator with Type
1203-8 Unit Power Supply.
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~ Type 1105-8 FREQUENCY-MEASURI G EQUIPME T

FEATU E
Can bused 0 mea me iot rmitt nt or fading ignal.

• an generate a prec' ly known frequency between 100 kc and 200 Mc.

The TYPE 1l05-B Fr quency-Mea uring Eqllipm nt i a
heterodyne-m thod frequency mea uremen y t m. Th
me bod of operation i ba d on be principl et for b
in Figure 2 and Figur 3 on page 3. Harmonic of tb
10-kc and lOO-kc tandard freqllcncie are g n rat d by a
newly developed aVl1lan he-tran i tor pul n rator,
\ hicb produce trong barmonic to 100 Mc and b yond.
1 i thu po ibJe to make dire t mea ur m nt of fre­
queoci up to 100 Ic u iog tb Tn 1107- lot rpola-
ion ciliator and th TYPE 1l09-B Comparison cil-

lo cop a th beat-frequency interpolator to m a ill

fr quency differ nce " " in Figure 2. Each TYPE 1106
Fr quen y-Tran f r nit ontain a regenerative de tor
and calibrated tran fro cillator covering a portion f the
spectrum. They ar in rconnected with th unknown
ignal and the frequ n y tandard through the TYPE

1l08-B Coupling Panel, whi h contain th tran~i tor
pulse generator for producing the andard-fr qu ncy
harmonic.

In the frequency range from 100 kc to 100 Me, th

810ck diagram of the Type 1105-8 Frequency.Measuring Equipment.

TYPE 1108·a
COUPLING PANEL

This unit is the centralized
control point at which all necessary
switching and level adjustment.
can be easily and quickly carri ed
out. Also generales harmonics
from the standord.frequency in·
puts of 10 and 100 kc. $510.00

TYPE 1106.A, .a, .C
FREQUENCY-TRANSFER UNITS

(3 panels)

Each of these units contains a
heterodyne frequency meter and
heterodyne detector, with direct.
reading scales. Ranges are as
follows,

Type 11 06-A 100 kc to 2000 kc

Type 1106-8 1 Me to 10 Me

Type 1106·C lOMe to 100 Me
The harmonic output of the fre­
quency meter is used at frequen.
cies higher than those covered by
the dial ranges. The output of the
frequency meter and the regenera·
tion of the heterodyne detector
are adjustable.

Each model, $1050.00

TYPE 1109.8

COMPARISON OSCILLOSCOPE

Includes cathode-ray oscillo·
scope, wilh power supply; select­
ing, smoothing, and phase-shifting
networks for circular sweep. 01
line frequency, 0.1 -, 1· and 10·kc
standard frequencies. and at a
variable frequency obtoined from
the interpolation oscillator, and all
necessary switching. Most patterns
are presented on a circular sweep
by radial deAection. $600.00

1105.a Frequency-Measuring
Equipment

PATE 'T NOTICE., e 'ole 4, pege viii.

TYPE 1107.A INTERPOLATION OSCILLATOR

Thh unit Is a linear-scale, direct-reading, audio-frequency o.cillator
covering frequencies from 0 to 5000 cps. II is used to measure the
audio.frequency difference between the unknown frequency and a
slandard 1O-kc harmonic. A meter indicates output voltage and can be
used as a beat Indicator for matching the interpolator and unknown
frequencies. See also page 110. $1250.00

TYPE 480-MA RELAY RACK ---------,,..

The IndiVidual units are mounted in the Type 4S0-MA Relay Racle..
At the bose of the rack is mounted a Type 11 05.Pl Speaker for audi­
ble monitoring of beat tone5.

All connections between slandard and measuring assembly are
mode by means of patch cords, which are supplied.

SPEC FICA IONS
Specification and prices of the component instruments will be
furnished on requ t. All items are available individually. For pecifi­
cations for TYPE 1l07-A Interpolation Oscillator, ee page 110.
Terminals and Cables: All units are equipped with TYPE 74 Coaxial
Connectors at the rear. uitable connection cables are furnished.
Power Requirements: 105 to 125 (or 210 to 250) vol ,50 to 60 cps,
200 watts.
Dimension.. Width 22, height 76%, depth 20~ inches (560 by 1940
by 520 mm), over-all.
Net Weight: 370 pounds (16 k ).

Shipping Weight: 560 pounds (258 kg).

Type
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~Type 1150-A DIGITAL FREQUENCY METER

-

• Bright-light urn rik in-lin display.
• Compact ize - I h 11 4 inch high.
• High a uracy - table temperatur -controil d cr tal time b
• Reliability - ring counting circuit noncritical enough to operate with wide range of

tran i tor characteri tics.
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FEATURES:

USES: The TYPE 1150- Digi al Fr qll n y ~ ieter i a
basic g 11 ral-pmpo e COUll I' for labor tory and indu ­
trial u . Covering the frequency ran from 10 cp to
300 kc, i can be u d to calibra e 0 cillator t monitor
frequ ncie , and to mak high-r olution m a urero nts n
precision filter and h I' frequency- I ctiv d vi .

With appropriate tran ducer the counter can b used
to mea ure pre ure, temperature train, weight, pro­
duc ion-line output, number of particle in liquid, nd
other quantiti or event that mayor may not b periodic.

d \ ith he TYPE 1536- Pho oelectric Pickoff (pag
170), th count r easily mea me high rotational pe d .

DESCRIPTION: Thi in truro nt count the number of
cycle of the input signal oc urrin in pr i tim int rval
of 0.1, 1, or 10 econd. Thi iot rval i tabli h d by a
table, t mperature-controlled 100-kc quartz-cry tal 0 -il­

lator. Th counting circuits are impl bu unconv ntional
ring-of-t n counting unit , which ailo wide variation in
transi tor characteristic and which are directly adaptable

to he ten-lamp ~ Tumerik indicator (the collector currents
of th counting tran 'star ar u d to light th incande cen
lamp in the indicator ).

Th counter i uvailabl with or without output pro­
vi ion for u with th TYPE 1136- Digital-to-Analog

onverter (e pug 99) and the TYPE 1137-A Data
Print I' ( e page 100).

,...-----THE NUMERIK INDICATOR----.....

Th ~ -urn rik indicator u d in th TYPE USO-A
and 11SI-A count r i avuilabl a a geo ral-purpo e
digital indicator, which an be u d in th readouts
of counter compnter, digital voltmet r , annuncia­
tor ,and indicator ard. Two mod 1 ar available:
th TYP H,D-0300, with 10 digits, 0 thr ugh 9 and
the Tn I TD_1 01 with th 10 digit plu a comma
00 the right-hand id and a d cimal point on the
1ft-hand ·de. For further information, see page 201.

SPECIFICATIONS
Frequency Range: 10 cps to 300 kc.
Input Impedance: A coupled; approximately 0.5 megohm hunted by
I tban 100 pf.
Sensitivity: Better tban 1 volt, peak-to-peak; for pul e input, duty
ratio should be between 0.2 arId 0.8. For input pulses of hi her than
minimum amplitude, duty ratio becomes I important.
Display: 5-digit, in-line Jumerik register, incandescent-la.mp operated.
Display Time: Adjustahle from 0.5 to 5 ecoud or infinity.
Counting Intorval: 0.1, 1, or 10 second, or can be et manually.
Accuracy: ± 1 count ±cry tal-oscillator tability.
Crystal.Oscillator Stability

Short·Term: Better than 2 part per million.
Cycling: Less than counter r olution.
Temperature Effects: than 2,Y2 parts per million for rise oC
oto 50 ambient.
Warmup: Within 1 part per million after 15 minutes.

Aging: Less than 1 part per million per week aCter Cour weeks,
decreasing thereafter.

Crystal.Frequency Adjustment: The frequenc i within 10 parts per
million of 100 kc \\Ih n hipped. Frequency adjustment provided.
Pow..r Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
45 watts.
Accenorie' Supplied: TYPE AP-22 Power Cord, eight replacement
incand cent lamp, spare Cuses.
Accessorl .., Available: TYPE 1136-A Digital-to-Analog Converter
(p ge 99) and TYPE 1137-A Data Printer (page 1(0) operate from
output of TYl'E IISQ-AP model
Cabinet: Rack-bench ( ee page 210).
Dimen,ion': Bench model- width 19, height 3%, depth 12Y2 inches
(4 by 99 by 320 mIll), over-all; rack model- panel 19 by 3Y!i
inches (4 5 by 90 mm); depth b hind panel12%, inches (325 mm).
Net Weight: 17Y2 pounds ( kg).
Shipping Weight: 20 pounds (9.5 kg).

94

Type Code Numbur Price

1150-AM Digital Frequency Meter, Bench Model 1150-9801 $ 995.00
1150-AR Digital Frequency Meter, Rack Model 1150-9811 995.00
11S0-APM Digital Frequency Meter (with output for

printer or DjA converter), Bench Model 1150-9871 1050.00
11S0-APR Digital Frequency Meter (with output for

printer or Dj A converter), Rock Model 1150-9981 1050.00
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~Type 1151-A DIGITAL TIME AND FREQUENCY METER

•

FEATURES:
• ront-panel control of t riag r I 'el, lop, ac or de eO\lplin .
• \\Iea me frequ ncy p riod, and fr qu n y ratio. • In-lin
• Ability to trade input impPdance for added en itivity.

USES; Th T PE 1151- " lik the TYPE 1150-A a
g n ral-purpo e coun er for th laboratory or pI' duct ion
lin, bu with a full c mpl men! of input . ntr I and
with the wi ching program need d for p l'i d, multiple­
period, and ratio m a ill' ill nt .

~umerik di play.

by 1000, and th ond
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Frequency Measurement,
Range - DC to 300 kc.
Sensitivity -0.1 volt, peak-to-peak, at 100 kilohms or 1 volt,

peak-to-peak, at I megohm (1 microampere), witch- elected.
Caunting Interval - 10 milliseconds to 10 cond, e""tendible by

multiplier witch.
Accuracy - ± I count ± crystal-o cillator stability.

Periad Measurement:
Range - DC to 20 kc.
Number of Periads - 1, 10, 100, or 1000.
Sensitivity - 0.1 volt a 100 kilohm or 1 volt, peak-to-peak, at

1 megohm (J microampere), witch- looted.
Accuracy - ± 1 count ± time base accuracy ± noise errors.
Input Noise - 5 millivol equivalent open-circuit input noise.
Counted Frequency - 100 kc.

Ratio Measurement:
Range - BIA, 10 BIA, 100 BIA, or 1000 BIA.
Frequency Range - A input, dc to 20 kCj B input, de to 300 kc.
8 Input - 1 volt peak-to-peak, 100 kilohm.

Display: 5-digit, in-line umerik regi tel', incandes nt-lamp operated.
Display Time: 0.16, 0.32, 0.64, 1.2 • 2.56, 5.12, or 10.24 econd,
5witch-selected.
Input Impedance: 1 megohm hWlted by 50 pf or 100 kilohms shunted
by 500 pr, \\itch- lected.

Type

Input Trigger Level: ± 1 volt at O.l-volt sensitivity; ± 10 vol at
I-volt ensitivity.
Input Trigger Slope: AC or dc coupled, positive- or negative-going.
Crystal-Oscillator Stability,

Short-Term - Better than Y\l part per million.
Cycling - Less than counter resolution.
Temperature effects - Les than 2~ parts per million for ri e of

o to 50 ambient.
Warmup - Within 1 part per million after 15 minutes.
Aging - than 1 part per million per week after four 'eek

decreasing thereafter. '
Cry~tol Frequen~y Accuracy: The fr~quency j within 10 parts per
nulhon when shIpped. Fr quencyadJu tment i provided.
~ower ReqUirements: 105 to 125 (or 210 to 250) vol I 50 to 60 cp ,
50 watts,
Accessories Supplied: TYPE AP-22 Power Cord eight replacement
incand cent lamps, pare fu . •
Accessories Available: TYPE 1136-A Digital-to-Analog onverter
(page 99) and TYPE 1137-A Data Printer (page 100) operate from
output of TYPE 1151-AP mod 1.
Cobinel: Rack-bench ( ee page 210).
Dimensions: Bench model- width 19, height 3Y8 epth 12J1 inches
(4 5 by 99 by 320 mm), ov r-allj rack model':"'" panel 19 by 3);2
in hes (485 by 90 mm), depth behind panel 12;!i inches (325 mm).
Net Weight: 19 pound (9 kg). Shipping Weight: 22 pound (10 kg)

Code Number Price
1151-AM
1151-AR
1151-APM

1151-APR

Digital Time and Frequency Meter, Bench Model
Digital Time and Frequency Meter, Rock Model
Digital Time and Frequency Meter (with output for

printer or 01A converterl, Bench Model
Digital Time and Frequency Meter (with output for

printer or 01A converter), Rock Model

1151-9801
1151-9811

1151-9871

1151-9981

$1195.00
1195.00

1250.00

1250.00

~ File Courtesy of GRWiki.org
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~Type 1130-A DIGITAL TIME AND FREQUENCY METER

-

+ Designed-in r liability. + • Iodular construction - eo. y 0 rvice.
• Continuous display - no blinking light. + imple graphic recording.
• r r atile input circuit - high en itivity, hitrh imp danc wid dynamic rangc, adju t-

able trigger level.
• 500-Mc range (with external frequency conv rt r).
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FEATURES:

USES: 1 hc Ditrital Time and Frequency l\Ieter is an auto­
mati in trum nt for th' pre i mea uremcnt of fre­
quency priod, and time in erval . It can at 0 aunt
random v nt , mea ure fr qun y ratio computc pha e
hift and meaure charact ristic of pul e wav form .

Thi counter i pecially well- uited for application
d mandin.... I ng-tim trouble-free operation.
DESCRIPTION: The counter contain fivc ba ic ircuit
block : the input circuit ,th time base, the main gat
t he program control, and the decimal counting unit . A
detail d description of he individual circuit and h ir
opera ion ha been publish d.* Of particular intere tare
the following feature :

1. The decimal counting units u e a noncritical 1-2-1-2
weighting rather than the cu omary 1-2-2-4, to minimiz
th effect of changes in op rating voltage and tube
haracteri tic .

2. omputer-type d ign and premium component are
u d throughout.

3. 11 tube cir uit 0.1' on plug-in board ,eo. ily detached
for. erviec or r pIa ment.

4. Tim -I a unit al plug in. Four diff r nt ype are
availabl . monitor lamp indi ate 10 of tandard-
fr qu ney driv or any failur f th tim ba .

'. Th mea urement di play con' t of digital neon­
lamp column. The operat r n chao e either an eight­
digit intermittent or qu ntial di play, or a four-digit
continuou display. Any four con ecutive digit can be
elected for continuou di play. n illuminated d cimal

point i automatically p itioncd for ach measuremen ,
and the units of mea urem n ar clearly indicated

6. Controls are logi aUy placed and clearly marked ­
easily operated by un kill d personnel.

Th mat bing TYPE 1133- Frequency Conv r er ( e
pag 9) xt nd th frequency range to 500 Me.

• R. W. F....nk and H. T . .\Ie'\l er," Frequency Counter with a Memory "nd
with Built-In Reliability," Grneal Radio Ex-ptrimmter, 35, 5, )'Jay. 19tH. Reprints
available.

SPECIFICATIONS
FREQUENCY MEASUREMENT
Range: D to) 0 Mc. Companion in trument, TYPE 1133- Fre­
quency onverter, extend rang to 500 c ( ee page 9 ).
Sensitivity: 0.25 volt, rms, for sin waves, more sensitive at low fre­
quenci ; 0.4 volt peak-ro-peak, for typical pul e waveforms.
Counting Interval: 1 mUll econd to 10 seconds, extendible by MULTI­
PLE INTER"AL witch or external connection .t
Accuracy: ± 1 count ± time-b 0 ciliator accuracy.
PERIOD MEASUREMENT
Range: 10 micro econd to 107 cond (dc to 100 kc) for ingle­
p riod mea urement. 400 microseconds to 107 ond (dc to 25 kc)
for ten-period measurement.
Sensitivity: 0.1 volt, rms, for in wav ; 0.3 volt, pea.k-to-peak, for
typical pul e waveforms.
Counting Interval: 1 period, 10 periods, extendible by ~IULTlJ'LE
INTERVAL switch or external connections. t

Counted Frequency: 10 Me, 100 kc, 1 kc, 10 cps or external (6 volts,
rInS, ine waves or -IO-volt peak puIs ,100 cp to 10 Mc).
Accuracy: ±O.l% at 1 volt, I'm, for ingle-period measurement;
better for higher voltage level and good signal-to-noi e ratio. ±O.OI %
at 1 volt, rInS, for ID-period measurements; better for higber voltage
level and good ignal-ro-noi e ratio.
TIME-INTERVAL MEASUREMENT
Range: 1 micro econd to 107 econds.
Sensitivity: 0.3 volt, peak-ro-pea.k.
Counted Frequency: 10 c, 100 kc, 1 kc, 10 cp , or external (6 volts,
rIllS, ine wav ,or -IO-volt peak pul ,100 cps to 10 Mc).
Accuracy: Dependent on slope of input ignals at trigger point. For
teep slopes (e.g., pul es) - ± 1 period of frequency counted ±

accuracy of frequency counted.

t Instrument! for automatic multiple-interval mea.surement9 are availa.ble on
special order. Write for furlber informat.ion.
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COUNT MEASUREMENT
Ra'e: D to 10 Mc.
Sensi'lvi'y: 0.25 volt, rms, for sinl' waves, more nsitive at low ire­
quenci ; 0,4 volt, peak-to-peak, for typical pul e waveform.
Typically 100 millivolt up to 3 Mc.
Capacity: lOS counts.
GENERAL
Display: Teon-Iamp columns - eight digits intermittent, foul' digi
continuou.
Dilplay Time: Adjustable, 0.1 to ]0 second, infinite, or continuous
di play.
Inpu' Impedance: ] megohm hunted by 40 pc.
Inpu' Al1enua'ar: X I or X 10.
Check: 10 cp , I kc, 100 kc, or 10 Mc can be counted for 1 milli-
second to 10 ond.
Monitor: Flashing lamp indicates lack of time-b e drive signal or
improper operation of frequen y dividers.
Inpu' Trigger Level: Adj ustabl ±]0 vol ..
Input Trigger Slope: Po itive-goin or nega ive-going, ac or dc coupling.
External Ou'puts, Fron' Panel: GATE ignal (coincides with th COW1L­
ing interval); SYNC pul (at start of internal program cycle); 10 cp
to 10 Mc (except I Mc) standard frequencie.<: from EXT connector,
depending on etting ofll1EASURE IE 'T,FlUJQUENCY, and TIJI(E controls.

External OutPU'I, a' Rear: MULTIPLE-INTERVAL and RE ET connections,
carry output pul e; eight four-line, biIIlU'y-coded-decinlal tli it
(]-2-4-2) ("0" = 185 volts, "1" = 65 vol - 0.5-megohm source
impedanc - minimum loud impedance I. megohm).
Time·Base Drive Required: 5 Mc, I vol rms, into 50 ohms (supplied
by TYPE 1130-P2, -P3, -P4, and lll3·A).
Power Requirements, 105 to 125 (01' 210 to 250) volts, 50 to 60 cps,
400 watt.
Ambient Temperature Range: 0 to 50 C.
Acceuories Supplied: TYPE AP-22 Power ord, pare fuses, four
TYPE 874- 62A able onnectors, TYPE 113Q-47 Plug.
Accessories Available: dditional time-base unit; TYl'E U37-A
Data Printer (page 100); TYPE 1133- Frequency Converter (pag
9 ); TYPE 1134-A Digital-to-Analog on v rter (page 99); TYPE 113D­
P5 ervicing Acc ory for operating anyone of be etched-board
ass mbli ou ide the cabinet.
Cabinet: Rack-ben h (se pllge 210).
Dimensions: Bench model- width 19, height 16~, depth 19.!1
inch (4 5 by 415 by 495 mm), over-all; rack model - panel ]9 by
15Uin h (45 by 400 mm); depth behind panel 17 inches (435 mm).
Net Weigh': pound (39 kg).
Shipping Weigh': 155 pounds (71 kg).
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Time 8Me
Type Mounting Included Code Number Price

1130-AM1 Digital Time and Frequency Meter Bench 1130·Pl 1130·9401 $2585.00
1130-AR1 Digital Time and Frequency Meter Rock 1130-P1 1130·9405 2585.00
1130-AM2 Digital Time and Frequency Meter Bench 1130-P2 1130-9402 2750.00
1130-AR2 Digital Time and Frequency Meter Rock 1130-P2 1130-9406 2750.00
1130-AM3 Digital Time and Frequency Meter Bench 1130-P3 1130-9403 2670.00
1130-AR3 Digital Time and Frequency Meter Rack 1130-P3 1130-9407 2670.00
1130-AM4 Digital Time and Frequency Meter Bench 1130-P4 1130-9404 2950.00
1130-AR4 Digital Time and Frequency Meter Rock 1130-P4 1130·9408 2950.00

PATENT ·OTICE. ,'eenoles 4,8,11,13, and 17, page viii.

TYPE 1130-P TIME-BASE PLUG-IN UNITS
Four time-base units are available for use with the TYPE 113D-A

Digital Time and Frequency Meter. Each of the combina ion Ii ted
above includes one uch unit. In addition, these plug-in units are
available eparately for those who wish to use more than one type
of time base. All can be used with 5-Mc externul drive.

TYPE 1130·P4 PRECISION TIME-BASE OSCILLATOR
This unit contains an accurate and table crystal 0 cillator, but

can also be used to couple to an external 5-Mc standard-frequency
oscillator.
External Drive Requlremenh: 5 Mc, I volt, rInS, into 50 ohm.
Internal Oscillator: A vacuum- ealed, 5-Mo cry tal and solid-state
circuit in a constant-temperature, proportional-control oven. Opel'­
at directly from the power-line connection of the TYPE 113D-A
Digital Tim and Frequency Meter.
Long.Term Drift: Less than 3 X 10-! per week after 60 days of opera-
tion. After one year of operation, typically I than 1 X 1O-~ per
week. Fluctuation over any 24-hour period are I than 5 X 10-9.
Short.Term Stoblllty: than 1 X 10-9 per minute (one-second
sampling time).
Ternperature Coefficient: L than 3 X 10-\0 per degree C from 0 to
50C.
L1ne.Voltage Effects: Less than 2 X 10-9 for ±10% voltage ohange.
Power Requlremenl, 7 watts.

TYPE 1130-P2 TIME-BASE OSCILLATOR/MULTIPLIER
This unit can he used with external frequency input of 5 Mc,

1 Me, or HlQ kc, or with internal crystal oscillator.
External.Drive Requirements,

5 Mc - 1 volt, rInS, into 50 ohms.
I Mc - 2 volts, rrns, into 1 kilohm.
100 kc - 1 volt, rlJlll, into 100 kilohms.

In'ernal OlcllIotor: 5-Mo crystal operating at room temperature.
Stability - Long-term drift, less than 10 X 1O-G in six months;

short-term drift, 11 than 2 X 10-7 per week, less than 1 X 10-8
per minute.

Temperature Coefficlen' -less than 2 X 10-7 per degree C.

Type I 130.P4

TYPE 1130·P3 TIME-BASE OSCILLATOR
For u e with external 5-Mc tandard-frequency input or with

internal crystal 0 cillator.
External·Drlve Requirements: 5 Mc, 1 volt, rrns, into 50 ohms.
In'ernal Olcillator: Same as in TYPE lI3a-P2.

TYPE 1130-P1 COUPLING UNIT
For u with external5-Me osoillator only. Input requirements are

] volt, fIn into 50 ohm. Thi unit provides an inexpen ive means of
using a higilly stable oscillator, uoh as th TYPE 1113-A (page ), as
a time base for the counter.

Type Colk Number Price

1130·P4 Precision Time·Base
Oscillator 1130·9604 $400.00

1130·P3 Time-Base Oscilialor 1130·9603 120.00
1130·P2 Time·Base OscillatorI

Multiplier 1130-9602 200.00
1130·Pl Coupling Unit 1130·9601 35.00
1130.P5 Servicing Accenory· 1130-9605 30.00

• Permit" operalion of anyone of the eleven deeade counler boards clear of the
inslrum nt lor operational trouble shooting.
PATE T TT E.. Note 4, page viii.

Type 1130·PI
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~Type 1133-A FREQUENCY CONVERTER

INPUT FAE"OUENCY-Yc

.,
:;
o>,
3
i

of linear mixing circuits in the converter results in
high ignal-to-noise ratio under a wide range of measure­
ment conditions. The tuned amplifier in the converter can
b swi ched in for mea urement of low-level or noi y
signals, or out for implified wide-band operation.

TUNE

O~ICOlljlc
10 110.....
>0 '>0
'" t<O.., ,..,

FREQUENt'" : ::
100'5 Me l~ 80 I!I 0

Jt--~"4 00 190
1005 10 $

RUEIlENCE10------------1REFERalCE
GENERATOR 100 Me. GENEAATOR

'M<
IN FROM TYPE II):)

Typical over-oil sensitivity of converter and counter for
10.I.Mc counter indication. This is worst case. Sensitivity is

be"er for lower converter output frequencies.

o M,
o

lOO
'DO
400

FEATURES:

Block diagram. A single-conversion system is used below 200 Mc, a double-conversion
system from 200 to 500 Mc.

ATTEHUATOR

O'...~1Ir.k
50 lltNS

'N

O.I-ZOO Me

METER

• Wide frequency range - 100 kc to 500 Me.
• High sensitivity. + Tuned amplifier provides selectivity.
+ Easy to use; in-line digital readout.

USES: This converter extends the frequency range of the derived from the 5-Mc time base of the counter, and applies
TYPE 1130-A Digital Time and Frequency Meter up to 500 the difference frequency to the counter. The unknown
Me, and also increases the counter ensitivity to about frequency is indicat d by the um of the counter display
10 millivolts in the range below 10 c. The converter and the in-line readout on the converter.
can be used with any other lO-Mc counter, if a 5-Mc
source is available as a reference frequency.

DESCRIPTION: In normal operation, the converter hetero­
dynes th unknown input frequency between 10 and 500

c against a 10- c multiple of a standard frequency,
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Price

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
70 watts.
Accessories Supplied: Two coaxial patch cords (TYPES 874-4220 and
874-9912) for connection to counter; one TYPE 874-C58A Cable
Connectorj one TYPE CAP-22 Power Cord; spare fuses.
Cabinet, Rack-bench ( ee page 210).
Dimensions: Bench model - width 19, height 7 Y2, depth 17%" inches
(485 by 190 by 450 nun), over-all; rack model- panel 19 by
7 inches (485 by ISO m.m); depth behind panel 15 inches (380 mm).
Net Weight: 34 pounds (15.5 kg).
Shipping Weight: 50 pounds (23 kg).

Code Number

SPECIFICATIONS
GENERALINPUT

Frequency Range: 100 kc to 500 Me.
Sensitivity (with TYPE 113Q-A counter): Better than 10 millivolts on
narrow band; better than 100 millivolts on wide band. See plot above.
Impedance: 50 ohms.
Reference Frequency Required: 5 Me, 0.1 volt, rms, into 50 ohms
(normally supplied from 5-Mc output connector on TYPE 113Q-A).
OUTPUT
Frequency: 100 kc to 10.1 Me.
Amplitude: 0.25 to 1 volt, approximately.
Impedance: 100 ohms, approxiJlUl,tely.
Noise and Harmonics: Narrow-band operation provides filtering to
reduce Doise and extraneous signals. Linear mixer preserves signll.l-to­
noise ratio during conversion.

Type

1133-AM
1133-AR

PATE T NOTICE. See

Frequency Converter, Bench Model
Frequency Converter, Rock Model

000 4, page viii.

1133·9801
1133-9811

$1250.00
1250.00

FOR USE WITH TYPE 11 30·A DIGITAL TIME AND FREQUENCY METER
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160.00

650.00

~Type 1136·A DIGITAL-TO-A ALOG CO VERTER
WITH HIGH-SPEED STORAGE SYSTEM

The TYPE 1136-A Digital-to-Analog onverter tran - Over.oll Accuracy: ±0.1 % of full cal (indud repeatability, long-
lat the diaital ou put from a olid- tate counter into a term tability, linearity, ± 10% line variation, and ± 15 C ambient-

o' Wh h mperature variation around normal 25 ).
dc V Itage or current for analog l' cording. en e Storage Transfer: 5Q-ll5ec transfer time.
COnY rter i u d wi th the TYPE 1150-AP Digital 're- Storoge Command Pulse: 5 j.lSeC, ± 6 volt minimum into 10 kilohms,
quen y Meter or the TYPE 1151-AP igital Time and ri e and fall times 1 han 1 /LSec.
Frequen y r ieter, he TYPE 113G-P1 able mu t al 0 be Output: 1 milliampere with 15-kiloh.m oUl'ce impedance, or 100 milli­

volt with loo-ohm source impedanc. egative ide grounded if
u d. This cable tran late th lO-iine information from binary 0 or input not more than 20 volts from ground. Ou put float-
the counter into a 4-line BCD inpu . log if offset voltage larger than 20 volts.

The converter' d ign d for 1-2-4-2 or 1-2-2-4 B D Lood. 2000 ohms maximum for 1 milliampere output. 1000 ohms
. b' '1 difi d f 1 '}, d' minimum for 100 millivoI output.
lDpUt, U 1 en 1 y mo e or -~~- 0 mg. Linearity: ±0.05% of full scale.

orag circui in the convert r p rmit u e with Stability: ±0.02% for ±10% line voltage; ±0.003% of full cale
intermi t nt a well a continuou BCD input. per degre C.

The converter lect allY thre con'ecutiv or he la t Accessories Supplied: TYPE AP-22 Power ord, pare fuses.

t I f . ft' 1 Accessory Available: TYPE 1136-Pl able \\ith diode-matrix, re-
wo, co umn rom an mpu 0 up mne co umn . quired for w'e wi hID-line decimal da.ta from General Radio counters

l/command pul e" from tbe data urce tran f r the in- of the 1150 ries.
put data into the storage circuit of the converter. "Jam" Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 400 cps,
tran f l' into torage i u ed 0 that the analog output 7 wa ts.
h I h th ' t d t h ( t Cabinet: Rack-bench (e page 210).

c ange on y w en mpu a 11 c ang no zero- Dlmen,ions: Bench model- width 19, height 37'2, depth 12 inches
between loran f I' ). The higb-pr ci. ion out pu i obtain d (4 by 9 by 305 mm), over-all; l'llck model- panel 19 by 3% inch
from pairs of inv rt d tran i tor. (4 5 by 9 mm), depth behind pan 1 11 inches (280 mm).

Net Weight. 13 pound (6 kg). Shipping Weight: 17 pound ( kg).
SPECIFICATIONS

Type Code umber Price
Dota Input: BCD weighted 1-2-4-2 or 1-2-2-4. Minor modification
adapt. for 1-2-4- input. Binary I at least 6 volk po itive with 1136.AM Dlgltal.to.Analog Converter,
r peet to binary O. Input impedance 50 kilohm. Binary 0 call be Bench Model 1136-9801 $650.00
offset from ground by ±150 vol . witch el c anyadjacen three 1136.AR Digital.to.Analog Converter,
or the I two digits of up to nloe-decade input. Rack Model 1136·9811
Conversion Rate: Up to 10,000 conversion per .econd (controUed by 1136·P 1 Cable (for connedion to
digital-measuring in trument). Type 1150·AP or 1151.AP) 1136-9601

~Type 1134-A DIGITA -TO-ANALOG CONVERTER

o "
- ;;0» m
nOo C
Z m
< Z
m ()
~ -<
m
~ ~m

:>­
C/'I
c
;;0
m
~
m
Z
Ul

Price

595.001134-9811

1134·9801 $595.00

Code Number

Digital.to·Analog Converter,
Bench Model

Digital-to.Analog Converter,
Rock Model

1134·AM

1134.AR

ohm. Input impedance, 1 megohm. Digit .elector witch selects any
adjac nt three, or the last two, digits of a four-digit input.
Output, 1 miUiampere with 30-kilohm source impedance or 100 milli­
volts with 100-0hm source impedance. Po itive side ground d.
Load Impedance: 2000 ohm max:imum for 1 milliampere; 2000 ohms
minimum for 100 millivol .
Linearity: ±0.05% of full cale.
Stability: ±0.02% for ± 15% line. ±0.03% for ambient temperatures
from 0 to 50 C. Warmup drift i Ie than 0.5% of full scale. Thermal
equilibrium is achieved in 30 minutes.
Accessories Supplied. TYPE AP-22 Power Cord, spare fuses, TYPE
1134-0211 Cable for connection to TYPE 1130-A.
Power Requirement. 100 to 130 (or 200 to 260) volts, 50 to 400 cps,
30 watts.
Cabinet. Rack-bench (,ee page 210).
Dimensions: Bench model- width 19, height 3%, depth 13% inch .
(485 by 9 by 345 rom), over-aLI; rack model - panel 19 by 3~
inches (4 5 by 9 mm), depth behind panel 12% inch (320 mm).
Net Weight: 16X pounds (7.5 kg).
Shipping Weight. 20 pound (9.5 kg).

Type

SPECIFICATIONS
Dato Input: B D, weighted 1-2-4-2 or 1-2-2-4. Binary I, 90 volts
maximum; binary 0, 150 vol minimum. urce impedance, 500 kil-

Th TYPE 1134- Digi al-to- nalo onv rt r convert
digital information from the TYPE 1130- Digit I Time
and Fr quency tel' into an accuro. e analo i nal for
grapbi recording. The convert I' i de igoed to operat
from ither 1-2-4-2 or 1-2-2-4 B D cod ,and will operate
with any digital equipmen u ing the e code and upplying
th required voltage level. The converter i fully el ­
tronic, u ing tran i tor to witch in w ighting re i tor
that tran late the binary input into an output vol ag or
cunent. Thu the re pon pe d i not limited by moving
parts. Th ri and fall time of he analog Oll put ar I
than 1 mini econd. Either galvanom t 1'- or potentiom ter-
ype recorder can be used.

Full- cale ou put can e adju. t d to compen at for
r cord l' imp dance. Critical component. are hou d in a
con tan -tempera ur oven for ±0.1% over-all tability
and accuracy.

Type 1136·A (for use with Type. 1150-AP and
11 Sl-AP counters).

Type 1134·A for use with Type 1130·A Digital Time
and Frequency Meter.
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~Type 1137-A DATA PRINTER

FOR USE WITH All GENERAL RADIO COUNTERS

The TYPE 1137- Data Prin r is manufac ured f I' By fa t, parall I ntry of four-line BCD or lO-line input,
eneral Radio Company by Beckman In truments, th prin er can op ra at a rat. of three print per econd,

Richmond, alifornia, e p cially for u e with General with up to 12 digit P I' print. Tb printing mechani m i a
Radio digital quipm n . 1'h print r provides a pI' cise, reliable Burrough lO-k.y tabulator with Beckman top-
compact, and conomical mean of converting decimal- pawl and el ctromagn t . 1'h u e of solid- tate circuit
cod d information into permanent, printed form. and the ab enc of pow r-consuming keyboard actuator

The print l' i quipped with plug-in code module , keep pow I' I' quirement a a minimum.
which accept lO-line data or four-line 1-2-2-4, 1-2-4- , or in the capacity of th printer is 12 column, ad-
1-2-4-2 BCD input. A wo-color ribbon can be electrically di ionalplug-in modul areavailabL for printing oth r data.
or manually controlled to prin red or black on standard A cabl i uppli d with the printer for direct conne ion
2!4-inch pap r. to th ompanion in trument.

SPECIFICATIONS
minimum before next print command. urce resistance 1 megohm
maximum.
Inhibit Reset Output, Occur within 50 milliseconds after print com­
mand; 200 miJll econd maximum duration.
Printing Ribbon: 7/16-inch two-color adding-machine ribbon.
Paper: tandard 2~-inch roll tape.
Power Requirements: TYPES 1137-9731, 1137-9732, 1137-9735, and
1137-9736 - 115 volts, 60 cps, 45 watts. TYPES 1137-9733, 1137­
9734, 1137-9737, and 1137-9738 - 230 vol ,50 cps, 45 watts.
Accessories Supplied: Cable mbly for connection to counter,
spare fuses.
Accessory Available: TYPE 1137-Wl04 and 1137-9605 Plug-In Code
Modules.
Cabinet: Rack and portable models available.
Dimensions: Rack model- width 19, height %" deptb 15J1 inches
(4 5 by 225 by 390 mm), over-all; portable model- width 9,
height 10, depth 167!! incbe (230 by 255 by 420 mm), over-all.
Net Weight, Rack model, 45 pounds (20.5 kg); portable model,
35 pound (16.0 kg).
Shipping Weight, Rack model, 55 pound (25.0 kg); portable model,
45 pound (20.5 kg).

Capacity: 12 columns.
Digits: 0 through 9 or blank (column uppr ion).
Printing Rate: 3 lines per second maximum.
A(curacy: dentical to input.
Input:

logic L.vel, - Source Resistance Binary 0 Binary 1
100 kilohmB - to -50 v 0 to +50 v

2 megohms -12 to -50 v 0 to +50 v
Code - lo-line code (one wire i binary 1, eigbt wires binary 0)

or four-line BCD (1-2-2-4, 1-2-4-- , or 1-2-4--2) input.
Resistance - Approximately 10 megohms for minus input, 200 kil­

ohms for plus input.
Internal Ground: I olated from chas i . May be biased to ± 100 vol .
Calor·Control,

Manual - Two-po ition lever elects red or black print-out.
Remote - Red, binary 1 or open circuit; black, binary O. Input

resi tance approximately 2 megohms.
Column Suppression: ingJe line grounded for each column uppre ed
(3 milliamperes maximum, +10 volts open circuit).
Print Command: Change from binary 1 to binary O. Binary 0, 100 milli­
econds minimum after print command; binary 1, 15 mi11isecond
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Type Code Number Pricet

For use with
Type 1130-A

Counter·

For use with Types
1150·AP and 1151-AP

Counters

{

1137-9731 Data Printer, Portable M.:ldel (115 v, 60 cps) 1137-9731
1137-9732 Data Printer, Rock Model (115 v, 60 cps) 1137-9732
1137-9733 Data Printer, Portable Model (230 v, 50-60 cps) 1137-9733
1137-9734 Data Printer, Rock Model (230 v, 50-60 cps) 1137-9734

{

1137-9735 Data Printer, Portable Model (115 v, 60 cps) 1137-9735
1137-9736 Data Printer, Rock Model (l15 v, 60 cps) 1137-9736
1137-9737 Data Printer, Portable Model (230 v, 50-60 cps) 1137-9737
1137-9738 Data Printer, Rock Model (230 v, 50-60 cps) 1137-9738
1137-9604 Plug-In Four-Line Code Module 1137·9604
1137-9605 Plug-In 10-line Code Module 1137-9605

• TYPE 1130·A counters snipped b fore February 1963 require minor modification. A modifioMion kit 18 included with thCllo printer.
t Pric 8 applicable for ...Ies in . . A. and Canada only.

$1675.00
1725.00
1700.00
1750.00
1350.00
1400.00
1375.00
1425.00

55.00
75.00

_ Rack Mounted
= Type 1137-A Data Printer,
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~Type 1142-A FREQUENCY METER AND DISCRIMINATOR

FEATU RES: • Wide frequency rang. • High ensitivity.
• High accuracy. • R cord r output.

USES: This analog-type frequency m t r mea ures fre- The r ulting r ctangular waveform triggers a chmitt
quenci from 3 cp to 1.5 c wi h an over-all accuracy circuit, which, in turn, trigg r a mono table multivibrator
of ±0.2%, and can be u d with a recorder to produce to produc a pul of COD tant amplitude and duration
time re ord of fr quency chang or drift. I highly linear for each input yel .
di criminator, when u ed wi han xt mal voltmeter, can The avera dc componen for thi pul e train actua es
mea ure fro deviat" on. With a wave analyz r, this fr - the mer, For a con tant-fr qu ncy input, these pulse
qu ncy m tel' call mea ur individual components of in- are equally paced in tim. Wh n fr quency modulation i
cid ntal fm. pre ent, th time pacing varie , and the r ulting ad-

Th u able frequency range, particularly for frequency ditional ae eompon nt i a faithful reprodu tion of th
drift and ineid ntal fro mea uremen , can be extended modulatin fr qu nCYi it ampli ude i a m a ure of th

pwards to thou and of megacycle per econd if he modulation deviation.
unknown frequ ncy is he rodyn d against a sable fre- The precision ix-inch m t r i accurate to 1% of
quency. Thi giv a proportionate in rea e in re olution. indication down to 10% of full cale. calibrated int r-
At 100 c, fr qu ney drift and in id ntal fm can be pola ion technique effectively xpands the meter scale by a
mea ured to at lea t on par in 109 • factor of 10, providing a readout aCCUl'acy of 0.1%.

Output is available for driving conventional 1- to 5-
DESCRIItTION: Thi instrumen operates as a pulse-coun milliampere r cord r. An interpola ion output i pro-
di riminator. The input signal is clipped and amplified. vid d for higher r Diu ion.

SPECI FICATIONS
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Discriminatar Characteristics:

Output Voltage - 15 vol dc full cale (1.5) on all ranges.
Residual FM Noise - At inpu frequencies below 1 Me, oois is

more than 100 db below full output. (Wi h 400-cycle power, noi e is
90 db do....,o.) Narrow-band residual noise at frequencies other than
60 or ]20 cps is more than ]20 db down from full output.

linearity - Below 15 kc, 0.05% of full cale (15 volts) ±0.05%
of output voltage; above 15 kc, 0.1 % of full cale (15 volts) ±0.1 %
of output voltage.

Price

$525.00
6.50

umber

1142-9701
0480·9632

Code
1l42.A Frequency MeIer Clnd

DiscrimlnotClr
480·P312 Relay-Rack Adaptor Set

PATENT NOTICE. e Notes 15 aod 16. page viU.

Recorder Output:

Direct - Output current adjustable to drive recorders from 1 milli­
ampere (2700 ohms maximum) to 5 milliamperes (190 ohms maxi­
mum).

Interpolate - Full cale, 0.64 volt behind 4800 ohms.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 and
400 cps, 85 watts.
Acceuories Supplied: TYPE AP-22 Power Cord, spare fuses.
CClbinet: Convertible bench (see page 210).
Dimensions: Width 12, height 5Ys, depth 12 inches (305 by 150 by
305 mm), over-all, Panel adaptor sets ar available for 19-inch
relay-rack mounting (panel height 534 inches).
Nel Weight: 16 pounds (7.5 kg).
Shipping Weight: 22 pound (10 kg).

Type

Frequency Range: 3 cps to 1.5 Mc in five decade ranges. FuU-"cale
valu are 150 cp , 1.5 kc, 15 kc, 150 kc, and 1.5 Mc. calibrated
interpolation feature effectively expand the meter cale by a factor
of 10, so hat 1/10 of any range covers the full scale.
Accuracy of Recorder Output Current: Below 15 kc, 0.05% of full scale
+0.05% of readin j above 15 kc, 0.1% of full cale +0.1 % of read­
ing.
Over-all Accuracy:

Over-all accuracy is the sum of recorder ou put CUfT nt error
( ee above) !lnd any of the following errors that !Ire applicable.

Meter Accuracy - Direct reading, 1 % of reading above 10% of
full scale (0.1 % of full cale below 10% of full cale). Interpolating,
0.1 % of full scale (range switch etting).

Line-Voltage Effect - ± 10% change produces IIpproximat Iy
±0.2% change in reading (±0.5% on 1.5- c range).

Warmup Drift - Less than 0.2% of reading after a few minutes,
substantially complete within 30 minutes.

Ambient-Temperature Effect - Output current changes I than
0.01 %/" C (0.02%/" C on 1.5-Mc range),
Calibration: Internal calibration at twice line frequency to tandard­
ize output current.
Input Sensitivity: 20 millivolts, rm , between 20 cp and 150 kc,
rising to 200 millivolts at 3 cps and 1.5 Me. Peak-to-peak voltage
requirements for pul e and ine-wave inpu are approximately
equal, except for vel'y short pul . Input pul on the order of
1 nano econd may require up to 5 volts.
Maximum Input Voltage: 300 volts peak up to 150 kc; 70 volts peak
above 150 kc.
Input Impedance: 100 kilohms, dropping to a minimum of 5000 ohm
above 500 kc.
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GNERAIORS- SIG Al SOURCES
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A signal source is essential in any electrical measuring system
inc it provides the stimulu that, in turn, creates the re ponse

to be measured. This ource is generally an 0 cillator or tandard­
signal generator of known characteristics, which can be adjusted
to establish a known set of conditions, These characteristics
comprise the output voltage and impedance, th carrier-signal
waveform, which may typically be ine-wave, squar -wave, pulse
or random noise, and the modulation, which carries the y tem
information through variation of pha e, frequency, lIJUplitude,
or timing of the carrier waveform,

, ignal sources can be classi£ed functionally as to whether they
yield information that is readily usable in frequency-domain
or time-domain analysis, ine-wave techniques form the ba is of
power-generation and transmission y terns and most communica­
tion systems, leading to ready frequency-doma,in analysis. Many
of the newer d velopments in information transmis ion and data
handling, however, such as radar systems, digital computers,
telemetry, and even the more venerable wire telegraphy, are based
upon pulse techniques, which yield most easily to time-doma·in
analysis,

Common to all these systems are ultimate performance limita­
tions determined by sy tern bandwidth and noise, Bandwidth
and transient performance are the two ides of a coin; they convert
one into the other, and can be measured as phenomena in either
the frequency or the time domain, at the convenience of the
analyst. oise is most ea-sily measured by comparison with a
noise ource baving known characteri tics.

OSCILLATORS
The sine--wave oscillator is the basic general-purpose ignal

source. Its output voltage is clo ely sinusoidal, and its frequency
i usually adjustable over a wide range. It i therefor eminently
suited to making a series of mea urements at uniquely specified
frequencies, which can be combined to specify performance in the
frequency domain. These measurements may be made by manual
settings, point by point, or by a frequency swept automatically
over the desired range to display the system respon e on a
recorder or cathode-ray oscillo cope. As the increasing sophistica­
tion of cOlllIIlunications and data-processing systems demands
more and more measurements of this nature, the value of auto­
matic measuring systems in lightening routine work loads becomes
more and more evident.

The sine-wave oscillators whose characteristics are summarired
on the page opposite are of four types: LC, RC, beat-frequency
and klystron.
, The LC osciUator, oldest of the four types, because of its
stability, good waveform, and efficiency, finds many uses at both
audio and radio frequencies.

At radio frequencies where tuning can be accomplished by air
capacitors, the LC circuit is the best and most economical fre­
quency-determining system. The TYPE 1330-A "Bridge Oscillator
us s tuned circuits to cover a frequency range of 10,000:1. The
TYPES 1211, 1208, 1215, and 1209 Unit Oscillators, together with
the TYPE 1361-A UHF 0 cillator, cover a wide range of frequen­
cies from the standard radio broadcast band up through the uhf
television band. All of these employ unique tuned circuits, in
which the inductance and capacitance are varied simultaneou Iy.
Many of them use the General-Radio-developed butterfly cir­
cuit,l which has no sliding or wiping contacts,

At frequencies above about 1000 Mc, circuits with distributed
constants are used. The 'I'YPE 1218-A Unit Oscillator covers a
frequency range from 900 to 2000 c witb ganged quarter-wave
lines. In RC oscillators the frequency is determined by resi tive
and capacitive elements.2

The RC degenerative type, of which the TYPE 1311-A is one

example, is an original, patented, General Radio development. It
us s a Wien-bridge network as its tuning element, as does the
TYPE 1210-C, a small, v rsatile instrument, which produces
either sine-wave or square-wave output over a wide frequency
range. The TYPE 1305-A a pha e-shift oscillator, generates
fr quenci a Iowa 0.01 cp ,with ingle-phase, three-phase,
and four-pha e output as well as an output continuously va.ria.ble
in phase over 360°.

Early mention of the beat-frequency oscillator is made by Van der
Bijl.3 10 this oscillator, the output frequency is the difference be~
tween the frequencies of a variable and a fixed oscillator of higher
frequencies. Tim everal decades of frequency can be covered in
one band with a siogle control.

The first commercial beat-frequency 0 dilator wa produced
by General Radio in the middle 1920's. As the development of
tubes and circuit ha progressed, increa ingly better models have
been developed, culminating in the present TYPE 1304-B Beat­
Frequency Audio Generator, whose logarithmic scale greatly
facilitates frequency-response measurements, and which can be
driven by the TypE 1521-A Graphic Level Recorder for automatic
plotting.

A still more versatile instrument is the TYPE 13OQ-A Beat­
Frequency Video Generator, which can te t circuits and networks
by four method: point-by-point, squar -wave, sweep-frequency,
and antomlttic potting,

In klystron oscillators, first described by the Varians,' the
frequency is determined by a velocity-modulated electron stream,
which excites a resonant cavity, The TYPE 1360-A Microwave
Oscillator u es a reflex klystron in a coaxial cavity with a non~
contacting plunger to cover frequencies from 1.7 to 4,1 Gc.
Internal square-wave and frequency modulation are provided.

The TYPE 1220-A Unit Klystron 0 ciilator is a klystron power
supply which covers frequencies from 2700 to 7425 Mc with plug­
in kly tron tubes, each of which operates at a single output fre­
quency or is adjustable over a limited band of frequenoies.

MODULATION
The rf oscillators can all be amplitude modulated with sine

waves, and the TyPE 1218-A, TYPE 1361-A, and TYPE 122Q-A can
be directly square-wave and pulse modulated as well.

The Unit Oscillators operating above 50 Mc can be pulse or
square-wave modulated by the TYPE 1264-A Modulating Power
Supply, and can be held to a constant output amplitude vs fre­
quency with the TYPE 1263 Amplitude-Regulating Power Supply,

SWEEPING FREQUENCY
pecific provision for automatic display is incorporated in

many General Radio ources.& Electronic sweeping systems are
particularly suited to microwave sources and are incorporated in
the TYPE 1220-A nit Klystron Oscillator (page 118) and the
TYPE 1360-A Microwave Oscillator (page 117) to cover frequencies
from 2 Gc to 7 Gc. The Tn 1300-A Beat-Frequency Video
Generator is also swept electronically.

To convert to automatic operation the many existing manually
operated devices that have given, and are still giving, good
service, the TYPE 1750-A weep Drive (page 127) provides a
, Eduard KarplWl, "Wide-Ratlge Tuoed Circui14 and Oscillators for Higb Frequen·
oi""," Proceeding_ Qf.lhe I"stitut. of Radio JiJ/liIineero. July, 1945.
Eduard Karplus, 'Tbe Butterfly Circuit," G,,,oral Radio Experimenter. 19, 5,
October, 1944.
'Firot described by Niebol3 in 1921; see . S. Pstent 1,442,781.
'H. J. Van der Biil. "Thermionic Vacuum Tube," McGraw-HlII Book Co.. 11120
(firot edition), p, 377,
'Ru..el1 H. and i~urd F. Varian, "A High-Frequenoy Osoillator and Amplifier,"
Jour".l of Applied Phl/oieo, May, 1939, p 321.
• , alao tbe TI'l'B I021i·A t&ndard Sweep-Flequency Generator, which h.... the
accurately ca]ibral,ptl output and otber featur", of tbe .iandard....igna\ gener.tor.
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mechanical hand that will grasp and rotate knob and dial of
a orted size and varieti and provide de voltag that define
their angular po itions. The TYPE 90 -P and 90 -R Dial Driye
(pag 127) perform similar function for in truroents UBlOg
General Radio TYPE 907 and 90 Dials.

PULSE AND TIME-DEL AY GENERATORS
(Pag 134 to 137)

The TYPE 1217-B Unit Pulse Generator, through the u of
electron-tube circuits, achieves a level of performance that is not
po ibl with olid- tate circuitry. This outstanding performance
is combined with low co t, r ulting in today' b t buy in pul e
generato . Its popularity attests i wide application in the
development laboratory, on the te t b neh, and in the educa­
tional laboratory.

The TYPE 1391-B Pul e. weep and Time-Delay Generator i
our mo t versatile pulse in troment. Al 0 u ing electron tubes, it
ha a wide range of pulse durations, with no duty-ratio re tric­
tion , a.t an qually wide rang of prf' . It also includes a wid ­
range, precision time;ielay generator, as well as a generator of

linear swe p voltage. A variety of witching and xternal
conn ction po ibiliti make thi instrument applicable to alma t
any conceivable laboratory applic tion where pul es and time
delay are required.

Its precise time-delay cireui are 81 a available eparately in
the TYPE 1392-A Time-D lay Generator.

SIGNAL GENERATORS
tandard-signal and sweeping- ignal gen ratars are discus cd

on page 119.

RANDOM-NOISE GENERATOR
(page 133)

The concepts of stochll tic proce ,probabili tic vs deter-
ministic performance, and quantized information that charac­
teriz modern information theory have led ta widespread u e of
ource with ub tantially gau sian nergy distribution.

The TYPE 1390-B Random· ois Generator, d cribed on
page 133, is a well-designed nois ource covering frequencie
between 2Q cps and 5 c.
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Type

130S·A

1214·0

1307.A

1214.A
1304.8

1210.C

Ull.A

1308·A

1107·A

1300.A

Name

low.Frequency
Oscillator
Unit asci110 tor

Transistor
Oscillator
Unit Osciliotor
Beat.Frequency
Audio Generotor
Unit R·C
Oscillator

Audio Oscillator

Audio Oscillotor
and Power
Ampllfler
Interpolation
Oscillator
Beat.Frequency
Video Generotar

Class

RC

Tuned Circuit

Tuned Circuit

Tuned Circuit

RC

RC

RC

Beat-Frequency
(also Sweep)

Freqtumcy Range

0.01 to 1000 cps

120 cps

400 and 1000 cps

400 and 1000 cps
20-20,000 cps
20,000-40,000 cps
20 cps-o.5 Mc

11 fixed frequencies
50-10,000 cps
20 cps-l 0 kc

20 cps-20 kc
20 kc-12 Mc
20 cps-20 kc
20 kc-12 Mc

Open­
Maximum Circuit

Olltput Volts

170mwper 10
phase

400 mw 45

6 mw 2

200 mw 60
1 w SO

80 mw 7
40 mw 45

30
1 w 1,3,10,

30,100
200 w 4, 12.5,

40,125,
400
14

30,3 mw 10, I
30.3 mw 10, I

10
10

Nominal Load
impedance

600 ohms

1,10,100,
1000 ahms
600 ohms

8000 ohms
600 ohms

>500 ohms
> 10,000 ohms

>1000 ohms
0.1 ohm to 10

kilohms
8,80,

800 ohms

600 ohms

820,75 ohms
820,75 ohms

75 ohm.
75 ohms

Harmonic
Dis/Qrtwn

<3%

<1.5%
<5%

Square Wave

<0.5%

I%to 2%

<1%
<4%

Square·Wove
Square·Wove

Power ee
upply Page

AC Line 104

AC line 110

Mercury 8
Cells
AC Line II 0
AC Line 106

Unit Power 105
Supply

AC line 109

AC Line 108

AC Line 110

AC Line 130

" ~ t-l;:2;:1;;4;-·AM~,U;;:n:;:it;:O~sc~il~la7.I7:0r=:-t-;T~u~n~ed7-;:C;;.:ir~c~ul:-t~L.7,1-;-M.::c7;;;;--;~~__-+-3~0;;0;-m::::.:w_+-.~7_+_--;50=-=0:;:h:..::m.:.s_+-_<~3~.5~%~+;A~C:-;.;li:..::ne::....+.;I.;10;j
c c 1330.A Bridge Osciliotor Tuned Circuit 60, 400, 1000 cps 0.75 w 12 SO ohm. <5% AC Line 111

~ D'~;'t--;;;..-;;:--t-j"j':;;r;-:-::;U=:::-::-_+""T:'=:;-;:;:-:'7.'_~5<k:,::C-~5=;0:;-.::M:.:c:.....__t--;I;-::W__t-..:1..:0_+..:2::0-~8~0..:0:;.h:::m'::·_+- +'7':"'~=-_+-:77"1
~ 1211.C Unit Oscillator Tuned Circuit 0.5 5 Mc I w SO ohm. Unit Power 114
'ii ... 5-50 Mc 200 mw Supplyi "i t-':-:2:-:I~S:-.C=-t-;U:;n-;lt:-O:;::;-sc-;il;;-lo-:t-o-r -+--;S;-e-m-;I.-;B:-u::t1-er-;fI:-y-ir5~0-~2;-;5;':;0":M::-c ---t=-;8:.;0:-m;;:.::.w-+-----1f---=50':"""0.,..h-m-s-+-----+.:U:;:n!:ClI~P~o-w-e-r~1":"14-:-1

% Supply

...
::c
:::)

"CII...
::c
>

...
::c
'"

1208.C Unit O.cillotor

1209·Cl Unit Oscillotor

1209.C Unit Oscillator

1361.A UHF O.cillotor

1218·A Unit Oscillator

1220.A Unit Klystron
O.cillator

1360·A Microwave
O.cillator

Sliding-Contact 65-500 Mc
Tuned Circuit
Butterfly Tuned 180-600 Mc
Circuit
Bullerfly Tuned 250-920 Mc
Circuit
BUllerfly Tuned 450-1050 Mc
Circuit
Cool<lal·line 900-2000 Mc
Tuned Circuit

Velocity· 2700-3275 Mc
Modulated 3400--4910 Mc

5100-5900 Mc
5925-7425 Mc

Velocity. 1.7 4.1 Gc
Modulated

100 mW

300 mw

200 mw

150 mW

140 mw

75-100 mw

100 mw

50 ohms

50 ohms

50 ohm.

50 ohm.

50 ohms

50 ohms

50 ohms

Unit Power 114
Supply
Unit Power 114
Supply
Unit Power 114
Supply
Unit Power 114
Supply
Unit Power 114
Supply

Unit Power II 8
Supply

AC line 117
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~ Type 130S-A LOW-FREQUENCY OSCILLATOR

• Low-frequency output, 0.01 to 1000 cps. • Logarithmic fr qu ncy scale.
• Known output level over O-db range. • Excellent amplitude tability.
• Low di tortion. • Low ripple in direct-reading output voltmeter.
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FEATURES:

USES: Thi generator of subaudible and low audio fre­
quen i has many use in the development and esting
of rvom chani m , low-fr quency amplifi I' , recorders,
geophysical quipm nt, m dical in trument, and elec­
trical analog of m chanical y tem. "\ ith uitabl
amplifier it can serve a a variabl -frequency drive for
lo~ -power, two-pha e or thl' e-phase machine .

In addition to it thr -phase outpu (0°, 120°, 2 0°),
any ph of which can be u ed ingly, an adaptor pro­
due four-pha output a 0°,90°, 1 0°,270°, ind pendent
of frequency, providing quadl' ure ignal for uch ap­
plications a component I' solution and circular 0 cil­
loscope sweeps.

nother output, continuou ly variable in pha e from
0° to 360°, i useful for phase measurement with Li sajous­
patt rn techniques, gain and phase-shift measurements of

four-t rminal device, and ran fer characteristics of am­
plifier and s rvomechamsms.

DESCRIPTION: Three indep ndent, RC phase-shift net­
work, connected a low-pa filt I' , are used in a direct­
coupled, pha - hiit oscillator circuit. filler-effect am­
plifiers in I' a th ffective ize of the poly tyrene
capacitor for op ration at the lowe t frequenci s. The
ampli ude regulator provid an extremely high de r e
of amplitude tabili y, ind p ndent of frequency. Cathode­
follower circuit provid low-di tortion, low-impedance
output. The output meter and attenuator indicate
output voltage directly over an 80-db range.

The pha e-shifter re i tive network produces ao output
signal that i constant in amplitude and continuously
variable in phase, independent of frequency.

SPECIFICATIONS

FREQUENCY

Ronge: 0.01 to 1000 cp in five decade ranges.
Acuracy: ± 2%.
Stability: Warmup drift is I than 1% in the fir t ten minutes, I
than 0.2% in he next hour.
THREE.PHASE OUTPUT

Maximum Amplitude: At least 10 volt, rm , open circuit, line to
neutral, behind 600 ohms in each phase, COD tant with frequency to
±5%. Phase voltages are equal to each other within ±2%.
Impedance: 75 ohm per phase at DIRECT po ition of OUTPUT ATTENUA­
TOR witch.
Phase Accuracy: Ph e difference between adjacent pha e i 1200 ±2°.
Maximum Power: 167 milliwatts per phase into 600-ohro wye.
Harmonic Oil'ortion: Less than 2% for aU loads at all frequencies,
except at DIRECT output, where it i L • than 2% for loads of more
than 600 ohms per pha e (wye) or 1800 ohm (delta).
OUlput Meter: ix-pha e rectifier minimiz ripple; fluctuations in
indication are between +5% and -10% of true rms at lowe t output
frequencies.
FOUR.PHASE OUTPUT (from plug-In adaptor)

Maximum Amplitude: A least 5 volts, rms, line to neutral.

Impedance: 600 ohm. Phale Accuracy: ±3°.
VARIABlE.PHASE OUTPUT

Range: 3600
• Phole Accurocy: ±3°.

Maximum Amplitude: Approximately 0.8 volt, rms, constant to
±5% with phase etting.
Impedance: Variable j 15,000 ohms maximum. Oi&lartlon: Less than 5%.
GENERAL

AC Hum: More than 60 db down from output ignal when OUTPUT
AMPLITUDE control is at maximum.
Pawer Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Total power con umption i 165 watts.
Accenoriel Supplied: TYPE 1305-Pl Four-Pha e Output Adaptor,
TYPE 'AP-22 Power ord, three TYPE 274-MB Double Plug, spare
fu e .
Cabinet: Rack-bench ( ee page 210).
Dimenlions: Bench model-width 19, heigh 7%, depth 15~
incbe (485 by 190 by 395 mm), over-all; rack model- panel 19 by
7 inches (4 5 by 180 mm), depth behind panell3Y:; inch (345 rom).
Net Weight: Bench model, 35 pounds (16 kg) j rack model, 33
pounds (15 kg).
Shlppl ng Weig ht: Bench model, 47 pound (21.5 kg); rack model,
46 pounds (21 kg).

Type Code Number Price

104

130S-AM
130S-AR

PATENT -OTICE.

Low-Frequency Oscillator, Bench Model
Low-Frequency Oscillator, Rack Model

lote 15. page viii.
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1305·9801
1305-9811

$940.00
940.00

SINGLE-PHASE OR

POLYPHASE OUTPUT

om TO 1000 CPS
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~Type 1210-C UNIT R-C OSCILLATOR

• Very wide frequency range - audio, supersonic, and radio frequencies.
• Sine- and square-wave outputs. • High output voltage.

FEATU RES: • mall size - inexpensive - compact and rugged.
• weepable, with dial driv. • Preci ion frequency-control dial.
• Fa t-r sponding AVC ystem. + Output con tant with fr quency.

USES: This compact, inexpensive oscillator offers out- DESCRIPTION: The frequency of the oscillator i deter-
standing performance per dollar and p r cubic inch of mined by an RC network. A fast-response AVO system
space. It can be used as: holds the amplitude of oscillation constant in spite of

A sine-wave ource for measurements at audio, ultra- changes in frequency or line voltage.
sonic, and low radio frequencies. The oscillator provides three different outputs that

A square-wave source for network steady-state and contribute to its versatility and usefulness:
transient response measurements at audio, ultra onic, and 1. A low-impedance, low-voltage, low-distortion output
low radio frequencies. from a cathode-follower amplifier.

A sine-wave or square-wave modulator for rf oscillators
and standard-signal generators. 2. high-imp dance, high-voltage output from a

A quare-wave trigger for pulse generator . cathode-follow I' amplifier. Output impedance is constant,
A swept oscillator for di playing amplitude-fr quency l' gardless of attenuator setting.

characteristics (with the TYPE 907-Rl44 Dial Drive) on a 3. A quare-wave output of 30 volt peak-to-peak,
graphic recorder. (open-circuit) with ~-~c rise time.

A 3-watt 0 cillator, when combined with the TYPE The oscillator can be clamped to its ext mal power
1206-B nit Amplifier. supply to form a single, rigid unit, as shown below.

SPECIFICATIONS
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Typical output and harmonic dis·
tortion charaderistics ofthe Type
1210-C Unit R-C Oscillator as
functions of frequency and load.
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FREQUENCY
Range: 20-500,000 cp in five ranges: 20-200, 200-2000, 2000-20,000,
20,000-200,000, and 50,000-500,000 cps.
Controls: Range election switch and TYPE 907 Precision Dial. Dial
has two scales and cover each decade in about 472 turns.
Accurocy: ± 3%.
Stobllity: Warmup drift i less than 1%, complete in 1 to 2 hours.
OUTPUT
Control: Logarithmic, calibrated 0-50 db.
Low.lmpedance: (for loads of 500 ohm and higher) 0-7 volts, open
circuit, constant wi hin ± 1 db up to 200 kc; internal output im­
pedance 50 ohms at full output, 1250 ohms at half output; no-load
distortion less than 1% from 200 cps to 10 kc, less than 1.5% over
entire frequency range. Attenuator calibration i reliable for load of
12,000 ohms and above. Hum at least 60 db below output level.
High.lmpedonce: (for loads of 10,000 ohms and higher) 0-45 volt,
open circuit, constant within ± 1 db from 200 cp to 150 kCj dis­
tortion less than 5% from 200 cp to 200 kc, no load (reduced under
load). Internal ou put impedance 14,000 obms regardless of attenu­
ator etting. Hum at least 50 db below maximum output level.
Square.Wave: 0-30 volts. peak-to-peak, open circuit; ri e time ap­
proximately % /'Sec (decreases to about 0.15 /'Sec with load of

1000 ohms); overshoot approximately 1%; hum at lea t 60 db below
output voltage level; internal outpu impedance 2500 ohms.
Terminals: Two TYPE 938 Binding Po ts, one grounded to panel.
GENERAL
Power Supply Recommended, TYPE 1203-B nit Power upply for
operation from 115 volts, 50 to 400 cps.
Accessories Available: For higher output (3 watts) u e TYPE 1206-B
Unit Amplifier (page 22) j for graphic recording, TYPE 907-RI44
Dial Drive (page 127).
Cabinet: nit Instrument ( ee page 210).
Dimensions: Width 10%". height 5%", depth 7 inches (275 by 150 by
180 mm), over-all. As shown here, includin~ power upply, 15 by
5%" by 7 inches (385 by 150 by 180 mm), over-all. Relay-rack
adaptor set Ii ted below mounts both instrumen and power upply
(panel 19 by 7 inche ).
Net Weight: 572 pounds (2.5 kg). Shipping Weight: 12 pounds (5.5 kg).

Type Code Number Price
1210.C Unit R·C Oscillator 1210-9703 $185.00
1203·8 Unit Power Supply (l15-v line·) 1203-9702 55.00
480·P4U3 Relay.Rack Adaptor Panel 0480-9986 12.00

• e page 173 for 230-volt. pply.

Type 121 O-C Unit R-C
Oscillator with Type 1203-8

Unit Power Supply.
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~Type 1304-B BEAT-FREQUENCY AUDIO GENERATOR
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• Logarithmic frequency cale - covers audio range in one weep of dial.

• Linear frequency-increment dial.
• Constant output voltage.
• Low distortion and hum level.
• Known output over 80-db range.
• Additional 20- to 40-kc range.
• Can be coupled to level recorder or motor driven for XY recorder.

USES: For amplitude-frequency tests on audio-frequency
equipment -lin , amplifier, filters, equalizers, trans­
ducers, and other networks - this beat-frequ ncy gener­
ator is an excellent test- ignal sourc . It e p cia! fitness
for the applications lies in five of the characteristics
m ntioD d abov . The e are:

(1) It frequency cale is logarithmic;
(2) It cover the entir audio range in one weep of the

dial;
(3) Its output voltage is constant with frequency;
(4) It distortion is extremely low;
(5) It is adapted to automatic recording.

Frequency characteristic can be recorded by either
the TYPE 1521- Graphic Level Recorder or by an XY

recorder. The graphic level recorder drives the oscillator
dial through a chain-and-g ar system, and the curve is
plotted on chart paper who frequency cale matches that
of the oscillator. For XY plotting, the drive can be the
TYPE 908-R96 Dial Drive.

Thi general-purpose audio generator finds constant use
in the electronics laboratory, a a power source for bridge
measurements, as a modulator for If signal g nerators, and
a a power source for acoustical te ts at both audio and
ultrasonic frequencies.

DESCRIPTION: This instrument has a number of unusual
design features that contribute to superior performance

and ea e of operation. Two radio-frequency oscillator,
one fix d and one variable, feed a p ntagrid converter
through buff r amplifie . The resulting difference fre­
quency, after passing through a low-pass filter, is amplified
in a degenerative amplifier. The output stage of this
amplifier is the uniqu, low-distortion, single-ended,
push-pull circuit.*

The oscillator output level is continuously adjustable,
and the output can be connected for eith r balanced or
unbalanced u . The unbalanc d circuit contains a three­
step attenuator. The output voltmeter is calibrated in
dbm and open-circuit output volts.

The output voltm ter is used to standardize the fre­
quency calibration of the oscillator when the output fre­
quency is set either to the power-line frequency or to
zero beat.

The frequency dial caITies a logarithmic frequency scale
for the range 20 cps to 20 kc, and it is driven by a slow­
motion gear-reduction drive, e ntially free from backlash.

Rotation is continuous over 360°, to facilitate automatic
r cording. A cycl -increment dial varies the frequency
over a range of ±50 cps at any etting of the main
dial and can be swept by the TYPE 1750- Sweep Drive.

The 20- to 4O-kc range is selected by a single panel
switch.
• A. P. G. Peoorson and D. B. SinclaIr, "A ingle-Ended Push-Pull Audio Ampli·
fier," Proc IRE, vol 40, PP 7-11, JanullJ'Y, 1952.
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SPECIFICATIONS

FREQUENCY

Range: 20 cp to 40 kc in two rang , 20 cp to 20 kc and 20 kc to
40 kc.
Controls: Main dial has pr ci ion 10:1 reduction gear drive, and can
be rotated continuously for automatic drive. Frequency-increment
dial i direct manual drive. Two-position switch changes frequency
range.
Calibration: Main cale is logarithmic from 20 cps to 20 kc, covering a
rotational angle of 240°, or 0° per decade. High-range position of
witcb adds 20 kc to main cale calibration. Frequency-increment dial

is linear, -50 to +50 cps.
Accuracy: Main dial, ± (1 % + 0.5 clls) after tandardization by
zero-beat or line-frequency etting. The 2Q-kc increment for the
high range is accurate to ±0.5%. Accuracy of frequency-increment
dial is ± 1 cp .
Stability: At zero beat, the drift from a cold tart i I than 7 cps
in the first hour and is essentially completed within two hours.
OUTPUT
Voltage: ontinuou ly variable from below 5 millivolts to 50 volts,
open circuit. Full- cale, open-circuit output voltag of 50 millivolts,
500 millivolts, 5 volts, and 50 volts are provided.
Frequency Characteristic: or a 6()()"()hm resistive load the variation
of output voltage with frequency is as follows:

NORMAJ., range, 20 to 20,000 cps ± 0.25 db;
ADD 20 xc rauge, 20-30 kc, ±O.5 db;

30-40 kc, ±1.0 db.
The open-circuit output voltage rises con iderably at the higher

frequencies.
Impedance: 600 ohms, resi tive, within ±2%. At +20 dbm setting
of the output attenuator, the output may be used either balanced
or with one ide grounded. With one 'ide of the output grounded, the
attenuator can be used throughout its entire range.

Type

Power: 1 watt, maximum, into a 6()()..()hm r istive load.
Distortion: Less than 0.25% from 100 to 10,000 cps. Below 100 cp
the harmonic content increa.s and may reach 0.5% at 50 cp .
Above 10,000 cps the harmonic content is I than 1%.
AC Hum: Le than 0.1 % of the output voltage for output-volt­
meter reading above 10% of full cale.
Vollmeter: Calibrated in volts output at open circuit, and in dbm.
Above 10% of full scale, the calibration is a curate within ±5%
of the reading.
Attenuotor: ed only with sin Ie-ended output; has three step of
20 db each, with an accuracy of ± 1% of the nominal attenuation.
Control: For each tep of the attenuator, the output voltage can be
varied continuou ly from zero to the maximum voltage.
Zero·Beot Indicator: The output voltmeter is used to indicate zero
beat.

GENERA.L

Terminals: TYl'E 93 Binding Po ts and tandard Western Electric
double output jack on panel; a standard four-terminal socket at
the rear.
Power Requlremenh: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Power con umption is about 100 watts.
Accessories Supplied: TYPE CAP-22 Power ord, four-terminal plug,
and spare fuses.
Cabinet: Rack-bench (see page 210).
Dimensions: Benoh model- width 19, height 7.!1, depth 15U inches
(485 by 190 by 390 mm), over-all; rack model- panel 19 by 7 inches
(485 by ISO mm), depth behind panel t3U inches (340 nun).
Net Weight: 39 pounds (18 kg).
Shipping Weight: 51 pounds (23.2 kg).

Code Number

1304-BM Beat-Frequency Audio Generator, Bench Model
1304-BR Beat-Frequency Audio Generator, Rack Model

PATE T NOTICE. See otes 5, 9, 14, and 15, page viii.

1304-9802
1304·9812

$795.00
795.00

OTHER BEAT-FREQUENCY OSCILLATORS: The Type 1107-A Interpolation Oscillator (page
110) has a linear scale from 0 to 5000 cps. The Type 1300-A Beat-Frequency Video Generator

(page 130) cove1'S frequencies from 20 cps to 20 lee and 20 kc to 12 Me.

Type 1304-8 Beat.Frequency Audio
Generator driven by a Type 908-R96
0101 Drive, for use with an XY platter.

Type 1304·8 Beat-Frequency Audio
Generator driven by a Type 1521-A

Graphic level Recorder.
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-
<@> Type 1308..A AUDIO OSCILLATOR AND POWER AMPLIFIER

• Low dynamic output impedance provide low-di tortion signal to nonlinear loads.
• 200 voltamperes into a reactive load - 200 watt into l' i tive load.
• Low distortion - wide frequency range - 20 cp to 20 kc.
• All- olid-state circuitry.
• Can be used separately as an audio-frequ ncy power amplifier.
• Matches wide range of loads. Delivers up to 5 amperes, 400 volts.
• Output tran former will pass de.

FEATURES:

USES: The TYpE 130 - udio 0 ciliator and Power mpli­
fier is an ac power sourc who e fr quency can be vari d
over he entir audio rang . Because it output circuit
will handle de curl' nt qual to the ac rating, it i an
excellent pow I' ourc for th TYPE 1633- Incremental­
Inductanc Bridg. It low dynamic output imp danc
enhanc it us fulne s a a power sow'ce for t sting other
devic ov l' a wide range of supply frequencies. It will
provid a low-distor ion signal (not clipped) to nonlinear
load, uch a capacitor-input rectifier Sj stems. Its high
power output makes it u ful for 'driving hak tabl sand
other vibration equipm n . It can al 0 be u d to isolate
sensitive equipment from power-line tran ients.

Thi instrument al a finds many uses as a g n ral­
purpo e, audio-frequency power amplifi 1', operating from
an xternal input.

DESCRIPTION: This in trument combines a capacitor­
tuned, Wien-bl'idge 0 ciliator, a low-di tortion power
amplifier, and a tapped output transformer.

olid- tate circuitry is used throughou . The power
amplifier can be easily disconnected from the oscillator
for u e with an external signal source.

Output-voltage and current meters are provided. The
output is monitored by an ov rioad circuit, which turns
off the output when it exceeds safe limits.

SPECIFICATIONS
OUTPUT
Power: 200 voltamperes, 50 cps to 1 kc. ee curves below.
Voltage and Currenl Ranges: 0 to 4, 12.5, 40, 125, 400 volts, rms.

o to 5, 1.6, 0.5 amper ,rms.
Oplimum Load Impedance: ,80, 800 ohms. Will operate satisfactorily
with higher-impedance or nonlinear loads. Output tran former will
pa dc equal to rated ac.
Regulation and Response Time: (See curves.) Less han 20% no load to
full load - 20 cp to 1 kc. (Bandwidth greater than 10 kc provides
e entially in tantaneous regulation.)
Frequency: Internal oscillator covers 20-20,000 ~ps continuou ly.
Harmonic Dislortlon 01 Rated Outpul: (See curves.) 1% 100 cps-10 kc

2% So-loo cps
Hum: More tha.n 50 db below maximum output.

GENERAL
Overload Protection: Electronic overload circuit trip at approximately
1}2 full-scale current (manual reset); thermal protection on tran­
sistor heat ink (automatic reset).

Laod Power Foclor.
lilly at full ratings - continuous operation to 30 C ambient.
Any at full ratings - intermittent operation to 50 C ambient.
0.7 to 1.0 at full ratings - continuous operation to 50 C ambient.

MeIers: 0 to 5, 15, 50, 150, 500 volts.
oto 0.05, 0.16, 0.5, 1.6, 5 amperes.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps, 70
to 500 watts, depending on load. For SQ.-cycle supply, maximum
output must be reduced 20%
Amplifier:

Input Impedance - 10 kilohrw .
Sensitivity - Approximately 2 volts needed for full output.

Terminals: Binding po ts and 4-terminal connector at rear.
Cabinel: Rack-bench (see page 2 0).
Dimensions: Bench model- width 19, height 7, depth l6U (485 by
180 by 414 rom), over-all; rack model- panell-9 by 7 inches (485 by
180 mm), dep h behind panel 15 inches (385 mm).
Nel Weight: 91 pounds (42 kg).
Shipping Weight: 105 pounds (4 kg).
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Type Code Number PriClJ

l30S-AM
1308-AR

Audio Oscillator and Power Amplifler, Bench Model
Audio Oscillator and Power Amplifler, Rock Model

1308-9801
1308-9811

$1150.00
1150.00
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~Type 1311-A AUDIO OSCILLATOR
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0480-9638

1311-A Audio Oscillator 1311·9701
48O-P308 Relay-Rack Adaptor Set

(for oscillator only)
PATENT OTICE. See Note 1, p,,~e viii.

DESCRIPTIO : The 0 cillator uses the Rc-degenerative cir­
cuit, in which the fr quency is d termined by a Wien­
bridge network in th positive feedback path. The multi­
stage, Clas -B, six-tran i tor circuit provides the one-watt
output without additional amplification. A tapp d output
transformer makes available a wid range of voltages and
hort-circuit CW'rent . Feedback around the whole ampli­

fier makes the di tortion practically indep nden of load
impedance, ev n under short-circuit conditions.

The convenient convertible b nch-type cabinet can be
easily mounted in a relay rack by means of adaptor panel

SPECIFICATIONS
GENERAL
Synchronintion: A locking voltage from an external reference fre­
qu ncy can be introduced at a telephone jack. Locking range is
approximately ±3% for I-volt reference signal. The 6F control can
be used for phase adjustment. When reference signal is sinusoidal,
distortion in the output will not exceed the pecification for a free-
running oscillator.
Terminals: Jack-top TYPE 938 Binding Posts with standard ;l4-inch
spacing. Separate ground terminal hold TYPE 938-L horting Link,
which can be used to ground adjacent OUTPUT binding po ts.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 400 cp .
Total power input varies between 7 and 22 watts, depending on load.
Accessories Supplied: TYPE CAP-22 Power Cord, spare fuses.
Cabinet: Convertible bench (see page 210).
Dimensions: Width 8, height 6, depth 7% inches (205 by 155 by
200 mm), over-all. Panel adaptor set are available for 19-inch relay­
rack mounting (panel height 5U inches).
Net Weight: 6lbs. (2.8 kg). Shipping Weight: 11 lbs. (5 kg).

For a more complete description of thi 0 cillator, see Ge:neral Radw
Experimenter, 36, 8 & 9, Augu t-September, 1962.

Type Code Number

• One-watt output at 11 audio frequencies.
• Output CUlT nts up to 4 amperes, voltages to 100 volts.
• Low distortion, even on short circuit. • Low noise.
• Driv s balanced or grounded circuits. • Solid-state circuitry.
• Excellent frequency and amplitude stability.
• Can be synchronized with external ignal.

Its ability to drive any load impedance with low wave­
form di tortion greatlyenhanc it u efulne s as a general­
purpose laboratory 0 cillator.

FEATURES:

FREQUENCY
Range: 11 fixed frequencies from 50 to 10,000 cp .
Control: 50, 60, 100, 120, 200, 400, 500, 1000, 2000, 5000, 10,000 cps
selected by rotary switch. A vernier provides a ±2% adjustment.
One additional frequency in this range can be added by the installa­
tion of two resistors at an UllU ed switch position.
Accuracy: ± 1% when 6F control is at zero.

OUTPUT
Power: One watt into matched load. (Taps provide at least 0.5 wa,tt
into any resi tive load between 80 milliohms and 8 kilohm .)
Voltage: Continuously adjustable from 0 to 1, 3, 10, 30, or 100 volts,
open circuit.
Current: Continuously adjustable from 0 to 40, 130, 400, 13QO, 4000
milliamperes, short circuit (approximately).
Impedance: Between one and two times matched load, dependin on
control setting. Output circuit is isolated from ground and, hence,
can be used to drive balanced circuits.
Slabillty (Typical, after warmup): Amjllitu.de, long term, better than 1%i
short term, better than 0.01 %. Frequency, long term, better than
0.1%.
DISTORTION AND NOISE LEVEL
Distortion: Less than 0.5% under any load condi ion. Typically less
than 0.1 % over much of range. 0 cillator will drive a short circuit
without waveform clipping.
AC Hum: Typically less than 0.003% of output voltage.

USES: Although the TYPE 1311-A Audio Oscillator was
d igned primarily for u e as a genera or for bridge meas­
ur ment r its uperior performance and many f atures
make it well suited to almost any application where a
high-quality audio oscillator is needed.

or bridge measurements, the shield d output-trans­
former secondary minimizes circulating ground currents
and ma,tch loads ov r a wid impedance rang . The fre­
quency can be synchronized with tha of an ext mal tand­
ard for pI' ci e mea urement of fr quency- nsitive
paramet r .

In such applications as the calibration of high-speed
level recorders and digital-to-analog converter , its short-­
term stability of both amplitude and frequency is ad­
vantageous.
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~Type 1214 UNIT OSCILLATORS
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The TYPE 1214 nit scillator are compact and inex­
pensive 0 cillator g nerating fixed frequencies. The
TYPE 1214-A and -D nit ciLlator are convenient
modulator for the high-fr quency nit scillator and
power ource for bridge mea ur men . The output can
be isolat d from ground for use of the 0 cillator as a
modulator in the plat circuit of a high-frequency 0 cillator.
Power upply i built in. The TYPE 1214-D includes an
impedance-matching tran form r ( 000 to 1, 10, 100, or
1000 ohms) which can u d with an xt rnal oscillator
as well.

SPECIFICATIONS
TYPE 1214·A 1214.0 1214.M

FEATURES:

• Linear frequency caIe, 0 to 5000 cp .
• Excellent fr quency stability.
• Precision worm-and-gear drive.
• Mixer circuit illcluded, for frequency comparison.

USES: This beat-il' qu ncy 0 cillator wa originally de­
signed as an in rpolation d vice between lO-kc harmoni
in a wid -rang fr quency-mea uring y tern. It has many
other appli ation wher accmate fr quency increment
and a linear cal ar needed.

Frequency 400 and 1000 cps 120 cps 1 Me
Accuracy ±2% ± 5% ± 1%
Maximum Output· 200 mw inlo 8000 ohms 400 m", inlo I, 10, 100,1000 ohms 300 mw Into 50 ohms
Distortion 3% inlo 8000 ohms 3% into matched load 3.5% Into 50 ohms
Open.Circuil Output Voltage· 01060 Y 45,13,4.5, or 1.3 v 0 to 7 v
Oimensions Panel widlh 4304, height 5'.4, depth 6 inches (120 by 135 by 155 mml
Net Weight 4 Y1 pounds (2.1 kg) 4 Y1 pounds (2.1 kg) 2* pounds (1.3 kg)
Shipping Weight 9 pounds (4.1 kg) 9 pounds (4.1 kg) 8 pounds (3.7 kgl
Code Number 1214·9701 1214·9704 1214-9713
Price $85.00 $115.00 $75.00

• Output voltage cbange. by about 12% per 10% chang in line volta!':•. Power and vol"'g valuea given are for 115-volt input.

Power Requirements: 105 to 125 vol ,50 to 60 cp , 15 wat . Can al 0 Cabinet: Unit In trument (see page 210). TYPE 480-P4Ul R.e1ay-
operate on frequencies up to 400 cp . Rack Adaptor Panel Set available to m unt oscillator (panel 19 by 7
Accessories Supplied: pare fuses. inches); code number: 0480-9984; pric: 11.00.

~Type 1107·A INTERPOLATION OSCILLATOR
exceptional tability of frequency again t changes in upply
voltag and tub capacitance.

Th variabl 0 cillator frequency is controlled by &

preci ion variable air capacitor, the fixed oscillator fre­
quency by a fixed air capacitor. The inductors are wound
on ceramic forms and are shi Ided, effectively eliminating
unwanted coupling and r ducing the effect of changes in
ambient temperature.

Although the oscillator ha a ingle ir quency range
of 0 to 5000 cps, two scale are provided, reading 0 to
5000 and 5000 to 10,000. The econd cale i for u in
frequency interpolation and can be ignored for other uses.

Incremental-frequency dial (± 10 cp ) are provided for
DESCRIPTION: The o~cillator circuits are designed for setting small increments.

SPECIFICATIONS

110

Frequency Range: 0 to 5000 cps.
Dial Calibrations: omECT - 0-5000, with the 0 cillator frequency
increasing from 0 to 5000 cp. iUlVERSE - 5000-10,000, with the
o cillator frequency decreasing from 5000 cps to zero. ~jREVERSE and
tJ.j omECT- ±10 cp .
Accuracy: Main cal ,±2 cps; tJ.j scales, ±0.3 cps.
Outpul Voltage: 0 to 14 volts, essentially con tant witb n-equency.
Output Impedance: Approximately 600 ohm .
Mixer: A mixer circuit, with volume control,' provided for the
injection of a frequency to be measured into the output amplifier
circuit. Baa may be ob erved on the output meter, or by means of
earphones or peaker.
Power ReqUirements, 105 to 125 (or 210 to 250) volts, 50 to 60 cp ,
55 wat .
Terminals: On panel and at rear for mixer input and 0 cillator output.
Panel terminals will accept both TYPE 274-MB Double Plug aDd
TYPE 874 Coaxial Connector; rear terminals are TYPE 74.
Accessories Supplied: TYPE CAP-22 Power Cord, four TYPE 874-C62A

able Connectors, spare fuses.
Mounting: tandacd 19-inch relay-rack.

PORTABLE TRANSiSTOR OSCILLATOR: The Type 1S07-A
Tran8islor OscillalQr, a CQTI1.pad. baUery-operated tes~
rignal source oj400 and 1000 cps, is described on page 8.

Dimensions: Panel- width 19 by height 12U inches (485 by 315
mm); d pth behind panel 12 inch (305 mm).
Net Weight: 41.!1 pounds (19 kg).
Shipping Weight: 55 pound (25 kg).

Type pn£e

1107-A Interpolation Oscillator $1250.00

PAT NT •'OTT E, ~,'ole 4, Pll~e viii.
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FEATURES:

~Type 1330-A BRIDGE osell ATOR
• Wide frequency rang .
• Internal modulation available.
• Good frequency stability.
• One-watt output over much of th radio-frequency range.
• 1 xcellent shielding.
• Good bandspread on all ranges.
• Rugged and compact construction.

..

USES: The TYPE 1330- Bridg Oscillator is an economical,
general-purpose laboratory ourc ,of maximum utility and
adaptability. It cover th major part of the frequency
range of the TYPE 1606-A and TYPE 916-AL Radio­
Frequency Bridges and the TYPE 716-CS1 Capacitance
Bridge. It also supplie 400 and 1000 cps for bridge
measurements. Its power output of about one watt is
ad quate for mo t direct-deflection-typ mea uremen
with re onant circuits.

By means of adap ors (page 64) it coaxial output con­
nectors can be made to fit all commonly used type .

DESCRIPTION: Th circuit and the mechanical construc­
tion of this 0 cillator are similar to those used in the
TYPE lOOl-A tandard- ignal Generator (page 122), but
a higher-power 0 cillator tube i used, and he aperiodic
output stage ha been omitted. Tuning capacitor and in­
ductor are rugg dly con tructed to assure frequency
stability, the 0 cillator circuit are doubly melded to
minimize tray field , and a modulating circuit of unu ua.l
de ign provide excellent modula ion haracteri tic over
th radio-fr quency range.

Modulation is available at two audio frequencies and at
two levels, selected by witche.

SPECIFICATIONS

fREQUENCY

Range: Three fixed frequencies - 1000 cps, 400 cps, and the power­
line frequency; 5 kc to 50 Mc, continuous.
Calibration: Direct reading for eight 3:1 range. Calibration is loga­
rithmic and vernier dial indicates increments of 0.1 % per divi ion
from 5 kc to 15 Mc.
Accuracy: 400 and 1000 cp , ±5%; frequencies below 150 kc, ±3%;
above 150 kc, ±2%, all at no load. Frequency hift with 5Q-ohm
load, 5% at low carrier frequencies; above 150 kc, less than 1%.
OUTPUT
Voltage: Open-circuit audio, 12 volts; rf, adju table, approximately
10 volts over the mid-frequency range, 1 at end of range.
Power: Into 5Q-ohm load, audio, approximately %" watt; rf, 1 watt,
over most of range.
Impedance: Audio jack, 50 ohm ; rf, 20 to 80 ohms, depending upon
frequency, when output control is at maximum setting.
GENERAL
Rf Dlotartion: With maximum output into 50 ohms, about 3.5%,
except at the lower frequencies, where it i 7%.

Audio Distortion: 5%.
Leokoge: tray field are less than 50 microvol per meter at two
feet from the oscillator.
Modulotion: Internal only, at 400 and 1000 cp , 25% and 50%.
Envelope Distortion: Less than 6% at 50% modulation; less than
4% at 25% modulation.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps;
30 watts, approximately.
Terminals: Locking TYPE 874 Coaxial Connectors.
Accessories Supplied: TYPE 74-R22A Coaxial Cable, TYPE 874-Q2
Adartor, TYPE 74-C5 Cable Connector TYPE TO-« dju tment
Too (mounted on rf shield cover), TYPE CAP-22 Power Cord, and
spare fus .
Cabinet: Lab b nch (see page 210). Cabinet can be removed for rack
mounting.
Dimensions: Width 21%", height 7Y2, depth 117.1: incb (555 by 190
by 285 mm), over-all; panel 19 by 7 inches (4 5 by 435 mm).
Net Weight: 37~ pounds (17 kg).
Shipping Weight: 50 pound (23 kg).

Type

1330-A
PATENT" OTlCE.

Bridge Oscillator
e J. ote 4, page viii.

Code Number

1330·9701

Price

$690.00

~ File Courtesy of GRWiki.org
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0.5 ·2000 Mc

ee pages 114- and 115 for individual listings

-

The compact, low-priced 0 cillator provide continuou
coverag from 500 kc to 2000 Mc with in I -dial control
and output in the order of veral hundred milliwB. t .
compl t Ii ting of th ir charnct ri tic will b found on
pag 114 and 11 .• dditional cov rag to 742- Mc i
provid d by a roup of microwave 0 illator ( e pag
117 and 11 ). In conjunction with on of th companion
group of power uppli ( e opposi pag), any 0 cillator
become a omplete ignal source with haracteri tic
adapted 0 the custom r' application. By appropriate

hoic of power upply, the 0 cillator can deliver maximum
power, optimum freql1 ney tability with minimum l' id­
ual fro and a-m, pul and quare-wave modulat d output,
amplitude-regulated utput for we ping application l'

can be incorp rated into a heter dyn detect l' y t m
( e page 1). Power uppli . and iliator llr d ign d
for mi-perman nt atta hm nt for bench 11 cor l' lay-nt k
mountin. cc ri uit ble for use with th 0 cil­
lator are Ii ted on pag 116.

GENERAL RF OSCILLATOR SPECIFICATIONS
for 500·kc - 2000·Mc Oscillators

high-frequency end. Approximately 40 vol acro. 8000 ohms is
adequat to pl' duce 30% modulation.

, quare-wave or puIJ modulation can be obtained on nil ( scillators,
excep the TYPE 1211- and ~'1'E 120 C, by use of the TYPE
12 4-A Modulating Power upply. All 0 cillators c pt the TYPE
120 can be quare-wave modulated at 1 kc, upplied by th
TYPE 1263-B Amplitud Regulating Power upply.

For video modulation up to 30% "ith 5-Mc bandwidth, the
TYPE 10Q0-P6 rystal-Diod Modulator can be used at carrier fre­
qu nci from 20 to 1000 Mc. No tuning adjus men are required.
Th' low-level absorpti n modulator introduces negligible incidental
fm, but tbe output capnbility i. limitoo to approximately 10 milli­
v I ,peak, into 50 ohms.

For 100% linear a-m fr of incid ntal fm and for pulse modulation
th TYPE 1000-P7 Balanced Modula l' bould be used. It i, suitable
for u. e at carrier frequ nci fr m 60 to 2300 M and has a video
bandwidth of 20 Mc. The output capability i' 10 millivol ,peak,
into 50 ohms.
Sweep ApplicolionJ: e hanica1 •w p at peeds uitable for cillo­
,co'pic di play can be obtained by use of the TYPE 17SD-A weep
Dnve. The TYPE 120 and 121 A are not recommended for thi
en'ice because of the .tiding contacts in their tuned circuit.

lower mechanical sweep for use with XY recorder i po ible
witb the TYPE 907-R144 or 90 ROO Dial Drives. The TYPE 121 A
i not suitable for use with h e driv ,and the TYPE 1208- should
only be used for shor periods with the TYPE 175D-A weep Drive.

The TYPE 1263-B Ampli ude-Regulating Power upply is recom­
mended to hold the oscillator output constant as the fr queucy is
varied, particularly wben m hllnical weep is employed. It can be
u ed with all th e 0 cUlators exc pt tbe TYPE 1208-C.
Mounting:

Bench Uoe - Any of the cillato can be used on the bench with
any of the recommended power uppli ; interconnecting cabl are
supplied. All 0 cillators cept the TYPE 1218-A, and all power
upplies except he TYPE 120l-B, ar 7" high and can be attached to

each other with the hardware upplied form a. rigid as mbly.
Relay-Rack Uoe - Any 0 cillator except the TYPE 1218-A can be

relay-rack mounted tog th r with a TYPE 1263-B, 12M-A, 1267-A,
or 1269-A Power upply in a pac 7" high. The TYPE 121 A re­
quir a pace 12U" high in addition to pace 7" high for tbe
~ciated power upply. Acce&' ri required for rack mounting are
hsted on page 116. When the TYPE 1201-B Power upply i used,
eparate ra.ck-adaptor panel are nec ry.

A constant-amplitude oweeping oystem, consloling of a Unit Oscil·= lator, sweep drive (page 127), amplitude-regulating power oupply, =--= voltmeler rectifler (page 67), patch cord (Type 874.R22A, page 71),= and tee (page 72). When a SO-ohm system is being measured, use
~ Type 874-VQ Voltmeter Detector and Type 874-W50 Matched -­= Termination to rectify the output of the network under test and to

prOVide vertical deflection voltage. __

TYPE 1211- ,1215· ,120 ,1209- L, 1209- ,1361-A, 121 A
Frequency Control: TYPE Gear-Drive Pr ci ion Dial (page 127)
ar u. d on all model, except the TYPE J361-A which uses TYPE 907.
Vel'lli l' drive ratio i 10:1.
Output Power: Output power Ii ed i obtainable at any frequ ncy
within the range of he 0 cillat 1', with the TYPE 1269-A Pow l'

upply. With TYPE 1267-A, 1201-B, llnd 1264-A, Power uppli ,
multiply the listed power by approximately 0.6' ,,-ith TYPE 1216-A

nit I-F Amplifier, multiply by ab ut 0.4. With the TYPE 1263-B
Amplitude-R ~ating Power upply, the maximum useful pow l'

ou put i 20 milliwatts. The availabl power is adequate for practi­
cally all la orat ry mea uremen with bridges, lotted lin ,admit­
tance and tran fer-function met r , tuned circui , tc.
Output Syotem: A hort coaxial line brings the output from an adjust­
able oupling 10 p (in the ~'PE 1211- ,from a fixed loop and poten­
tiometer) to a locking TYPE 74 oaxinl onn tor. The output con­
nector i. located at the rear f the illator except on the TYPE
1361-A, which h it on th front panel. aximum pow l' can be
delivered to load impedanc normally ncountered in axial ys­
t m. dapto are available to c nvert the TYPE 7-1 onnector to
any other common type ( ee page 64). These adaptor lock ecurely
in place, yet are easily removed.
Power Supply: The external flower 'upply ~hould be chosen from the
group Ii ted in the 1nllmar1/ of Power- upply Characlerislic8.
Operation from 4OO-cycle lin i permi ible with many of these
pow l' uppli with all o~cillator, except Ole TYPE 1208- .
Modulotlon: Amplitude modulation over the audio range can be
obtain d by up rimpo ing a modulating voltage on the plate upply.
A jack is provided on all OR 0 cillators for thi' purposc. The nudio
our e mu t be capable of carryinp; he dc plate current of tlle 0 cil­

Intor. The inexpen ive TYPE 1214 fixed-frequency oscillators lire
r .commended . modulate ,and ar usually u ,ed in conjunction
WIth the TYPE 1269- , 1201-B, or 1267-A Power uppli . For
30% a-m, incidental fm in thi, ,t mi. of th order of om % at the
lower part of the tuning range, and incr to about 0.0 % at th
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TYPICAL SIGNAL-SOURCE SYSTEMS
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OSCILLATOR POWER SUPPLIES
Power- upply characteristics are frequently a determining factor

in the performance of an 0 cillator. Foruch application as para­
metric-amplifier pumps, oscillators mu t he table again t all power­
line variations and free of modulation from power- upply ripple.
For these extreme requirements, both plate and heater upplies
should be regulated, ~ ell-filtered dc, a in the TYPE 1267-A Power

uJlQly.
Wher relative freedom from line transients i required without

ultimate reduction in longer term drif and hum modulation, regu­
lated plate supply is desir;tble, bu unregulated ac may be used for
the heater supply. This need is met by the TYPE 120l-B Power

upply.
For many noncritical application , unregulated dc plate and ac

heater supplies are entirely adequate and represent considerable
economy. The TYPE 1269-A Power upply is this type.

Other applications require power upplies in which the plate­
supply voltage i controllable to modulate or to regulate the 0 cilia­
tor output. The TYPE 1264-A M dulating Power Supply provides
100% amplitude modulation at high level by quare wav or pulses
as well M cw operation. The TYPE 1263-B mplitude-Regulating
Power upply includes a feedback loop to maintain constant oscilla­
tor output as the 0 ciliator frequency i varied. Con tant output
not only peed and simplifi measurements where the 0 ciliator is
tuned manually, but is ntial when making 'eep' measurements.
The TYPE 1263-B mplitude-Regula ing Power upply has an inter­
nal 1-kc 0 cilIator for square-wave modulation.

SUMMARY OF OSCILLATOR POWER-SUPPLY CHARACTERISTICS

Panel Page
Type A pplicatiow; DC Plate Supply Heater Supply Width Ref Price

1267.AI Ultimate stability far ew 300 v @;. 70 ma, regulated 6.3 v de @, 1 amp, reg 4" 173 $170.00
1201.81 Relative freedam from line 300 v @ 70 ma, regulated 6.3 v ae @ 4 amp • 173 95.00

transients

1269.A' Maximum output and minimum cost 380 v apen circuit; 300 v @ 6.3 v ae @ 3 amp 4" 173 70.00
50 ma

1264.AI. '. • 100% square wave and pulse a-m 200-300 v @. 50 ma, reg. 6.3 Vat @ 2.1 amp 8" 175 285.00

1263.8' Amplitude-regulated C"W or l-ke 0-300 v @J 30 ma 6.3 v de @, 0.5 amp 8" 174 380.00
square·wave output

1216.AI Heterodyne detector 300 v @30 ma 6.3 v ae @ 1 amp • 82 360.00

°Cnit InBtrwncnt Cabinet; oec page reference<!.
'l\lay be operated froln 400-cyele Bupply. except ,,~th TYPE 120 - nit iIIator.
• -0 for U8 witb TYPE 1208-C Unit OeciJle.tor.
'Requires adaptoT cable wben uoed witb TyPES 1215- • 1209-CI... 1209- • and 12\ -A L"nit Oscillators (see pages 114 and IlS). Not recommended for use witb THE 1211·0.

The Type 1361-A UHF Oscillator and Type 1264.A Modulating Power
Supply assembled with Type 480·P416 Adaptor Plate Set for rack mounting.

Type 1211·C Unit Oscillator and Type 1269·A Power Supply assembled with
Type 480-P412 Adaptor Plate Set for rack mounting.
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HF, VHF, UHF OSCILLATORS

Supplied with each ascillator,

except as noted under "Re­
marks II;

Type 874-R22A Potch Cord

Type 874·C58A Coble Connector

Telephone Plug

Type Number 1211-C 1208-C 1215-C

Frequency 0.5 to 50 Me 65 to 500 Me 50 to 250 Me

Tuned Circuit Variable l ond C Variable Land C Semi-Bullerfly

Ca IIbration Accuracy ±2% ±2% ±I%

Warmup Frequency
Drift (typicol) 0.5% 0.4%

Output into 50 ohms with
Type 1269·A Supply

>200 mw 80 mw 100 mw

200100

....- "'
Me ~

200

3
E

100SO

400

500
100 L-_....L--"Mc::=.......L-__~

50 100 200

400 t-T--+--+-~-l
mw
200 t---+--+--~

800 ,----,.---.----.,

2 3 5 10 20 30 50

I

1/ I
V I.-i'\l/

V
FREOUENCY - Me I

3
2

(/)

I-

~ 05
~ 0,3

0.2
0,5 I

Typical
Output
Characteristic
with Type 1269-A
Power Supply

Cabinet (see page 210) Unit Unit Unit

Panel Dimensions 8 X 7 in. (l80 X 205 mml 8 X 7 in. (180 X 205 mm) 8 X 7 in. (180 X 205 mml

Depth Behind Panel 9',4 in. (250 mm) 7¥. in. (190 mm) 7Y2 in. (190 mm)

Net Weight 11 Y2 pounds (5.3 kg) 6 pounds (2.8 kg) 7 \4 pounds (3.3 kg)

Shipping Weight 19 pounds (9 kg) 12 pounds (5.5 kg) 15 pounds (7 kg)

Code Number 1211-9703 1208·9703 1215-9703

Price $325.00 $250.00 $210.00

ACCESSORIES AVAILABLE

Modulating Pawer Supply
See pages 113 and 175 No No Yes'

Amplitude-Regulating Power
Supply
See pages 113 and 174

Yes No Yes

Crystal-Diode Madulator
See page 126 Yes, above 10 Me Yes Yes

Balanced Modulator
See poge 126 No Yes Yes

Dial Drives (page 1271 Types 908-PI, .P2, -R96 Types 908·PI, ·R96 Types 908.PI, .P2, .R96

Sweep Drive (page 1271 Yes Not recommended Yes

Reloy-Rack Mount See poge 116

Other Power Supplies See page 113

Remarks
Type 874-Q2 Adaptor supplied
instead of coble connector

Sliding Contact No Sliding Contact

114

lRequire. Adaptor Cable. TyP& 12M-PI (see page 175).
tRequires Adaptor Cable. TYPE 1264-1'2 (aee page 175).
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HF, VHF, UHF OSCILLATORS

1209-CL

180 to 600 Mc

Butterfly

±1%

0.2%

300 mw

1209-C

250 to 960 Mc

Butterfly

150 mw

1361-A 1218-A

450 to 1050 Mc 900 to 2000 Mc

Butterfly Adjustoble lines

±1% ±1%

0.2% 0.1%

150 mw 150 mw

/ ........

Mc

800 1500 2000

v '\~
Me

800

400
J:
E

200
10001100900700

"t
./ IV '\.

I Me

1,0

o.

0,5300 t---+-+-+------l

200 '---............;:.:.:.......1-_--J

200 400

400 r--==::---,----,

600300

400

~
300

150

600

500

Unit Unit Convertible Bench Unit

8 X 7 in. (180 X 205 mml S X 7 In. (180 X 205 mm) 8 X 7 in. (l80 X 205 m1l) 12V, X 10V, in. (320 X 270 mm)

7'% In. (l90 mm) 7Jf. in. (190 mm) 8~ in. (210 mm) 7 V2 in. (190 mm)

6 pounds (2.8 kg) 6 pounds (2.8 kg) 7 pounds (3.2 kg I 14 ',4 pounds (6.7 kg)

13 pounds (6 kg) 13 pounds (6 kg) 13 pounds (6 kg I 26 pounds (12 kg)

1209-9933 1209-9703 1361-9701 1218-9701

$285.00 $285.00 $285.00 $465.00

ACCESSORIES AVAILABLE

Yesl Yes l Yes Yes'

Yes Yes Yes Yes

Yes Yes Yes No

Yes Yes Yes Yes

Types 908.Pl, .P2, .R96 Types 90S·Pl, .P2, ·R96 Types908.Pl,.P2,907.RI44 Not recommended

Yes Yes Yes No

See poge 116

See poge 113

No Sliding Contact No Sliding Contact
Logarithmic frequency seo Ie.
Low e dernal fleld. Calibrated
attenuator. No sliding contact.

Sliding Contocts

ee page 11£ for general specificatUms
115
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RF OSCILLATOR ACCESSORIES
(/):3
0:: i32
80
« ~
0:: wwuzu
w <
o

rf----I---I: ---5-i~
! POWER

SUPPLY

!
OR

OSCILLATOR

Adaptor Plate Set Type
480.P408 used to rack­
mount a single S"-wide
power supply (Type 1263-8
or 1264-AI or oscilla tor
(Type 1208·C, 1209·C,
1209·CL, 1211-C, 1215·C,
or 1361-A).

RELAV-RACK MOUNT

Th panel exten i ns li ted below an be readily attached
to any of the 7"-high 0 cillators pow r uppli , l' 0 cil­
lator-power upply a mblie to p rmit mounting in a
tandard 19" relay rack. The relay-rack adaptor panel for
he TYPE 121 - 0 cillatol' (900-2000 Mc) I' quire a
pace 12!4" high and in addition, a pace 7" high for

po\Vcr- upply mounting.

19 •
Ir- e -I- 8- 2

! POWER OSCILLATOR

!
SUPPLY

1

L

I- -j4
19

l--e--l3~ ~

:52
OSCILLATOR~o..

o..ijl

Adaptor Plate Set Type
480.P412 used to rack.
mount an assembly of a 4".
wide power supply (Type
1267-A or 1269·A) and
oscillator (Type 1208·C,
1209·C, 1209·CL, 1211-C,
1215·C, or 1361-A).

Adaptor Plate Set Type
480.P416 used to rack­
mount an assembly of an
8"-wide power supply
(Type 1263-8 or 1264-A)
and oscillator (Type 1208·C,
1209-C, 1209·CL, 1211-C,
1215·C or 1361.A).

Type um.ber Price
480·P408 Adaptor Plate Set, for one

8".wid e instrument
(7" high) 0480-9648 $ 8.00

480.P412 Adaptor Plate Set, for as·
sembly of One 8"· and one
4"-wide instrument
(7" high) 0480-9642 7.00

480.P416 Adaptor Plote Set, for 0"
sembly of two 8" .wide in-
struments (7" high) 0480·9646 6.00

480·P7U1 Relay·Rack Adaptor Ponel,
for Type 1218-A Oscillator
(12!4" high)' 0480-9990 15.00

480.P4U1 Relay.Rack Adaptor Panel,
for Type 1201-8 or Type
1203·8 Power Supply only
(7" high) 0480·9984 11.00

1 Oscillator and power supply require separate panels .

Primary CharaclerisliC$
96° per minute; for u e with 6" dial,
2Q-kilohm potentiometer

6
' u e with

TYPE 1211-C, 1215-, 120 C,
1209-CL, 1209- ,133Q-A.
weep peed: 0.5-5 cp.; sweep arc:

3Q-3000; weep voltage output to 0 cil­
lo. cope: 2.5 v, peak-to-peak. Will drive
any GR 0 cillator or ignal generator.

ame

weep Drive

Dial Drive

175Q-A

9OB-ROO

p cifications will be found on page 127.

TypePrimary CharacieristiC$
,,"ill drive TYPE 133Q-, 1211-C,
1215-C, 120B-C, 1209- L, 1209- ,
1361-A, 1360-A.
will drive TnES 121l-C, 133Q-A,
1215- , 1209- L, - , 1361-A, 136Q-A.
144° per minute; for use with 4" dials;
2Q-kilohm potentiometer; use with
TYPE 1361- , 136Q- .

90 PI

DIAL DRIVES De cription and

Type

90 P2

907-R144

D tailed d cription, pecifications, and price of th following it ms commonly u d
in conjunction with rf 0 ciliator and ignal generator will be found on th pag
indicated.

COAXIAL ELEMENTS

Adapwrs, coax-iaJ connector to ype
B C, TNC" , C, OI'URFconnector.

Attenuator, adju table
Attenuator, fixed pad

oaxial abl
Detector, voltmeter (cry tal)
Balun
Filters

umber Page Ref

74-Q- 64
74-GA 69
7-1-G- 69
74-A2, A3 64
74-VQ 67
74-UB 73
74-F- 6

ame

Lin ,air, fixe
Mixer Rectifier (cry tal)
I lator

tub, adj table (tuning)
Termination
Line tretchers
Voltmeter
Patch Cords

Type umber

74-L­
74-MR
74-H­
74-D­
74-W·
74-LT
74-VI
74-R-

Page Ref

71
67
6
6
70
71
67
70

MODULATORS, OUTPUT ACCESSORIES

Type Name Primary CharacteristiC$ Page Ref Type Name Primary haracterutics Page Ref
1000-P4 Dummy Antenna Standard for test of a·m 1000-P5 VHF Transformer son unbalanced to 300n

broadcast receivers, 550· balanced; 50-200 Mc 125
1500 kc 123 1000-P6 Crystol-Diode 30% linear a-m; corrier 20-

1ODO-Pl 0 Test Loop For test of a·m broadcast Modulator 1000 Mc. mod 0-5 Me 126
receiver with loop antenno, 1000-P7 8alanced 100% linear a·m; carrier
550-1500 kc 123 Modulotor 60-2300 Mq mod 0-20 Mc 126

116
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~Type 1360-A MICROWAVE OSCILLATOR

-

• Excellent frequency stability.
• lOO-milliwatt outpu over mo t of rang
• Ou pu monitor permit maximum ou pu tting for any frequ ncy and load.
• .Tarrow-band linear w ep, with ync pul
• Db cale on attenua or i particularly u ful at low output level.
• Can be fm, pul e, or square-wav moduJat d; internal l-kc qual' -wave provided.

FEATURES:

USES' The TYpE 1360-A Microwave Oscillator is a general­
purpo power source at frequencies between 1.7 and 4.1
Gc. It i u eful as a driver for slotted lin and other
measurement circuits, and a the local oscillator in a
heterodyne detector. It usefuJne i enhanced by its
variety of modulation capabilities.

DESCRIPTION: The oscillator use a reflex kly tron in a
coaxial cavi y with a non-contacting plunger. The fre­
quency range is covered in two band, 1.7-2.8 Gc and
2.6-4.1 Gc. Range witching is controlled automaticaUy

by th main frequency dial. calc for he two range are
in differ n color ; a pilot ligh indica the correct cale.

An adju table outpu control i provid d, with an out­
put monitor to warn against over oupLing. The output
connector i a locking TYPE 874 oaxial onnector, to
which an adaptor for any commonly u d coaxial connector
type can be attached and locked.

athode, repeller, and bia voltag are well regulated,
and the kly tron heater upply is de.

Tube replacement, including th kly ron, require no
tool. Long-life Teflon bearing ar u d for the plunger.

FREQUENCY
Range: 1.7 to 4.1 Gc in two ranges, 1.7 to 2.8 Gc and 2.6 to 4.1 Go.
Fine Frequency Control (6F): Order of 1 Mo, but not runctioning [or
quare-wave modulation.

Accuracy: ± 1%.
Stability: Warmup drift i approximately 0.15% during the firs
hour, total drilt approximately 0.25%. After warmup. frequency is
table witbin approximately 5 ppm.

Residual FM: Approximately 0.5 ppm in the lower rrequency range
and 0.2 ppm in the higher. Dominant frequencies are 60 and 120 cps
(with 6o-cycle line frequency).
o UTPUT E200F=t7=~==::=::::F='
Power: Typically more than 100 ! lool---,A---""'-f---+--l
"';Uiwatts above 2 Gc.

nuator: Relative calibration ii 60~=t;;::=~===1=::l,
.j.

Terminal: TYPE 74 Coaxial Connector, reces ed, locking. For connec­
tion to type ,B C, TNC, C, C, or UHF connector, ose a
locking adaptor (page 64), whicb locks securely in pla.ce, yet i
easily removed. Panel connector is recessed, and adaptor projects
only about an inch from panel.
INTERNAL MODULATION
Narraw.Band Sweep: 1 to 3 Mc maximum at 1 kc and power-line
frequency. egative trigger pulse supplied.

SPECIFICATIONS
Square.Wave: 1 kc, adju table approximately ±5%.
EXTERNAL MODULATION

FM: n 'itivity approximately 0.2 Mc per volt, input impedance,
400 kilobms and 70 pf (ac only).
Square·Wave: 50 cp' to 200 kc, 12 vol (nus) ine wave or 20 volts
(peak-to-peak) quare wave; 20% minimum duty oycle from external
ource. Input impedance greater than 100 kilohms.

Pul..: Ri e and rail times approximately 0.2 pSec, minimum length
approximately 0.5 ,..sec. Input impedance 100 kilohms; drivin~:puJse
amplitude, 20 volts (peak-to-peak) i maximum duty cycle 20'70.

GENERAL

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
85 watts. In trument will operate satisfactorily (except ror line­
frequency weep) at power-line frequencies up to 400 cps.
Accessories Supplied: TYPE 74-R22A Patch Cord, TYPE 874-C58A

able Connector, TYPE CAP-22 Power Cord, spare fuses.
Cobinet: Rack-bench ( ee page 210).
Dimensions: Bench model- width 19, heigbt 7J1, depth 15,!12 incbes
(485 by 195 by 395 mm), over-all; raok model - panel 19 by 7 inches
(485 by ISO rom), depth behind panel 13 inohes (330 mm).
Net Weight: 3 pou.nds (17.5 kg).
Shipping Weight: 74 pounds (34 kg).

Type

1360-AM
1360-AR

Microwave Oscillator, Bench Model
Microwave Oscillator, Rock Model

Code Number

1360·9801
1360·9811

Price

$1100.00
1100.00

PATE T NOTICE. See Note 4, page viii.

1.7 to 4.1 Gc

~ File Courtesy of GRWiki.org
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• Inexpen ive, versatile, microwave power source.
FEATURES: • Wide range of frequencies and modulation capabilities.

• mall - compact - inexpen ive.

USES: Th Unit Klystron 0 cillator generates frequencies DESCRIPTION: This instrument includes an adjustable,
between 2700 and 7425 Mc. It can generate fixed fre- regulated source of repel1er voltage, a chmitt quaring
quencies or wept frequencies and can be amplitude circuit, a lOOO-eycle He oscillator, and a socket for a reflex
modulated with either quare waves or pulses, with low kly tron tube.
incidental fro. ight plug-in klystrons cover the frequency range. The

Because of its relatively high outpu ,low co t, mall size, oscillator is listed with each ingle klystron j additional
and rugged construction, it i equally useful in the labora- klystrons can be ordered as de ired.
tory on the production line, and in classroom demonstra- The frequency range listed for each klystron can be
tion~. It is an excel1ent source for slotted-line measurements covered by screw adju tment at the rear of the instrument.
of impedance and v WR, measurements of bandwidth, and With most of the klystrons listed, this can be accomplished
attenuation measurements on cables, lines, and pads. without removal of shield.

KLYSTRO POWER SUPPLY

~Type 1220-A U IT KLYSTRON OSCILLA OR

SPECIFIC

Frequency Range: Depend on klystron tube used (see table below);
frequency range of any unit can be changed to that of any other by
the in rtion of the appropriate klystron tube.
Amplitude Modulation:

Internal: l-kc quare wave, adjustable ±15 cps.
_ External: Square wave - 50 cps to 200 kc; ine or quare-wave
modulating signa) of at least 15 volts, l'ffiS, required - TyPE 1210-C
Unit R-C Oscillator recommended.

Pulle, 1- to 10,OOO-¢lec duration, less than O.2-¢lec ri e and fall
times, 50-cycle to 2OG-kc repetition rate; at least 2G-volt peak put e
voltage required - TYPE 1217-B nit Pul Generator recommended.
Frequency Modulalion: At leas 15-Mc excursion ~;th I than 3-db
change in output at 60 cps and nns-input of the order of 10 volts.
Output Terminal: Locking TYPE 74 Coaxial onnector. This instru­
ment can be equipped with type ,BNC, TNC, C, C, or UHF
connectors through the use of locking adaptors, listed on page 64.
Power Requirementa: An external Unit Power upply as hown below

T ION S

is required. AC line connection to the TYPE 1220-A instrument is
made through thi power supply. TYPE 1201-B Unit Regulated
Power upply is reconunended for high stability and minimum inci­
dental fm (page 173) j normal power-line frequency is 50 to 60 cps,
but can be 400 cps, provided that the line voltage is between 115
and 125 volts.
Accelloriel Recommended, Fixed attenuator pad for i olating oscilla­
tor from load (page 6g); TYPE 874-VQ or -VR for facilitating tuning
adjustments (page 67).
Cobinet: nit Instrument (see p~ge 210).
Dlmenlion.. Width 15, height 5%, depth 6U inch (380 by 145 by
160 mm), over-all. As shown here, including power supply, 15 by
5~ by 6U inch (380 by 145 by 160 mm), over-all. Relay-rack
adaptor panel listed below mounts both instrument and power
upply (panel ] 9 by 7 inches).

Net Weight: 6 pounds (2.8 kg) with klystron (less power supply).
Shipping Weight, 14 pounds (6.5 kg).
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Nominal Tube
Outuut Code only Code

Type in Mil iwalt8 Number Price Type Number Price
KlYltron Power Supply with Klyltran, for

1220.Al 2700·2960 Me 100 1220·9411 $315.00 726-e 8370·1800 $ 65.00
1220.A2 2950.3275 Mc 90 '220-9412 395.00 6043 8380·6043 75.00

1220·A3 3400·3960 Me 90 1220·9413 385.00 2K29 8320·0700 65.00
1220.A4 3140-4460 Me 75 1220·94'4 422.50 2K56 8320-0800 102.50

1220.A5 42<40-4910 Me 100 1220·94'5 315.00 2K22 8320-0600 65.00
1220·1\6 5100.5900 Me 80 1220-9416 412.00 6115 8380·6115 92.00

1220.A7 5925·6450 Me 100 1220·9417 388.00 QK404 8300·1200 61.00
1220.AI 6200·7425 Me 90 1220·9418 381.00 5976 8380-5976 68.00

1220·A KlYltron Power Supply (without Tube) 1220·9701 320.00

1201.8 Unit egulated Power Supply (required) 1201·9702 95.00

480.P4U3 Reloy.Rack Adaptor Panel (hold. both
osclllotor and power .upply) 0480-9986 12.00

All klystron tubes except the 6043 are designed for relatively infrequent tuning. The 0 cillator will also operate with the TYPE 2K25
(8550-9660 Mc) and TYPE 2K26 (6250-7060 Me) Klystrons.

PATENT NOTI E. e No~e 4. page viii.

Power for the kly.tron cathode and for the
Internal 1-kc modulotar il furnished by an
e llIernal Unit Power Supply, shown here

with the oscillator.
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STA DARD-SIGNAl GENERATORS

tandard-sip:nal p; nerator is It sourc of 1\lternatinll:-current en rgy
of accurately known harnet ri tic. The rarrier, or center, frl>qUE'ncy
is indi ted by a dial setting, the output voll..'1~ hya met r r ading
and associated attenuator settin!/;, !md t hI' modulation by a met r
reading hy appropriate eont.rol knoh. ommon types of modula­
tion igm\l IIr In -W3VP, qunrc-wavp, 3nd IJuL . th output igoal
rna)' I'){' either frequency- or :lmplitude-modulatrd hy thes!' signal.
When the fr qll ncy-modulation sy t m produces f1. con iderabl
excur ion in frcqu n<lya a r('latively low cycli '81 rat. the in rument
is kn wn a 8 sw p-fr queney !/; nerl\tor and is par icularly useful
for automatic data displa~'. tnndard· ignal enerll.tors are 1J d for
testing radio rec'eivers, n volta~(· s andarda over the rang from a
f IV microvolts to about a volt, and generally as pow r sources in
mensur ment of gain, handwidth, ignal-to-noise ratio, standing­
wave mHo, Imd 0 hlJr circuit propertie .

Amplitude-Modulated Signal Generators

Th lem uts of an amplitude-modulated standllrd-. ignnl genera·
tor are shown in Figure l. An amplifi r Dlay he add d rendily at
lower fr quenries, as shown in Figure 2, to i601ate ,he o8('iIlator from
the load and to minimize th incidental frequency modulation thllt
usually r lilt from amplitude modulation. The lement of a
standard sweep-frequen y gen rator arc sho\vo in Figure 3. For use
8lI a standard- ignal g nerator, the oscillator IOU t be stable, hav
reasonably constant output over any on frE'qu nry ran ,have good
waveform, and hnve no appreciable hum or noi e modulation. ar ful
over-all shielding of the generator i e ntial in order to minimize
stray fields.

The three General Radio amplitud -modulat d tandard-signal
generators are general-purpo ,widEr uning-range instruments cover­
:-11; the rang from 5 kc to 940 c. Amplitude modulation i provid d

m an internal, fixed-frequency, sin -wav ~ n rn.tor, or from an
~terDal audio-frequency our e. This prOVision i omitted for

w p-frequ ncy generator. Ampli ude modulation is generally ac­
companied by incidental frequen y modulation. This can be mini­
mized by an amplifier, a m ntioned. or sub tlm ially eliminated (at
som sa rifke in maximum availabl output) by the u of (lxternai
crystal-diode absorption modulator , as shown in Figur 2. urh
modulators also extend the r nge of modulation frequen 'ies 8uffi­
ril'oLly to permit high-quality video and pulse moduJatioll,

Sweep-Frequency Generators

Th new TYPE 1025-A tandard w p-Frequency Generator
cov rs tho range from 700 kc to 230 c in t n octave hands and has in
addi ion bandspread rang at 450 k and 10.7 c. This instrum n
employs a rotating tuning capaci r to bring the pr ision and ata­
bili y of conventional, manually tun ~ sigDl~1 generators to the field of
sweep measurement. It weep 20 times per cond ov r compl te
oclav rnng ,and is fast enough to eliminate fIj k r. This gen rator
includ a very effeetiv a.utomatie lev I ontrol 60 that th full
advantaJl:O may be taken of the u of weep techniqu .

The 1'YPi) 1300- Beat-Fr queney Video G nemtor provides
swept-frequenry volta in the video rang and at commonly used
int rmediate frequencies in addition to manually UDf\ble audio and
video sinusoidAl and square-wlwe 011 puts. weeping in thi instru­
m n is accomplished el ctronicaJly.

Sweep-Frequency Operation of
Conventional Signal Generators

Conventional manual ignal generator can also be swept over
limited range through the 11 e of the TypE) 1750-A weep Drive
which can impart re iprocating rotation up to 300 degre at TIItes of
1 to 5 ps to the tunin~ control (see Figur 2). Th corresponding
frequency variation is listed in the specifi ations for the individual
instruments.

Figure 1. Elements of 0 standard·
,ignol generator.

Figure 2. Modulation method .. Figure 3. Elements of a standard
sweep·frequency generator.

STANDARD-SIGNAL GENERATORS
Type Frequency Range Open-CircuiJ. Valtage Output lmpeda.nu Madulation % Page

IOOI·A 5 kc-50 Me 0.1 .uv-2oo mv 10 fl, 50 fl 0-80% 122
805.D 16 kc-50 Me 0.2 .uv-4 v 0.75,7.1,37.5,50,75 n 0-10~ 120

1021.AV 40-250 Me 0.5 .uv-l v 50 n 0-50 124
1021.AU 250-940 Me 0.5.uv-1 v 50 fl 0-50% 124

STANDA RD SWEEP-FREQUENCY GENERATOR

1025·A 07 to 230 Me 0.3.uv-1 v I 50 fl Sweep, all bonds 1280.45 and 107 Me

SWEEP OSCILLATOR

1300.A 20 cps.12 Me 0-10 v I 820 n,75 fl Sweep, 20 kc-12 Me 13030-42 Me 50 mv 50 fl Sweep, 3()-.(2 Me

MODULATORS
Type Carrier Range .11adulation Frequency Range M adulation % Page

1000·P6 20-1000 Me 0-5 Me 0-30% 126
1000·P7 60-2300 Me 0-20 Me 0-100% 126

ACCESSORIES
l000·P4 Dummy Antenna 123
looo·P5 VHF Tron,farmer (50 ohm. grounded to 300 ohms balanced) 124
1000.P10 Te,t loop 123

~ File Courtesy of GRWiki.org
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~Type 80S-D STANDARD-SIGNAL GENERATOR

FEATURES'

• Output vol tag continuou ly variabl up to 2 volt acros 37.5 ohm, 4 volt op n circui .
• Amplitude modulation up to approximately 100%.
• Ex eptionally good frequency tabili y.
• Tuned amplifier minimize reaction of output circuit on carri I' f1' (JU ncy.
• Tun d ircuit i heavily damped to prevent id -band clipping.
• In r m ntal-fr qu DCy dial with 0.0] %-f1' qucncy change p r divi ion.
• Regula ed power upply eliminate the effect of lin -voltage fluctuation.
• implified control , ~ ell suited to production-line te ting by un killed personnel.

USES: The TYPE 805-D tandard- ignal Generator i d­
igned primarily a a pI' cision laboratory in trum nt for

rapid and ac urat t ting of radio rec iv l' . Beau of
it accum y, wid fr qu ncy rang, and high voltag out­
put, it i a valuable ins l'um nt for Iaborat01'i s engag d
in r ar hand d ign on radio receivers and allied ap­
paratll , while it p d and simpliciLy of operation make
it well adapted to production t sting.

It can be u ed for t sting video i-f circuit by the addition
of a TYPE lOOO-PG rystal-Diode :Modulator.

For intermittent weep applica ion ,th TYPE 1750-A
we p Drive (page 127) can be used. Th 'IV P rang is

± 1% of the operating frequency.
Owing to it excell nt fr quency tability, this gen rator

i a uitable ourc of t t voltage to di play the r sponse
of narrow-band d vice, uch a cry tal filter.

DESCRIPTION: Functionally thi in trum nt con ists of
(1) a carrier-frequency 0 cillator, (2) a tuned radio­
frequency amplifier, (3) a re i tiv output atLenuator and
a voltme r to read the ou put I V I, (4) a modulating
o ciUator (400 cps and lOOO cp ) with a voltm t I' for
reading p rcentage modulation, and (5) a well-regulated
power upply.

The oscillator and amplifier a semblie are virtually
identical in con truction, and tbe coil- witching m­
blie ,a w II as the tuning capacitor , are ganged and
driven from common panel control. v n coil covering
the frequency range from 16 kc to 50 Mc are carri d on a
rotary tun t. An eighth coil po ition i provid d for u

within thi f1' qu n y range wh r band pI' ad u i
de ir d, or to ~void awkward band- witching operations.
Th tun t i driven from a panel kno through agar
m chani m, which also bring in 0 panel viC'w a frequency­
rang id ntification dial. each coil i 1'0 ated in 0 po i­
tion, it i connected into ircuit through ilver-overlaid
contac hlade, \, hicb firmly engage silver-alloy bru hes
mounted on th uning capacitor. The ontacts are
mount d on poly tyrene trip, en uring both low capaci­
tan e and low di I ctric 10 s.

The main tuning capacitor are exceptionally rugged,
with cast fram and ball bearing .

The output y tern con i t of a vacuum-tube volt­
m r, a r si tive att nuMor n twork, a 3-foo , 75-ohm
output cable, and a TYPE 05-Pl Termination ni. The
ffectiv outpu imp danc at th pan I terminal i

nominally 75 ohms. The TYPE 0 -PI nit p rmits a choice
of hree output imp dance; 37.5, 7.1, or 0.75 ohm. The
voltmeter read the open ir uit output voltage directly
for the 37.5-obm termination. For the two lower imped­
ance , the voltm ter r ading i divided by 10 and 100
re p ctively. A tandard broadc -band dummy-antem
output i al 0 provid d.

The TYPE 805-P2 T rmination nit can be used to con­
vert the 75-ohm output of th generator to an effective
50-ohm output. The TYPE l000-P4 Dummy Antenna can
then b u ed (pag 123).

\\ ith itber termination unit, the panel m ter indicate
the ou pu voltage behind the eff ctive impedance.
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Typical frequency
drifl from cold

.tart.

SPECIFICATIONS

Flatness
±1 db
± 1.5 db
± 1.5 db

Audio Range
50 - 15,000 cps
50 - 10,000 cps

50 cps - 10% of carrier frequency

Incidental Frequency Modulation: On the high. carrier-frequency
range the in id ntal frequency modulation i about 0.05% for 100%
modulation and 0.02% for 30% modulation. At lower carrier fre­
qu nci the frequency modulation i Ie than th e percentng .

Abo e 20 Mc, for applica ion. where incidental fm mu t be negli­
gible or for wideband modulation, he TYPE lOOQ-P6 ry tal-Diode

fodulator bould be used.
Residual Frequency Modulotion,

Les t.han 2 cp for carrier Crequencies below 5 Me.
L,; han 30 cp for carri r frequenci below 16 Mc.
Le than 75 cp for carrier frequencies below 50 Mc.

Distortion and Noise Level:
Envelope Di.torlion - L than 5% at a modulation level of 0%

with a carrier fr quency of I c.
Carrier Noise Level - At lca t 40 db below % modulation.

leakage: The ma netic induction leakag i Ie. han 5 microvol
per meter a a distance of 2 feet from he generator. The 3-foot ou put
cable p I'mit the receiver under te t to be kept b yond thi limi.
Radiation fields are negligible.
GENERAL

Terminal: A TypE 74 Coaxial Connector. Adaptors to other com­
monly u ed coaxial types are listed on pa~e 64.
Power Requirements: 105 to 125 (or 210 to 250) vol ,40 to 60 cp .
An electronic volta~e regulator compensa for line-vol~e fluctua­
tion from 105 to 125 vol (or Crom 210 to 250 volts). Maximum
inpll power is 150 watts.

The in rument will operate ati factorily on pow r- upply fre­
quenei up to 400 cp provided that the upply voltl1g i at least
115 volt.
Accessories Supplied: TYl'E 805-PI Termination Uni • shielded output
cllble, TYPE AP-22 Power Cord, and pare fu es.
Other AcceSioriOi Available: TYPE 05-P2 Termination nit, TYPE
1000-P Ac ori (page 123) and TYI'E 175Q-A weep Drive
(pag 127).
Cabinet: La.b bench (see pag 210).
Dimen.lon.: Width 33, height 16, depth 13 inch (840 by 410 by
330 mm), ov r-all.
Nel Weight: 11 pound (54 kg).
Shipping Weight: 177 pound (81 kg).

The generator can be modulated by an external 0 ciUator. Approxi­
mately 10 volts aero 500,000 ohm ar required for 0% modula­
tion. Th ov r-al1 modulation fr quency characteri tic for constant
audio input i a follows:

Carrier FreqU£ncy
0.5 - 50 Mc
0.1 - 0.5 Me
16 - 100 kc

CARRIER FREQUENCY

Range: 16 kc to 50 Mc, covered in even direct-reading range : 16 to
50 kc, 50 to 160 k I 160 t~ 500 kc, 0.5 0 1.6 Mc, 1.6 to 5.0 Mc,
5.0 to 16 Mc, 16 to 50 Mc.
Scalo: Logarithmic.
Vernier Dial: A slow-mot,ion vernier drive dial i provided, hy mean
of \ hich frequency increments a mall as O.OJ % may be obtained.
Accuracy: ach range i direct reading to an Mcura y of ±1% of
the indicated fr quency.
Stability' Drift not greater than ±0.10/< on any frequency range with
continuous operation for five bours.
Sweep: Maximum sweep range wi h tbe TYPE 1750-A weep Drive
is approximately 20/< I i.e., ±1% of cen r frequency. weeping is not
recommended for continuou or production-line use.

'lTPUT
lIage Range: Continuously adjustable from 0.1 microvolt 0 2 volt.

1'he output voltage (at the termination of he 75-ohm ou put cable)
i indicated by a panel meter and even-point multipli r. Maximum
open-circuit voltage with termination removed i 4 volt.
Voltage Accuracy: For multiplier etting below 1 volt the maximum
error in ou put voltage i the urn of the attenuator and voltmeter
errors listed below. Maximum voltmeter error, up to 25 c, i ±5%
of indicated reading. Above 25 Me an additional f1' qll ncy error
oc ur I amoUl1ting to a total of ±7% at 50 Mc. At 1/10 full cale
and 50 c, there' also a tean it-time error of -5% in the vol ­
meter tube. Maximum attenuator error i as follow:

Below 3 Mc, ± (3% + 0.1 microvolt)
3 to 10 Me, ±(5% + 0.2 microvolt)

10 to 30 Me, ± (10% + 0.4 microvolt)
30 to 50 c, ± (15% + O. microvol)
There is no errol' for the I-volt multiplier etting.

Impedance: The ou put impedance at he panel jack i 75 ohm resi­
tive. A 75-ohm outpu cable i provided, together with a termination
unit tha fUl'lli h con tan ou put impedanc of 37.5, 7.1 or
0.75 ohm. The calibration of the panel voltmeter-mul iplier combi­
nation i in term of the actual voltage acro the 37.5-ohm output.
When the 7.1- and 0.75-ohm po'ition are used the indicated ou put
volta e mu be divided by 10 and 100, resp ctively. A tandard
dummy-antenna output is al 0 available at the termination unit.

The TYPE 05-P2 Termination -nit can be u ed to onvert the
effective output impedance of the generator from 75 to 50 ohm. It
al 0 permits the u e of 50-0hm accessory uni s (page 123).
Modulation, Continuously variable from 0 to approximately 100%.
The percentage of modulation i indicated by a panel meter to o.n
accuracy of ±10% of full scale up to 0%, for carri r frequenci '
below 16 Mc; ± 15% for higher carrier frequenci .

Internal modulation i availabl at 400 cps and 1000 cp , accurate
in frequency wit.hin ±5%.

Type Price

805-0
805-P2

Standard-Signal Generator
Termination Unit

0805-9704
0805·9602

$2250.00
25.00

PATE T NOTICE. e Note 4. pale viii.
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+Type 100'l-A STANDARD-SIGNAL GENERATOR

-

FEATURES:

• Very low re idual output and stray field.
• Excell nt tability and low drift arc a ured by high-quali y component, low pow r

consumption, and r gulated power upply.
• An aperiodic output amplifi r avoid id band clipping and minimize reac ion of at­

tenuator etting or load on carri r fr qu ncy.
• Output cable termination can b r mov d for matching into a 50-ohm system.
• implici y f de~ign and construction has re ult d in an unu uaUy turdy in trument of

small iz , low weight, and long life.

USES: The TYPE 100l-A tandard ignal G nerator i a
laboratory in trument for u e in det rmining th p r­
formance of receiver and 0 her equipment at llltra­
80m and radio frequencie . Its urdy construction and
implici y of operation make i uitable for production

te ting. Becau of it mall ize, light weight and 10\"
pow r con umption, it an be adapted for u in field­
treng h mea urem nt .

At frequen 'ie above 20 Me, the TYPE lOOO-P6 Cry tal­
Diode Modulator can u d to produce externally excit d
broadband amplitude modula ion e sentiaUy fr e from
incidental fm.

The frequen y can be wept over a maximum range of
14% by th T'fPE 1750- weep Drive whi h atta he to
the slow-motion dial.

DESCRIPTION: The Hartley-type carrier-frequency 0 cilla­
tor cover the frequen y pectrum from 5 kc to 50 Ic in
eight range . The plates of the main uning capa itor
are shaped to give a logarithmic variation of fr quen y
wi h angular rotation. Th preci ion of frequen y tting,
therefore, i on tant, and the v rni r dial i calibrated
directly in percentage frequency in rem n .

buff r amplifi r i u d between he 0 ciliator and the
low-imp dane output circuit. Th amplifier i grid
modulat d to provid amplitud modulation from zero to
0%. Loo coupling b tw n th 0 ciUator and the

amplifier minimiz incidental frequency modulo. ,ion. Th
attenuator sy tern and the output meter are coupl d to the
amplifier through a high-pa s filter, which reduce voltag
of the modulation frequency in the output.

The output voltage is determined by establi hm nt of a
fixed carrier level at th attenuator input and by tbe setting
of two attenuator control. The carrier level is e by
adju tm nt of tb plat - upply voltag of the 0 cillator and
i indicat d by a vacuum-tub voltm ter at th attenuator
input. The attenuator system consis s of a continuou ly
adjustable L network controlled by the outpu dial and a
decade ladder-network attenuator.

Th modulation circuits includ a 400-cycle RC oscil­
lator for int rnal modulation and a germanium-erystal
rectifier to determine modulation percentage. P rcentage
modulation is read on the same panel meter that indicates
th carrier output level.

SPECIFICATIONS
CARRIER FREQUENCY

Range: 5 kc to 50 Me covered in eight dir ct-reading rang : 5 to
15 kc, 15 to 50 kc, 50 to 150 ke, 150 to 500 ke, 0.5 to 1.5 Me, 1.5 to
5 Me, 5 to 15 Me, and 15 to 50 Me.

Scale: Logarithmic up to 15 Mc, departing lightly from the logarith­
mic scale at higher frequencies.
Vernier Dial: Frequency increment is 0.1% per dial division at fre­
queneil~ up to 15 Me.
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Accuracy, ± 1 %.
Stability: Warmup drift is of the order of 0.25%. Half thc maximum
drift is r ched in llpproximately 1J~ hour,.
Sweep: Maximum sweep rang with the TYPE 17So-A • weep Drive
i 14 o.

OUTPUT

Voltage Range: Open-circuit ou put voltag at the attenuator jack is
ontinuously adjustable from 0.1 microvolt 10 200 millivolt..~. Wi h

ou put cable terminat d lit both nds,OU put voltag i' continuou.. ly
adju table from 0.0 microvolt to 100 millivol . Open-circui output
yoltng at the 2 YOlJl'8 panel jack i m II. ur j directly by the output
meter and i 2 volt if h met r i t to he reference mark. Thi'
voltlij!;e is available up to 1Lt. leas 15 Me.
Voltoge Accurocy: At frequencies below 10 Mo, wh n h outpu dial
is et near full calor on -t nth full cal, the utput voltall:e i
correctly indioo.ted to _ (6% + 0.1 pv). With the output dia.l .'et in
he mid- cale region, the error may be weater hy 4%. At frc'lU uci .

above 10 , \Vh n the outpu dial i et n l' full scale, .he output
voltag is carr ctly indicated to an a curacy of ± (IOcr,: + 0.3 pv),
and the error may be a much as 10% larger or mailer at oth l' out­
put dial. tting.

The accuracy of he op u-circuit ou put voltnges at the 2 VOLTS

panel jack i ±3% at mid-frequencie .
Impedance: Output impedance I1t the attenuator jack i 10 ohm.
(50 ohm when the eri unit j ill ed) ex p for t,he highest outpu
po i ion of the att nuntor, where it i. 50 ohms.

Output impedance at th end of tit terminated cable i. 25 ohms.
Outpu impedanc at the 2 OLT"; panel jack i_ 300 ohm .

e of the TypliJ lOOO-P4 Dummy Antenlla provide a tandard
(IRE) test impedan . A known indu 'tion fi Id i, btRina.ble with the
TYPE l000-PlO T t Loop (for t in!/; loop receiven;).
Amplitude Modulation: Adju.tltlle from zero to 0%. odulation
percentage i indicated on he panel meter and i accurate within
± 10% of the indi ated value, ~;th a po ibl additional error of
2% modulation.

The internal modulation frequency is 400 cp ± cr,:.
1 he external modulation charact·eri tic i flat within ± I db from

20 cp to 15 ke. For Ocr,: modulation, the ext rnal audio 0 cilll1tor
must upply 12 vol into a 4000-ohm load (36 milliwatt..).
Incidental Frequency Modulation: At 0% amplitud moduJa ion, th
in identaJ frequen y modulation vari~ from 30 to 300 parts per

million ov t· each carrier-fr quen y range except for the highest
rnnll: (15 to SO M ) where i ma.y be hr tim a, great. At lower
modul(ltion p rc ntag .. , fr quency modulation is approximately
prop rtionaJ to modulation p rccntap;e.

For tll/plica ion above 20 lIe, wh l'e incid ntal frequen y modu­
lution must, h v ry low, he u,-;e of the TYPE lOOO-P 'ry-tal-Oiode
Moduh\tor (page 126) i. l' ommended.
Distortion ond Noise level

Envelope Distariion: Less than cr,: at 0% amplitude m duJs.tion.
Carrier Noise Level: :01'1' _pond to ubout 0.1 % m dulll.ti n.
Corrier Distortion: fIll oreler of 7% on :\11 excep the lowest range,

where it may in 'rea. e to appr xi mat Iy 15%.
leakage: • tray field at 1 If 11.1' I .. than one microvolt pel' meter
\\'0 fe t from the generator.

Terminals: TYPE 74 03"i81 onnectors, rec ed, locking. For
connection to type N, nNe TN, "or HF connector, u e a
locking adaptor (pag 64), whicb lock urely in place, yet i
ea'ily l' moved. Pllllri connector is rcee '"ed, and adapt l' projects
only ub ut all in h from panel.

GENERAL

Power Requirements: ] OS to 125 (or 210 to 250) volt , 40 to 60 cp .
Power input is approxima ely li5 wat s.

Tbi. in trument will al'o operate ,ati'laotol'ily on pow l'- upply
frequ lloies up to 400 cP", prOVided hat h upply voltng is 3
lea t 115 volt .
Accessories Supplied: TYPE 74-R22A aKial 'able, TYPEl l000-P1
50-Ohm Termina ion (nit, TYPE lOOO-P2 ~O- hm ri' nit, TYPE

74-Q2 Adaptor, TYPE T -44 dju tment Tool (stored in r.abille ),
TYPE 274- IB Plug, TypE 74- '5 A 'able 'OllJlector, TYPE AP-22
Power rd, aod pare fuses.
Olher AccelSories Available: -ot upplied but availabl on ord l' are
the TYI'E lOOO-P4 tandard ummy All Illla, the TYPE lOOO-PlO
T t Loop, he TYPE lDOO-P6 ry tal-Diode Modulator (page 123
and 126), and the TYPE 17So-A weep Drive (page 127).
Cobinet: Lab hench ('ce pag 210). A rece ed compartmeLlt i, bui!
in 0 the top of the cabin t for 'toring u ell sorie .
Dimensions: Width 20 1.-.(, heigh 13%, d pt.h 1l inch (515 by 350
by 2 0 mm), over-nU.
Nel Weight, 54 pounds (25 kg).
Shipping Weight: 67 pounds (31 kg).

PATENT NOT1

Standard -Signal Generator
Note 4. page viii.

Price

$995.00

~Type 1000-P10 TEST LOOP ~Type 1000-P4 DUMMY ANTENNA
With thi hielded t t loop, radio r iv r with 10 p

antenna can be te ted by th pref'err d ill thad of th
194 " tandard on Radi R eeiv r , M thad of T . t.ing
Amplitud - odula ion Broadea R c iv r ," publish d
by the In ti ut of Radio ; ngine rs. Th 3-turn loop is
n 10 d in aluminum tubing for electro tatic hielding.

Th field trength in volt p r meter, a a distance of
19 inehe from the loop,' equal to on -tenth the ignal­
generator output in volt, with a 50-ohm genera or.

onnected to the t rminated outpu t of a tandard­
ignal general r f 50-ohm ou pu. impedance (2 ohm.),

this dummy antenna provid th au put ham.cteri ti
pe ified by th Inti tu of Radi ~ ngin r in 194
, tandard on Radio Re eiver ,M hod of T . ting Am­

plitud -Modulation Broad'a Reeeiv r ."
Dimen,ions: Diameter .%, J ngth 4Va in 11 (23 by 115 mm).
Net Weight: 3y'; OUIl (0.1 kg). Shipping Weight: 2 pound' (I kg).

TYPE 1OOO-PI 0

Moximum Frequency: 3 Mc.

Accurocy: ± 10% (±5% i typical); witll TYPE 100l-A tandard-
ignal Generator, ± 15% (±10% is typical).

Dimensions: idth 11%" height 161 _, dep h 3}<l inob (300 by 420
by 9 mm), over-aU.

Net Weight: 431 pow d (2.1 kg).

Shipping Weight: 6 pounds (2. kg).

Code umber PriceType

looo-P4 Dummy Antenno
lOOO-PIO reslloop

1000-9604
1000-9610

$16.00
50.00

TYPE 1000-P4
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•

~Type 1021 STANDARD-SIGNAL GENERATOR

FEA URES;

• Wid fr qu D y cov rag in ingle dial range. • Good fr qu ncy tabili y.
• Accurat Iy known ou put voltage fr quen y, and impedance.
• Auxiliary calibration in db below one milliwatt.
• High ou put. • ; xcellent bielding.
• Readily int rchang able vhf and uhf 0 cillator unit.
• wide variety of coaxial acce orie. • Ea e of op ration.

USES: Th tandard- ignal generator ar a reliabl and not d in the price table, individual uning unit can
a conv ni n at vCI'y-high and ultra-hi h frequen i b furni h d for u with one common power uppl and
conventional tandard- ignal g nerator ar at rou h lower abin a mbly. Power upply and cabin t a mbly
frequencie . They can bud to d rmin radio river can also be purcha d separately.
and ~mplifj I' c~aract ri ic in th n in ring laboratory The generator have provi ion for external and 1000-
and m produc w~ a w I~ a to upply. pow I' at vhf cycle sine-wav internal amplitude modulation.
and u~f frequ.encle for bndg , 10 t d 1m ,and oth r The frequency-determining elem nt are but erB cir-
mea un~g devICe. . cuit . A routual-inductan -type attenuator, with a dial

The lrople !YPE ~000-P6 ry tal-DlOd ::\lodulato~ ~nd calibrated in both voHag and db below one milliwatt
a ource of VIdeo I nal u h a a tandard teleVISIon i u ed '
receiver uned to a local I vi ion ation, can b u ed to' .
produc I vi ion pic ur modulation of th i nal n ra- Th outpu voltmeter 1 connected acro the output
tor ou put on all vhf and uhf chann I . of th attenuato~. T?e ac uracy of. the output voltage at

Wi h th TYPE 1000- 7 Balanc d ::\Iodulator up to the I' fereI?c pomt hu d termmed by th voltmeter
100~ amplitude modulation and pul in with v ry low a~one and 1 .unaffected by .the I ngth of cable b tween the
I' idual carri I' lev I are po sibl at fr quenci above 60 plcku~ loop III the mutual-m?uctan -typ attenuato; an.d
J\Ic. th pomt ,\ her. th vo~tag; 1 mea ured. The open-errcUlt

The fr qu ncy can b w pt OV I' a range of about 10% ~>utput volt~g 1 that mdlca.t d by th m~ter; the output
by mean of the TYPE 17 0- w ep Driv , which can be lmp danc 1 50 ohm ( e dlagra~ ?ll facm~ page). Volt-
attach d to he low-motion dial. age between 0.5 and 2 volt are mdl~ated drr ctl on the

meter. For lower voltage the output IS fir t set to 0.5 volt,
DESCRIPTION: Each TYPE 1021 tandard ignal Generator and the movable attenuator index is et to the D.5-volt
is a compact in trumen of imple, rugged, durable de- point on the attenuator dial. Lower voltage are then
ig . Fo!' flexibility and economy, ea h ignal g nerator indicat d directly on the attenuator d'al as long a the

is mad up of two unit moun ed in a ingle cabin t. The I ad i unchanged. For ultra-high frequenci ,thi Y tem
power upply, modulator, and met ring ystem comprise give more accurate outpu indication han the more
on uni, and one of th readily interchangeable carrier- common arrangem nt wi h the voltmeter at the attenua-
o cillator the other uni . tor input.

SPECIFICATIONS
l021.AU UHF STANDARD.SIGNAL GENERATOR

Sweep: The TYPE 175Q-A weep Drive, attached to the low-motion
dial, will weep he frequency approximately 5% and 15% at the lo~'­
and high-frequency nd of the range, r pectively.
OUTPUT (1) Ai; volta e enemtor with accurately known output

TYPE

CARRIER FREQUENCY
Range: 250 c to 940 c in one band.
Accuracy: Dir ct reading to ± 1%. pproximately tum of the
1ClO-division low-motion dial cover he range of the main dial.

124

40 TO 940 Me
IN TWO MODELS
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Functional diagram of outpul syslem.

impedance and (2) in erms of available power (db below one milli­
wa ).
Voltage Range, ontinuou.lyadjustabl from 0.5 microvolt to 1 volt
behind 50 ohms.
Voltage Accuracy: Over-aU accumcy of output i better than ±2 db.
The accuracy of voltmeter calibration bet\ en 0.5 lind 1.0 volt is
b tter than ± 1 db. The accuracy of the attenuu.tor-dial calibration
for volta es be ween 1.0 microvolt and 0.1 volt i' b tel' than ±0.5
db; from 0.1 volt 0 0.5 volt, bett I' han ± 1 db.
Impedance: 50 ohm: ±10%, following the au put meter.
Power: Directly calibrated from 0 to 126 db below I milliwatt into
50 ohm.
Amplitude Modulation, Adju:tabLe, 0 to 50%. lnternal, 1000 cps
±5%. External, flat within 3 db from 30 cps to 15 kc. For 50%
modulat.ion, external audio 0 cillator mu upply I vol acro a
100-kilobm load. The TYPE 1311-A Audio a cillat01' OJ' TYPE 1210-

nit R- a cillator is recommended.
Incidental Frequency Modulation: For 50% amplitude modulation he
incidental fm j approximately 100 part per miUion for frequl)nci
up to 400 Mc and is approximately 1000 parts per million at 920 Mc.

When lower values of incidental fm are required, the TYPE l000-P6
Cry tal-Diode Modulator or the TYPE 1000-P7 BILlanced odulator
(page 126) j recommended.
Dlstorlion and Noise Level:

Envelope Distortion: Approximately 5% at 50% modulation.
Carrier Noise Level: orrespond to about 0.2% modulation.

Leakage: 'tray field and I' idual outpu vol a' are ufficiently low
for mea ur ment on receiver of one-microvolt sen i ivity.
Terminal: Locking TYPE 74 oaxial onnector. This instrum nt can
b equipped wi h type N, BNC, TNC, , ,or HF connector
through the u 'e of locking adaptors, Usted on pag 64.
GENERAL
Power Requirements: 105 to 125 (or 210 to 250) vol ,50 t 60 ep .
Power inpu i approximately 50 wa a 115 vol .

Thi in trument will op rate ti factorily on power-supply fre­
quencies up to 400 cp , provided that the ,'upply voltage i between
110 and 125 vol .
Acce..orles Supplied: TYPE 74-R22A Patch ord, TYPE

able onne tor, TYPE CAP-22 Power ord, and spare fu .
Other Accessories Available: TYPE 874 ixeel ttenuator, Tn'tl 74
CoaxialJ<~lement (page 59 to 72), TYPE l000-P6 Cry tal-Diod
Modulator, TYPE 1000-P7 Balanced Modulator (page 126).
Cabinet: Lab bench ( pag 210). The left-hand side hou es the
TYPE 1021-Pl Power upply; the right-hand ide hou he TYPE
1021-P2 HF nit.
Dimensions: Width 20~, height 13,!.-2, depth 11 inches (515 by 345
by 2 0 mm), over-all.
Net Weight: 37)1 pound (17.5 kg).
Shipping Weight, 50 pound (23 kg).

TYPE l02l.AV VHF STANDARD-SIGNAL GENERATOR
arne TYPE L021-A (above) except a noted

Carrier-Frequency Range: 40 to 250 c in two band, 40 to 50 Me
and 50 to 250 c.
Sweep: The TYPE 1750- weep Drive, a tacbeel to the slow-motion
dial, will \ e p the frequency approximlLtely 4, 9, and 20% at 40,
50, and 250 Me, I' 'pectiveLy.
Incidental Frequency Madulatlon: For 50% amplitude modulation the
incidental frn is approximately 100 partl per million for frequenci
up to 100 Mc, and L approximately 500 parts per million at 250 Mc.
When lower valu of incidental frn are required, the TYPE 1000-P6
Crystal-Diode 1odulator 01' the TYPE l000-P7 Balanced Modulator
(page 126) i recommended.
Cabinet: arne a for TYPE 1021-A ,ILbove. Generator con ist of he
TYPE 1021-P1 Power upply and TYPE 1021-P3B VHF nit.

..

Type ode Number Price

1021·9939
1021-9827
1021-9602
1021-9920
1021-9601

1021-AU UHF Standard-Signal Generator, 250-940 Me
1021-AV VHF Standard-Signal Generator, 40·250 Me
1021-P2 UHF Oscillator Unit* only, 250·940 Me
1021-P3B VHF Oscillator Unit* only, 40·250 Me
1021-P1 Power Supply (includes modulator unit and cabinet)

PATENT '01'1 'E. Not. <! and 10, pall;e viii .
• Le!Sl! power SUPll!Y unit Bnd cabinet.. Cen replace o!l<lillator unit in signal generator liatedabove. to provid

additienal rrequ noy range.

~Type 1000-PS VHF TRANSFORMER

$795.00
795.00
475.00
475.00
320.00

50 Ohms, Grounded, 10 300 Ohms, Balanced

The TYPE lOOO-P5 VHF Tran former is de igned 0

plug into a tandard-signal generator having a 50-ohm
grounded output and to produce an equal, balanced, open­
circuit voltage behind a 300-ohm balanced impedance for
mea urem nt of fm and receivers.

One end of the transformer is terminated in a ocket
d ign do receive he Alden TYPE HA902P Conne tor
for standard 300-ohm open parallel-wire line; the other end
ha a TYPE 74 oaxial Connector.

Dimensions: Diameter ~, length 4Ys inches (23 by 115 mm).
Nel Welghl: 3.Y2 ounces (0.1 kg). Shipping Weight: 2 pound (l kg).

Type p~

l000·PS VHF Transformer $27.S0

+2,-,---,---,----r--r--,
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~Type 1000-P6 CRYSTAL-DIODE MODULATOR

Thi in ertion-Io modulator i an in xpcn ive mean of produ iog fm-free amplitude
modulation. The diod r si ttln (' varie with the vol ag aero 8 it and hu can be modulated
by an. voltage. In ertcd b twe n g n rator an I ad, the modulator pmduce variation in
amplitudc orre ponding 0 the variation in resi tance.

SPECifiCATIONS

oJ ~f··t--f---'t-~"---l
.of---+-~-1---l

i+---=ll:l::::-----w -l

Typical modulation characteristics for the
Type 1000-P6 Crystal-Diode Modulator

at various corrier frequenciet.

DESCRIPTION: Two cry tal diode are used in eparate
. nal path betwe n input and out.put. In on path i a
oaxial pha in lin, t to an odd multipl of one-half wave­

I ngtb at th arrier frequency. The output circuit in­
clud a simpl high-pa tilt r.

For mali rf ignal the impeda,nc of the diode can be
con rolled by variation of the appli d bias.

with ontrol are provid d for balancing out the carri r.
ECIFICATIONSs

Carrier-Frequency Range: 20 to ]000
c. The in ertion 10 increases 10 db

at a carrier frequency of 10 c.
Modulation-Frequency Range: 0 to 5 Mc; about 2 db down at 5 c.
Impedance: For use with a. 50-ohm ouree, 50-ohm load. Impedance unless enerator and load have TYPE 74
at modulation terminal i approximately 600 ohms. Coaxial onneetor. i l.5-volt battery for fixed
Modulation: ith 50 millivolt rf input, 30% amplitude modulation bi, or Ii 3-volt battery and a 1O,OOO-ohm
i obtainable at carrier fT quencie between 20 and 1000 M . For rheo tat for adju table bia .
optimum .ine-wave modulation, an average cry tal I' quir 1.5 volts Accessories Available: TYPE 74 FiJced At·
bias, and tbe in ertion 10 i about 12 db. ApproxilTUltely 0.2 volt, t nuators, TYPE 7 -H20A Patch ord,
rms, at modulation terminals will produc 30% modulation. Maxi- TYl'E lOOO-P5 VHF Tran former, TYPE
mum percentage modulation at 1000 Mc is about 30%. h.ximum 74-Q Coaxial Adaptors.
peak-modulation voltage i 4 vol . Dimensions: Width 5, hei ht 4, depth 1-1/16 inches (130 by 105 by
Terminals: The r£ and modulating terminals are TYPE 74 oo.xia.l 27 mm), over-all.
Connector. odulation terminals accept either a TYPE 74 oaxial Net Weight: 1 pound (0.46 kg).
Conn ctor or a TYPE 274-M Plug. Bill.' terminal are TYPE 93 Shipping Weight: ;) pound (2.3 kg).
Bindin Po
Crystal Diode: 11 21B. _-=T-,y~p-=e_II- 1Code Nwnber IPrice
Accessoriel Supplied: One TYPE 274-MJ3 Plug. lOOO·P6 Crystal-Diode Modulator 1000-9606 $45.00
Other Accessories Required: Terminal adapto (pag 64 and 20 ), PATEXT N 1'1 Eo.' ~ot 4, pag viii.

~Type 1000-P7 BALANCED MODULATOR
USES: Thi instrument i' an in rti n-I modulator for the TYPE 1217-B nit Pul Generator or TYPE 1391-B
pulse and in -wave m dulatin th ou put of g nerator Pul w p and Tim - elay Gen ratar for pul -rnodu-
over the carri r-fr quellcy rang of 0 to 2300 Mc. It is lating output of '!'YPE 1021- tandard ignal Generator.
particularly u fill for pul modulation where a high
degr e of carri r uppr ion i d ir d with good ri -time
charac rish and f r linear-modulation y tem where
100% modulation i requir d with modulating frequ nei
up to 20 Me. It can b used for t t on I vision and radar
receivers, microwav relay sy tE'm, ] m tering ir nit ,
and narrow-band y t m where incid ntal fro mu be
negligible.

The balanced modulator i r commended for u

PATE."T NOTiCE. cOO Note 4. page viii. AU signal generators and accessori.,. are
equipped with TYPE 74 Coaxial Connecto~.

Price

$245.001000-9607

Code Number

Balanced ModulatorlOOO-P7

Terminals: TYPE 74 Coaxial Connectors. Adaptor are d cribed on
pa 64 and 20 .
Crystal Diodes: Two TYPE 1 21-B.
Accessories Supplied: ne 4Q-cm able; one O-cm cable; one TYPE
74- 5 A able onnector.

Other Accessories Required: uitable coa:cial cable for connecting
modulati n source. TYPE 74-R33 (page 70) i r ommended.
Accessories Available: TYPE 74-0 Fixed A tenuato (page 69);
TYPE 100Q-P5 VHF transformer; TYl'E 74-R Patch ord (page 70).
Dimensions: (Fully extended) - width 30. height 3, depth 5 inches
(765 by 77 by 130 mm), over-all. Length with line tel coped­
20 inch (510 rom).
Net Weight: 6 pounds (2. kg).
Shipping Weight: 13 pounds (6 kg).

Type

--
_!Left) Amplitude-modulation characteristic at 900 Me. Peak rf output =

is 10 millivolts; rf input, 50 millivolts. (Righi) Oscillogram showing
modulation pulse and rl output pulse. Pulse duration is 0.25 /,sec with
0.05-/,sec rise time. Carrier frequency is 60 Me. Scale is 0.1 /'Sec por

horizontal dlvi.ian.

FOR 100% LINEAR A·M
AND PULSE MODULATION

C,urier-Frequency Range: 60 to 2300 Me.
Modulation-Frequency Range, ·Iat, 0 to 20 Me. For pul ing, rise-time
is 1688 than 0.02 micro condo
impedance: Tnput and output impedanc are function of hi and
modulating voltages. urce and load impedances hould be 50 ohm .
Impedance at m dulation input is 50 ohm ± 5%. Wher the attenu­
ation can be tolerated, a TYPE 74-G20 (2Q-db) or Ii TYPE 74-GIO
(lQ-db) Fixed Attenuator should he used at the input and output.
Modulation: Douhle-sideband, uppr ed-carrier modulation, pul e
modulation with 50-db ani I'suppr sion between puis ,and 100%
arnpli ude modula ion throughout Cllrrier-frequ ney ran e. One volt
peak, at the modulation terminal" will produce full rf output from
zero initial condition.
RF Output: 10 millivolts, maJdrnum, into 50 ohm , on p or at
modulation pea.' , wi h a source or 50 millivolt behind 50 ohms.

Higher input and output volta 68 are permissible if bia and
balance readj ment are made for ach change in level. The rf
source must no exceed 0.5 volt b hind 50 hm, or cry tal diod
may b damaged..
8ias Supply: elf-contained battery of flashlight cell .
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~Type 907, 908 DIAL DRIVES
These dial drives are an inexpensive means for adapting manually

operated equipmen to weep operation. They can be in tailed di­
rectly in place of the vernier knob on TYPE 908 and 907 Dials
(page 206).

Each drive is powered by a synchronous motor. When the drive
encounter a mechanical top, the TYPE 90 P3 tops; the others
reverse automatically. Adjustable stops that clamp on the dial are
furnished; power witch and power cord are included.
TYPE 908.P SYNCHRONOUS DIAL DRIVES can be u ed on aU TYPE 907
and 90 Precision Dials. The ynchronous-motor drive supplies the
equivalent of a horizontal time calibration.
Power Requiremen's: 105 to 125 vol ,50-60 cp , 3 wat .
TYPE 907.R AND 908.R DIAL DRIVES upply a weep voltage propor­
tional to angle of rotation. One knob engag or di engag the
motor, and the cond knob permits manual etting at any point
and direct mllnua1 drive. A de voltage, applied to an internal potenti-

(L"f') Type 908·R96
Dial Drive ins.alled an
a Type 1215-C Unit

Oscillatar.

(Righ,)

Type 908-P2. ~I;I~~

ometer, permi u e with a ,vide range of de output levels. Binding
po for the position- ignal output are also provided.
Power Requirements: 105 to 125 vol ,50 to 60 cp , 3 wat .
Potentiometer: 20,000 ohms. Moximum curren': 10 rna.

Dial
Dril'e Dial j,eed Reso- Recommended n ill Driue These Net Code
Type Type o min lution Di.spl.ay Instruments Dimensions Weight N~miber Price

1208-C, 1209-C, -CL,
907 144 Graphic 1211.C, 1215.C, 1330-A, 0908-9601 $40.00908.P1
908 96 Recorder 1304-8, 121 O-C, 1300·A,

1360-A, 1361-A Deplh 3, dia 3 % in. 1~ lb

907 1080 Oscilloscope 1209-C, -CL, 1211 -C,
(76 by 92 mm) (0.6 kg)

908·P2 1215-C, 1304.8, 1300·A, 0908·9602 40.00
908 720 Oscillo,cape 1360-A, 1361-A

908·P3 135 XY Recorder 1025-A 0908-9603 40.00

907.R144 907 144 0.40 XY Recorder 1210-C, 1564-A, Depth 3 Ye, dia .4 in. 1 3,4 Ib 0907-9885 70.00
1360.A, 1361-A (100 by 105 mm) (0.8 kgl

1208-C, 1209-C, -CL, Depth 3 Ye, dia S Ye in. 2 lb
908·R96 908 96 0.20 XY Recorder 1211-C, 1215-C, 1300-A, (100 by 150 mm) (0.9 kg) 0908-9859 75.00

1304.8, 1305-A, 1330-A

~Type 17S0-A SWEEP DRIVE
FOR WIDE-RANGE AUTOMATIC DATA DISPLAY

An 0 cillo cope-deflection-voltage cirlluit provides a horizontal
deflection voltage that i proportional to baft angle. A blanking
circuit is included to eliminate the 0 cillo cope return trace and to
produce a base line.

DESCRI' ION: The output shaft is driven through an adjustable rack
and a differential. weep frequency, are, and center position are all
&dju table while the drive is in motion. An adjustable limit switch
can be et to top the drive when predetermined limits of motion of
the driven sbaft are exceeded.

USES: The TYPE 1750-A weep Drive adapt manually operated
equipment to sweep operation. It can be u ed in the di play of any
electrical quantity as a function of the haft angle of the device
being swept and can be adjusted to weep, in reciprocating motioo,
any arc up to 300 degrees, speeds up to 5 cp . It attaches easily to
any knob, dial, or shaft. In conjunction with Unit 0 cillator , it
mak available an extremely versatile sy tern of wept ignal
sources covering a frequency pan from 20 cps to 2000 Me. For a
constant output over the entire frequency range of any ODe of the
Unit 0 cillator, the TYPE 1263-B Amplitude-Regulating Power

upply is used (see page 112).
SPECIFICATIONS
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565.00

$550.001750-9701

1750·9911

Code Number

Sweep Drive
(liS voUs, 50 to 60 cps)

Sweep Drive
(230 vol Is, 50 ta 60 cp,)

I 750·A

1750.AQ18

Accessorie. Supplied: Couplings, lubricant, pare fuses.
Power Requirements: 105 to 125 vol ,SO to 60 cps, 60 watts maximum.
On 4.oo-cycle supply, maximum weep peed is reduced 25%. A 210­
to 250-volt model also is available.
Dimensions: idth 17Y2, height 9, depth .!4 inches (445 by 230 by
210 mm), over-all.
Net Weight: 22Y2 pounds (10.5 kg).
Shipping Weighl: 33 pound (15 kg).

Type

OTHER SIGNAL-GENERATOR ACCESSORIES

Type 8?'J,. Coaxial Elements (pages 59 to 73).

Reciprocating 0 utput Shaft
Center Po.ition: Adjustable over 9-turn range.
Sweep Arc: Adjustable 30 to 300 degrees.
Torque: Rated max 24 ounce-inches. Will drive TYPE 1209-,

1209-CL, 1211-C, 1215- nit 0 cillators, TYPE 1361-A HF Oscil­
lator, TYPE) 1360-A Microwave Oscillator, TYPE. 13QO-A and 1304-B
Beat-Fr quency Oscillator, TYPE 130S-A and 1330-A 0 cillato ,
TYPE IS64-A ound and Vibration Analyzer, TYPE 805- ,1001- ,
and 1021-A tandard- ib'TIal Generators.

Sweep Speed: Adjustable 0.5 to 5 cps. Moment of inertia determines
upper speed limit.

Height of Shaft: Adju table, 2)12 to 4% inches over bench.
Flexible Coupling: S%, inches long. Coupl to ~- and %-inch

shafts; knobs and dials 1 to 4 inohes in diameter.
Limit Switch: Adjustable within 9 turns.
Sweep Voltage: 2.5 vol ,peak-to-peak, ungrounded.
Blanking, horting contact clo ed during clockwise rotation of driven
shaft, ungrounded.

~ File Courtesy of GRWiki.org



~Type 102S-A STANDARD SWEEP-FREQUENCY GENERATOR
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FEATURES:

• Wide frequency range, 0.7 to 230 Mc, plus bandspread ranges for 450 kc and 10.7 Mc.
• ccurately calibrated rf output from 1 J.tV 0 1 v.
• Quiet, reliable motor-driven weep provid drift-fre display.
• Display can cover any portion of lected frequency range from 1/10 to full rang.
• ingle continuou Iy variabl marker i accura ely calibrated in both frequency and

amplitude - does no interfere with displayed re ponse.
• Converts quickly and conveniently from sweep to true cw operation for accurate poin ­

by-point data gathering.
• Separate high-level output for frequency mea urement to counter a curacy di turbance

to rf output to devic under te t.
• Low leakage make po ible accurate measurements at low ignal level.

USES: The standard sweep-frequency generator is an
accurately calibrated ource for weep-frequency mea ure­
ments, in conjunction with a cathode-ray oscilloscope or
recorder, on tuned circuit , filt rs, i-f amplifiers, and oth I'

network. mplitude and frequency data can be taken
directly from the displayed response by u e of the cali­
brated marker. By simple engagement of a front panel
control, the in trument b ome a table cw generator,
and the respon can b di play d poin -by-point witbou
change in the t t up. In this mode a frequency counter
can be connected to the separate high-level output.

DESCRIPTION: Thi generator extends the standard-sig­
nal generator concep to the sweep-frequency generator.

In thi in trument, he frequency of the sinusoidal out­
put i varied in a smooth, continuous manner over a
frequency band in repe itive cycle by mean of a motor­
driven tuning capacitor. By thi mean, the amplitude
l' ponse of a network or device a a function of frequency
can be displayed automatically on an 0 cilloscope. A
synchronou Iy varyin horizontal deflection i provided
for th oscilloscope. Th lar dial on th instrumen in­
clicat he fr quen y of a man ally po ition d mark I' on
the di play. The amplitud of th mark r is adjustable and
i monitored by a panel meter, thus providing frequency

Marker is accurately calibrated in frequency and amplitude.

and amplitude calibration of the displayed re ponse..
The frequency rang i co\" I' d in 10-st p- witched

octave band plu 2 band pI' ad rang .
The en ire ('I ct d range i swept, but, by mean of

EXPAND Dr PLAY and Of PLAY TART controls as Ii tie as
one-tenth of any rang can be set to occupy the full width
of the 0 cillo cope cr en.

Manual and low- p ed (with auxiliary dial driv)
opera ion is al 0 po ible, for XY re 'ording and point-by­
point measuremen. de tor prob i uppli d, bu he
dc output of devic ' with buil -in det ctor can also
be utilized.
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PECIFICATIO S

FREQUENCY

Ronge: 0.7 to 230 Mc in 10 ranges (0.7 to 1.4, 1.3 2.6, 2.4 to 4. ,
4 to ,7 to 14, 13 to 26, 24 to 4 , 40 to 0, 65 to 140, a d 100 to
230 Mc) and bandspread range. of -lOO to 500 kc Ilnd 10.7 ± 0.3 Me.

•Alternat range sectors can be sub. tituted in the range- el tor
urr t. Tho. presently IIvailable are: 0.4 to O. c, 2 ± 0.1 c,

2. ± 0.1 Me, 4 to 5 Mc, 16 ± 0.3 c, and 40 t,t) 50 Me. pe ial
blind pread ranges can b provided according to the following
cll dul :

pecified Center FreqlltmC'lj Bandwidth
Between 0.4 and 0.5 Me ±O.OJ Me

0.45 and 1.6 Mc ±0.03 Me
1.4 and 5 Mc ±O.I c
4.5 and 16 Me ±0.3 e

Control: II-inch s micirculs.r dial; clll ar logarithmic for octave
ranges up to Me, qua i-logarithmic between 65 and 230 Ie,

entially linear for all band pread TangeR. lo\\'-motion v rni r
driv dial i provided. One clivi. ion on the vernier dial represents
approximately 0.1 % frequency difference on the octave frequency
range! .
Calibration Accuracy: At output vol tag less than 0.3 volt, frequency
i, indicated to within ±0.5% when scale correct.or is set to bring dial
to ind x line. At utput voltag above 0.3 volt, an external load on
the outpu can produce frequ ncy chang. a huge a ±0.5%. With
lin external frequen y met 1', cale corrector can be u,ed to bring
dial into agre m nt, for frequency I' solution wi hjn ±0.1%.
Drift: Tot great r than 0.3% for five houl'6 aft r one-hour warmup.
Sweeping Rale: Frequen y i wept from low-frequency end to bigh­
frequ ncy end of range in 22.2 milli. econd. 20 time. p r s condo
Output i blanked ff for r turn \ ep.
Sawtooth Sweep Voltage: Adju table in amplitude up to 100 volt ,
peak-to-peak. AI 0 ndju table in tarting point in the fTequen y
range.
Marker: Internally generated marker of half-~in\lsoidal waveform i
adju,table in amplitude fTom 3 millivolt, to I volt and ill fr quency
over the full ..we prange; reo ponse amplitude multiplier effectively
extend range up to 100 volt . Amplitud i. indicated 0 an accuraCY
of ±10%.
RF OUTPUT

Voltage: Adjustable from 0.3 microvolt to 1 volt behind 50 ohm
(-123 to 7 dbm power into 50 ohm. ).
Oller-all Voltage Accuracy: ± 14% up to 100 Me, due to maximum
vol meter and att nuator errors Ii ted helow. Above 100 Mc, har­
monic may add additional error of ±3%.
Voltmeter Error: ±2% (+2o/t of full cale reading).
Allenuator Error: lo/t per, tep to maximum of 6%.
Stability: Output i held at pr et. level to wi hin ± J o/t (0.1 db) up to
100 Mc and within ±3% (0.25 db) up to 230 Mc. hanges due to
line-voltag variation and range .witching will not exceed ±3%
(0.25 db). A TYPE 74-R22A Patch ord will reduce output 5% (0.4
db) at 230 Me.
Impedance: 50 ohms resistive with a v. WR of le~ than 1.01 at the
panel jack. With Ii TYPE 7 -R22A Pa ch ord, V W1\ at he outpu
of the cable will be I than 1.1 over the frequency range.
leakage: xtemal rf field produc negligible interference with meas-
urements down to the low level provided by the generator.
RESPONSE AMPLIFIER

Maximum Input Voltage: I, 10, or 100 volt a elected by the r pon e­
amplifier multiplier witch. Koi e levl'l i' I than I millivolt, peak­
to-peak, referred to the input at the X I (I v) position of the multi­
plier witch, 10 millivol at the X 10(10 v) po ition, and 100 milJi­
va) at the XIOO (100 v) po..ition.

Input Impedance, 1 megohm in parallel with 30 to 45 pf.
Gain: Appro 'imate dc amplifica ion b tIVe n ,,'terna] r pon input
connector and v rtical display outpu connector i X (1 db) at he
X 1 po 'ti n of he multiplier, XO. at the X 10 multiplier po ition,
and xo.O at the X100 mul iplier po ition.
Ilandwidth: Greater than 10 kc. ulJi ien for pa ing all d tails of
aoy r pon e that can b r olved at the maximum weep rlLte of
the generator.
Polarity: A polarity-reversing switch i' provided to give a po itive
di play vertical output voltage with either positive or oegative
inpu from the external fellpOn e detector.

DISPLAY OUTPUT VOLTAGES

Vertical: Up to + volt into IOQ-kilohm load. con i ting of marker
plu re pon e to be di played.
Hari.antal: p to + 100 vol dc or sawtooth peak into lOO-kilohm
load.

GENERAL

Frequency Output Voltage: 0.1 to 0.3 volt behind 50 ohms for operating
ext rnal frequency meter or external marker generator.
External Marker Inpul Voltage: 1 vol, peak-to-peak, into 50 kilohms.
Birdie-type marker can be ILppli I which ar controlled in amplitude
and added to the respon~ di played.
Power Requirements: 105 to 125 (or 210 to 250) vol ,60 (or SOl op ,
as pecified b low. Maximum input power I 145 wat .
Terminals: Rece sed TYPE 74 Locking onnectors, ex ept for F. 'TER­
NAL MARKER input connector, which i a tandard telephone jack.
For connection to typ N, B , T , ,C, or HF connector,
u. e a lockinll; adaptor (Pl.4l:e 64), which lock ecurely in place, yet i
ea By r moved. Panel conn ctor i rece ed, and adaptor projects
only ahout an inch from panel. al a page 62.
Accanarles Supplied: TYPE 1025-PI Detector Probe, tbree TYPE 74­
R22A Patch Cord., three TYPE 74-R33 Patch Cord., thr TYPE
74- 5 A able onnectol'6, six TYPE 3 B Alligator 'lip. TYPE

CAP-22 Power ord, spare fw es.
Accessories Available: TYl'E 74-VQ Voltml.'ter Detector, TYPE 74­
W 1: O-ohm Termination, TYPES 90 -P2 and -P3 ynchronous Dial
Drives.
Cabinet: Rack-bench ( ee page 210).
Dimensions: Bench mode!-",;dth 19, hei~ht 16, depth 13~ (4 .5 by
410 by 350 mm), over-all; rack model - panel 19 by IS%' inohe
(4 5 hy 400 mm), depth behind panel II ~,,( inch (290 mm).
Net Weight: 73 pounds (34 kg).
Shipping Weight: 10 pound (50 kg), approximately.

Type 102S·P I Detectar Probe (supplied with instrument)
Input Impedance: 1.5 pf, in parallel with 25 kilohm up to 10 c
decreasing to 6 kilohm at 2-0 Mc.
Maximum RF Voltage: 3 volt, rm•.
Frequency Charocteristlc: lat within 5% (0.4 db) from 0.4 to 250 Mc.
Output Polarity: Po itive.
Transfer Characteristic: D output voltage qual the rmJI rf voltage
above 0.5-volt input; es entially square-law cbaracteri tic below
50 millivolts, rm , rf input.
Fall Time: Less than 150 jLSeC, ufficieDtly hart to follow all detail of
any r ·pon.e hat can be r olved at the mll:cimum sweep rate of the
TYPE 1025-A.

For a more complete d ription of thi instrument refer to tbe
General Radio Experimenter, 37, 1, January, 1963.
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Type Code Number Priu

1025-AR

1025-AM

1025-ARQl

102S-AMQl

3300.00

3300.00

$3250.00

3250.00

1025-9496

1025-9495

1025-9811

1025·9801
Standard Sweep-Frequency Generator,
Bench Model
Standard Sweep-Frequency Generator,
Rock Model
Standard Sweep-Frequency Generator
(for 50-cycle supply), Bench Model
Standard Sweep-Frequency Generator
(for 50-cycle supply), Rock Model

PATENT NOTICE. &e Note 4, page viii.
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~Type 1300-A BEAT-FREQUENCY VIDEO GENERATOR

--

FEATURES:

• our major instruments in on a mbly - audio beat-frequency oscillator, video
bat-frequency 0 cillator, \V ep 0 cillator, and quare-wave generator.

• ither range, audio or video, i pann d by a ingl rotation of the dial.
• High resolution at any frequency is provided by th incremental-frequency dials.
• High output vo tage, low distortion, excellent stability.
• dditional outputs in th 30- to 48-Mc range penni i-f circuit te ting.

USES: The Beat-Frequ ncy id 0 Generator provide four
m thod of circuit-re pon e mea Ul'ement at audio and
video frequencie : point-to-point, quare-wave, weep-fr­
quency for 0 cillo cope di play and automa ic plo ing
with a graphic I v 1 I' corder. Thu it ba manyappli a­
tion , both in the laboratory and on th production lin ,
in the esting of amplifi I' ,di rirninator, filter ,receiv I' ,

Block diagram af the Type 1300.A Beat-Frequency Video Generator.

and, in g n ral, any ne work in the range from 20 cp to
12 Mc, and, to a Hmited extent, from 30 to 48 Me.

DESCRIPTION: Thi n ra or include five internal oscil­
lators 0 obtain th frequ n y range hown in th block
diagram and in h p ificatio ,two pair to generate
tb wo b a frequen y range , and a fifth, or weep, 0 cil­
lator, which l' plac he high-frequency fixed 0 ciUator
for the video-sweep range. Tbe frequency scale i logarith­
mic for the audio range and approximately logarithmic up
to 5 Mc for the video rang .

Buffer amplifiers are us d b ween each 0 dIlator and
tbe pentagrid mixer to minimize coupling between the
o dilators. The five- tag output amplifier use high­
tran onduct.ance tub in a n gative-feedback circui to
upply high ou put with low di tortion and a flat fr quency

characteristic. A continuou Iy adju table I vel con 1'01 is
used at he amplifi I' input. Th output attenuator has
lO-db steps.

The square-wave generator is a cbmitt circuit driven
from the output amplifier. separate level control pro-
vide continuous adjustment of the output amplitude.

For narrow-band measurement , the frequency-incre­
m nt dial can be wep by th TYP'E 1750-A weep Drive.
For xy plotting, a TYPE 90 -R Dial Drive can be u ed.

FOUR MAJOR INSTRUMENTS IN A SINGLE PACKAGE
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Open- ircuit
Tolerance ImpedanceFrequenClJ Range Signa.l Amplitude

20-20,000 cps Sine Wove 0-10 v <±0.25 db 820 n ±2%

20-20,000 cps Sine Wove 0-1 v < ±0.25 db 40 cps-20 kc 75 n ± 2% (Attenuatod
< ±0.75 db at 20 cps

20-20,000 cps Square Wove
0-\ 0 v p-to-p (0-2.5 v

< ±0.25 db 75 n ±2% (Attenuatadp-to·p across 75 m
20 kc-12 Mc Sine Wove 0-10 v ±1 db 820 n ±2%

20 kc-12 Me Sine Wove 0-1 v ±l db 75 n ±2% (Attenuatorl

20 1cc-2 Me Square Wove 0-10 v p·to-p (0-2.5 v
±0.5 db 75 n ±2% (Attenuatorlp-to-p across 75 m

20 kc-12 Me Center Freq Sine·Wave Sweep· 0-10 v ± \ db (up to 12 Mcl 820 n ±2%o to ±6 Me Sweep

20 kc-12 Me Center Freq Sine-Wove Sweep· 0-1 v ± 1 db (up to \ 2 Mel 75 n ± 2% (Attenuatodo to ±6 Me Sweep

30-42 Mc Sine Wove Appro~ 50 mv ± 1 db·· Approx 50 n
36-42 Mc Center Freq Sine-Wove Sweep* Appro~ 100 mv ±2 db'" 50 f! or higher lood

o to +6 Mc Sweep recommended

OUTPUT
SPECIFICATIONS

• c~"Weep rate 19 III power·line frequen y. •• Typi<>al, not ~uarante.d .

FREQUENCY
Controls and Calibration, Main dial, inner cale, 20 cp to 20 kc,
logarithmic 0 0 per decade, cale I ngth approximately 10 inchesj
outer cale,' 20 kc to 12 c, approximately logarithmic up to 5 Mc,
approaching linear di tribution at high end, scale length approxi­
mately 12 inches.

Frequency-increment dial', audio -50 to +50 cp.; video -20
to +20 kc.
Accuracy: Audio range, ± (l % + 1 cp) after zero-beat setting;
video range, ± (1 % + 1 kc) from 500 kc t<l 12 Mc, ± (2% + 1 kc)
below 500 kc, after zero-beat setting. Frequency-increment dial,
audio ± 1 cps; video, ± 0.5 kc. Th frequency-increment dial does not
operate on the video- weep range.
STABILITY
Audio Ronge: The drift from a cold tart is less than 20 cps in two
hours.
Video Range: The drift from a cold tart is Ie than 20 kilocyol in
two hour .
Zero.Beat Indicator: Output voltmeter.
OUTPUT table above.
Voltmeter: The panel meter indicates rms sine-wave voltage to ±3%
and peak-to-peak square-wave voltage to ±5%. Auxiliary scale
indicates 0- to 20-db value below full scale. The ine-wave voltmeter
i connected in seri with a 10-pf capacitor to the IO-volt output
jack.
Attenuator: 75 ohms in eight step of 10 db each, with an accuracy
of ±1% of nominal. ine-wave, full- cale, open-circw voltag are
0.1 mv, 0.3 mv, 1 mv, 3 mv, 10 mv 30 mv, 0.1 v, 0.3 v, and 1 v.

quare-wave, fuB-scale, open-circuit vol tag are 1 mv, 3 mY, 10 mv,
30 mv, 100 mv, 300 mv, 1 v, 3 v, and 10 v.
Horizontal Deflection Voltage: 4 vol at 60 cp (or power-line fr ­
quency) for horizontal deftection of a cathode-ray a cillo cope. ince
both thi volta.p;e and the frequency distributi n of he weep output
vary sinusoidally, the 0 cillo cope pattern i approximately lincur.
A blanking voltage (50-volt, peak-to-peak, square-wave) is also
supplied.
Square·Wove Characteristics: At 60 cps, ramp-off is less than 2% of
the peak-to-peak amplitude' at 20 cp , 1 .. than 5%. Rise tim for
frequenci from 300 ko to 2 Mc i Ie than 75 nano econds. At 20 kc
the rise time is approximately 150 nanoseconds. Over hoot i about
10% of the peak-to-peak output voltage.

"'" """I ---·j;n\_ ··~;-j'tC- ~
FM i·f characteristic of on fm·am tuner as measured with the beat-frequency
vid eo generator. Center frequency Is 10.7 Mc; (left) with marker 01 10.7 Mc;
leenter) some without marker; (right) with 100-kc markers from the

Type 1213-0 Unit Time/Frequency Colib rotor. Scale, 100 kc/cm.

Hormonic Distortion: ine-wave output, 1 than 1 % of output on the
2O--cp -to-20-kc range and las than 4% of output on the VIDEO
S\\'EEP and 20-kc to 12- c ro.nge!.
AC Hum: L than 0.1 % of the output for voltmeter readings above
10% of full scale.
Terminals: TYPE 74 oaKial onn to . Attenuator output has
locking type, other output connectors are nonlocking. For adaptors
to other types, ee page 64.

GENERAL
Power Requirement" 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Power input at 117 vol i approximately 175 watts, maximum.
In trument will operate normally, except for weep output, at upply
frequenci up to 400 cps.
Acceosories Supplied: One T-i"l'E CAP-22 Pow r Cord; two TYPE 74­
R22 50--0hm Patch C<>rd i one TYPE 74-113 75-<lhm Patch. Cord,
one T\"l'E 74-Q2 Adaptor, three TYPE 874- 58A Cable C<lnnectors,
and pare fuses.
Other Accessories Available: TYPE 1521-A Grn.phic Level Recorder
for automatic recording at audio frequencie ; TypE 1750-A weep
Drive for slow- peed swee£ingi TYPE 90 -R Dial Drive for XY plots;
TYPE 1213-D nit Time/Frequency Calibrator for iming markers.
Cabinet, Rack-bench ( ee page 210).
Dimensions: Bench model- width 19, height 15%:, depth 14Yz
inch (485 by 400 by 370 mm)\ over-alii rack model - panel 19 by
15% inche (485 by 400 mm, depth behind panel 12~ inches
(315 rnm).
Net Weight: Bench model 64 p<lunds (29 kg); rack mode~ 61 p<lund
(2 kg).
Shipping Weight: Bench. model, 120 pounds (55 k ); rack model,
117 pound (54 kg).

Type Code Number Price
1300-AM Beat-Frequency Video Generator,

Bench Model 1300-9801 $2450.00
13OO-AR Beat-Frequency Video Generator,

Rock Model 1300-9811 2450.00
PATENT NOTICE. Note 4 1 page viii.
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~Type 1390-8 RANDOM-NOISE GENERATOR

-

• Wide fre uency rang - 5 cp to 5 Mc. • Uniform pectrum level ov I' audio rang
• OutPllt variable from 30 microvolt 0 3 volts. • Built-in preci ion attenuator.
• Low hum level by II of dc on heatpr. • Low external noi e field.
• Regula ed hea er for ga tube, to stabilize output.

l/) ~
et: <5o z
~ ~
ffi 0z 0
w Z
C) ~

FEATURES:

USES: Thi in trum n generate wide-band noi of uni­
form p ctrum 1 v 1, parti ularly u. eful for noi and
vibration t ting in Ie trical aod mechanical y t m .

ome of its many u are:

as a broad-band signal source fo1'
• frequency-respon e mea mem nt . When the random­
noi e generator i used for frequ n y-r ponse mea ure­
m n s, either the TYPE 1900-A Way Analyzer or the
1: YPE 1564-A ound and Vibration Analyzer i a sati ­
factory narrow-band detector. The one-third-octave band
of th latt l' p rmits m a mements to "ery low fr quencies.
\Yith th TYPE 1521-A raphic Level Record 1', continuou
records of level v frequency can be plotted from tob output
of th analyzer.
• int rmodulation and cro s-talk te t
• imu1ation of tel phon -line noi e.
• maul' m n on ervo amplifi r .
• noi int rf r n t t on radar.
• determining me l' re pon characteri tics.
• tting tran mi ion level in communication circuit

in acoustical measul'ements, to provide a signal for
• reverb ration t ting. Th TYPE 1900-A 'Yave nalyzer
and th TYPE 1564- ound and ibration Analyzer can
be u ed with thi g nera or to produce narrow bands of
noise, whi h ar u eful in acou tical m a mements,

p cially I' verb ration te ting.

• ound a tenuation of duct. , wall, panels, or floor.
• acoustical propertie of material.
• room a ou, tical mea urem nt .
• demon trating ooi e prop rtie in a classroom or
laboratory.
with a uitable power a171plifie1' to d1'ive a loudspeaker to
produce high-level acoust1'C noise fol'
• fatigu te ting of tructures or compon nt .
and to drive a Librat1'on haker for
• struc ural tests of compon nt or assemblie .

DESCRIPTION: gas-discharge t b with a transver e
magnetic field applied i used a. a noi e source in thi
in trum nt. The noi e output of th ube i amplified in a
two- ta e amplifier. Between the two stage, th noise
pectrum i haped with low-pass filter to provide range

to 20 kc, to 500 kc and to 5 iIe.
The output sy tern consi t of a continuous attenuator

ontrol followed by a 4- tep att nuator of 20 db per step.
I ietered levels from over 3 volt, to below 30 microvolt
are conveniently obtained. When the att nuator i used,
the output imp dance remains essentially constant a the
level is varied by h continuou -output control.

The instrument cabin t i uitable for either beneh or
relay-rack mounting and ha the added feature of ex­
tendible front legs to permit th in trum nt to be used in a
tilted position for easier met l' reading.

SPECIFICATIO S
frequency Range: 5 cps to 5 Me.
Output Voltage: Maximum open-circuit output i at lea t 3 volts for
20-kc range, 2 volts for 500-kc range, and 1 volt for 5-Mc range.
Output Impedance: ource impedance for maximum output is approxi­
mately 900 ohms. Output i taken from a 25OO-ohm potentiometer.

urce impedance for attenuated output i 200 ohms. One output
terminal i grounded.

Typical Spectrum Level (with one.volt, rms, output): 2Q-kc band­
5 millivolts for l-cp band. 500-kc band - 1.2 millivolts for l-cp
band. 5-Mc band - 0.6 millivolts for I-cps band.
Spectrum.Level Uniformity: 20-kc range, within ± 1 db from 20 cp
to 20 kCj 500-kc range, within ±3 db from 20 cp to 500 kCj 5-Mc
range, within about ± db from 500 kc to 5 c. Noise energy is also
present beyond these limits. The level i down 3 db at 5 cp . See plot.
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Voltmeter: R c iller- yp av rall:lng met I' mea. liT output. I iJ< cali­
bm ed to read I'm value of noi e.
Allenuator: Mul iplying facto. of 1.0, 0,1, 0.01, 0.001, and 0.0001.
Accurat to ±3% 0100 k ,within ± 10% to 5 Mc.
Power Requirements: 105 to 125 (or 210 or 250) volt, 50 to 0 cps.
Power input i. approximately 50 wa t . Thi g nerator will al 0
operate - ti. factorily on line fr qu nci - up to 400 cp .
Accenorie. Supplied: TYPF: AP-22 Power ord, pare fUJ .
Cabinet: onvertible bench (.ee page 210).
Dimension.: Width 12U. heigh 7Y\!, d pth .% inches (325 by 190
by 250 10m), over-all. Panel adaptor plate e are available for
1!J-inch relay-rack mounting (p nel h ight 7 inch ').
Net Weight: 12 pound (.5.5 kg).
Shipping Weight: 2 pound (12. kg).

For a more complete de eription, a k for Reprint E-J 10.

'"

I ~M,
RAN

----
'\ I - '\ ~y

/ ~~"1;E 500..
RANGE

I, ~ lOa IOOc 1>< IOtlc 10<", ,'', 10
FflEOlJEIICY

Typical .peelrum-level choracteri.tic•.

'j 0
w

a- 5
o

-10

Waveform: I 'oi~e .ouree i a ga~ ube that ha ~ od normal or Gau.~ ­
ian di tribution of amplitud s for rang of the frequency Rp ctl'um
that are narrow compared to the banJ selected. vel' wide rnl1~ , the
di tribution i I ymmetrical becau e of di symmetry introduced
by the ga tub. App!' ciabl clipping occur on the 500-kc and
5-Me rang

Type

1390-8
480-P412

Random-Noise Generator
Relay-Rack Adaptor Set

Code

1390-9702
0480·9642

Priu
$295.00

7.00

~Type 1390-P2 PINK· 015E FILTER

View of the noise generator with
pink-noise fliler plugged into th e

output terminal•.

~ h n white noi is used for frequency-re pon e mea ­
urement in conjunction with a constant-perc ntage band­
width analyzer, th ampli ud -fr qu n y chara t ri tic of
a (IAat" y tem app 0.1' to slop upward wi h in l' a ing
frequ n y at a 1'0. of 3 db per 0 tave, owing to the con­
stan Iy increa ing bandwidth (in cyel ) of the analyzer.
The TYPE 1390-P.. Pink- oi e Filter convert th output
of th random-noise generator in th audio-fr qu ncy range
from "white" noi e 0 "pink" no' which ha on tan
energy per octave. I plu in 0 the ou put terminal of the
TYPE 1390-B Random- oi e Generator.

S EC FICA 10 S

{35 by 127 by

ICode Number, Price
1390·9602 $45.00

r-....

'"0

i'.,
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0

'r'\
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,. 000, ,..

"''' '00"

o

·00

Response­
frequency

charaeleristic
of the

pinle-noise
fllter.

Dimensions: Width 1 Ys, height 5, depth 278 inch
73 mm), over-all.
Net Weight: 60unc (0.2 kg).
Shipping Weight: 1 pound (0.5 kg).

Typ I
139O.P2 Pink.Noise Filter

Frequency Respon.e: loping - 3 db per octave from 20 cps to 20 kc,
-6 db per octave above 20 kc. utput voltage is approximately -5
db wi h respect to the input voltage at 20 cp and -35 db at 20 kc.
It lies within 1 db of the traigh lin conne ting these two poin
on a graph of ou put in decibels vs log frequency.
Over.all Output Level: When the filt I' is u ed with the random-noi e
g nerator et for the 2O-kc range, the outpu voltage of th filter L
approx'imately 30 db below its input, and the voltage level in each
one-third-octav band i approximately 17 db below that. Thus,
when the output meter of the generator indicat 3 volts, the output
of the filter i approximately 0.1 vol~cand he level in each one- hird­
octave band i. approximately 15 millivolts.
Input Impedance: Th filter hould be driven from a ource \vho
impedance i 1 kilohm or I . Input impedanc i variable from
6.5 kilohm + load resi tance at zero frequency to 6.7 kilohms at
high frequenci .
Output Impedance: The filter bould not he operated into a load of
I than 20 kilohms. Internal output impedance i variable from
6.5 kilohm) + ource resi tance at. low frequencies 0 approximately
200 ohm at lligh frequenci .
Input Voltage: 15 volts, rm , maximum.
Terminals: Input terminals are re ed banana pin on %:-inch
pacing at rear of unit. Ou put terminal are jack-top binding po ts

wi h %:-inch pacing.
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~Type 1391-8 PULSE, SWEEP, AND IME-DELAY GENERATOR

FEATURES:

• ompl te versa ility in one convenient package.
• Wide rang of p.ul duration and delay. • ~o duty-ratio r triction.
• Fa t J" tim. • Low jit er - high accuracy.
• Pul e-forming and d lay circuit tab1 again t hum and line trao i nt .
• Coincidence circuitry mak po ibl multiple pulsing and time selection, a well a

generation of low-jitt l' d lays and output pul e .
• Variable outpu impedance - 50 0600 ohms.
• Pul , W p, and gate ou put, both po itive and n gative.
• Control ar logically arranged and a y to op rat .

USES: The TYPE 1391-B Pul , we p, and Tim -D lay
Generator i an unu ually versatil in truroent which
produce:

(1) Pu h-pull pulse of duration from 25 nano cond
to 1.1 econd at repetition rate to 250 kc'

(2) Linear w ep voltage of duration from 3 J.L c to
0.12 ec;

(3) Time delay from 1 J.L C to 1.1
(4) Direct and delayed trigg r pul ,whi h can be

used externally or to delay the w p and main pul
relative to th input signal.

Thi generator has many application in mea urem nts
and te ing of equipm nt for echo-ranging, navigation
televi ion, computing, telemetering, and research.

DESCRIPTION: The y tern block diagram and the time
diagram outline the operation of the generator.

Input circuit, when driven from an xt rnal ignal of
any wav shape, produc the direct ynchronjzing pul .
Thi pul occur at eitber a po itiv or negative zero

1'0 ing, a determined y a witch tting. Thi ignal is
availabl at pan 1t rminal .

Th delay circuit produc a delayed ynchronizing
signal wbich can ar the pul e-g nerating circuit .

Tb coincidenc ir ui produ ,optionally, multiple
delayed trigg l' and ynchl'Onizing pulse from signals
introduced at th oincid nc drive terminal .

Th weep ir uit, tart d by ither dir ct or delay d
trigger, produc

(1) po itive and a negative linearly-ri ing voltage,
adj u able in time, and

(2) Po itive and negative gate ignal of the arne dura­
tion a the weep.

The pul e-timing ircuit tart and top the output pul .
They op rate from in rnal ignal, xterna1 pul e , or a
combination of th . two, 0 produce multiple pul e .

Th pul - ource circuit then produce pu h-pull ou put
pule of adju tabl amplitude and output imp dance.

T rminal are provided to facilitate any d 'r d intel'­
connec ion of the e output.

SPECIFICATIONS
INPUT
Synch,onidng Signal: May be any waveform; typical minimum
ampli lid are 0.1 volt, I'm , sine wave; 0.3 volt, peak-to-peak,
square wave; 1 volt, peak-to-peak, po itive or n gative plll e.
Direct Synchronizing Pulse: Available at panel terminal; positive
75 volts up to 300 kc prf, 60 volts at 500 kc, 1 !'sec ba.lf-amplitude
duration, 600 ohms.

TlME.DELAY CIRCUIT

Range: 1.0 pSec to 1.1 sec in ix range.
Delay Dial Resolution: 1 part in 8800.
Accuracy: Absolute, ±2% of full calc, or ±3% of cale reading
+0.05 pSec, whichever i larger; incremental delay, ± (1 %+ 0.05
pSec).
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System block diagram showing major circuil
groups a nd their interconnections.

Timing diagram for the complete system. View of generator and power supply.

Maximum PRF: 400 kc.
Duty-Rotio f,lfecl$: S than 2% error in delay for duty ra ios up to
60% at the low end, and up to 90% at he high end, of each range.
Delayed Synchronizing Pulse: Positi e, 60 vol , I.O-/'Sec half-ampli­
ude duration, 600-ohm cathode-follower output.

Stability: Low End of Dial High End of Dial

Time Jitter 1:10,000 1:50,000
10% Line Chong e 2: 1000 2,10,000
Sudden 10% Line

Transient 3:)000 3:10,000

COINCIDENCE CIRCUITS

Gate Duration: 3 to 1000 '" ec.
Gate Accuracy: ± 15% or ± 1 /'Sec, whi~hever i larger.

Coincidence driving circuit accepts either po. itive or negative
input pul es. Source impedance hauld be low, have ri e time les
than 0.2 /,sec. Amplitudes between 5 and 20 vol for negative pul e
and between 10 and 100 volts for positive pul are acceptable.
SWEEP CIRCUIT

Sweep Duration: 3, 6, 12 ".sec with 5-decade multiplier.
Sweep Linearity: Determined by the accuracy of pulse timing. On
longer ranges, where time-delay effects are ah ent, the linearity is
better than 1%.
Sweep Amplitude: Push-pull each phD. e, 135 vol ,nominal.
Cathode·Follower Output, l-Itf blocking capacito .
Sweep.Gate Amplitude: Pu h-pull, eacb phase, 40 volts, nominal.

Po itive sweep gate is cathode-follower output circuit with a l-",f
coupling capacitor. Negative gate is amplifier output with a l-",f
blocking capacitor.
Duty.Ratlo and Repetition-Role Effeds: Maximum repetition rate,
3-".sec sweep, 250 kc:

Table of M axim.um Frequency for 5% Error in Sweep lope
Sweep Time 3 p.sec 6 j.lsec 12 ",sec

Xl 150 kc 100 kc 60 kc
X 10 16 kc 12 kc 7 kc
X \02 1.6 kc 1.2 kc 700 cps
X 10' 160 cps \20 cps 70 cps
X 10· 16 cps 12 cps 7 cps

PULSE.GENERATlNG CIRCUIT

Pulse Duration: (Timed by weep) 0.025 to 2.5, 0.05 to 5.0, and 0.05
to 10.0 '" ec between half-amplitude point, with decade multipliers
to a llUIximum of 100,000 ".sec. Pulse can be extended to 1.1 econd
if timed by delay circuit.
Pulse·Duration Accuracy: After full- cale calibration, ± 1% of full scale.
Pulse-Delay Accuracy: ± (1 % of full scale + 0.5 /'Sec).

Pulse Ri.e Time: Where the load RLCS is n ligible with respect to
15 X 10-9 sec, the ri e time will be faster than 15 n ec. Higher load
impedance or higher hunt Cs will r ult in increa ed rise ime.
Typical rise times (in nanoseconds) are a.s follows:

Positive Negative
Load Impedance Pu/.se Pu/.se

Rise Decay Rise Decay

50 n terminated 15 12 \3 15 overshoo"
600 0 with 8-pf 40 40 38 38 appro" 3%
oscilloscope probe

Pulse Shape, Overshoot i les than 3% of pulse amplitu e when the
generator is correc ly terminated. Pulse ramp-off does not exist.
Pulse Duty Ratio: nity duty ratio i po ible.
OUlput Impedance: 50, 72, 94, 150,600 ohms, all ±10%.
Output Puhe Amplitude: ISO-milliampere CUlT nt ource; voltage from
each phase of push-pull channel, 0.15 Z. ±20%.

Typical nominal amplitudes, 50 ohms, 7.5 v; 72 ohms, 10 Vj
94 ohms, 14 v; ]50 ohm, 22 Vj 600 ohm, 90 v.

GENERAL

DC-Component Insertion: Terminals provided. DC can be moved ±25
volt for all output impedances except 600 ohms.
Acce..ories Supplied: Power upply, 2 TYPE 874-C58A Cable Connec­
tors, interconnecting cable!, TYPE CAP-22 Power Cord, pare fu es.
Acce..ories Required: Trigger ource; pra.ctically any laboratory
oscillator is adequate; the Tvl'lil 1210-C njt R-C 0 cillator i
recommended.
Terminals: TYPE 74 Coaxial Connectors, recessed, locking. For con­
nection to type N, BX ,T C, , ,or HF connector, use a
lockin adaptor (page 64), which lock ecurely in place, yet i easily
removed. Panel connector i reces ed, and adaptor projects only
about an incb from panel.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
385 watts.
Cabinet: Rack-bench (see page 210).
Dimensions: Generator, bench model- widt.h 19, height 14, depth
12~ inch (485 by 355 by 320 mm), over-all; rack model- panel
19 by 14 inche (485 by 355 mm), depth behind panel ll~ inches
(295 mm). Power supply, bench model- width 19. height %,
depth 12~ inches (4 5 by 225 by 320 mm) over-allj rack model­
panel 19 by % inch (485 by 225 mm), depth behin panel 1l~
inches (295 mm).

Nel Weight: Generator, 30 pounds (14 kg); power upply, 62 pounds
(29 kg).

Shipping Weight: Generator, pounds (40 kg); power upply, 106
pounds (50 kg).

1391-BR

1391-BM

Type

Pulse, Sweep, and Time-Delay Generator,
Bench Model (Including Power Supply)
Pulse, Sweep, and Time-Delay Generator,
Rack Model (Including Power Supply)

PATENT NOTICE. See ote$ 4 and S, ""ge viii.
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Code Number

1391-9802

1391-9812

Price

$2025.00

2025.00
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~Type 1217-8 U IT PULSE GENERATOR

..

USES. By irtu of it extreme 'implicity and r liability
tbe TYPE 1217-B i uitabl for a great variety of applica­
tions in h laboratory and on the te t bench. The wide
rang of puJ -duration adjus ment, repetition rate, and
output hara teri ic fit i for any application wh l' a
tandllTd (non- mpling) 0 cillo cop can be used a an

indicator. pplica ion therefor rang from bigh- p d
omputing circuit thr ugh radar to geophy i al and

phy iologi 'nl pul e imulation. The vel' atility, reliabili y,
'mplici and low 0 t of tbi "'enera or make it an x-

c II nt in truro nt for th tudent laboratory.

FE TURES:
• 'a ri e ll,nd faU ime - tran i ion avera"'e 12 nallO eond.
• Dur ion adju ment over mol' Lhan even d eade", 0.1}.L c to 1.1 ~ce.
• Rep ti ion rat from de 0] i'll I 3 p t.o ·00 k J con inuo ,in rnal.
• JO-volb output pu] of ith I' polari y imultan ously availabl .

DESCRIPTION: The circuit arc shown in functional form
in th block diagram. The input circuits can be witch d
to act either a an aperiodic amplifier with adjustabl

n itivity or a a stable R 0 cillator for producing the
prf in mally. The pul e-Limin circuit con i of a
ran i tor bi tabl circuit, an RC int grato!' and a chmi t

ampli ude compat'a or. The bi tabl circuit wit ·he. a pair
of p ntod tubes in th outpu cir uit. The pentotle output
tage i direct coupled t Lhe outpu terminal, that tb

pill e de componen i. retained. dn j ntcireuitd i n bas re­
ult d in a 40-ma output with only 55-ma total plat input.

SPECIFICATIONS
ur

810ck diagram of the circuit system.

~CG CHir"",.,q
()P()$ OUTflUr
••q

1-/£sec pulse 1nto 50 ohm. with delayed
sync pulse,
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PULSE REPETITION FREQUENCY
Internally Generated: 2.5 cp to 500 kc with calibrated Eoint in R 1-3

quence from 10 cps to 300 kc, and 500 kc, all ±5'70. ontinuous
ooverage with an uncalibrated control.
Externally Controlled: Aperiodic, dc 0 1 Mo with 1 v, I'm , input
(0.5 v at 500 kc Rnd lower) j input impedanc ,at 0.5 v, I'm , approxi­
mately 100 kilohm hunted by 50 pf. Output pulse is tarted by the
negative-going input transition.
OUTP UT.PULSE CHAR ACTERISTICS
Duration: 100 n,ec to 1 ec in even decnde rang , ±5% of reading
or ±2% of full cale or ±25 n ec, whichever i greater.
Rise and Fall Times: Into terminated 50- or 10Q-0hm cables all trnn i­
tion will have ri e tim I!\. than 20 n ec (typicalIy 12 n ec). On
high-voltag output (40 v at 1 kilohm) tran ition times are limited
by load capaoitance and are typicalIy 60 11 ec + 2 n ec/pf ext rnal
load capacitance.
Voltage: Po itiv and negative 40-ma CUrT nt puI. es available imul­
taneou Iy. DC coupled, with dc c mponent negative with re pect to
ground. 40 v, peak, into I-kilohm internal load impedance for both
11 gative and po itive pul . Output control marked in approximate
output impedance.
Overshoot: Overshoot and noise in pulse, Ie - than 5% of amplitude
\yith correct t rmination. Ramp-olt: than 1% everywhere.
Synchronizing Pulses:

Pre-pulse: Positive and negative 100v pulses of ISo-nsec dUl'll.ti n.
If po itiy ync terminal i Iborted, negativ pul e can be increased
to 50 v. ync-pul e ource impedance:

po 'itive - approx 300 ohms; negative - approx 1 kilohm.
Delayed Sync Pulse: Con i of a negative-gain tran,ition of np-

proximat Iy 5 v and l00-n eo duration coincident with the late

edge of the main pul e. The duration con roJ read the time b ween
the prepul e and the delayed ync pul e. Thi negative tran ition i
immediately followed by a po itive transition of approximately
5 v and 150 nsec to re et the input circuits of a following pulse
generator. ( ee 0 cillogram.)
Stability: PRF and pulse-duration jitter are dependent on power­
upply ripple and regula ion. With TYPE 1201 Power upply (recom­

mended), input terminals hort-circuited, prf jitter and pul e-dura­
tion jitter are each 0.01 %. With TVl'E 1203 Power upply, they a.re
0.05% nnd 0.03%, respectively. (Ji tel' figur are ypical, may vary
somewha.t with range witch sett.ings, magnetic field, etc.)
GENERAL
Power Requiremenls: 300 v a 55 mo., 6.3 v 0. 3 amp. TYPE 1201-B Unit
Regulated Power upply i. recommended.
Acceuoriu Available: TYPE 1217-P2 ingle-Pul e Trigger.
Cabinet: nit In trument (see page 210).
Dimensions: Width IOU (IS with power supply), heiJ/;ht 5%, depth
6¥.; inches (275 by 150 by 165 rom), over-nU. Rack adaptor panel,
19 by 7 inch (4 5 by 1 0 mm).
Nel Weight: 4¥.; pound (2.1 kg).
Shipping Weight: 12 pounds (5.5 kg).

For a more complet description of this ins rument refer to the
Gen ral Radio ExperimeTll.er, 36, 1 & 2, January-February, 1962.

Type Code umber Price
1211-8 Unit Pulse Generator 1217-9702 $250.00
1211·P2 Single-Pulse Trigger 1217-9602 25.00
1201·8 Unit Power Supply 1201-9702 95.00
480.P4U3 Relay.Rack Adaptor Panel (for

both generator and power supply)0480·9986 12.00

Unit pulse generator
with power supply.

~ File Courtesy of GRWiki.org



~Type 1392..A TIME..DELAY GENERATOR

• Two stable delay au put of high accuracy and I' solution. • Lin ar cale8 at all delays.
• Coincidence circui ry for calibra ion and time elec ion.
• Wid range. • Can b driven up to 300 kc.
• Pa 'ive electronic v rnier wi h 4-nanosecond I' olution.

FEATURES:

USES: Thi in "trum at g n rat preci e ime interval,
which can b combinl'd in veral way 0 produce analog
timing ignals for th mea Ul' m nt, te t, and calibra ion
of lectl'onic eq ipm at and y t m .

It two delay output hav many ppli ations in the
de ign, test, and calibration of telem try and pulse com­
munication equipment· radar, onar, and loran; computer
ystems; and in geophysical and physiological re earch.

In coniunc ion with a crystal-controlled tim -mark
generator, it i pas ibl to e tabli h delay with cry tal­
controlled pI' i ion in any ime or time-equivalent unit.

DESCRIPTION: next rnal p .riodic i nal of almost any
wav - hap will et th prf. dire t ynchronizing pulse
of O.l-}.t c duration is g nerat d at thi frequency and

become. the time ref I' n for wo delay . The two delays
can be operated in s ri (adding in delay im s) or in
parallel (two independent d lays).

clay ~o. 1 use a passive, continuou ly variable delay
line with a precisely-calibrat d dial in 10-0. ec division
from 0 0 1 p. ec. A even-position multipli r extend the
range 0 1.1 econd.

Delay o. 2 provides the feature of time selec ion.
Pul e from a timing comb coherent with the prf drive can
b I cted to provide preci e delay independent of In­
t rn J nor or drift. The O.5-p. ec minimum delay of Delay
No.2 p rmit the election of a ingle I-p.. ec pul e from a
I-M· train 0 tha I-p.sec step of delay are provided. In
addition, the oincidence fea lIrc provide for the pro­
duction of burst of pulses.

~ ~
m Z
b mm ;;0

~ ~o
;;0
CJ'I

Price

SPECIFICATIONS
DELAY NO.2 SYNC
Duration: 0.13 ).<Sec ± 0.02 ,..sec. Impedance: 93 ohms.
Amplitude: 20 volts or more, positive or ne ative.
Duty-Ratio Effects: Full scale, less than dial accuracy at 60% duty
ratio; bottom of scale, less than dial accuracy at 20% duty ratio.
Maximum prf 300 ko.
Coincidence:

Tnpu , po itive or negative pul e, 5 volts or over.
Input frequency, 1 cp to 1.7 Mc (for single pul e selection).
Input-pulse rise time, 0.1 p.See or less at 5 volts.

GENERAL
Power Requirement., 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
180 watt at 115 volts.
Terminals: TYPE 74 Coaxial Connectors, recessed locking. For con­
nection to type N, B C, T C, C, C, or HF connector, use a
locking adaptor (page 64), which lock ecurely in place, yet is
easily removed. Panel connector is rece ed, and adaptor projects
only about an inch from panel.
Accessories Supplied: TYPE CAP-22 Power Cord; spare fuses; test
lead; four TYPE 74-C58A Cable Connectors.
Cabinet: Rack-bench (see page 210).
Dimensions:~Bench model- width 19, height 8~, depth 14Y2 inches
~485 by 22;) by 370 mm), over-all; rack model- panel 19 by 8,%
lfiches (485 by 225 mm), dep h behind panel 13Y2 inches (325 mm).
Net Weight: 35 pound. (16 kg).
Shipping Weight: 49 pounds (24 kg).

Code Number

INPUT SYSTEM
Voltage:

ine wave, 0.1 volt, rms. quare wave, 0.3 vol, peak-to-peak.
Pulse (negative or po itive), 1 volt, peak, ac or dc, input trigger

threshold control provided.
Frequency: D to over 300 kc.
Time Delay (input to direct sync): 0.12 ± 0.02 ,..sec.
Direct Sync Pulse:

Amplitude, 15 volt, or more, po itive or negative.
Duration, 0.13 ± 0.02 ~sec. Impedance, 93 ohms or less.

DELAY NO.1
De10y Range: °to 1.1 ec in even ranges.
Accuracy: l-,..sec to 1.1-sec range, ±1% of dial readin ; 0 to l-,..sec
range, ±0.01 j.l8ec.
Stability: Jitter, 1:30,000 at worst.

Drift, 1:10,000 with 20% line voltage change.
Resolution: 0 to l' ).<Sec, 0.004 ~ ec; 1 ,..sec to 1 sec, 1: 00.
Duty-Ratio Effects: Jegligible to 60%; 5% at duty ratio of 80%.
DELAY NO. 1 SYNC
Durollon: 0.1 ± 0.02 ~ ec. lmpedonce: 93 ohm.
Amplitude: 25 volts or more, positive or negative.
Maximum PRF: 0 to l-,..sec range, 300 kc;

1-,..sec to 1.1-sec range, 250 kc (at 1 IJ. ec).
DELAY NO.2, OR COINCIDENCE CIRCUIT
Range: 0.5 IJ. ec to 0.5 ec ( ix decade ranges). Resolution: 1 :2000.
Accuracy: ±3% of dial reading.
Stability: Jitter, 1:20,000.

Line Drift, 1:5000 for 20% line voltage change.

Type

1392~AM Time-Delay Generator, Bench Model
1392-AR Time-Delay Generator, Rack Model

PATENT 1\OTICE. ~ee Notell aDd 20, page viii.

1392-9801
1392-9811

$1095.00
1095.00
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~Type 314-S86 VARIABLE DELAY LINE
V') w
0:: Zo ::;
~ >­
0:: :5
LU w
Z C
LU w
(j ~

::>
0..

Thi variable delay line finds general appJica ion:1 a
wide-band pha e-shifting device, particularly when it i
de il'cd to delay a wide-band ignal without the introdu ­
tion of pha c di tortion.

ood tran ient re ponse is obtain d by a kewed-turD
method of delay equl.llization.* Th "ba lin ripple,"

• ~ e f. D. Lewis and R :-.r. Frazier. ".\ :-r·w and Butt r \'ariable Delay Line."
General Radia E~perimenlut 31. 7. Ootober, 1056.

au d by variation in characteri tic impedanc along th
lin ,h b en reduced to 5 01' Ie of th ina! ampli ude.
. nd r fI c ion have been minimized by th u of ap red

capacitance element a the end of the winding. Ma rial
ar cho~ n for l' liabl opel'll.tion under varying conditions
of t mp rature and humidity.

Thcr is no "ringing" or over boot, and the delay i
con taot ov r a wide fr quency range.

SPECIFICATIONS

--
----

Step response of 0.5-I"ec, 200-ohm variable delay line with skewed winding;
(le(l) step Input, (right) step output at O.5·J.LSec delay. Scope photos taken on

Tektronix 541 Oscilloscope, 0.1 .lJ.sec/cm sweep.

Oscillogram showing pulse shope and amplitude as delay seiling Is varied.
Tektronix 541 Oscilloscope, 53K/54K Pre·Ampllf1ers; sweep, 0.1 IJ.sec/cm.

Price
$60.00314·S86 Variable Delay Line

PATENT X TI E.• ee • ote 20. page ,·iii.

Delay Range, 0 to 0.5 ¢leC.

Characterisllc Impedance: 200 ohms ± 15% up to 4.5 c.
DC Reslslance: Not over 20 ohms.
Delay v. Frequency (wilh respect 10 delay at 1 Mc): ± 1% at 10 Mc;
± 2% at 15 Mc; ±4% at 20 c mea ur d at maximum d lay.
Amplitude Reoponse vs Frequency: Lo at ma·x delay, 9% (0. db) at
dc; 30% (3 db) at 6 Mc; 60% ( db) at 10 Mc; 90% (20 db) at 25 c.
Pulu and Step Response: ee accompanying 0 'ciUogram .
Reoolution, 1 n ec.
Voltage Rating: 1500 vol peak, winding to ground.
Dimensions: Diameter, including terminal, 3 ~ inches (83 mm);
d pth I L2Lnch (39 mm), exclu: iv of haft; shaft diameter ~/ inch
(10 mm); haft extend beyond body % inch (20 mm). Knob is
furnished.
Net Weight: 6 ounces (0.2 kg).
Shipping Weight: 1 pound (0.5 kg).

Type

~Type 301-S104 VARIABLE DELAY LINE
The TYPE 301 104 Variabl D lay Line i a maU

di ributed-winding unit with a liding tap for adjt ·tment
of delay. PI' ciou -metal wire i d in b winding 0

n ur r liable contact. Capacitive coupling b tw n the
terminal is minimized by hi lding.

• pplication for thi line will be found in ucb fields as
computer, nuclear phy ic ,radar and any place wh l' an
adju table, linear pha hifter or wide-band, pulse-delay
ne work i u ful.

.. ...~

II
11'

nt
II

Photograph token from the screen of a lumatron I 12 oscilloscope. The sweep
speed Is 5 nsec/cm. The photograph shows two sweeps superpased, the
f1rst with the delay line set for minimum delay, ond the second troce with the
line set for maximum delay. Delay, rise time, baseline ripple, ond pulse
dlstorlion can be measured from the photogroph. Attenuation may differ

slightly a mong units.

Price
$48.00

SPECIFICATIONS
(±lO%).

Variable Delay Line301·5104

Delay Range: 0 (approximately) to 25 nano econd
Resolution: 0.06 n ce.
Characteristic Impedance: 190 ohms ± 15%.
Pulse Rise Time: 2.4 nano econd (approx) at maximum delay.
DC Relislance: 5.5 ohms (± 20%).
Voltage Rating: 1500 volts, peak, winding to ground.
Dimensions: Diameter, including terminAl, 2 inches (51 mm); hick­
nes , exclu ive of shaf , 15/16 inch (24 mm); haft diameter, ~ inch
(7 mm); haft exten ion beyond body % inch (20 mm).
Net Weighl: 1Y2 OW1Ces (43 gram ).
Shipping Weight: 1 pound (0.5 kg).

Type

TYPE 314-586 TYPE 301-5104
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DEFLECTION INSTRUMENTS FOR THE MEASUREMENT OF VOLTAGE,
CURRENT, RESISTANCE, AND POWER

ELECTROMETER
The TYPE 1230- lectromet I' and DC mplifier i a

high- tability, direct-coupled, dc amplifier, which can b
u d n t only for dire t-r ading mea urement of mall
voltage and urrent and high r . tance , but al 0 for
amplifying weak current and voltag to operate recorder,
relay, and other equipment.

111

Electronic Voltmeter.
Portoble Model

Electrometer

VOLTMETER
Th TYPE 1 06-A I c roni Voltmeter extends 0 some

1500 Mc h fr qu ncy rang for dir ct-indicating voltage
m a ur m nt . It 1500-volt ran ,ac and dc, and ohm
cale up to 1000 megohms a1' additional feature . or

particular importance, how v r, i it accuracy p cifica­
tion of ±2% of indication (not of full cale) for cale
d fie tions abov 0.15 volt dc, 1.5 volt ac.

The peak-indicat' g voltm t 1'1 fir t b cam a practical,
wide-range instrum n with th introdu tion oi th TYPE
726-A Vacuum-Tube Voltm t l' in 1937.2 Thi fir t com­
bina ion of diode rec ifi l' and degeneratively tabiliz d
de amplifier wa follow d in 1946 by the TYPE 1 00- ,3
which improv d th accura y and frequency rang by a
factor of 2. Today' Tvn 1 06- r pre ent a till furth l'

advanc in accuracy range, and convenience.

OUTPUT POWER METER
Th output Po\ er m tel', an original Gen ral Radio

d v lopment,4 i now availabl for u ov I' wid l' range
han vcr b fore - 0.2 ohm to 32 kilohm, 20 to 20,000

cp ,0.2 milliwatt to 20 watt. An indi p nsabl laboratory
and t-b n h devi e, h ne\ TYPE 1 40- Ou put
Pow l' M ter i availabl for bench or rack use.

Output Power
Meter

Electronic Volt­
meter, Rock

Model

I • H. harp and . D. Doyle." r",,~ Voltmeter., .. TraM AIEE. Vol 35. Febru­
ary, 1916, PP 9 107.
I W. N. Tuttle. "TTl''' 726-A \'B<luum-Tube Voltmeter... General Radio E%peri·
mmter, ~Iay, 1937.
• . A. Woodward. Jr.,.. New Vacuum-Tube Voltm ter," General Radio Ezperi­
rMrller. , ptember. 1946.
• "A Direct-Reading i\fete' lor POWel and hnpe an.e ;\Ieasurementa," General
Rodio Erpmmtnler. Novemb r. 1932.

OTHER DEFLECTION-TYPE INSTRUMENTS

dditional meters, de ribed in other ections of thi
catalog, ar li d bel w.
Distortion The TYPE 1932- Di tortion and Noi e
M t r, for measurement of ov r-all harmonic distortion,
noise, and hum, i de cribed on page 21.
Wave Analyzers For amplitud and fr qu n m a ure­
m nt of the compon n of omplex el ctri al wav forms,
the TYPE 1900- ave nalyzer and TYPE 1564-- ound
and Vibration Analyzer are listed on pag 14 and 16,
respectively.

High Resistance Th TYPE 1862-C Megohrnmeter, for
m a ur m nt of in ulat.ion re i tanc ,volum rc i tivity,
and l' i tor in the megohm range ,i d cribed on page 4 .
Microvolter L' t d under TTEN T R, he TYPE

4 ~ i\Iicrovoltcr i a combination of voltme er and
attenuator for u with audio 0 illator to deliver known
output voltage in the microvolt ran"'. ce pag 24.
Coaxial Voltmeter For voltag m a ur ment in 50-ohm
y tern , the TYPE 74-VR Voltmeter R ctifi rand

TYPE 874-VI Voltmeter Indicator, page 67.
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~Type 1230-A ELECTROMETER A D DC AMPLIFIER

-

FEATURES:

• Bxtr m Iy high input reo i tance, ev n in humid environment.
• High ensi ivi yand x Il nt ability.
• hielded input circui and componen hield permit hielding to be extend d to the uni

under te L.

• Guard terminals - th low-potential input terminal can be ground d or floating, a de ired.
• Larg meter with wo voltage cale and two resi tan e cal .
• utput erminal for connecting an xternal meter, 0 cillo cope, or recorder.
• Amplifie weak de vol tag for recording and control.

For high input re. i. tance, unaffected b humidity, he
input grid I ad of the el c romcter tube i enclosed in
ilicone-tr ated gla,. Th input-re i tanc lector hn,
witch contact tha ar mounted on individual T Ron

bu hing et in a m tal ba e tha connect to a uard
point.

completely hielded chamber, the TYPE 12:30-PI
omponent hield, i available a an acce wry within

which th component to be mea w'ed can be conveniently
connected.

Th E terlin - ngu (or quivalent) 5-milliamper
graphic record r i 1'(' ommended. The TYPE 1230- E
model ha a matching E. terline- ugu ca' . More 'en. itive
record r, uch a the TYPE 1 21-A Gmphi Level R ­
corder, can b hunt d for 5-milliamper op ration.

USES: The Electrometer and D \mplifier ha a wide
vari ty of application in physic ch mi try, engineering,
and indu ry. Typical u e in lu e th mea urement of

ul'l'enls: Ionization curl' nt , photo current, rid uneut
in electron tub ,I akage clll'l'ent ill emicOl ductol' and
in ula or , and tim -curren clIl've' of apa itor during
charge and dis hal' .
Voltages: Piez el ctric potential, bioelectric pot n ia! ,
contact potential , and electro tatic-field potential , and
PH indications.
Resistance: Back re i. tance of ilicon-junction diode,
in ulation I' i tance of electrical equipm nt, and voltage
coeffi ien of r istance.

DESCRIPTION: Th EI ctrometer and DC mplifier i
ba icaLly a millivoltm tel' with a three- tag, direct­
coupled amplifier that act a a highly degenemted cathode
follower with high ov r-aLl tran conduc anc . It mea ure.
vol/age (0.5 millivolt to 10 volt) dir ctly; current (5 X
to-15 to 10-3 amp r ) in terms of the voltage drop acro
a tandard re i tor; and resislance (3 X 10° to 5 X 10 t•1

ohm) directly.
To achieve a high degr of. tabiE y, aU power- upply

voltage ar tabilized, and all component are carefully
elected and pre-aged. Cha i and uba emblie are
hockmounted. ee graph for typical drift characteri tic.

- --I--

5 10 15
DAYS CONTINUOUS RUNNING TIME

Typical drifl after lubes are changed.

20
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SPECIFICATIONS

RANGES OF MEASUREMENT
Voltoge: ±30, 100, and 300 millivol , ± I, 3, and 10 volt, dc, fuJI
. cale.
Current: ± 1 milliampere 00-1 ampere) dc, full cale, to ±300 milli­
micromicroamper (3 X 10-11 ampere) full ale.
Resistance: Direct reading from 300 kilohms 10 megamegohm
(1013 ohm) full cale (5 X 101< ohm at malle~t meter divi'i n).
There are 16 rang ,t.wo per decade. Voltage aero the unknown
resi tance is 9.1 volts.
Extensions of Ronge: With ba teries, or other "uitable xternal upply,
the I' istance range can h ex oded, the voltage aero" the unknown
can be increas ci, and the voltage coeffici nt of resi tor can be
mea ured.

With a 300-volt battery, the highest resistance rang i 101
' ohm.

full cale (6 X 10'6 ohm' at the smallest me I' division). Th full
battery voltage appear aero he unkno,m I' sistance. The maxi­
mum p rmi ible voltage i 600 vol if the external upply i grounded;

mewhat great I' if ungrounded.
ACCURACY
Vollage: ±2% of full cale on the five highe t rang , ±4% of full
calc on the 30-millivolt range.

Current: ±3% of full scale from 10-1 to 1O-t ampere, ± 10% of full
scale from 3 X 10-10 to 3 X 10-13 ampere.
Resistance: ±3% from 3 X 10' to 10'0 ohm at full cale (1011'-1' i t­
ance end), ± % from 3 X 1010 to lOll ohm.
Resi.lance Standards: 104, lOti, 106, 107, lOS, 109, 1010, and lOll ohm.
The witch also includ "z 1'0" and' infinity" po"ition . The l()l­
and lOti-ohm I' i to are wire wound and are accur I.e to ±0.25%.
The 1()6-, 107-, and 10 -ohm I' istar are of d po 'ited-carbon con-
truction and are accurate to ± 1%. The 109-, 101°-, and lOll-ohm

re i tors are carbon, hav b n treated to prevent adverse humidity
effects, and are accurate to ±5%. A witch po ition penni qui k
checking of the higher-resistanc ·tandards in term of the wire­
wound units.
INPUT
Resistance: Tb input I' istance i. determined by the setting of the
re istan standards swi ch. In th infinity position, i i approxi­
mately 1014 ohms.
Capacitance: than 35 pf.
Terminals: The input i connected through a TYPE 74 coaxial termi­
nal assembly at the real' f tll in,trum nt. In addition, th I' are
three "low" terminals to provide ver:;atility ill guard and ground

connection, a required, for xampl, in three-terminal ne work
mea'urem n .
Switch, A panel witch permit. di connection of the unknown without
tran ient electrical disturbanc - in ith rth unknown or the mea,­
uring circuit.
Insulation: Entirely Teflon or ilicone-treat d gla .
OUTPUT
Indication: V Itage, current, and I' i tance re indicated on a panel
meter.
Recorder: Terminal ar available for connecting a record I' (such 8,

the F din Angu 5-ma or I-rna graphic recorder).
AMPLIFIER CHARACTERISTICS
Maximum Transconductance: 167 millimhos (for 30-millivolt input.
he ou put current i 5 milliamper ).

Output Load: Maximum allowable recorder I' i.tance i 1500 ohms.
Drift, 'than 2 milliv I per hour after one-hour warmup.
FREQUENCY CHARACTERISTICS

With a 1500-0hm load at the output terminals, the fr qu ncy
characL ri tic i flat ,,'ithin 5% from zero to 10, 30, 100, 300, 1000,
an I 3000 cp at th 30-, 100-, 300-millivolt, 1-, 3-, and IO-volt
ran CS, re pectively.
GENERAL
Humidity, Line-Voltage ERects: _-egligible.
Accessories Supplied: One TYPE 74-411 Adaptor one TYPE 1230-PI­
300 Pan) Adaptor A embly, one TYPE 274- B Plug, 1'YP'B AP-22
Power I'd, and pare fu, .
Other Accessorie.s Avalla'ble: TYPE 1230-P1 Component hield.
TYPE 1521-A Graphic Lev I R cord r.
Power Requirements: 105 t 125 (or 210 250) volts, 50 to 6 cp,
approximately 45 watts. In trument will operate. ti, factorily on
pow 1'- upply frequenci up to 400 cp .
Cabinet, Lab bench ( ee page 210).
Dimension.. : Width 7% height 13.Ji, depth 9 in h (195 by 340 by
230 mm), over-all.
Net Weight: 15.Ji pound (7 kg).
Shipping Weight, 24 pound (11 kg).

For a more compl te d cription f thi iwtrument refer to the
General Ra.dio Experimenter, 30, 10, 1arch, 1956.

Type Code umber Price

1230-A
1230-AE

1230-Pl

Electrometer and DC Amplifier
Electrometer and DC Amplifier

(in Esterline-Angus Case)
Component Shield

1230-9701

1230-9816
1230-9601

$460.00

540.00
40.00

PATENT NUTICE. u e r-;ot 4 Rmi If>. pRl\e viii.

Type. 1230-Pl Component Shield (with shield cover removed)
plugged Tnto the Input termlnol ot the reor of the electrometer.

Type 1230-AE D-C Amplifier ond Elecrrometer with a recorder.
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~Type 1806-A ELECTRONIC VOLTMETER

used in a maU,

Rack Madel, Type 1806·AR.

FEATURES:

• :vIea ur ac and dc voltag ,a well as r . tanc . • table circui - low drif .
High a curacy: ±2% of indication over mo t of the range.

• ide frequency range, within ±3 db up to 1500 :\1 .
• ew mall-siz probe for read acce to cir uit point .
• Logarithmi m tel' cal for on tant-p I' ntag accuracy and maximum I' adability.
• Ohmmeter do not I' quir full- cale adjustment.

USES: This versatile instrument meet practically all the
voltage mea urement ne d of th modern electronic
laboratory. It mea ur dc and ac voltage up to 1-00
volt withou the use of external multiplier. I pI' be .
capable of mea uring voltage in cIo d oaxial y ms
up to 1500 J\I .• an ohmmet r it ran of 0.2 ohm to
1000 m gohms further enhanc it utility both in he
laboratory and on the te t b nch.

DESCRIPTION: The heart of this in trument ian w
highly table tube-and-tran i tor dc aroplifi r. It balan d
circuit and I' gulat d heater volta provid z ro tability.

alibration tability is ex II nt b u ether i 0 much
feedback that change in tube tran conductance or tran­
. tor current gain have n gligibl eff t. For mea ure­

ment of ac voltage , a ceramic thermionic diode wi h

en Ill::

ffi ~
tu~
:EO

>
u
Zo
Ill::

U
w...w

SPECIFICATIO S

value ma.y be as large as the percentag of harmonics pI' ent. On the
low t rang the in rument approach . rms operation.
Frequency Range: Low-frequency roll-ofr i I than 3% at 20 cps.
Probe r nant frequ ncy i above 3000 M. bove evel'l~1 hundred
megacycles per ec nd, probe ,hould b used in a 5O-ohm coaxial
sy tern with the ace ry tee connector. Thf' rror is tben I than
±3 db blow 1500 Ir, and \" WE of tbe t connector and probe i
I t~an 1.1 b I~w 1000 Mc. T tal rror, whi h for low voltag i a
~un tlOn <?f the mput voltage I v I because of tran it-tint frec,
I hown III the ac ompanying plot. Above 150 volts with internal
voltage divider there i an additional error of n t more han +2%
for £requenci below 500 kc. -
OHMMETER
Range: 0.2 ohm to 1000 megohm in four ranges with center cale
valu of 10 ohms, 1 kilohm, 100 kilohms, and 10 megohms.
Test Voltage: The dc voltage is po itive and n vel' exceeds 1.5
volt. The maximum current (which i delivered to a short circuit on
the .Iow t resistanc rang) i approximately 43 rna. The maximum
available pow r from tbe ohmmeter circui is 16 mI\'.
Accuracy: ±5% f indicated value from 1 to 10 on scale, approach­
ing ± 10% of indicated value at 100 on cale.
GENERAL
Power Requireme~ts: 105 to 125 (or 210 to 250) volts, 50 to 400 cps,
20 wat ,approxunately. The ca e i growlded y the third \vire in
the pow I' cord. Th voltmeter circuit can be disconnected from the

e and operated as much as 300 vol dc off ground. The low input
terminal remain by-passed to th case.
Probe Storage: A ocket and reel tore ooth probe and cable.
Accessories Supplied: pare tus , AP-22 Power Cord (on -AR only),
an a rtment of prob tip for various types of connections.
Cabinet: Portable mod I, Flip-Tilt case ( page 210). Rack model
on 19-inch panel.
Dimensioni: Portable model, case clo ed - 7~ by )1 by 11)1 inches
~190 by 220 b' 295 rom), over-alIi rack model- panel 19 by 5~
lOch (4 by 135 rom), dep h behind panel 9!4' incb (235 rom).
Net Weight: Approximately 10 pounds (4.6 kg).
Shipping Weight: Approximately 16 pounds (7.5 kg).

Price

$490.00
490.00

35.00

1500

1806·9701
1806·9811
1806·9601

1000
FAEQU£1lICY-Nc

500

Electronic Voltmeter, Portable Madel
Eleelronlc Voltmeter, Rack Madel
Tee Connedor

o

Z J";~
~yo~ \IOJ'S

I

0 ----~ ~ l-- o..~ \/Ous

I =----
Z

+

Type

1806·A
1806·AR
1806·Pl

DC VOLTMETER
Voltage Range: Four rang ,1.5, 15, 150, and 1500 vol , full cale,
po itive or negative. linimum reading is 0.005 volt.
Input Resistance: 100 megohms, ±50/0i also "open id" on all but
the 15QO-volt range. Grid current i les than 10-10 amperes.
Accuracy: ±2% of indicated value from one-tenth of full cale to
full scale; ±0.2 of full scale from one-tenth of full cale to zero.

cale i logarithmic from one-tenth of full cale to full scale, permit­
ting con tant-percentage readability over that range.
AC VOLTMETER
Voltage Range: Four ran ,1.5, 15, 150, and 1500 vol ,full cale.
Iinimum I' ading on most en itive range i 0.1 volt.

Input Impedance: Prob approximately 2 megohm in parallel with
2 pf. Voltag above 150 e an internal volta e divider, and input
impedance i 25 meg hm' in parallel with 30 pf.
Accuracy: At 400 c , ±2% of indicated value from 1.5 vol to
1500 vol ; ±3% of indicated value from 0.1 volt to 1.5 vol .
Waveform Error: On the higher ac-voltage rang " the in trument
operat as a peak voltmet 1', calibrated to read rrru; values f a sine
wave or 0.707 of the peak valu of a compl wave. On di ·torted
waveform the p rcentage deviation of tb reading from the I'm
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~Type 1840-A OUTPUT POWER METER

FEATURES:

• Wide frequency response - 20 cp to 20 kc.
• Qua i-rms indication - reads rms with harmonics up to 20%.
• 4 different impedances - 0.6 ohm to 30 kilohms.
• lJ:easure power from 0.1 milliwatt to 20 wat s.

USES: The TYPE 1840-A Output Power Meter mea ure primary winding. front panel switch connect th eight
audio-frequency power in 0 any desired load. I im- primary coil in four diff r ut cries and parallel combina-
portant uses include the mea urement of: tion ,and ach primary combination is used with any

Power output of oscillators, amplifier , preamplifi r , on. of !x econdary tap, thus prov~ding 24 diff r ~t
transformers, tran ducers, and low-frequency lin . pl'lmary Imp?d~uce . E_ach .of h e 24 Impedance ca;n tn

Output impedance, by adjustment of the load een by turn b multlplt.ed by 200 WIth a .econd.front panel SWItch.
the device under test to yield maximum power indication The end result 1 ~ tot~1 of 4 ~~Imary Imp~dance ..
on the meter The u. e of gram-ol'lent d Ihcon steel III a lammated

. . . . core yields a 20-watt rating with a relatively small core.
Frequency-resp~nse ?har.ac eflstlcs of. amplifiers, trans- The range can be extended 0 200 watts for any particular

former, and othel audlo-flequency devices. impedance wi h he addition of a simple T-network
DESCRIPTION: The TYPE 1840-A Ou put Power Meter is attenuator. Details are given in th instruction book.
basically a multi-tapped audio-frequency transformer with Interleaving of primary windiuO' with condary wind-
a fixed condary load. in in two separate pi's permits m a urements from

The fix d condary load is r flected to ight id ntical 20 to 20,000 cp .

SPECI FICATIONS

5

5

20VE ,,-'
I

I

--<l

C

D

E

F

8

CUR
A

('"' 0.8 1 1.25 1.6 2
E 2.5 3.12 4 5 6.4 8

,t:. 10 12.5 16 20 25 32
o 40 50 64 80 100 128

• ( O.IS 0.2 0.25 0.312 0.4 0.5
j 0.6 0.8 1 1.25 1.6 2
..!! 2.5 3.12 4 5 6.4 8
i2 10 12.5 16 20 25 32

A B C D E F

Power Range: 0.1 milliwatt to 20 watts, except as noted on the ac­
companying derating curves and table. Auxiliary db cale reads rrom
-15 to +43 db re 1 milliwatt.

Impedance SetUng oj Type 1840-A

o
4020 25 30 35

CYCLES PER SECOND
Derating vs impedance selling and frequency.

Cabinet: Convertible bench ( ee page 210).
Dimensions: Width 12, heigh 4, depth inches (305 by 105 by
205 mm), over-all. Panel adaptor ets are available for 19-inch relay­
rack mounting (panel heigh 3Y2 inch ).
Net Weight, 10% pounds (4.9 kg).
Shipping Weighl: 18 pound (8.5 kg).

Code Numher PriceType

(Refer to curves at right)

Impedance Range: 0.6 ohm to 32 kilohms in two ranges; yielding
48 individual impedances spaced approximately vi apart.
ACCURACY
Power: At 1 kc, ±0.3 db; from 50 to 6000 cps, ±0.5 db; from 30 to
10,000 cps, ± J db; at 20 cps, -1.5 db max, -1 db average; at
20,000 cps, -5 db max, ± 1.5 db average.
Impedance: At 1 kc, ±6% max, -0.5% average; from 70 to 5000 cp ,
±7% for valu below 10,000 ohms (7% from 70 to 2500 cp for
10,000 ohms and above); at 20 cps, -15% max, - % average; at
20,000 cps, ±50% max, ±12% average.
Waveform Error: A quasi-rms meter is used which will indicate true
rms wi h a much a 20% second and third harmoni s presen in
the input signal.

1840-A
480-P212

Output Power Meter
Relay-Rack Adaptor Set

1840-9701
0480-9622

$210.00
6.00
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~Type 1521-A GRAPHIC LEVEL RECORDER

I U J lJ 1 I 1",) J----------

~..,

JO

Z<l

10

I

r', 1 I

Piol of frequency re'po",e of 0 public·address system made an Ihe grophic
level recorder driving the frequency dial of Ihe beat.frequency audio

generalar.

The detec or circui I' pon i, for all commonly n-
countered waveform, very clo 0 tm I'm,.

The difference between the det tor output and a one­
volt l' f I' nce i amplified and u ed to po ition the coil,
which carrie the potentiometE'r contact nd pen. A
velocity-feedback coil mounted on the drive-coil fram
provide appropriate damping.

areful d ign ha made it po ible to maintain both
a hi h writing peed and the large t rvo bandwidth
con i nt with a fl'equen y I' pan extending downward
to 20 cp without xce ding a I-db over hoot. "riting
pe d ar el ct d by a ingle witch withollt auxiliary

adju tmnt of low-fr quen y cutoff or damping.

hang of rang ar en ily accompli bed hy u e of a
20-db or an O-db pot ntiome er in plac of th(' tanda1'd
40-c1b uni . With th O-db uni , the maximnm wriing
JX,'rd brcom 300 db/ econd, pel'mHting mra urement of

r v r eration tim a . hort a 0.3 . cond. The low
writing peed fil e1' out abnIpt level variation, yielding a
moothed plot withou 10 of accuracy.

I' or dc recording, a Lineal' potentiometer pro'i ide a
balancing voltage in erie with the input vol tag , and
thE' combined vol age i balanced again t th I-vol r f­
erence. A ingl O. -volt ran ea' a 1000- hm input­
impE'dance level make the in rument inter hang able
wi h the 11 ual dir ct-writing trip- hart recorder'.

• Plot I'm level of ac vol age, 20 cp to 200 kc. • Completely transi torized.
• 'a t writing p ed , ith optimum balli tic .
• aLibrated in ab olute level. • Interchangeable logarithmi potentiome er .
• ;\1 chani al oupling avaibbl for driving 0 cillator or analyzer.
• imple to operate - three ba ic control. • a ily converted to dc Lineal' record r.

,ruphic Le\ I Recorder ha a
I ctronic I ueou ic and oth l'

branch of phy i al ' i nc and ('nginr rin . It l' cord
linearly in decil I. th I'm magnitude of ,c voltage from
20 cp to 200 ke. It produ e perman nt ink I' ord of the
I' pan of I ctd al 01' el ctroacou lical levic and
y tern a a fun'tion of time or fl' 411('n<, . Owing to the

high 'lability f it- reference volta and amplifier gain
it an be u cd a < r corder of ab o)ut I v I.
Implilurle-fi'l'equellcy PloWng. For freC)u ncy-charact ri ti

mea U1'emt'nt , the paper driv can b(> cOllpled by mE'an~ of
drive and link unj to h £1' C)U ncy-contro] JUlJ of an
o cillator 01' analyzer for completely aufomatie recording.
The combination of thr rf'cordrr anel th TYPE 130-l-B
Beat-Frequrnc Audio Gl'nerat I' produce 1'e orels having
a tnll' logal'ithmjc frrC)l1ency cale and i ideal for plotting
frequency characteri. tie of analyzer \'rcording y tem ,
n t\\'01'k filter, and E'ql1alizeJ' a~ \\'('11 n of loud p ak I'

microphone, vibrati n pi kup., and oth I'tran ducer .
Acouslical Measul' mill.. The combination of tb I' cord I'

and either the TYPE 1-64-A ound and Vibration nalvz I'

or the TYPE] 900-A ,,"ave AnnlyzC'l' make po., ible ull 0­

matic analysis of ouod p ctra and re pon e mea ur ­
menL on de\ ice xcited y white noi e.

U ed with the TYPE 1 ~ 1 ,ound-Level Meter, the re­
corder can plot ound IcvE'1 over a wide dynamic range.
For m a~urement of I vpl a a function of time, the
writing peed' uffici n b high for the mea l1l'ement of
I' vf'rbpration time and other transient ph nomrna.

The wide range of paper pe d facilitate long-period
tudie of he noi e produced by tra.ffic office machinery,

indu rial proc e, and potential hearing-damage con­
dition , a well a' of hOl't-dlu'ation tran ient .

DESCRIPTIO : The TYPE I 21-A Graphic Lev I Record I'

i a comple Iy tran i torized. ingle-channel, l'vo-type
recorder. H produce a trip-chart l' cord with ink on
whit pap I' uilable fo\' reproduction. The p n i attached
to a coil, which move lin arly over a 4-inch dil tanc in a
uniform magn tic fi Id. contact attached to the coil
ride on a trai ht pot ntiom tel' which i the balancin
lemen for the ervo. The po ition of tbe conta t i

determined by the input ignal, and tht> xponential poten­
tiometer harac ed tic p1'Odu e. a lin ar db cale.

0::: -'w
LU >0 w
0::: -' FEATURES:0 II)

U ~
LU IX
0:::
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1521-9464 Callbraled 0 to 10 kc, linear, 1521-9464
repealing every 20 inches;
for use with Type 1900·A
Wave Analyzer.

1521.9463 Calibrated 25 to 25,000 cps, 1521-9463
rep eating every 21 inches, for
use wilh Type 1554-A Sound
and Vibrotlon Analyzer.

1521·9421 Calibrated 20 cps to 20 kc, 1521·9427
logorlthmic, 9 inches, repeal·
ing every 13 V2 Inches; for
"se with Type 1304·B Beat.
Frequency Audio Generalor.

2.15

2.15

2.15

2.15

2.75

2.15

2.7S

2.75

5.50

5.50

Price

$

1521-4092

1521-4093

Code umber

INK

16-ounce bollie of red ink I
16·ounce bollie of green ink
(for ozalld copies)

CHART PAPERt - lOO-FOOT ROLLS

Type

1S21.4092

1521·4093

1521.9465 Calibraled 0 to 50 kc, lin. 1521·9465
oar, 10 inches, repeating
every 16 inches; for use with
Type 1900·A Wave Analyzer.

1521 ·9493 Calibrated 2.5 to 25 (normal. 1521-9493
ized decades) for u.e with
Type 1564·A Sound and VI·
bration Analyzer, 7 V~ inches
per decade, repeating every
9 inches.

1521·9429 Calibrated 25 to 1500 cps In 1521·9429
II3-decade seg menls 2 1,4
inches long, for u.e with
Type 760·B Sound Analyzer.

1521·9428 Linear lime bau, 1 dlvi. 1521-9428
slon = Yo inch; for ac or de
records as a function of time.

1521·9466 linear time base, 1 divl. 1521-9466
sian = % inch; 10 major
division., 50 lotal division•.
For use with Type, 1134·A
and 1136·A Digital-Io-Analog
Converters.

t ~uhjecl 10 llU nlily discounlS.

SPECIF CA IONS
Dynamic Range: Wi b potentiometer furni 'hed, 0 to 40 db for 1 vel
recording (20-db and SO-db potentiom t are also available); 0 to
O. volt (at 1000 ohm) full cale, for de recording with zero inpu
posi ion adjustable over full cale.
Frequency Response

Level Recarder: 20 cps to 200 kc (within 3 db).
DC Recorder: 0 to 10 cp (peak-ta-peak ampli ude 1 • than 25%

of full cale).
Polenliomeler Linearity

Level Recarder: ±1 % of full- lIe db value plus a frequency error
of 0.5 db at 100 kc and 1.5 db at 200 kc.

DC Recorder: ± 1% of full scale.
Resolution: ±0.25% of full cale.
Maximum Input Voltage: 100 vol ,ac.
Inpul Allenualor: 60 db in 100db tep.
Inpul Impedance: 10,000 ohrru for ac level recorder; 1000 ohm for
de recorder.
Maximum Sensitivity: 1 millivolt at 0 db for level rellol'ding; O. vnlt
full cale for de recording.
General

Paper Speeds: 2.5 inchCl per minute to 75 inch per minute. A
slow- peed motor to provide peeds of 2.5 to 75 inches pel' hour is
available a. an alternate. ee below.

Writing Speed: 1, 3, 10, or 20 in he p I' econd (approximately),
with overshoo I han 1 db.

Oscilialor or Analyzer Drive: Order TYPEl 1521-PI0B Drive nit
and appropriate link unit.

h:ternal DC Reference: Internal terminal ar provided for an exter­
nal de voltage, which can b ub Ituted for the I-volt int rnal dc
reference. The recorder will operate properly over a 3:1 reference­
voltage range (0.5 0 1.5 vol ). If thi ref I' nee voltage i derived
from the source of energy in the y tem under test, variation of up
to 3:1 in he ource output can be eliminated from the recording.

Deteelor: Qua i-I'm ; within 0.25 db of I'm for mul iple ine wav I

quare wav I or Iloi e. Detector operatinp; level i 1 volt.
Chart Paper: 4-inch recordinl!: width on 5-inch paper. hart have
major divi ion, 40 total divi ions on v rtical s ale, except 1521­

9427, which hw 0 total divi ion, nnd 1521-9461i, which !In 50.
Acceuorles Supplied: 40-db potentiometer, 2 pen, 2-ounce bottle

of red ink, 2-ounce bo tIe of green ink, bottle of potentiometer
cleaner, 1 roll of 1521-942 paper, dropper for filling p n" AP-22
Power ord, pare fu e , ndaptor cable fol' connection to ound­
m uring equipmen and other devices having telephone jack.

Acceuorles Available: Potentiometer, char I ink, slow peed
motors, drive and link uni ,a li ted in price table.

Power Requirements: 105 to 125 (or 210 to 250) volt, 60 cp ,
35 wat . 50-cycl model are availabl ; eo. price Ii t below.

Cabinet: Rack-bench ( ee pal!; 210).
Dimensions: Bench model- wid h 19, heigh 9, depth 13% inche

(4 by 230 by 350 mm), over·all; rack model- panel 19 by %:
inches (4 5 by 225 mm), depth behind panelllU inches (290 mm).

Net Weighl: 50 pounds (23 kg).
Shipping Weight: 64 pounds (29 kg).

PO TENTIOM ETE RS
Code Number DRIVE AND LINK UNITS FOR COUPLING TO

OSCILLATOR AND ANALYIERS
Type

1521.P1
1521·P2­
1521·P3
1521.P4

20 db
40 db
80 db
Linear (for dc)

1521·9601
1521·9602
1521·9603
1521·9604

Price

$ 55.00
70.00

155.00
55.00

1521·Pl0 Drive Unit to operale any 1521-9610
link unit.

$ 72.00

1521-P22

1521·P20

• upplied with recorder.

MOTORS FOR LOWER CHART SPEED tt
(60 cps) for paper speed. I I
of 2.5-75 inche./hour 1521-9620 $ 52.50
(50 cps) for paper speeds
of 2.5·75 inches/hour 1521·9622 65.00

rra~d:dd~o~~;~be supplied with low·.peed motor InstltlJed, at same price e. with

1521.P14

19OO-P1

Link Unil for coupling ta 1521 ·9614
Type 1304·B Beat·Fre-
quency Audio Generator
above or below recorder.
or 10 Type 1554·A or Type
1564·A Sound and Vibration
Analyzer above recorder.

Link Un;1 for coupling 10 Type 1900·9601
1900·A Wave Analyzer.

23.00

35.00

1lpply ~aper N~~deType MOllnting Frequency peed limber Price
1521.AR Rack 60 cps 2.5·75 in./min 1521·9811 $995.00
1521·AM 8ench 60 cps 2.5·75 In./min 1521·9801 995.00
1521·ARQl Rack 50 cps 2.5·75 in./min 1521·9496 995.00
1521.AMQ1 Bench 50 cps 2.5.75 in./min 1521·9495 995.00

PJ\TEl\T NOTTe . 'co XOle I . pa~e viii.
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STAN DARD CAPACITO RS
~

Choice of Copocilor Type
properly de igned air capa itor approache the ideal tandard

reactance in that it ha very low 10 . and very mall hanges with
time, frequency, and envir nment. Capacitance changes with
change in atmo pheric pre ure (about 1 ppm per inch Hg) and
in relative humidity (a out 2 ppm per % RH) can be eliminated
by hermetic ealing of the capacitor. Chan e, with temperature
can be reduced to a few ppm per °e by the u e of low-tempera­
ture-coefficient material in the capacitor. The maximum capaci­
tance for an air-dielectric unit of practical ize i of the order of
1000 pf. ( ee TYPES 1404,1401, 1403.)

For capacitance above 1000 pf, solid dielectrics are u ually
u ed. The preferred dielectric for stan ard capacitors i high­
quality mica because of it dimensional tability, low 10 and
high dielectric strength. The temperature coefficient of a mica
capacitor is of the order of +35 ppm per °e. t dc or extremely
low frequencie the mica dielectric has th cii advantag of r la­
tively large chan"'c of capacitance \yith frequency. ( ee TYPES
1409, 1423.)

Poly tyrene ha a dielectric constant and di sipatioa factor
very nearly constant with frequen y, 0 that the capacitaac
change from de to 1 kc is a small fraction of a percent in tead of
the 3% drop at 1 kc that i typical of mica. The temperature
coefficient of a polystyrene apacitor is, however, of the order
of -140 ppm per ce. ( ee TYPE 1424- .)

Two-Terminol ond Three-Terminol Connections

Mo t physical capacitors can be accurately represented by the
three capacitances shown in Figure 1: the direct capacitance, CHL,

between the terminals Hand L, capacitance between the plate.
of the capacitor, and the two terminal capacitances CHG and Ce.G,

are capacitances from the corresponding terminal and plates to
the capacitor case, surrounding object, and to ground (to which
the ca e is connected either conductiveJy or by its relatively h.igh
capacitance to ground).

sufficient preci ion. For capacitor of100pf and more, the capaci­
tance is u ually adequately defined for an accurac' of a few
hundredth percent if th terminals and method of connection
u ed for calibration are pecified. For smaller capacitances or for
higher accuracy, the two-terminal capacitor i eldom practical
and the thre -terminal arrangement is preferred.*

three-terminal capacitor ha connected to the G terminal a
shield which completely urround at lea t oe of the terminal
(H), its c nnecting wires, and i plate except for the area that
produce the de ired direct capacitanc to the other terminal (L).

hanges in the environment and the connections can vary the
terminal cal acitances, CRG and C1.0, but the dire t capacitance
CHI. - usually referred to simply as the capacitance of the three­
terminal capacitor - is determined only by the internal
geometry.

This direct capacitance can be calibrated by three-terminal
measurement method, uch as guard circuits or transformer­
ratio-arm bridges, which exclude the terminal capacitances.

The direct capacitance can be made as mall as desired since
the shield between terminals can be complete except for a suitably
small aperture. 'I he 10 e in the direct capacitance can al 0 be
made very low because the dielectric losses in the insulating ma­
terials can be made a part e,f the terminal impedances. When the
three-terminal capacitor i coune ted as a two-terminal, the two­
terminal capacitance will exceed tIle calibrated three-terminal
value (CHI.) by at least the terminal capacitance CliO.

Frequency Chorocteristics

Although the characteri tics of the high-quality capacitors
u ed as standards clo ely approach those of the ideal capacitor,
the mall deviation from ideal performanl'e mu t be examined
and evaluated to obtain high accuracy. The I' idual parameters
which cause Sllch deviation are hQwn in the lumped-con tant,
two-terminal equivalent circuit of Figure 2. R represents the

R L

• John F. Hc...h. "A Close Look at Connection Errors in Capacilanc Measure·
ment.... Central Rodio Ezpenme,lltr. 33. 7. July, 1959.

(1)

Figure 2. The equivalent
e1rcult of a copaeltor.

metallic resistance in the lead, supports and plates; £, the series
inductance of the leads and plates; C, the capacitance between
the plates; C~ the capacitance of the supporting tructure. The
conductance, G, r presents the di lectric los es in the supporting
insulators, the losses in the air or solid dielectric between capaci­
tor plates, and the dc leakage conductance.

The effective terminal capacitance C.of the capacitor becomes
greater than the ele tro tatic or zero-frequency capacitance C.
as the frequency incl'eas because of the inductance L. When the
frequ ncy, I, i well below the resonanc frequency f. (defined by
w.2£C. = 1), the fractional increase in capacitance is approxi­
mately

Figure 1. Schemotic dlogram
of a copadtor. showing the
direct copoeltonce and Its
assaelated terminal capael-

tonces.

In the two-terminal connection, the capacitor ha the Land G
terminals connected together, i.e., the L terminal i connected to
the case. The terminal capacitance, Cw, i thu horted, and the
total capacitance is the um of CEIL and CIlO. ince one compo­
nent of the terminal capacitance C /10 is the capacitance between
the terminal and surrounding 0 jects, the total capacitance can
be changed by changes in the environment of the capacitor and
particularly by the introduction of the wires required to make
connection to the capacitor.

The uncertainties in the calibrated value of a two-terminal
capacitor can be of the order of tenths of a picofarad if the
geometry, not only of the capacitor plates, but of the environ­
ment and of the connections is not defined and specified with
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Dissipation Fodor

The di sipation factor of a capacitor (defined on page 27) i
determined by the losse repr ented in Figure 2 by Rand G.
The r i tance R i not u unlly ignificant until the frequency i
high enough for the kin ffect to be e sentiAUy complete. t such
frequencies the r i tance vari~ a the quare root of frequency
and may be expre ed a R, r, where R I is th r istance at one
megacycle and I i the frequency in mega ycl s. The total dissi­
pation factor at high frequencies is then

G
D = we + R.Vfwc (2)

t low frequenci only the I . e repr uted by G lire impor­
tant. Th . lcakag condllc Dee com nent i negligible at fre­
quenei s above a few cy Ie per econd and i imp rront only
\Vh n the capacitor i lI, ed at de for charge torage. The dominant
components at audio frequencie are th dielectric 10 in the
in ulating tructure and in the cli lectric material b tween the
plate .

In the air capacitor the 10 s in the air dielectric and on the
plat surfaces are negligible under conditions of moderate humid­
ity and temperature. The 10 i, therefore, Largely in the in u­
lating suppor . Wb n good-quality, low-Io material, uch a
quartz, ceramics, and poly tyrene, ar u d for in ulation, tJle
conductance \'arie approximately linearly with frequency and
the di ipation factor, Dk, of the upports i nearly con tant with
frequency. The total dis ipation factor of an air capacitor, who e
equivalent circuit i that of Figure 2, may be expressed at low
frequencie as
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FREOUENCY

When the capacitance C i variabJ, thi D is then inversely
proportional to the total terminal capacitance. ince the quantity
DkCk i nearly independen of both frequency aml capacitance
ettin~, it i a convenient figure of meri for a variable capacitor.

In a capacitor with a lid dielectri the dominant component
of th conductance G i the loss in th dielectric, which varies
with frequency. The re ulting variation of D with frequency,
shown for a mica capacitor in Figure 3, i the urn of thr e princi­
pal components: a on tant di ipatioD factor cau e 1by r idual
polarizations and shown by the horizontal dotted line; a loss
produced by interfacial polarization, which contributes the D
hown by the dotted line lanting downward to the right; and an

ohmic 10 in the lead and plate, which r ults in a D propor­
tional to the 3/2 pow r of frequenc) and i hown a th dotted
lin lantin T upward to the right. The total di ipation factor has
a minimum value at a frequency that vari inve ely with capaci­
tance and which range from 1 k to 1 c for capo. itance value
from 1 JJ.f to 100 pf.

The capacitor de crib d in the e psg include air-dielectric
reference standard, both fi.-xed and variable, both fixed and
decade mica-dielectri ,and other decad with poly tyrene, mica,
and paper dielectric.

Figure 3. Variation with fre­
quency af capacitance and
di..ipation fodor for a ml~o

capa~ilor.
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This change in capacitance with freque.oc,Y for th capacitor
d cribed on the following pages is giv n ither as a plot on
logarithmic co-ordin tes of the per' nt increase, tiC/C, v rsu,
frequency or a. It tabulation of the value of L or I.. inc th
inductance i largely . ncentrated in the leads and suppo!" ,it i
nearly independent of th tting of a variable capacitor. With
this information the iocrea e in capacitance at, for example, a
frequency of 1 Mc can be computed from the calibrated value at
1 kc with high accuracy. For mall incr ase, , the accura y may
be greater than that of a measur ment at 1 Mc becau e of th
difficulties in determining the mea urement rro produ ed by
residuals in the connecting lead ou ide the capacitor.

The three-terminal capacitor ha a imilar increa e in rapaci­
tance produced by inductance. The lowe t re onance' d ter­
mined not olely by the calibr ted direct capacitance but al 0

by the terminal capacitances, which may be much larger than
the direct capacitances (ee quivalent circuit of TYPE 1403
Capacitors, page 150).

When the capacitor ha a olid dielectric, such as mica, there
is another source of capacitance change with frequency. The
capacitance increa es at low frequencies a the result of diel ctric
ab orption caused by interfacial polarization in the dielectri .
The change in capacitanc with frequency of a lO00-pf capacitor
with mica dielectric i hOWD in Figure 3. The dotted line lanting
downward to the rigbt r pre ent the cbange in the dielectric
constant of mica resulting from inter·facial polarization; that
slanting upward to th right how the chan e in effective caps i­
tance resulting from eries inductance. The magnitude of the
cllange at low frequencies depend upon th di lectric material
and i , for example, much malleI' for poly tyr ne than for mica..

Type alll~ apacito.nce PQ{Je

1422
1401
1403
1404
1409
1423
1424
1419

980
SOS

1429

Preci,ion Capacitor (Twa- and three-terminal, variable)
Standard Air Capacitor (Two-terminal, flxed)
Standard Air Capacitor (Three·terminal, flxed)
Reference Standard Capacitor (Three-terminal, flxed)
Standard Capacitor (Fixed, mica)
Standard Decade Capa~itar
Standard poly,iyrene Decade Capacitor (Single decadel
De~ade Capacitor (3- and 4-dial boxe,)
Decad e Capacitor Unit
Capacitar (Fixed, mica)
fuel-Gage Te.ter

7 madels. 1.1 to 1150 pf, fuIl5~'lle
100, 200, 500, 1000 pf
0.01,0.1,1,10,100,1000 pf
1000 pf
0.001 '0 1 Ilf in 10 models
100 pflo 1.111 Ilf
10 J.'f, full scale
1 IJof, full s~ale
0.001,0.01,0.1, and 1 J.'f, full scale
100 pf to 0.5 IJof Tn 12 model.
20 to 6220 pf

148
150
150
151
152
154
154
156
156
153
155
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~Type 1422 PRECISION CAPACITOR

20 feet.

and houldered wa her separating the nickel-plated bras
tator plate . In all oth I' m d I the in ulation between

th tator ta k and th a ting on i t of \Va her or
button having flr flat and ne pherical urface, the
latt r mating with a ph rically c unterbored hole in the
a ting or parat upport pi rc. Rotor in ulation when

u ed (TYPE 1422- B and -X), i grad L-4 teatite,
ilicone treated.

TYPE 1±22- i a two- tion, two-t rminl1l capacitor
with a ale whi h i dire r ading in to al capacitance
at the terminal .

TYPE 1422- i imilar t the TYPE 1422-D high ction
but i intended for u e a higher fr quen i . To minimize
I' sidual indu anre and re i tanr , the ronne ion are
made through ribbon lead to thC' enter of the stator and
to the center of the rotor thr ugh . ilver-all y brll he
bearin on a ilver-overlay di k.

TYPE 1 22-l\ID and -l\IE arc wo- e ion, wo-terminal
capacitor._ with cale l' ading the capa i nc remov d,
i.e., the eapacitllll 'e i maximum at the z l' reading. Thi
cale i particularly convenient for ub titution m asure­

ment.
TYPE 1422- B - ,and - D ar three-terminal

capacitor with shielded oaxial t nninal for u e in thr e­
terminal mea. urement where a alibrat d d'l' ct apaci­
tanee independent of terminal rapaci an to ground and
with very low 10 i needed or ,her an a urat vari­
abl capacitance of very mall magnitude 'an bud.
The TYPE 1422- B i imilar in con tru tion to the -D,
but th - and - Differ radically from th conven-
tional on truction. In th latter unit, two of bra
tator plate~ are interleavrd and in. ulat d from nch other

and from ground. Tb eapa i an b tween tb wo
stator ta k i varied bat of rounded rotor plat ,
with 1 0° annuJar window ,interpo db twe n the ta or .
The dire t capacitance b tw n tator tack i directly
proportional h eff c iv area e)"rposed through the
annular p ning and hene, to the an Ie of rotation of the
rotor. Thi con truetion yi Id extremely low 10 se and
a high degre of lin arity.

Hi h tability. _ High aura y. Low ba kla h.
_ High prcei ion of ing - on part in 2- ,000 f full
_ Low temperaturc co ffici nt of capo. itanc. • Low di
• L rg tran parent knob kirt to faeilitat fin ttin.

and three-terminal mod I are

; The a~ mbly i mount d in
eo. t fram , which givl:' th uni ri"'idity. The fram
pacer tator rod and rotor h ft ar made of el ted

alloy of aluminum, which mbin th higb mechanical
trength of bra witb th I w w igbt of aluminum. Th

plate of mo t mod Is ar aloof aluminum 0 that all
part have th am t mp ratur coefficient f linear
expan ion.

worm drive i u d to obtain tb d ir d high preci ion
of tting. In ord l' to avoid tbe Iigbt eccentricity tbat
may occur wb 11 a w rm i mounted on a haft he haft
and the worm are c urately machined a one piece. Th
worm and worm wh I ar al lapp d into each other to
improve smoo hn he dial d of he worm haft nm
in a If-aligning all baring, whil the other nd i
upport d by an adju tabl pring mounting. This pring

moun iug ive po itive I ngi udinal anchoring to the
worm baft through be u of a pair of ealed, self­
lubricating, preloaded ball bearing. imilar pair of
pI' load d ball hearina ,on pair lamped to the ca ting
a th worm end, proyide p ~iti'e and invarian axial
loca ion for tbe main or rotor baft. ; le tricnl c nnection
to th rot I' i mad by mean of a jlv r-allo br 1 h
bearing on a ilver-overlay drum to a ure a low-noise
electrical ontact.

tator in uJation in all model is a 1'0 -linked thermo­
etting modified ply. tyrene having v ry low dielectric

10 s and very high insulation re i tance. In the TYPES
1422-CC and - D he insulation i in the form of plain

tI) .llII:
0::: ;c
0

Z FEATURES:~

0 0
4: iii
0.. U« w
U .llII:

Q.

SP (IFICATIONS
AccurClcy: table. The errors tabulated are po~ ible error, Le., the
urn of error contribution from etting, tnbility, adj tment, cali­

bration, interpolation, and tandards. The actual rrors are almost
a.lway mailer. The a curacy i improved when the reading are
corrected using the ten calibrated values of capacitance given on the

correction chart on the capacitor panel and interpolating lin arly
between calibrated poin . Bet.t r accuracy can b obtained from a
preci ion calibration of approximately 100 points on the capa itor
dial which permit correction for slight r idual eccentriciti of tbe
worm drive IlI1d requir interpolation over only short intervals. This
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Panel and interior views of
Type 1422-0 Precision

Capacitor.
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Variation wilh frequency of effective capacilance and dissipation factor
per pf af capacitance for two· terminal Type 1422 Precision Capacitors.

Dissipation Foctor: The 10 es in the wo-terminal capacito are pri­
marily in the tator uppart, which are of low-los polyst rene
(D = 0.01 X 10-12).

The v ry small di "ipation factor of h dil' t capacitance of the
thr e-t rmillal capacitors i difficul to measure and i estimated to
be no reater than 20 X 10-6 for - Band]O X 10-6 for - "
pahn F. Heroh, "A Close Look at 1111 elion Errors in Capacitanee ;',feasure·
ments," General RadilJ E.r.pcrime-nlfT t 3::1, 7. July, 195 .
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FREQUENCY FREQUENCY

precIsion calibration i available for all model at an extra charge
Ii ted below. A pia tic-enclo ed certificate of calibration i upplied,
giving corr ction to one more figure han th tabulated accuracy.
Calibration; The measur d values are obtained by compari on at 1 kc,
to a preci ion be ter than ± (0.01 % + OO1סס.0 pr), with workin
tandard who e ab olute value ar known to an accuracy typically
fO.Ol %, determined and maintained in term of reference tandards
periodically certified by he Xational Bureau of tandard.

Th indicated value of total capacitance of a two-terminal capaci­
tor i the capacitance add d when the TYPE 1422 Capa itor i plugged
into a TYPE 74-Q9 Adaptor. The uncertain y of thi method of con­
nection i approximately ±0.03 pLt
Resolution: The dial can easily be read and et to] /5 of a small divi ion.

The backl hiles than 1/5 mall div' ion. corre ponding to 0.004%
of fuIl- cale value. If he d ired set ing i alway approached in the
djrection of increasing cale reading, no error from thi cause will resul .
Temperature Coefficient: Approximately +20 ppm per de ree Centi­
grad, for mall temperature chang .
Residual Parameters: e tabl. The erie resi~tance vari a the
quare root of the frequency above 100 kc. It<! effect i negli ible

below tlli fr quency.
Frequency Characteristic; e plot above, for two-terminal models.
The re onance frequency for the - Band - C models i approxi­
mately 20 Mc; for the -CD model, 60 Me for each ction...

,
I

Accessories Supplied: Two TyPE 74-CL5 A Cable Connecto with
aU three-terminal m d I .
Accessories Available: TYPE 74-Q9 Adaptor.
Cabinet: Lab hench ( ee page 210).

Dimensions: Width 9.J4. height 7, depth ~ inches (245 by 180 by
220 mm), over-all.

Two-Terminal
Reads Capacitance Three-

RF Removed Terminal
TYPE \4.22 ·0 .N .MO -ME 'CB ·CC -CD

CAPACITANCE I Min 100 35 \00 0 0 0 0 SO 5 0.5 0.05
RANGE, pf; I Ma>. 1\50 115 1\50 1050 105 lOS 10.5 1\00 110 1\ 1.1

SCALE, pf/Divislon, 0.2 0.Q2 0.2 0.2 0.02 0.Q2 0.002 0.2 0.02 0.002 0.0002
ACCURACY; ± Picofarad, listed below or ± .03%, whichever is greater

Direct-Reading (Adjvstment),

Total Capacitance 0.6* 0.1 * 0.6* Differences from Zero 0.6 0.15 0.04 0.008
Capacitance Difference I \.2 0.2 I 1.2 I 0.2 0.2 0.05 1.2 0.3 0.08 0.016

With Corrections from Calibration Chart (supplied):

Total Capacilonce 0.3- 0.04- 0.3* 0.3 0.04 0.01 0.002
Capacilance Differencet 0.6 0.08 0.6 0.6 0.08 0.08 0.02 0.6 0.08 0.02 0.004

With Corrections from Precision Calibralion (extra charge);

Total Capacitance 0.1· 0.01* 0.1* 0.1 0.01 0.001 0.0002
Capacitance Difference t 0.2 0.02 0.2 0.2 0.02 0.02 0.004 0.2 0.02 0.002 0.0004

STABILITY, Capacitance change per year not greater than I scale division

RESIDUALS (typical vallie'):

Series Induclance, ILh 0.06 0.10 0.024 0.06 0.10 0.06 0.10 0.14 0.17 0.17 0.\7
Series Resistance, ohms at 1 Mc 0.02 0.03 0.008 0.02 0.03 0.02 0.03 0.1

high terminal to case
min scale 20 BSO 98 25
max scale 20 560 74 23

Terminal Capacitances, pf,
min scale 36 920 117 lIS

low terminal to case
mox scole 33 600 92 93

Capacilance at Zero Sca Ie Selling, pf, 1140 I 135 145 35
.. Tot.o.J capacitance is ,he. capttCitSJ1Ce added when th ea citor i lugged into a TVP$ 874-Q9 Adaptor. t Divide error by 2 when one Wng i. mad at a eaUb....t d point.pa p

Insulalion Resistance: nder tandard condition (23 I I than 50%
RH), greater than 1011 ohms.
Maximum Voltage, All model, 1000 volt, peak.
Terminals: ,Tack-top binding po are provided on 2-terminal models;
tandard %-inch pacing i u ed. The rot r terminal i connected to

the panel and hield. Locking TYPE 74 axial Connectors are u d
on three-terminal models.

Additional
Price JOT

Net IVe1:ght hipping Weight Code Precision
Type pormds kg pounds kg Numbm- Pria Calibrat ion..

1422-D Precision Capacitor 111/.1 5.1 19 9 1422-9704 $325.00 $ 90.00
1422-MD Precis·on Capacitor 11 5 19 9 1422-9854 325.00 90.00
1422-ME Precision Capacitor 10Y2 4.8 19 9 1422-9855 310.00 110.00
1422-N Precision Capacitor 10% 4.9 19 9 1422-9714 300.00 50.00
1422-C8 Precision Capacitor 10% 4.9 19 9 1422-9916 300.00 55.00
1422-CC Precision Capacitor 12V2 5.7 19 9 1422·9809 300.00 55.00
1422-CD Precision Capacitor 11 5 19 9 1422-9823 300.00 165.00

PATEl\T NOTI E, '00 NOle 4, page viii. ··Add "P" to typo number.
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~Type 1401 STANDARD AIR CAPACITOR (TWO-TERMINAL)

• Low 10 es.
• Convenient size.

USES: The Typ 1 01 tandard ir apacitors are accu­
rate and table two-terminal capacitor for laboratory u
as reference or working standards. Th y suppl ment th
TYPE 1409 erie of fixed mica capaci ors by providing
standard of lower loss and lower capacitanc .

DESCRIPTION: Th aluminum plate a emblies ar sup­
por d by a low-lo (96% quartz) mounting plate attached
to an aluminum ca tin . This ca in T, together with the
cylindrical aluminum case, provide a du t--fr e enclosure

and a complete shi ld. The low, or ground, terminal of the
capacitor i conn ct d to thi hi ld. Thr e upporting
rod are used for ach of th plat a mblie, nsuriug a
high degree of rigidity and tability, and all plat ,rods,
and pacers are aluminum, to minimize thermal tr ses.
Terminals are insulated by poly tyr n bu hin .

FEATURES:
• High accuracy and tability.
• Low tempera me co ffici nt.

SPECIFICATIONS

Dimensions: Diameter 3 1/16 inches (78 mm), height 4Ys inches
(125 mm), over-all.
Net Weight: 1% pounds (0.6 kg). Shipping Weight; 4 pounds (1.9 kg).
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uo.

10.0

Chonge (percent) in effec­
tive terminal capacitance,
with frequency, produced
by re,id uol ind uclonce.

Calibratian: A certificate of calibration is supplied with each unit
giving the measured capacitance at 1 kc and at a specified tempera­
ture. The mea ured capacitance i the capacitance added wben the
tandard i plugged directly into· General Radio binding posts. This

value i obtain d by comparison, to a precision better than ±0.01 %,
with working standard whose absolute value are known. to lt11

accuracy typically ±0.01 %, determined and maintained in terms
of reference standards periodically certified by .he rational BW'eau
of Standards.
Stability: apacitance change is less than 0.05% per year.
Residual Impedances: The series inductance of all uni is approxi­
mately 0.05 I-'h. ee plot.

The metallic resi tance of all units is approximately 0.027 ohm at
1 Me. The series resistance varies as the square root of frequency
above about 100 kc.
Temperature Coefficient of Capacitance: +20 ± 5 ppm per degree
Centigrade between 20 and 70 .
Terminals: TYPE 274 Plugs, spaced ~ inch on centers, to plug into
TYPE 93 Binding Po ts.
Mounting; Aluminum panel and cylindrical case.

Insertion Adjustment Dissipation
Type Capacitance Accuracy Peak Volts Faclhr Code Number Price

1401-A 100 pf 0.2% 1500 100 X 1O~ 1401-9701 $50.00
1401-8 200 pf 0.15% 1200 50 X 10~ 1401·9702 54.00
1401-C 500 pf 0.12% 900 20 X 10-6 1401-9703 57.00
1401-0 1000 pf 0.1% 700 a X 10-6 1401-9704 65.00

<®>Type 1403 STA DARD AIR CAPACITOR (THREE-TERMINAL)
USES: or mea urement at 100 pf and below, a thre -
erminal conn ction increases the accuracy by liminating

the uncertainty in the measurement introduced by the
capacitance between the capacitor terminal and ground.
The TYPE 1403 Standard Air Capacitor are table, three-
erminal tandards covering the same rang a the TYPE

1401 and extending downward to 0.001 pf.

DESCRIPTION: The three largest izes are similar in
construction to th TYPE 1401, but have shielded termi-

nals, both of which are insulated from th ca . Th mall r­
capacitance units are made up of two plates, with a
grounded plate betw nth m; an ap rture in the grounded
plate de ermines th m gnitude of the dir ct capa itance.
Dielectric losses are not det ctabl ; th l' i no solid di lec­
tric in the direct--capacitanc fi Id.

FEATURES:
• Pl'ovid tandard down to 0.001 pI.
• gligibl di lectric loss. • Low residual impedance.
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capacitances, C. and Cb.

Peak Volt;;

Calibration: A certificate of calibration is supplied with each unit
giving the measured capacitance a J ko and at a specified tempera­
ture. The measured value i the direct capacitance between shIelded
terminal when the capacitor has at lea t one lead completely hielded
and its case connected to a guard point. Thi value i ohtained .by
comparison, to a preci ion bett r than ± (0.01 % + 0.00001 pO, WIth
working tandards whose ab olute value are known to an accuracy
typically ±0.01 %, determined and maintained in terms of reference
tandards periodically certified by the I ational Bureau of tandard.

Stability: Capacitance chang is les than 0.05% per year.
Residual Impedances: equivalent circui and plot.
Temperature Coefficient 01 Direct Capacitance: +30 ± 10 ppm per
degree between 20 and 70 C.
Terminals: TYPE 74 Coaxial Connector, which provide complete
shielding of he leads.
Mounting: Aluminum panel and cylindrical case.
Accessories Supplied: Two TYPE 74-C5 A able Connectors.
Dimensions: Diameter 3 1/16 inches (78 nun), height 4Ys inches
(125 mm), over-all.
Net Weight: 1 pound (0.5 kg). Shipping Weight: 4 pounds (1.9 kg).

Nominal Adjustment
Type Capacitame Accuracy

SPECIFICATIONS

$80.00
65.00
55.00
45.00
45.00
45.00
45.00

Price

1403-9701
1403-9704
1403·9707
1403·9711
1403-9714
1403·9718
1403·9722

'2.0 ~1O­

~o 10-f;
~o 10­
2.0...,10­
'2.0 10­
'20 ..10­
20 0­
20.clO-1.

Two oaxial, locking, TYPE 74 Connec or are u ed as
terminal . The outer h LI of one i connected to h. a­
but the outer shell of th other is left unconnec ed to p rmit
the capacitor to be used with an external re i tor a a
dis ipation-factor standard.

FEATURES:
• Excellent stability - better than 20 parts per million

per year.
• Accurate adjustm nt - within ±5 parts per million

of nominal value.
• Low temperature coeffici nt.
• H rmetically ealed, with dry-nitl'og n dielectric.
• Inner caled con ain r a ilyadaptabl to oil immersion.
• Capacitance to ground I s than 50 pf from either

terminal.
• Can be easily used a a di ipation-factor standard.

Copacitance ta graund: Less than 50 pf from either terminal to ground.
Maximum Valtage: 750 volts peak.
Accessories Supplied: Two TYPE 74- 58A Cable Connectors.
Cabinet: ealed inner container mounted in outer lab-bench aluminum
case. Easily adaptable to oil immersion of inner ealed container.
Terminals: Two coaxial, locking TYPE 74; easily convertible to other
types of connecto by attachment of locking adaptors ( ee page 63).
Outer shell of one connector is ungrounded to permit capacitor to he
used with external resi tor a a dissipation-factor standard.
Dimensions: Width 6%:, height 6%. depth 8 inches (175 by 170 by
205 mm), over-all, including handle.
Net Weight: 8Yz pound (3.9 kg).
Shipping Weight: 12 pounds (5.5 kg).

Code NtL7nber

700
1500
1500
1500
1500
1500
1500
IS--oo

Capacitance: 1000 pf. Adjusted to within ±5 ppm of nominal value
at 23 C and 1000 cps.
Certificate: A certificate i upp]jed certifying that the capacitor was
adjusted at 23 C and 1000 cp by compari on, to a preci ion of ±5
parts per million, with tandards calibrated by the National Bureau
of tandards to an accuracy of ±50 parts per million.
Stability: Long-term drift is Ie s than 20 par per million per year.
Maximum change with orientation is 10 ppm, and is completely
reversible.
Temperature coefficient: +2 ± 2 PPOl.rC from -20 C to +65 C.
Temperature cycling: For temperature cycling over range from -20 C
to +65 C, hysteresis (retraceahle) is Ie than 20 ppm at 23 C.
Dissipatian Faclar: Less than 10-5 at 1 kc.

Type

1403-A 1000 pf 0.1 %
1403-0 100 pf 0.1%
1403-G 10 pf 0.1%
1403-K 1.0 pf 0.1%
1403-N 0.1 pf 0.1%
1403-R 0.01 pf 0.3%
1403-V 0.001 pf 1.0%

PATE~~.f'lTIC. eo ."d;"o46 ,ageviii. IO.~p

~Type 1404-A REFERENCE STANDARD CAPACITOR
USES: This capacitor has been designed a a primary
reference standard of capacitance with which working
standards can be compared. The TYPE 1615- Capacitance
Bridge (page 36) is particularly welI uited for this purpose
and can be conv niently us d to calibrate accurately a
wide rang of working tandards in terms of t.he TYPE
1404-A Referenc tandard Capaci or. This single 000­
picofarad tandard i al 0 the only tandard necessary 0
calibrate the bridg itself quickly and accurately.

DESCRIPTION: All critical parts of the plate a embly are
mad of lnvar for stability and low temp ratur co ffici nt.
After heat cycling and adjustment the a mbly i mounted
in a heavy brass container which, after evacuation, is filled
with dry nitroO'en under pressur lightly above atmos­
pheric, and sealed. The container i mounted on an alu­
minum panel and placed in an ou r aluminum ca .

1404-A Reference Standard Capacitor
PATE T OTICE. s... 000 4. page viii.

1404-9701 $225.00
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~Type 1409 STANDARD CAPACITOR

SES: The TYPE 1409 andard apacitor arc fixed
mica capacitor of v ry hi h a cura y and tability for u
a two- or thr -t rminal r f ren e r working tandard in
,he laborator .

A group of the apacitor ob erv d ov I' mol' than
flv year, h v hown random fluctuation of I than
±0.01 <1£ in maul' d capacitance with no vid nee of
sy mati drift.

other withou th u

on i t of a ilvered­
vy m tal lamping

• table within ±0.0l<1£ p r year.
• alibrat,ed for both two-terminal and three-terminal connection.
• lu -in terminal permit veral unit to be tack d one upon th

of I ad and without eurnula ive error.

FEATURES:

DESCRIPTIO : The' capacitor unit
mi a and foil pile pring-held in a h

SPECIFIC TI 0 N 5

Accuracy af Adjustment: Within ±0.05% of the nominal capaoitance
value ( wo-terminal) marked on the ca e.
Calibra/ian: A certificate of calibration i supplied with each unit,
giving h th 11"0- and thre -t rminal mea ured capacitance. a 1 kc
and at a'p ified temperature. The mea ur d valu i the capacitance
added when th tandard i plugged directly in 0 General Radio bind­
ing posts. Tllis value i obtained by com pari on, to a precision better
than ±0.01 %, with working standard who e ab olut values are
known to an accuracy typically ±O.OJ %, determined and main­
tained in term of reference tandard periodically certified by the
~ational Bureau of tandards.
Stabillly: Capacitance chang is Ie s than 0.01 % per ear.
Temperalure Coefficient of Capacitance: +35 ± 10 ppm per degree

entigrad b tween 10 and 70 .
Dissipation Factor: L than 0.0003 at 1 kc and 23 ( ee curv ).
Measured dissipation factor at 1000 cp i al 0 given in the certificate
to an accuracy of ±0.OOOO5.
Frequency Characteristics: ee typical curve on page 153. nlu of
serie inductanc and eries re istance at 1 Mc are given in the table.
Thi re i tance varies a the quare root of the frequency for frequen­
oies above 100 kc.

Terminal Capacitance: The capacitance from th IT terminal to he
en e (G) i' of the order of 12-50 pf.

The ca,pacitance from the L terminal (outside foil of capacitor)
to th en e i. of th order of 300-1300 pf.

Leakage Resistance: 5000 ohm-farads or 100,000 megohm, whichever
is the I '1'.

Maximum Voltage: 500 volt peak at frequencie below the limiting
frequencies tabulated below. At high frequ nci the allowable volt­
age decren and i inversely proportional to the frequency, approxi­
mately. Th e Iimi correspond to a temperature rise of 40 degree
C ntigrade for power di 'ipation,' of 5, 6, and 7.5 wat for the small,
medium, and large ca es, r pectively.

Terminals: 1\\'0 in ulated jack-top terminals, plus jaCk-top terminal
and ground trap. Removable plug cr w into the terminal bottoms.

Moun/ing: ast aluminum case with rubber feet.

Dimensions: mall case, 37.( by 4 by 2 inches (85 by 105 b 50 nun);
medium case, 3U by 4 by 2 11/16 inclle (85 by 105 by 70 mm)j
large case, 3U by 5% by 2 11/16 inches (85 by 145 by 70 mm)
over-all.

Nominal
Capaci- Maximum Frequency eries Resistance
lana Peak Limit for ]nduclance in Ohms el hipping

Type III Vol18 Max Valls ",h at I Me Weight lVeight Code Number Price
1409.F 0.001 500 4.7 Me 0.050 0.02 1!4 Ib (0.6 kg) 3 lb (1.4 kg) 1409-9706 $ 32.00
1409.G 0.002 500 2.7 Me 0.050 0.02 1!4 Ib (0.6 kg) 3 Ib (1.4 kg1 1409·9707 32.00
1409·K 0.005 500 1.3 Me 0.050 0.02 1 !4 Ib (0.6 kg) 3 Ib 11.4 kg} 1409·9711 34.00
1409·l 0.01 500 750 ke 0.050 0.02 1 1,4 Ib (0.6 kg) 3 Ib (1.4 kg1 1409·9712 34.00
1409.M 0.02 500 430 ke 0.050 0.02 1 !4 Ib (0.6 kg) 3 lb (1.4 kg) 1409·9713 36.00
1409·R 0.05 500 210 ke 0.055 0.02 1!4 Ib (0.6 kg) 3 Ib (1.4 kg) 1409·9718 39.00
1409·T 0.1 500 120 ke 0.055 0.02 1 !4 Ib (0.6 kg) 3 Ib (1.4 kg) 1409·9720 42.00
1409·U 0.2 500 70 kc 0.055 0.02 1 !4 Ib (0.6 kg) 3 Ib (1.4 kg) 1409·9721 55.00

1409·X· 0.5 500 35 kc 0.055 0.02 1 'A Ib (0.8 kg) 4 Ib (1.9 kg) 1409·9724 105.00
1409·yt 1.0 500 17 ke 0.070 0.03 2V2 lb (1.1 kg) 4 Ib (1.9 kg) 1409·9725 175.00
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~Type 50S CAPACI OR

• mall, convenient, table, and accurate.
• l..ow-Io ph nolic c to r du e dielectric loss and leakage conductanc
• Low temperatur co ffi i nt of capacitance.

FEATURES:

USES: The TYPE 50- apacit l' arc table, low-Io s
mica apacitor for u a high-quaHty circuit elem nt
and a condary tandard \Vb r tb higher accuracy,
compl t hielding, lower 10 , and ta king connection
of tb TYPE 1409 Capacitor ar not required.

DESCRIPTION: Th TYPE 505 unit u e. the ame ilv r d­
mic and foil pil u d in the TyPE 1409 and ha almo t
equally higb ability. Each unit i cal d witb wax in a
low-Io ph noli ca e. ilicu g I i i.ncluded for onLinuou
de iccation and granulated poly th lene i pr id d to

b rb bock.

SPECIFICATIONS

Accuracy: At 1 kc, ±0.5% or ±3 pf, whichever i the lar er.
Temperature Coefficient: Approximately +35 ppm per degree Centi­
grade between 10 and 50 C. Calibration i made at 23 C, at a fre­
quency of 1 kc.
Dissipation Factor: 0.0003 for 1000 pf and higher; 500 pf, 0.00035;
200 pC, 0.0004; 100 pf, 0.0006.
Frequency Characteristics: imilar to tho e for TYPE 1409, ri induct­
ance i approximately 0.055 ph for units in mall ca e and 0.0 5 iih
for large ca e. ries l' j tance at 1 Me i approximately 0.03 ohm
for mall ca e and 0.05 ohm for large case, varying as square root of
frequency above 100 kc.
leokage Resistance: Greater than 100,000 megohms, when measured
at 500 volt, except for the TYl'ES 505-T, 505- ,and 505-X, for
which it i greater than 50,000, 25,000, and 10,000 megohms, r pec­
tively.
Maximum Voltage: ee table. At higher frequenci the aUowable
voltag decreases and j illver 'ely proportional to the quare root of
the frequency. Th e limits correspond to a temperature ri e of

2 MTG· HOLES
NO. 16 DRILL IN...............
SMALL CASE

2 MTG. HOLES
NO.18 DRILL
IN LARGE CASE

40 degree entigrade for a po'-.,'er di ipation of 1 watt for the smaU
case and 2.5 \Vat for the lar e case.
Terminals: Two cr wterminals paced % inch apart, with two remov­
able plu bottoms, TYPE 274-P, High terminal (in 'ide foil) i marked B.

Dimensions: ee ketch; dimension hown are in inch . Over-aU
hei 'ht, 1% inche for large case, 1 inch for mall c e, exclusive of
plug. To convert inch 'to mm, multiply hy 25.4.

"'001------l-----+----I--7-- __y-(Lefl) Change in capacitance as a function of fre­
quency for typical Type 1409 Capacitors. The l·kc
value On the plot should be used as a basis of refer­
ence in estimating frequency errOrs. (Right) Dissipation

factor as a function of frequency.

1.oI---l--f---+-+I--I-I-hf-+----j
~

~Iu

.. ,---------,-----,----,----.--.--r.,..........,...,---,

Capacitance
M-aximum Frequency Limit

Shipping Weight Code NUIlWerType Peak Volts For Max Volts Net Height PrU;e

505-A 100 pf 700 10 Me 40z(115 g) 8 oz (230 g) 0505-9701 $10.00
505-8 200 pf 700 6 Me 40z(115g) 8 oz (230 g) 0505-9702 7.50
505-E 500 pf 500 4 Me 4 oz (115 g) 8 oz (230 g) 0505-9705 7.50
SOS-F 0.001 /.If 500 2.3 Me 4 oz (115 g) 8 oz (230 g) 0505-9706 7.50
505-G 0.002/.1f 500 1.3 Me 5 oz (145 g) 8 oz (230 g) 0505-9707 7.50
S05-K 0.005/.1f 500 630 ke 50z(145g) 80% (230 g) 0505-9711 7.50
SOS-L 0.01 /.If 500 360 ke 50% (145 g) 80% (230 g) 0505-9712 9.00
505-M 0.02/.1f 500 210 ke 60% (170 g) 80% (230 g) 0505-9713 11.50

*50S-R 0.05/.1f 500 100 ke 110% (315 g) 1 Ib (0.5 kg) 0505-9718 15.50
*505-T 0.1 /.If 500 50 ke 120% (340 g) 1 Ib (0.5 kg) 0505-9720 22.00
*505-U 0.2 Jlf 500 20 ke 130% (370 g) 1 Ib (0.5 kg) 0505-9721 3S.oo
*SOS-X 0.5 Jlf 500 10 ke 150% (425 g) 1 '.4 Ib (0.6 kg) 0505·9724 7S.OO

II l\IQuntM in larp:e case.
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~Type 1423-A PRECISION DECADE CAPACITO
(/) W
c.:: 0

8 ~o 0
-<
Q.

-<
U

USES: y value of capacitanc be ween 100 pf and 1.111
!Jf, in t p of 100 pf, can be t on the four decade and will
be known to an accuracy of 0.05~. Thu a bridge can b
tandardized quickly to an accur cy that could be exce ded

only by he use of individually crrtified lab ratory tand­
al'd of the highest available quali y uch as the TYPE
14Q4-A Reference tandal'd Capacitor.

In onjunc ion with a limit bridge uch as the TYl'E
1605- Impedance Comparator, pI' duction-lin m a nr ­
m nt of arbitrary valu of capacitance (uch a ETA
pI' frred value) can be mad rapidly and accurately, with
a minimum of e up tim .

ESCRIPTION: This i a doubly hi ld d decade capacitor
con i ting of four decade of high-qualit ilvered-mica
capacitor. The two complete hields mak th apacitan

at th t rminal th sam for either the two-t rminal or
th thre -t rminal m thod of conn ction, except for the
xternal binding-po t apacitance of about 1 pf added by

the two-terminal connection. Thi ext rnal ap itance
can included in tbf' two-t rminal calibrati n by the
adju tmen of a single trimm r.

Th tenninaJ cap citancc value ar adju ted pI' ci ly
to nominal valu by indep nd nt m an and can ub e­
qu ntly be rf'adju ted at calibration interval J if n ce -

ry, witbout di turb n f th main capa·i r.

FEATURES:
• Direct-reading accuracy ±0.05%.
• Long-term tabili y ±0.01% per year.
• Ea ily readjust d in term of reference tandard
• c urate for either wo- or thre -terminal use.

SPECIFICATIONS

Priu

695.00

$695.001423-9801

1423-9811

(Jode Number

Precisian Decade Capacitor,
Bench Model

Precision Decade Capacilor,
Relay-Rack Model

1423.AR

1423.AM

In.ulotlon Resistance: Greater than 50,000 megohms to 0.1 Ikf lind
greater than 5000 megohms from 0.1 ~ to l.1l1 Ill.
Maximum Voltage: SOO volts peak, up to 10 kc.
Accessories Supplied: Two TYPE 74-Q9 daptors.
Cabinet: Rack bench; rack model upplied without metal supports
( page 210).
Dimensions: Bench model- l\idth 19J heigh 7!-i, depth 10 1'2 inohe
(4 by 1 by 270 mm), over-a.ll; raCk model- panel 19 by 7 inches
(485 by 180 mrn), depth hehind panel8~ inches (220 mm).
Net Weight: 26 pounds (11.8 kg).
Shipping Weight: 32 pound (14.5 kg).

Type

Nominal Values: 100 pf to 1.111 /olf in step of 100 pL
Accuracy of Adjustment: ±0.05% at 1 kc, calibrated in the thre ­
terminal onnection. Two-terminal connection (made by inserting
the capacitor into TYPE 874-Q9 Adaptor) add about 1.3 pf t.o reading.
Certificate: A certificate i supplied c rtiIying that each component
capacitor was lI.dju ted by comparison, to a preci ion better than
±0.01 %, ",ith l\'or;king_ standardE wh ab olute valu are known
to an accuracy typically ±0.01 %, determined and maintained in
term of reference standard periodically certified by the Nati nal
Bureau of tandards.
Frequency: Adjusted at 1 kc. Th behavior of each individual capaci­
tor is similar to that of a TYPE 505 Capacitor.
Oinlpation Factor: TO greater han 0.001, 0.0005, and 0.0003 for
capacitances of 100 pf to 1000 pf, 1100 pf to 2000 pf, and 2100 pf to
1.1110 /olf, r peotively.
Temperature Coefficient of Capacitance: Approximately +35 ppm per
degree Centigrade between 10 and 50 C.

ILeft) Change in capacitance as a function af frequency. The.e changes are
referred to the Yo lues which the capacitors would haye If there were neither
interfacial polarization nor series inductance. The l-kc yolue on the plot
should be used as a bosis of reference in estimating frequency errOrs.

(Righi) Dissipation faclor as a function of frequency.

~Type 1424-A STANDARD POLYSTYRENE DECADE CAPACITOR

., .
J"'- ...JION S

Residual en indu tance and I' i tanc have b en
minimized by the u of curren - h eondu tor , ribbon
I ads, and multiple witch contact .

Leakage resi tance i v ry high, corre ponding t a time
on taut of 12 day ,and a di charg po ition is provid don

th switch to minimize the dang I' of clec rical ho k to
th operator. To avoid da.mag to the capacitor, charging
urrent i also limited by h witching atrang m nt.

FEATURES:
• High ae ura y.
• Low series re idual

SPECIFIC

USES; Thi singl -d cad capaci or extend to 10 !Jf the
rang of G neral Radio' a urat d cade tandard of
capa itan e. It, provide ten individual tandard, one at
each integral microfarad value from 1 to 10.

DESCRIPTION: Twent pol tyr ne capacitors are a-
embl d to giv t n l-,u.f unit. The 0.1' hou d in tw

berm tically aled Don-f rrou mtal co. wi h TeAon­
in ulat d high t rroinal ,th ca e bing th mmun
(LOW) erminal. The alumioum outer cabinet and panel
are in ulat d froUl both capacitor tl'rminal I tha ither
two- or thr e-termina onnections can be used.

Nominal Value: 0 to 10 microfarad ,in tep of 1 microfarad.
Accuracy of Adjustment: ±0.2S% at 1 kc.
Certificate: A certificate is supplied giving measured valu obtained
by compari on, to a preci~ion better than ±0.01 %, with working
standards who e ab olute values are known to an accuracy typically
±O.OS%, determined and maintained in term of reference standards
periodically certified by he" T tional Bureau of tandard.
Stability: Capacitance change i not greater than ±O.OS% per year.
Frequency: alibrated at 1 kc. Variation down to 60 cps is typically
less than +0.02%. At higber fr quenci ., terminal capllcitance ri
a resonant frequency is approached (see curves).
Voltage Recovery: Leo. than 0.1 % ( ee page 157).

Dissipation Faelar: Less than 0.0002 at 1 kc. (See curve .)
Temperature Coefficient: Approximately -140 ppm per degree
Insulation Resistance: pproximately one million ohm-fa.rad .
Maximum Voltage: 500 vol peak, up to 10 kc.
Tenninals: Ja.ck-top binding po tsj ground terminal provided.
Cabinet: Lab bench (see page 210).
Dlmen.lons: Width 9~, height 7%, depth inches (245 by 195 by 205
mm) over-all.
Net Weight, 16~ pound (7.5 kg).
Shipping Weight: 24 pounds (11 kg).
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Type 14204·M

Type 1423·A

~Type 1424-M DECADE CAPACITOR
Too capacitor i a I-mi rofarad-per- tep decade which V~ltage.Recovery: L than 5% (e page 157).

ha Ie rigoroll performanc p cification than the TYPE DISsipation Factor: ~. than 0.905 at 1 kc.. . d' Temperoture Coeff,c'ent: Approxunately +1 ppm per degree C.
1424-A and a corr pondmgly I w r pnc . eale fOIl-paper Maximum Operating Temperature: 90 .
capacitor of nonindllctivc x nd d-foil con. truction aT Insulation Resistonce: Great r than 10,000 ohm-farad.
used with a vi ou impr nan to impr ve stability. Maximum Voltage: 5~ v?lt peak, up to 2 kc. . .

Terminals: .Tack-top bmdmg po ; ground termmal proVided,
S P E C I F I CAT ION S Cabinet: Lab bench (. ee page 210).

Dimensions: Width 9)12, heigh 6, depth inches (245 by 150 by
Nominol Value: 0 to 10 microfarad, in tep of 1 microfarad. 205 mm), over-all.
Accuracy of Adjustment: ±1% at 1 kc. Net Weight: 7U pound (3.5 kg). Shipping Weight: 24 pounds (11 kg).
Stability: apacitance change i not greater than ±0.35% per year. Code umber Price
F;equency: Adj t d at 1 kc. Variation down to 60 cp i typically _---:T~y!.!.p:.:e_ _+---------_t..=..;;.;;.;...::..c..:c..c..::.:..::.:...+_---'--:.:.:..-
1 than +0.7%. At higher frequencies, terminal capacitance rises 1424·A Standard Palystyrene Dec·
as resonant frequency, I., i approached. The increa e is AC/C= ode Capacitor 1424·9701 $325.00
U/I.)e, and I. vari from about 570 kc at I /oIf to 240 kc at 10 /oil. 1424.M Decade Capacitor 1424·9713 195.00

~Type 1429-A FUEL-GAGE TESTER
USES: Th TYPE 1429- Fuel-Gag Tester meet the mica, fix d capacitor, on having five steps of 200 pf, the
n ed for an a curate device for te ting and calibrating oth r five tep of 1000 pf.
modern capacitanc -type fu I-gag y terns in both re ipro- External conne tion are made through key d coaxial
cating-engine and jet-engine plan . connector. able and adaptor a l' quired by specifica-
DESCRIPTION: This tester fulfills th same function as tion HL-T- 579 ( F) are upplied.
th military MD-l Te tel', bu ba maller dim n ion and FEATURES:
lower weight. It contain two 3-t rminal, 2oo-pf liC air + Protect d from moi tur and vibration.
capacitor, one to imulat the jet fuel comp n ator the + High pI' ci ion of etting. + High accuracy.
other (with fixed capacitor) the main n ing capacitor + Low temp rature coefficient of capacitanc .
of the fuel gage. + Low di 1 ctri 10 e.

The main capacitor i ext nd d in valu to 6200 pf by • Fulfill ftmction and environmental requirem nts of
wo sets of switch d, sold 1'- aled, pI' ci ion, ilver d- military MD-l Tester.

SPECIFICATIONS
Capacitance Range: ain capacitor variable linearly from 20 to Dimensions: Width 1771!, height 1071!, depth 10)12 inches (445 by 270
220 pf, thence by switched teps of 200 pf to 6220 pf. Compensating by 270 rom), over-all.
capacitor variable linearly from 10 to 210 pf. Net Weight: 2 ~ pounds (13 kg). Shipping Weight: 35 pounds (16 kg).
Accuracy: ain air capacitor within ±0.5% or ±0.75 pf, which ver
i greater. Compensating air capacitor within ± 1.5% or ±0.5 pf, Type Code umber Price
whichever is greater. witched capacitor within ±0.5%. 1429-A Fuel-Gage Tester 1429-9701 $975.00
Correction Chart: A correction chart, laminated between pia. tic sheets
for protection, is supplied. When its correction are applied, the
capacitance is correct at 400 cp to ±0.1 % or ±0.15 pC, whichever
i greater.
MalCimum Voltage: 500 volts peak.
Dielectric Supports: Plates of low-lo teatite upport the tator
assembly, gl -bonded-mica wa hers the rotor.
Dielectric Lasses: Almost ne ligible for the air capacitors. D not over
0.001 for the witched silvered-mica capacitor.
Temperature Coefficient of Capacitance: or mall temperature chang ,
approximately +0.002% per degree Centigrade for air, and +0.0035%
for mica capacitors.
Backlash: Less than one-third divi ion (out of 2000), corresponding to
0.02% of full-scale value. If the desired setting is always approached
in the direction of increa ing scale reading, no error from this cause
will result.
Terminals: Three special, keyed, coaxial connectors, the center one of
which is connected to both rotor .
Cabinet: All capacitors and a renewable desiccant cartridge are
mounted on an aluminum panel and enclosed in a moi ture- ealed
aluminum cabinet. The latter is hock-mounted in an aluminum
tran it case with a compartment to hold nine connecting cables and
three tee adaptors.
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• Poly tyrcne decade have high in ulation re . t nc low di lectric absorption, and low
10 ,

• 11ica decad anl.ilabl wi h 0.5% accuracy, low temperatur coefficient, and higher per­
mi ible operating t mperature than poly tyrene mod 1 .

• Three-terminal construction provided on all decade .

FEATURES:

~ Type 1419 DECADE CAPACITORS
Type 980 DECADE CAPACITOR UNITSIJ') W

c.:: 0
o j
~ Wo 0
<c.
<
U

The tape u ed for the di lectric i specially prepared of
purified high-mol cular-weight poly tyr n , having very
high re i tance and fr edom from in rfacial polarization.
.Moisture aling with T flon f d- hrough in ulntor as-
ures high performance yen und r adv rse humidity

conditions.

ilvered-Mica Decades (Types 980-F, G, H, and Type
1419-K).

Th individual capacitors ar General Radio TYPE 505
npacitor (page 153), which are a mbl d from elected

he ts of silver d mica. The unit ar accurate and table,
with low 10 and low temperatur coefficient,

Molded nits (Types 9 O-M, . used in Type 1419-M).
The molded, ilv red-mica units are EIA Characteris­

tic- ype, offering xceUent performanc at low co t, for
those appli ation wh r dis ipation factor and stability
are not critical.

ooi-----,,b-----±'''-F-RE-:an:,I,,-NC-y---,-ok----!:,----;;/- ""'"':l.-----.l..---4-....---.C\£HC\'&.-----.lI..--;\,----.l.

Polystyrene Decades (Types 980-A, B, C D, and Types
1419- and B).

The individual capacitor units are designed to be e sen­
tially non-inducti e and ar heat- tabilized, so that their
long-time tability approach tha of the best ilv red­
mica capacitor .

The capacitor are wound in pool form from continuou
interleav d tape of poly tyrene and metal foil, th n flat­
tened in heat tr atment. The foil projecting at each end
cf th roll are solder d tog ther to minimize inductance
and series resistance.

USES; General adio decade capacitors have a multiplici­
ty of u s in the electronic laboratory a ircui 1 m nt
in resonant circuit, bridges, filter, 0 cilJator , analyz r ,
equalizer and other network. They are ava.ilabl muJti­
decade unit in meld d cabinet (TYPE 1419) for xperi­
mental laboratory u and a ingl d cade (TYPE 9 0)
for building into other equipment. D cade ar availabl
in thr different dielectric materials: paper for u wher
di ipation factor i not critical; ilver d mica, for bett r
dissipation factor and use in higher ambien mperatur;
and poly tyrene, for application requiring v ry low diel c­
tric absorption and con tancy of both capacitance and
dissipation factor with frequency.
DESCRIPTIO: ch d cad con' t of four capacitor
of magnitud in th ratio of 1, 2, 2, 5. Th 'witch I ct
parallel combination to gi e all integr I value betw en
1 and 10. Terminal are provided for both two-t rminal
and till - rminal connection on all d cade and decade
boxes.

The witch, which i d 'gned for low capacitance and
low 10 " rigidly con tructed and includ d tent
m chani m for po itiv 10 ation of po ition. Th witch
di I ctric,includingtheshaft,i h at-r i taut,cro -link d,
modified poly tyr n . Contact are mad by heavily ilver­
plated cams riding on tinned pho phor-bronze prings.

Unit ar furni hed compl t with knob, photo-etched
dial plate and switch top .
Pap r Dielectric nit (Type 9 0-£; used in Type 1419- M).

The units ar highly tabl, al d, fir crack r- haped,
foil-and-paper capacitor, with a viscous impregnant.

(Left) Typical plot of change in capacitance at maximum
seiling of each decode a. a function of frequency. The
capacitance curves are referred to the value the capaci­
tor would have if there were no Interfacial polarization
and no .erie. Inductance. Since the capacitors are ad- ..
iusted to their rated accuracy at 1 kc. the 1-kc value on <1""'_ .... __

the plot. should be u.ed a. a basis of reference iii esti- "',........ol!IL,~:==.-.-::::=rl--+--/-l-tL-+--j
mating the frequency error. (Right) Typical plot of dissi-

pation factor o. 0 function of frequency.
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SPECIFICATIONS

ilvered ,J"fica - ilvered Mica
Dielectric Polystyrene OR Type 50.5 Paper (Jfolded)

TYPE 980·A 980-B 980·C 980·D 980-F 980·G 980·H 980·l 980·M 980·N

Mo ximum Copocltonce (..fl 1.0 0.1 0.01 0.001 \.0 0.1 0.01 1.0 0.1 0.01

Capacitonce per Step {",fl 0.1 0.01 0.001 0.0001 0.1 0.01 0.001 0.1 0.01 0.001... 2-terminol Approximately 11 pfo u
VIC connection0
o~ 3.terminal.. " 5 pfII 0

connectionN 0.

2-terminol ±1% ±(l% ±0.5% ±1.5% ±1%
~>-

connectlan~ +2 pf)u
l! 3.terminal ±1% ±1% ±1.5% +1% ±0.5% ±0.5% ±1% ±1.5% ±1% ±1%:I
U connection -(2%u
-< +4 pf)

Dlssipotlon Factor <0.0002 <0.0003 <0.005 <0.001

Insulation Resistance at 100 v, 25 C, lO'~ 5 X 109 25 X 109 25 X 109 10tO 109 109
50% RH (ohms)

Temperature Coefficient of Capocltance - 140 nominal +35±10
+180 EIA

ppmjO C nominal Characteristic C

Maximum Operating Voltage~ (DC or peak) 500 500 500 500

Frequency limit for Maximum Valtage~ 35 kc 125 kc 800 kc 5 Me 10 kc 100 kc 600 kc 1 kc 50 kc 400 kc

Frequency Characteristic See Curves
Maximum Operating Temperature (C) 65 90 90 90

Dielectric Absorption See Voltag e Recovery
Valtoge Recovery' <0.1% <3% <5%
Terminals Bu, wire Fie xlble leads
Mounting Hardware Machine screws are furnished
Width, height. depth behind panel- inches 3%.30/8 2%, 3'1., 3V. H',4\4. 4 \4,4, 3%.3%, 2'1.<,3 \4, 3V2

(multiply by 25.4 for mm) 3Ve 4V. 4V. 4V.

Net Weight 2 V. Ib (1 kg)
33/.4 lb 21b 1% Ib 1% Ib 1 V2 lb 1 V2 Ib

(1.7 kg) (0.9 kg) (0.8 kg) (0.8 kg) (OJ kg) (0.7 kg)

Shipping weight 4 tb (1.9 kg) 61b 4 Ib 4 lb 4 lb 41b 4 Ib
(2.8 kg) (1.9 kg) (1.9 kg) (1.9 kg) (1.9 kg) (1.9 kg)

Code Number
0980- 0980- 0980- 0980- 0980- 0980- 0980- 0980- 0980- 0980-
9701 9702 9703 9704 9706 9707 9708 9712 9713 9714

Price $66.00 $51.00 $57.00 $57.00 $180.00 $65.00 $50.00 $45.00 $50.00 $34.00

TYPE 1419·A I
NUMBER 1419·8 1419·K 1419-M

Type 980 Decades Used A I B I C I 0 F I G I H l M N
Capacitance per Step (/,f) 0.01 .~ 0.01 0.001 I 0.0001 0.1 I 0.01 I 0.001 0.1 0.01 0.001
Dielectric - Poly,tyrene Mica Paper Mica Mlco

1.110
Ma xlmum Capocltance of Box (/,f) I 1.1110

1.110 1.110

... 37
o " 2-termlnal I 50 41 35uc_
oS ....

15"'u"'!!
.. 0 3·termlnal I 13 16No. 20
Frequency Similar to tha,e for the Type 980 Decode Capacitance Units, modified by the additional Inductance

Characteristic and resistance at the box terminals and wiring.

DC Cap/l-kc Cop < 1.001 Typically 1.03
Terminals Three Type 938 Binding Posts with g,aundlng link

Cabinet lab bench (see page 210)
13 by 4~ by 5 Inches IOver·all Dimensions

(330 by 110 by 130 mml 14 Ve by 5 V2 by 6 Inches 14 V. by 5 V2 by 6 Inches
16~ by 4~. by 5 Inches (359 by 140 by 153 mm) (359 by 140 by 153 mm)
(41S by 110 by 130 mml

Net Weight 80/8 Ib (3.8 kg) 10 V2 Ib (4.8 kgl 11 \4 Ib (5.1 kg) 6 \4 lb (2.9 kg)
Shipping weight 10 Ib (4.6 kg) 11 Ib (5 kg) 12 Ib 15.5 kg) 7 Ib (3.2 kg)
Code Number 1419-9701 1419·9702 1419-9711 1419-9713

Price $205.00 $262.00 $330.00 $156.00

I apacitance increments from I,.ero poiition are within this percentage of the indicated \ralue for any setting at 1 ke.
f Uni18 are cheeked with switch mechsni@lm high, eleetricolly. and the COmmon 1 ad and case p;rounded.
• At freqaencies abo" tbe indicated maxima",. lbe allowable voltage decreases and is (approximately) in"ereel)' proportional a frequency. These limit correspond to a

temperature 01 40 C.
• Fin I ";j, of original charging voltage after a chargin~ period of one hour alld a la-second dlecharge through .. ,eslstance C<luallO one ohm per "01101 cbarging.

ate: Decade Resistors and Decade Inductors are described on pages 160 and 166, respectively.
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RESISTORS

B call of its accuracy of adju tment, long-t rm ability, low­
and uniform-temPf'rature roeffirient, and r Intive immunity to ambi­
ent humidity rondition ,thc wire-w und re i tor i th mo uitable
typ for u a a lahoratory tandard at audio and I w radio frequ n­
eil'S, a well all at dc, In the r i tanee rang from a fraction of an
ohm to about one megohm, such resistors h ve been developed to a
high state of refinement through improvements in d 'gn and mil.nu-
fact,uring hniqu,

Resistors d signed for ac u diff r from tho int nd d for use
onh' at dir t cure nt in that I w ri rea Mnce and con tan y of
resf5tan a frequ ncy is varied ar important d ign 0 j ctives.
Inevitably, resistor have r idual capacitan e and inductance It ci­
ated with th m, which become increasingly important a the fre­
quency is rai d, acting to change h terminal resi tance from its
low-fr quency value.

For frequenci s where the resistance and its associated fe idu I
r actanr b hav as lump d param ~ th qllivalent circuit of a
re' or can be r pr nted as shown in l'igure 1. Th inductance, L,
is be equivalent inductan e in series with th resistanoe, while the
capacitance, C, is the equivalent capacitanc aero the terminals
of the resistor.

It is necessary to differ ntiate clearly b tween the con epts of
quivalcnt ries and quival nt paralJ I circuit. Th two- erminal

circuit of Figur 1 can b de cribed as an impedance R. + j , or as

an admittanc G + jB = ~ +.i wh r in the param t r8 ar a

function of frequ ney. Thi Pdist{~ction betw en rie and parallel
components is more than a math rna ical exer i-the use to which
the resistor is to be put will fr quently determine whi h component is
of priDcipal intere .

The e:l.-pr ~ion for the elle tiv serie impedance (Z) is:

Figure 3. Equivalent circuit
af a resistance decade,
showing location and nature

of residual impedances.

c ~~--------l

AT6R I

c~ I
I I
I I
1 I

c•.,... I
I Io---l- .J

Figure A. Equivalent
wye and delta net·
works for a resistor
with capacitonce to

shield.

These wire-wound re . tors exhibi a negligible fr quency error in
r . ance up to about 500 kc for valu up to 500 ohms and only
moderat errors at 1 c.

In decade boxes, the re idual impedanc of th wi ch ""iring,
and cabinet ar added to th of th resistors themselves. The
quivalent circuit i th n that of Figure 3, which represents a single

TYPE 510 d cad . For multi'ple-decade boxes, the rie inductances
are additive, but the capacitance is approximat ly hat acr the
high t valued d cad u d (se specifi 'ations for ach type).

Th !fect of the residual react nce d p nds gr tty upon th way
the resistor is connected in the circuit. For XIlrnpl, I?arallel capad­
tan e can of n b comp nsated for wh n the reBi or IS connected in
parallel witb a capacitor. For higb-valll d r istor, th upper fr ­
quency limit for a giv n tror is 80m ten times higher in the effective
parall I resi tan e than it is for the seriesonnection.

G neral Radio d cade boxes hav a parate terminal for the case.
With a three-terminal connection, th apacitanc i r duced b cau
capacitanc from the resistor terminals to the c.use (0. and b in
Filnlre 3) are guarded and do no bun the resistance. Moreov r,
this direct impedance will often appear lightly indu tiv due to
di tributed capacitance along he resistor to the case, as explained
by the wye-delta tran"formation of Figure 4.

The resistan e material for rno t G n ral Radio units is
vanohm, an alloy \vith excellent stabili y, very low and const.aDt

temperature coefficient, low tb rmal emf witb copp r, Rnd high
ten ill' .trength. It is rehtively in nsitive to humidity and strain.
F r reSIStance unit of Ie thnn 5 ohms, the older, well-lmown
mllng nin alloy i u decal its low r re istivity allows wire
dimensions which are easier to work with and to adjust.

(where D is the di iplltion factor of the di tributed ('-8.pacitanee)
which d crease \\ith frequ nc)' and cau the effective parallel
r istan to decrease rapidly beyond a ('ertain fr qu ncy. In addi­
tion, distributed capacitan e IIlong the \Iinding ('Ruses a imilar
rapid decrea e in re . tanc even if it dielectric los is negligible.
The equation ahov indicate that the effedive rie r si ance of
low-valued resistof8 would be ind p nll nt of fr quen'Y up to quite
high fr quenci . In practice, if th r idual inductance nd capaci­
tance Ilre kep mall, kin e!fert he omes the main cause for departure
from the low-fr qu ncy value of the re i tor.

General Radio \\ire--wound r istanc I ments arc d signed to
minimize indudane in low-r istance values and to O1inimiz capaci­
tan for high vnlue of resistane . All \lnit up through 200 ohm
utiliz an Ayrton-Perry winding, in which each resistor consists of two
windings in oppo ite dir ction , su h that their magn ti fields are
oppo d and largely cancel. For v<'ry low-valued unit, he r idual
inductance of uch n winding is of th ord r of 1q of that of a corre­
sponding ingle winding.

El m nt having 5OO-ohm resistance or higher ar Ilnifilnr-wound
on flat r etan ular" nrd ," and have inherently Ie indu ·tanc than
so-called "noninductive" spool-wound typ h cau8l' of th low
cr ss-s ctioillll area of the winding (r f r to Figur 2). The capaci­
tanc of a card-type r i tor i also much I wer than hat of a spool
type because the turns of wire are not piled up but are evellly wound
in one layer.

~ 0.1

'"50.QI

'"'"0.001

R LOR",,',
figure 2.

. _ R + j", [ L (1 - ~) - RtCJ
Z, = R, + JA, = ( (2)'

1 - - + (wR 2
woo

1 wi
where W\I = ---= and - = w2LC.

L Wo'

The effective parallel admittanc is given by:

.!. + jw [c - .!=- (1 - (2)J
Y = G + jB = -.!.. + _1_ = R R:' Wo'

Rp jXp 1 + ('1:)'
At low fr quencies where t rms involving the quare of frequency

ar negligibl ,th r i or may be represented by a two-el m n net­
work consisting of the dc r i tan e, R, in seri ,,,ith an indu tan
equal to L - R:' orin parallel with a capacitance equal to C - L/11.'.
Because of he presence of the m term in th equivalent rea tive
parameter, shlrnt capacitanc i th dominating residual for hill:h
valu of r istance, wbil for low values of resistance b nes
inductance invariably predominates. Generally, individual wir­
wound r i tors above a few kilohm are capacitive, while dec­
ades, which ha increased effective c.apacitance, arc capacitiv at
somewha lower values.

In th simplifi d circuit above, the ffective parallel r sistan e of a
high-valued resistor in whi h hunt capaeitance dominates would be
independ nt of frequen y. Actually, oth r effect may cause the
parallel resistan to d re wi h frequency. or example, dielectric
10 in the shunt capacitance, C, of Figure 1 are equivalent to a
resistance
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~Type 500 RESISTOR

DESCRIPTION: This resi tor i an accurately adju..ted
re i tance unit wax-sealed in a phenolic ca to exclude
moi ture and to provide protection from mechanical dam­
age. The construction of individual units is irnilar to
that used in the TYPE 510 Decade-R i tance nit (page
160).

SPECifiCATIONS

FEATURES:

• Convenient and accurate.
• Low thermal mf to copp r.
• Low temperature coefficient of resi tance.
• Excellent high-fr qu ncy characteristics.
• Standard plug-in t rminals.

USES: The TYPE 500 Resi tors are particularly recom­
mended as resistance standard for use in impedance
bridge and as secondary tandard for laboratory use. The
plug-type terminals make them readily interchangeable
in experimental equipment. Screw terminals ar also sup­
plied for more permanent installations.

Accuracy of Adjustment: ±0.05% at the terminals, except for the
I-ohm unit, which is adiu ted within ±0.J5%.
Frequency Choroeleristi..: imilar to those of the TYPE 510 Decade­
Re i tance Units for resi tance values up to 600 ohms; somewhat
better for higher resi tances, because of the relatively small hunt
capacitance of an isolated resistor.
Maximum Power and Current: All units will di ipate one watt for a
temperature rise of 40 egrees entigrade. The value of current for
thi ri e is given in the table below and is engraved on each unit.
Temperature Coefficient: I.e s than ±20 ppm per degree Centigrade
at normal room temperature.
Type of Winding: Less than 500 ohms, Ayrton-PerrYi 500 ohm and
higher, unifilar on thin mica cards. TYPES 500-V, W, and X are made
up of multiple mica cards in series.
Terminal., Both terminal screws and plugs are supplied. Each termi­
nal stud is recessed as a jack to accommodate a plug. Standard
%-inch pacing is u ed. High terminal i marked ll".
Mounting: Black molded phenolic case is used for all units having a
resi tance of less than 1000 ohms. For units having a resi tance value
of 1000 ohms or higher, a low-loss mica-filled phenolic case i used.

2 MTG. HOLES
NO. 16 DRILL IN-""""
SMALL CASE

2 MTG. HOLES
NO· 19 DRILL
IN LARGE CASE

Both type are ealed with a high-melting-point wax. TYPES 500-A
through -v are in mall ca ej TYPES 500-W and -X in large case.
Dimensions: ee sketch, dimensions are in inches. Over-all height,
1% inches for large case, 1 inch for small case, exclu ive of plug . To
convert inche to mm, multiply by 25.4.
Net Weight: 2 ounces (60 g).
Shipping Weight: 8 ounces (230 g).

g

Type Resist<l,nce in Ohm8 M.aximum Current Code Numher Price
5oo.A 1 1.0omp 0500·9701 $6.00
500·8 10 310 mo 0500·9702 6.00
Soo.K 20 220 mo 0500-9711 6.00
SOO·C 50 140 mo 0500·9703 6.00
5oo·D 100 100 mo 0500·9704 6.00
5oo.E 200 70 mo 0500·9705 6.00
5oo.F 500 45 mo 0500-9706 6.00
Soo.G 600 40 mo 0500-9707 6.00
500.H 1000 30 mo 0500·9708 6.00
500.L 2000 22 mo 0500-9712 6.00
500·M 5000 14 me 0500-9713 6.00
500·J 10,000 10 me 0500·9710 6.00
500.R 20,000 7 me 0500-9718 6.00
SOO.T 50,000 4.5 me 0500-9720 6.00
5OO·U 100,000 3 me 0500-9721 6.00
500.V 200,000 2.2 me 0500-9722 8.50
500·W 500,000 1.4 me 0500-9723 17.00
500.X 1 Me ohm 1.0 me 0500-9724 27.00

POTENTIOMETERS: General Radio 970-series potentiometers are listed on page 202.
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ype 1432 DECADE RESISTORS

Type 510 DECADE..RESISTANCE UNITS

ESCRIPTlON: Each TYPE 510 ecade-R j tanc nit
is enclo d in an aluminum hi ld, and a knob and tch d­
m tal dial plate ar upplied. Th a mbly is Iso avail­
able complete except fat re i tor, a the TYPE 51O-P3 and
-P3L wi che .

Th TYPE 1432 Decade Re~i tor i an a mbly of
TYPE 510 Decade-Re i tance nit in a ingle cabin t.
M chanical a well a electrical hielding of tb unit and
witch contact i provided by the attractive aluminum

cabin t and panel. Tbe re i tance element have no I ctri­
cal conn ction to h cabinet and panel, for which a pa­
rat hi Id terminal i provided.

FEATURES:
• Low zero re i tance.
• High accuracy.
• Low emperature coefficien of I' . tanc
• Low berillal emf to copper.
• Re i tor al'e adjusted so that re i tal.1C incr m Ilt ar

alway correctly indicated.
• Good frequency haracteri t,ic .
• idual I'cactanc arc mall and known,
• xcellent tability.
• naff cted by high humidity.

-

SPECIFICATIONS

160

Accuracy of Adlustment: aeh of the 10 resistol in eaeh decade is
adju ted to be accurate at it· tennul11l \I'ithin the tolerances given
in the table. Resistance increments ar accurate to hi sme tol­
erance.
Total Resistance: The I' i ance at the decade terminals i the sum of
the witch I' i tance ( ee below) and that indicated by the sWitch­
etting.

Maximum Current: See table. Maximum current i engraved on panels
or dial plate .

Froquency Charac!eriot;u: The accompanying plot shows the maximum
percentage change in effective series resi tance, as a function of fre­
quency for the individual dccade units. For low-r istance decades
the error is due almo t entirely to kin effect and is independent of
witch tting, while for the high-r . tance uni the error i due

almo" entirely to the shun capacitance and i losses and i approxi­
mately proportional to the quare of the resi tance setting.

The high-resi tance decad (TvPE- 51Q-E, -F, -G, and -H) are
very commonly u ed as parallel resi tance elemen in I' onant cir­
cuits, in which he hun capacitance of he decades becomes part of
the tuning capacitance. Thetarall 1 r i tance chang by only a
fraction, between a tenth an a hundredth, of the series-resistance
change, depending on frequency and the in ulating material in
the switch.

Characteristics of the TYPE 1432 Decade Re istors are simill}r to
those of the indjvidual TYPE 510 unit" modified by the increased
erie inductance L., and hWlt capacitance, ,due to he wiring

and the pI' nce of more than one decade in the assembly. A total
r istance setting of approximately 1000 ohm or I " the frequency
characteri tic of any of he e decade r 'istors i substantially the
Same as tho e hown for the TYPE 510 unit. t higher etting, shunt
capacitance becomes the controlling factor, and the effective value
of thi capacitance depend upon the settings of he individual
decades.

Type
510
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(Left) Equivalent circuit of a resist·
once decode, showing location and

nature of residual impedances.

(Right) Maximum percentage change
in seri';s resistance as a function of
frequency for Type 510 Decode.

Resistance Units.

Typical Values of R., l., and C lor the Decade Resistors:

Zero Reaistance (R.): 0.002 ohm or less per dial at dc (O.OOl-ohm
witch r i tance and O.OOI-ohm lead resistance) j 0.04 ohm per dial

at 1 Me; proportional to sqlIDre root of frequency at all frequenci
above 100 kc.

Zero Inductance (L.): 0.1O}.4h per dial.
Effective Shunt Capacitance (C): This value i determined largely by

the highest decade in use. With the LOW terminal connected to
shield, a value of 15 to 10 pf per decade may be a umed, counting
decad down from the highest. Thus, if the third decade from the
top i the highe t resistance d cade in circuit (Le' l not et at zero)
the hunting terminal capacitance i 45 to 30 pf. If tne high t decade
in the a.:' mbly i iu use, the effective capacitance i 15 to 10 pf,
regardle of the settings of the lower-resi tance decad .
Tempera'ure Coefficient of Residance, Les" than ±20 pj)m per degree
Centigrade at room temperatures for the TYPE 510 Decade-R ist­
ance Units and for the TYPE 1432 Decade Re<listOTS, except [or thE'
0.1- and O.OI-ohm decades, where the box wiring will increase the
over-aU temperature coefficient.
Switches: Quadruple-leaf brushes bear on lubricated contact studs
% inch in diameter. Both brushes and tuds are of copper alloy.
These brush are bent 0 as not to be tangent to th arc of travel,
thus avoiding cutting and affording a good wiping action. A cam-

type detent i provided. There are eleven contact poin (O to 10
inclrnive). The s\,itch resi tance i I than 0.001 ohm. The effective
capacitance of the witch is of tb order of 5 pf, with 11 di ipation
factor of 0.06 at 1 kc for the standard cellulose-filled molded phenolic
witch form and 0.01 [or the mica-filled phenolic form used in the

TYPE 510-0 unit.
Terminals: For TYPE 1432, jack-top bindin po ts on tandard %,-inch
pacing. hield terminal i provided. TYPE 510 uni have soldering

lugs.
Moun'ing: TYPE 1432, lab bench cahinet ( ee page 210) i TYPE 510,
complete with dial plate, knob, template, and mounting crew .
Dimensions: TYPE H32 - width -15/16 inches (110 =), h~isht 4%,
inch (120 mm); length 13 inch ' (330 rom) for 4-clia1, 15% incbes
(400 mm) for 5-dial, and 1 74 inches (470 rom) for 6-dial box. TYPE
510 - over-all diameter 3 1/16 inch (7 rom), depth behind panel
35/16 inche ( 5 mm).
Ne. Weight: TYPE 1432 - 5 pound, 4 ounce (2.4 kg) for 4-dialj
6 (lOunds, 5 OW1Ces (2.9 kg) for 5-dialj and 7 pound, ounc (3.4
kg) for 6-dial box. TYPE 510 unit - 11 ounces (310 grams) j TYl'E
510-P ·"itches - 9~ ounce (270 grams).
Shipping Weigh': TYPE 1432 - 7 pound (3.2 kg) for 4- and 5-dial,
9 pounds (4.1 kg) for 6-dinl box. T-"l'E 510 units and switcbe,
2 pound (1.0 kg).

Type 510
o. of Decades Code

Type Total Multiple of Dials Used Number Price

1432-U 111.1 ohms 0.01 ohm 4 AA, A, B, C 1432-9721 $ 98.00
1432-K 1111 0.1 4 A, 8, C, 0 1432-9711 102.00
1432-J 11,110 1 4 B, C, 0, E 1432-9710 110.00
1432-L 111,100 10 4 C, 0, E, F 1432-9712 116.00
1432-0 1,111,000 100 4 0, E, F, G 1432-9717 127.00
1432-T 1111.1 0.01 5 AA,A, B,C,D 1432-9720 124.00
1432-N 11,111 0.1 5 A, 8, C, 0, E 1432-9714 128.00
1432-M 111,110 1 5 8, C, 0, E, F 1432-9713 139.00
1432-P 1,111,100 10 5 C, 0, E, F, G 1432-9716 154.00
1432-Y 11 ,111,000 100 5 0, E, F, G, H 1432-9725 229.00
1432-X 111,111 0.1 6 A, 8, C, 0, E, F 1432-9724 165.00
1432-Z 11,111,100 10 6 C, 0, E, F, G, H 1432-9726 262.00

y

Resistance Accuracy Maximum
Total Per tep of Current Power

Resistance (aR) Resistance J,.O°C Per tep aL .. £" Code
Type Ohms Ohms Increments Rise Watts ,..h pI ,..h Number Price

510.AA 0.1 0.01 ±2% 4 amp 0.16 0.01 7.7-4.5 0.023 0510-9806 $19.50
510.A , 0.1 ±0.5% 1.6 amp 0.25 0.014 7.7-4.5 0.023 0510·9701 15.00
510·8 10 1 ±0.15% 800 ma 0.6 0.056 7.7-4.5 0.023 0510·9702 21.50
510.C 100 10 ±0.05% 250 ma 0.6 0.11 7.7-4.5 0.023 0510-9703 23.50
510-0 1000 100 ±0.05% 80 ma 0.6 0.29 7.7-4.5 0.023 0510·9704 24.00
510.£ 10,000 1000 ±0.05% 23 ma 0.5 3.3 7.7-4.5 0.023 0510-9705 24.00
510.f 100,000 10,000 ±0.05% 7 ma 0.5 9.5 7.7-4.5 0.023 0510·9706 27.00
510·G 1,000,000 100,000 ±0.05% 2.3 ma 0.5 - 7.7-4.5 0.023 0510-9707 35.00
510.H 10,000,000 1,000,000 ±o.o25% 0.7 -mo 0.5 - 13.5-5.0 0.023 0510-9708 9B.00
510-P3 Switch only (Black Phenolic Frame) 0510·9603 10.00
510·P3L Switch ani (Low-Lo.s Phenolic Frame) 0510-9833 11.00

• Or .. m..ximum 01 4000 vol • peak.
•• The larger capacitance occurs at the lowest ""ttinl( 01 th decade. The va\u !ri"en are lor nlli "\\'ithoul he hi.ld can in pI ceo With the shield .0." in pl..ce, the ahunt
capa"it..nco is lrom to \0 20 pi great r tbtln indicated here, depending on whetber the shield i. tied to Lbe switch or to the .en' end 01 the dec..de.
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Figure 1. Equivalent circuit
of on air-core inductor, L.

162

STANDARD I DUCTORS
~

An inductor used as a standard should have the smallest possible
changes with time, fr quenc)', urrent, temperature, external fields,
or environment. The residual impedanc s should be as low as possible.
For best accuracy, the connections to the inductor must not affect
calibrated value.
Construction: For minimum generation of, or pickup from, external
magnetic fields, the toroidal inductor is to be preferred to the sole­
noid. The symmetry of th toroid contributes bo h to stability and to
a constant temperature coefficient.

An air core in the inductor results in the highest stability and a
negligible variation of inductance with curr nt, but a he expense
of a relatively low Q. Because stabilit~, is the prime requirem nt in.n
laboratory tandard, the TYPE a82 tandard Inductors have alr
cor .

For a given volume a larger inductance and Q an be obtained
from a core of he high-permeabili. f rromagnetic materials, often
t rmed "iron," although th y 1lsually are pecial anoys. ince the
permeability of th material an chang with IIg and particularly
with curr nt, th iron-core inductor is inh ren Iy less stable than the
air-core type. Good stability can still be rea1ized in iron-cor indu­
tors b.i' proper design and hoice of core material, a in h TYPE 14 1
Inductors.
Inductance Changes: The inductanc depends not only upon the geom­
etry and the permeability of the cor, but upon th residual imped­
ances, which are hown in the equivalent circui of Figure 1. The
largest changes of inductance with frequency are produced by the
effective shunt capadtanc , C., of he winding and the terminals.
Wh nth fTequ ncy, f, is well below the resonanc frequency, f., the
fractional increase 'in inductance is approximately

6L = w'L.C. = If)',
L. \J.

where L. is the zero-frequency inductance.

Rc

:la, !L
There is also a decrea e in L with increaaing fr qu ncy, produced

by ddy currents in the winding and in ferromagnetic cores; thi
change can be kept relatively mall by the use of stranded ,vire
(Litzendrahtl and of powdered core material.

There is practically no change in inductance with current wh n
tb core i air, but ferromagnetic core materials have a permeability
that changes with magnet.izing force, and the change is usulltlly
appr ciable. Th curves shown on page 166 for the TYPES 1481 and
940 Inductors are typical. The increa is linear over a small region
near zero current, Increasing rapidly to a maximum followed by a
sudden decrease as saturation is approach d. To make these curves
il}d pend nt of the inductance magnitude, the curren has been
normalized to a value, I" whi h is hat current which produces an
inrr ase, to.L/L., of 0.25% when the core ha a permeability of 125
and an inorea of 0.1 % when he permeability is 26.
Q Chanle. The storage factor, Q = wL/R, of an inductor is simply
proportional to frequency when L and'll are con tanto But, as noted
above, L can vary with frequency, and the losses are also function
of frequency. The components of loss are nest described in terms of
dissipation factor, D = l/Q, since the totAl D is the sum of tb com­
ponent D's and these can be plotted as straight lines in logarithmic
co-ordinates, as shown in Figure 2.

In an air-core inductor, the losses (Figure 1) are
D. - from ohmic loss in he series resistance, R., which varies

inversely with fr queney.
D. - from eddy-current 10 in th copper, directly proportional

to fr quency.
Dd - from dielectric loss in the shunt capacitan e; proportional to

square of frequency in the range where its contribution to
the total D is significant. Its value is D. at f •.

figure 2. Dissipation
foctar voriotion with
frequency 'howing the
relotlve contrib ution,
of the severel loss
components for air·

core indyctors.

The total dissipation factor D (Figure 2) has a minimum value at a
frequency usually blow th. r sonance frequency f •. At low frequen­
cies th D or Q is determined by the series resistance j at high fre­
quencies the eddy-current and dielectric 10 es pr dominate.

The higher permeability of an iron core I11ltk possible lower
values of Do and D" wbil f. i lightly reduced and D. is not changed.
The or adds three more componen s to the winding losses shown in
Figure 2. Edd~' currents in the core produce a compon nt, Dc, which
usually exceeds D, and, like D" is propor ional to frequency. The
component Dh, from hyster i loss in the core, is independent of
frequency, and since it is proportional to magnetizing force, it
becomes negligible \vhen he current approaches zero. A third com­
ponent, D" from residual losses in the core, is also constant with
frequency and is usuany relatively small. The eff cts of the losses
are shown on the following pages by plots of Q versus frequency for
the various inductors.
Callbrallon The calibrated inductance of a standard inductor is the
change in the measured inductance of a circuit when a portion of that
circuit is removed and replaced by til inductor. This measured
inductance includes small and variable mutual inductances between
the inductor and the rest of the circuit, which are negligible when the
calibrated inductance is larrser han, say, 100 microhenrysl.but which
can introduce accuracy-linuting un ertainties into the caLibration of
smaller inductances. These uncertainties can be reduced to less than
one nanohenry to permit accurate calibration down to one micro­
henry, if the mutual components are made a definite part of the cali­
brated inductance. One method of achieving this, used in the TYPE
1482 tandard Inductors of 200 microhenrys and less, is to provide,
on the inductor, a witching link, wbich connects either the inductor
coil 01' a hort circuit through internal lead to the external connection
termJnal . The calibrated inductanc , which is the measured differ­
ence at the connection terminals when the switch is moved from coil
to short, i to a. high degree independent of the external connection
or environment,·

ince the inducwnce usually varies with frequency, an accurate
calibration requir s that th frequency b specified. Wh n, a in
inductors with iron cores, the inductance also varies 'with current,
the calibration must also sp ciry a corresponding current or voltage.

inc the fr quency or current at which th inductor will be used is
not usually known, a convenient reference level is zero frlll;juency and
zero curr nt (initial permeability). For example, each TYPm 1481
Induct,or is m asur d at a fr quency consider~bly lower than its
resonance frequency, and t.he measured value IS corrected for the
increa of L with frequency to obtain the value as frequency ap­
proaches zero; measur ments are mad at two currents within the
linear range (lesa than II), and the measured values are extrapolat.ed
to obtain the inductance at zero current and initial permeability of
the core material.

The inductors described in this section are intended (or use in
standards and IDeasur ment lahoratories. They include highly stable
air-core reference standards, fixed-value units with ferromagnetic
cores, continuously variable (variometer) types, and decade assem­
blies.
.. John F. lIersh, "Connection Errore in Inducta.nce ~feMurcment," GmeT4l Radio
Ezperim.nl.<tr, 34, 10, Oc ober, 1960.

-
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~Type 1482 STANDARD INDUCTOR

-

USES: The TYPE 1482 tandard Inductor is an accurat ,
highly stable tandard of s If inductance for use as a low­
frequency reference or working standard in the laboratory.
R cord extending over 11 y ars, and including inductor
that traveled to national laboratorie in several coun ri
for calibration, show long-term tabilities well within
±O.Ol%.

DESCRIPTION: Each inductor is a uniformly wound toroid
on a ceramic core. It has a n gligible ex ernal magnetic
field and hence essentially no pickup from external fields.
The inductor is resiliently supported in a mixture of ground
cork and silica gel, after which th whole assembly is cast
with a potting compound into a cubical aluminum case.

Sizes of 500 Mh and above have thr e terminals, two for
the inductor leads and the third conn ct d to the case, to

provide either a two- or three-terminal standard. The 50-,
100-, and 200-,ub. sizes have three additional terminals for
th wi ching used to minimize connection errors, as de­
scribed on page 162.

For comparing other inductors with these standards, th
TYPE 1632- Inductance Bridge (page 46) is recom­
mended.

fEATURES:
• Stable within ±O.Ol% per year.
• Precisely adjusted and accurately calibrated.
• Inductance independent of voltage.
• Connection errors minimized.
• Low external field.
• Low and known temperature coefficient.
• Free from humidity errors.

z (Jl
o ~
c }>­
n Z
~ ~
n :::a
m 0

(Jl

SPECIFICATIONS
IndUciance Range, See table.
Accuracy of Adjustment: See table.
Calibratian, A certificate of calibration is provided with each unit,
giving measured values of inductance at 100, 200, 400, and 1000 cps,
with temperature and method of measurement pecified. These
values are obtained by comparison, to a precision, typically, of better
than ±0.005%, with working tandards whose absolute values,
determined and maintained in terms of reference tandards periodi­
cally certified by the National Bureau of Standard, are known to an
accuracy typically ± (0.02% + 0.1 ~h) at 100 cp .
Stability, Inductance change is less than ±0.01 % per year.
DC Resistance, See table for representative values. A measured value
of resistance at a specified temperature is given on the certificate of
ca.libration.
low·Frequency Storage Factor Q, See table for representative values of
Qat 100 cp (essentially from dc resistance). An individual value of Q,
calculated from the measured dc resistance, i given on each certifi­
cate of calibration.

Temperature Coefficient af I.nductonce: Approximately 30 ppm per de­
gree Centrigrade. Minute temperature corrections may be computed
from dc resistance changes. A 1% increase in resistance, produced
by a temp~rature increase of 2.54 degrees CeDtrigrade, <lorresponds
to 0.0076% increase in inductance.
Resonant Frequency: See table for representative values. A measured
value i given on the certificate of calibration.
Maximum Input Power, For a rise of 20 degrees Centigrade, 3 watts;
for precise work, a rise of 1.5 degrees Centigrade, 200 milliwatts.
See table for corresponding current limits.
Terminals: Jack-top binding posts on %;-inch spacing with removable
ground trap.
Cabinet, Aluminum lab bench cabinet with carrying handle and
rubber feet.
Dimensions: 6Y2 by 6Y2 by 8 inches high (165 by 165 by 205 rom),
over-all.
Net Weight, 11 Y2 pounds (5.5 kg).
Shipping Weight: 16 pound (7.5 kg).

Nominal Adjustment ·Resonant ·DC Milliamperes,
Induct-- Accuracy Freo::Jcy Resistance ·Qat 'rms,for

Type ance (Percent) lee) (Ohms) 100 cps fOOmw 3w Code Number Price
1482.A 5Ol<h ±0.5 3100 0.039 0.81 2260 8nO 1482-9701 $125.00
1482.8 100 10k ±0.25 2250 0.083 0.76 1550 6010 1482·9702 125.00
1482.C 200 10k ±0.25 1400 0.15 0.84 1150 4470 1482-9703 125.00
1482·0 500 10k ±0.1 960 1- 0.38 0.83 725 2810 1482-9704 125.00
1482·E 1 mh ±0.1 800 0.84 OJ5 490 1890 1482-9705 110.00
1482.F 2 mh ±0.1 580 1.52 0.83 360 1400 1482·9706 110.00
1482.G 5 mh ±0.1 320 3.8 0.83 230 890 1482·9707 110.00
1482·H 10 mh ±0.1 220 8.2 0.77 156 600 1482-9708 110.00
1482.J 20 mh ±0.1 145 14.5 0.87 117 450 1482-9710 110.00
1482.K 50 mh ±O.I 84 36.8 0.85 74 280 1482-9711 110.00
14~~ 100 mh f---±0.1 71 81 0.78 SO 192 1482·9712 110.00
1482.M 200 mh ±0.1 39.0 1-109 1.15 43 166 1482-9713 110.00
1482.N 500 mh ±0.1 24.5 280 1.12 27 103 1482-9714 110.00
1482·P I h ±O.I 14.6 616 1.02 I 18 70 1482·9716 117.50
1482.Q 2 h ±0.1 10.6 1125 1.12 13.3 52 1482-9717 140.00
1482.R 5 h ±O.I 6.8 2920 1.08 8.3 32 1482-9718 170.00
1482·T 10 h ±O.l 4.9 6400 0.98 5.6 22 1482·9720 225.00

• Representative valu... Actual valu.. given On certificate.
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<@>Type 107 VARIABLE INDUCTOR
(/) w •...
0:: co
0 < •
~ ~ FEATURES: •u <
=> > •0
~

Continuou variation of inductanc over a 20-to-1 range.
cparate termillal for rotor and tator permit either erie or parallel connection.

Calibra ed in mutual a w II a eli indu tance.
Rotor and tator inductance are made 10 Iy qual to minimize circulating current In
the paraH 1 connection.

USES: The TYPE 107 Variable Inductor find heir great­
£' u e in th laboratory a adju table tandard of m der­
ate accuracy for m a mement of elf and mutual indue ­
aoce, and a circ i element in bl'idg ,0 cillo. or , and
imilar quipment.

DESCRIPTION: Ro or and tator coil ar mount d con­
e ntricaUy. The effective inductanc depend upon he

po ition of the rotor with re p
In rno t mod 1 tranded \\·ir i II d, in whi h pa-

rate trand ar in ulated fr m on another. Th coil are
impregnated and baked in a ynth tic varni ·h b for being
secur Iy mount d on the phenolic panel.

Dial i dir ct reading in indu -tunce for the ri COlm c­
tion of h oil. Inductunc for th parallel conn etion is
one-fourth the value hown by the dial.

SPECIFICATIONS

J

Inductance Rangel: ee table below. Dial is direct reading in inductance
for the eries connection.
Accuracy: erie connection, ± 1% of full scale at 1 kc. Inductance
for parallel connection i one-fourth the serie- value within ± (1~ +
0.01 pb) of the former. Mutual-inductance accuracy i ±2.5'1o of
full cale (mutual) value. The formula for mutual inductance is
engraved on the nameplate.
Frequency Characteristics: The frac ional increase in inductance with
frequency will beplf.2 wherefi the operating frequency andf. he

. 1
natural frequency, which can be calculated from f. = LC

211" •
Values of Co are tabulated below. See plot for change in Q with
frequency.
Maximum Pawer and Current: Current for 15 watts maximum di i­
pation, corr ponding to a temperature ri e of 40 degree enti­
grade, is given in the table below and is engraved on the nameplate.
DC Resistance: See table below. The'e erie -connection value are
engraved on the nameplate. For parallel connections the resi tance
is clo ely U the tabulated valu .
Terminals: tandard %,-inch pacing, jack-top binding po ts provide
separate connections to rotor and stator. cries and parallel connec­
tion are made by mean of links.

1000,----,.--...,--,----,--...,-------,

100 ~-+--___+_-__+7"""~~~__k_-~
Q

10 f---+--~£....-f---+--+----l

IL.----"'"-_-'-__L.-_......L__-'-_--.J
10e I~e 10~e 100~e I Me lOMe

FREQUENCY
Storage factor, Q, venus frequency at full-scole .erles connection.

Cabin.', All units are mounted on phenolic panels and enclosed in
un hielded hardwood cabinets.
Dimenslans: 6,!,1 by 6~ by 8%, inches high, over-aU (165 by 165 by
220 mm).

Net Weigh': 5 pounds (2.3 kg), all ranges.
Shipping Weight: 12 pound (5.5 kg).

O.pp

Self-Inductance Typical C. Values DC Mazimwn

Series
Mutual

Series
Resistance Current

Code NumberType ParaUel Inductance Parallel ohms amp Price
lO7.J 9·50 ph 2.25·12.5 ph 0·10.8 ph 35 pf 57 pf 0.05 16 0107-9710 $110.00
l07·K 90·500 ph 22.5-125 ph 0·110 ph 40 pf 72 pf 0.38 6 0107·9711 110.00
l07·L 0.9-5 mh 0.225·1.25 mh 0-1.1 mh 39 pf 73 pf 5.0 1.7 0107-9712 110.00
107.M 9-50 mh 2.25-12.5 mh 0·1I mh 34 pf 41 pf 36 0.65 0107·9713 no..oo
lO7.N 90·500 mh 22.5-125 mh 0·1I0 mh 34 f 41 f 450 0.17 0107·9714 11 00
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USES: The TYPE 1481 Indue or have higher low-fre­
quency value of storag factor Q th n the TYPE 14 2

tandard Inductor. They are u ful t audio frequenci
a working standard of if inductance, lthough their
accuracy of adju tment and their tability are not ~o high
a those of the TYPE g 2 Inductor I and, for orne u (' ,
allowance mu t be made for their curl' ot coefficient of
inductance. For periodic check of calibl'ation, they can be
compared with TYPE 1 2 tandard InductOl 00 h
TYPE 1632-A Inductance Bridge.

~Type 1481 I DUCTOR

DESCRIPTION: The e inductor are uniformly wound
toroidal unit on tabilized molybdenum-permalloy du
core.

FEATURES:
• 16 value - 100 /loh to 10 h.
• High Q- between 200 and 500, maximum; gr ater than

1 down to 6 cp .
• Electro atically hi ld d.
• mall in ize, low in cost.

-n Z
~ 0
o C

()
-t
o
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SPECIFICATIONS
Accuracy: ae table below. Nominal inductance value, adjustment Incremental Inductance: Direct-current bia.~ will reduce the initial
accuracy, and current for 0.25% or 0.1 % change in inductance are inductance a' hown in Figure 1, page 166.
engraved on the ca e. Temperature Coefficient of Inductance: Approximately -25 ppm per

Calibration i' a initial permeability and zero frequency i.e., the degree, between 16 and 32 C.
inductance, measured at a frequency much less than the resonant Safe Operating limits: (1) Maximum terminal voltage, 500 volt rInS
frequency and y,Tith a curren 110 greater than Ia, i extrapolated 0 or (2) maximum rm current = 100 It, whichever limit is Lower.
~ero current and ~ero frequency for the calibrated value.
Stability: The change in inductance i less than 0.25% per year when Distributed Capacitance: Between 15 pi for the lOO-joIh uni and 30 pf
the inducto are adequately protected from extremes of curren, for the 100h unit.
temperature, and mechanical hock. Terminals: Jack-top binding po ts, one grounded to case. A pair of
Storage Factor, Q: Figure 1 bows the variation of torage factor Q double-ended plug is furni hed, for connection to jack-top bind-
u a function of frequency for initial permeability, i.e., with no ing po
hy ter 'i 10 . Mounting: Aluminum ca e.
Current Coefficient of Inductance: Percent change in inductance as aJ Dimensions: ase, width 3}1, heigh 3%, depth 1% inches ( 0 by 95
function of 7; i given in Figure 1, page 166, where I i the rms oper- by 40 rom); over-all height, including terminaL, 4% iuche (120 nun).

sting current and I, the current that would produce a 0.25% or Net Weight: ~ pound (0.4 kg).
0.1% linear increa e in L. Shipping Weight: 3 pounds (1.4 kg).

..-::::.~V '"
l'" ~

.If. \,\. ,"", ,y . ., ~ ~T'
~ ~

/ .
~• , .

,
~ .. . . . .. .. '" "'--

Figure 1. Q versus frequency for typical
units.

Fig ure 2. Percent increose in inductance
versus frequency.

Nominal Adjustment Rms Curr61l.t, I" Resonant A,feproz DC
Type Inductance auracy for 0.25% Frequency fo esislnnce

Code NumberInductor L (percent) ITncrease in Lo (ma) (kc) (ohms) Price

1481·AA 100 ~h f2.0 141* 3990 0.020 1481-9806 $37.50
1481.88 200 joIh f2.0 100· 2700 0.044 1481·9808 37.50
1481·CC 500 ~h fl.0 63* 1640 0.\12 1481·9809 37.S0
1481·A 1 mh f1.0 24 1100 0,043 1481·9701 37.50
1481·8 2 mh ± 1.0 17 770 0.098 1481-9702 37.50
1481.C 5 mh ± 1.0 11 490 0.25 1481·9703 37.50
1481·0 10 mh ±0.6 7.6 310 0.44 1481-9704 37.50
1481·E 20 mh fO.6 5.4 220 0.95 1481·9705 37.50
1481·F 50 mh ±0.6 304 135 2.3 1481·9706 37.50
1481·G 100 mh ±OA 2.4 94 4.3 1481-9707 40.00
1481·H 200 mh ±0.4 1.7 66 7.2 1481·9708 40.00
1481.J 500 mh ±OA 1.1 41 22 1481·9710 40.00
1481·K 1 h ±0.4 0.76 30 40 1481·9711 40.00
1481·L 2 h fOA 0.54 21.8 91 1481·9712 42.S0
1481·M 5 h ±0.4 0.34 13.8 230 1481-9713 45.00
1481·N 10 h fO.4 0.24 9.5 416 1481-9714 50.00

·1. for 0.1% iller a~ in La.
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FEATURES:

• High values of storage factor Q, with maximum values above 200.
• Toroidal construction minimizes external magnetic fi ld , so that the coils can be stacked

without errors from mutual inductance. The toroids are nearly astatic to external magnetic
fields.

• Aluminum covers provide electrostatic shielding and mechanical protection.
• Wax dipping keeps out moisture.
• The switch is inherently reliable in extensive use and should not require bothersome

cleaning or adjustment in service.

USES: These inductance decades are convenient elements 1, 2, 2, 5) wound on molybdenum-permalloy dust cores,
for use in wave filters, equalizers, and tuned circuits which are combined by switching to give the eleven
throughout the range of audio and low radio frequencies. successive values from 0 to 10. The decade switch has
As .components in oscillat.ors, analyzers,. and similar high-quality ceramic stator-and-rotor m mber and utilizes
e.qU;1pment, ~hey a~e espeCIally usef.u.l durmg the. pr~- a w ll-defined ball-and-socket detent. All contacts are
hnunary design pen?d, whe~ the ability. to vary CIfcwt made of a silver alloy and have a positive wiping action.
elements over relatIvely wide ranges IS necessary to
determine optimum operating values. As moderately The TYPE 1490 Decade Inductor is an assembly of three
precise standards of inductance they have values of low- or four TYPE 940 Decade-Inductor Units in a single metal
frequency storage factor, Q, which are much larger than cabinet. The units have no electrical connection to the
those of air-eored coils. panel, but a separate ground terminal is provided which
DESCRIPTION: Each TYPE 940 Decade-Inductor nit is can be connected to the adjacent low terminal, which leads
an assembly of four TYPE 1481 Inductors (relative values, to the smallest decade.

~Type 1490 DECADE INDUCTOR

Type 940 DECADE-INDUCTOR U

SPECIFICATIONS
Accuracy: Each unit is adjusted so that its inductance at zero fre­
quency and initial permeability will be the nominal value \vithin the
accuracy tolerance given in the following table:
Inductance
per step 100 I'h 1 mh 10 mh 100 mh 1 11

Accuracy ±2% ±2% ±1% ±0.6% ±0.6%

Frequency Characteristics: For any specific operating frequency,
Figure 2 show the percentage increase in effective series inductance
(above the value when f = OJ whicb is encountered with the extreme
settings of each of the five decade-inductor units when the chassis is
floating. Interpolation may be used for intermediate settings.

Type 1490-F

For the TYl'E 1490 Decade Inductors, the percentage increase in
effective series inductance (above the zero frequency value, L.) may
be obtained by interpolation in Figure 3 for any setting of the high­
est-valued decade used, when the LOW terminal is grounded to the
cabinet.
Change in Inductance with Current: Fractional change in initial induct­
ance with ac current for each type of toroid is shown in the normal
curves, Figure 1, in terms of the ratio of the operating current, I, to
I., the current for 0.25% change, solid line (0.1 %, broken line). For
ratios below unity, inductance change is directly proportional to
current. Values of 1

"
listed below, are approximate and are based on

the largest inductor in the circuit for each setting.
Incremental Inductance: DC bias current 10 will reduce the initial induct­
ance as shown in the incremental curves, Figure 1.

RMS 11 (ma)

Switeh 0.1% 0.25% Increru;eSetting Increru;e

940-DD 9¥J-E 9¥J-F 94°-G 940-H

1 141 24 7.6 2.4 0.76
2,3,4- 100 17 5.4 1.7 0.54

5,6,7,8,9,10 63 11 3.4 1.1 0.34

Type 940-DD
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Figure 1. Percentage change in normal and in·
cremental inductance with ac and bias current.
Incremental curve is limited to an ac excitation

less than ',.

Figure 2. Change in effective inductance with
frequency for the Type 940 Decade-Inductor

Units.
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Figure 3. Variation of inductance with frequency,
for the Type 1490 Decade Inductors.

Figure 4. Variation of Q for the maximum induct·
once of each Type 940 Decode-Inductor Unit.
Dashed curves correspond to use wilh chassis

Aoaling.

Zero Inductance: Approximately 1 ph for the decade boxe .
Storage Factor, Q: See Figure 4.
DC Resistance: Approximately 45 ohms per henry.
Temperature Coefficient: Approximately -25 ppm per degree be-
tween 16 and 32 .
Maximum Voltage: 500 volts, rms. The witch will break the circuit
at 500 volts if tWl1ed rapidly to the new ctting, but voltag above
150 may cause destructive arcing if the witr.h is set between detent
positions.
Maximum Safe Current: 100 times the pertinent I. value (30 tim ror
the TYPEl94Q-DD).
Termina's: TYPE 1490, jack-top binding posts on tandard %,-inch

spacing; eparate ground terminal provided. TYPE 940 nits have
soldering lugs. Circuit in ulated from cha is.
Mounting: TYPE 1490, lab bench cabinet (see page 210); TYPE 940,
complete with dial plate, knob, and mounting crew.
Dimensions: TYPE 940 - width ,height 3}2, depth 4}-.( inch
(205 by 90 by Ito mm), over-aU. TYPE 149Q- - width }2, height
12%" depth 5}2 inches (215 by 325 hy l4{) mm), over-aU; TYPES
1490-D and -F-width h height 16U, depth 51 inch (215 by
425 by 140 mm), over-aU.
Nel Weight: TYPE 940 - 3}2 pound (1.6 kg); TYPE 1490- ­
16;{ pound (7.5 kg); TYPES 1490-D and -F-21%, pound- (10 kg).
Shipping Weighl: TYPE 940 - 6 pounds (2. kg); TYPE 1490-C­
24 powld (11 kg); TYPES 149Q-D and -F - 29 pounds (13.5 kg).

~ File Courtesy of GRWiki.org



168

Th trobo cope i basically a light hat can b turn d on and off at very high
peed to produce the optical effect of topping motion. ~or in tance, an electric

fan revolving at 1 00 rpm appear to b tanding till if viewed under a light
fla hing 1 00 time a minut . If th light fin he 1 01 time a minute, the fan is
illuminat d at ucce iv Iy artier part of each revolution, and it appear to
rotate backwards a 1 rpm. (The same principl xplain the backward- pinning
wagon wheel een 0 often in We tern movi .) If th light fIa h 1799 time a
minute, tbe fan appear to 1'0 ate forward a 1 rpm. Becau e the human ye re­
t in images for an appreciabl fraction of a cond, no fli ker i een ex ept at
v ry low sp ed . The apparent low mo ion i an xact replica of the actual
high r- p ed motion, 0 that the motion of a high- p ed rna hine can be analyzed
with the machine in normal operation.

If the fla bing rate of the trobo cope is adju table, and if the control is cali­
brated in fla h p I' minute, h troboscope become a highly preci e tachometer.
The fla bing ra e i imply adju ted until the moving object appears
stationary, and th peed in revolution per minute is read from the calibrated
control. The trobo cop' great advantag over other type of tachometer is that.
it require no mechanical attachm nt to the device who e peed is bing measured.

The introduc ion of the electronic trobo cope, with its flash durations as brief
a a millionth of a second, opened up the field of ultra-high-speed photography.
Thi ubject, of increa ing intere t to scientists and engineers as well a to
photograph I' ,i covered fully in the Handbook oj High-Speed Photography,
available fr e on requ t.

G neral Radio made its first trobo cope 30 y aI's ago and through a con­
tinuous development program in his field ha produced the fine t trobo copic
equipment available.

The key tone of the line i the TYPE 1531- trobotac® I ctronic trobo cope,
a compact, POI' able in trument that op rate from a 115-volt ac line. It wide
fla hing rang permit m a urement of p ed up to a quarter of a million rpm
with 1% accura y. It i al 0 widely used for low-motion ob ervations and, be­
cau e of its bright, brief fla h, for high-speed photography.

The u efulne of he STROBOTAC electronic stroboscope is greatly increased by
the following acce ory in trument :

Th TYPE 1532-D trobolume, a urce of xtr mely bright light, can be
triggered either by the electronic trobo cope or by an external con actor.

The TYPE 1536- Pho 0 I ctric Pickoff and the TYPE 1531-P2 Fla h Delay
extend the top-motion and low-motion capabilitie of the trobo cope to de­
vice moving a noncon tant peed.

The TYPE 1535-B Contactor i a mechanical coupling device, u ed to syn­
chroniz th trobo copic fIa h with he rotation of a shaf .

With the TYPE 1531-P3 urface peed Wheel, the troboscope can be used for
th accura e direct mea ur men of urface peed of belts, drum, wheels,
roller , and similar device .
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~Type 1531-A STROBOTAC!1 ELECTRO IC STROBOSCOPE

t and ea y to read.

lector and it lar diam t r provide preci e control of
tb fla lung rat .

Ext mal trigg rin of the fla h lamp in order to I' top"
motion hat i not constant in peed or for photographic
work an be introduced at a pan I phone jack. External
trigg ring an be acbi v d with a pul of at lea 6 volt
p ak-t -peak (or a 2-volt-nns in wav). The combination
of th TYPE 1531-P2 Fla h Diy and the TYPE 1536-A
Phot 1 tri Pi koff can b lSCd a an external trigg ring

ur which al pr vide a variable delay of the trob -
cop fla h with re pec to lhc triggering pul'e from th

photo I ctric pi koff. The TYPE ] 535-B Contactor can
also be d for triggering. The e acces ory instrum uts ar
d crib d on page 170.

built-in calibration y tern use. the pow r-lin fre­
qu n y for quick ea y checks on the accuracy of th
fln. hing rat. djustm nt, if ne e ry, is made on th
front panel.

Th robotron flu h tube is mounted in a reflector
hou ing that both pivot in a plane p rpendicular to th
p n I and wiveI 360 d gr on it own axi . The in-

rum nt can be op rat d while upended by a neck trap,
h Id in the hand, or t on a b nch. It lip-Til co. e
serve a a rugged carryin co. for instrument and in­

rlction manual, as a prot ctive cov r, and a a con-
veni nt ba e for th stroh cop during operation.

FEATURES:

• High-intensi y fla h - up to 7 million beam candlepower (peak) for a ingle fla h.
• High fla bing rat - peed mea urement 0250,000 rpm.
• hort fI h duration -" t p " rapid motion and permit ultra-high- p ed photography.
• High accuracy - rpm mea ur men an be mad to ± 1C1£ .
• Convenience - mall Flip-Tilt, ca e and wivel-mounted lamp provide maximum

versatility.
• implici y - dial ar a y to

USES: Th TROBOTA electroni trobo cope is a small
portabl fla hing-li<Tht sourc 1 d to meum' the p d
of fa t-moving d vic ,or to prodllc th optical effect of
topping or lowing down hi h- peed moti n for b rva­

tion. few of thi in rum ne man II are:

• bservation and peed mea urement of ge r am-,
linkage hu tie, pindle, motor rotor and oth r
machine element .

• Ob ervation of vibrating member fuel-nozzle pray
patt.ern and vibration of component under te in
wind tunnels.

• High-sp ed photography of rep titive or nonrepetitive
motion ( ee photos on page 16 ).

• leasur ment and ob ervations of any r p titive mo­
tion tha i visible, even if ina c ssibl .

o C 'PYlON: The STROBOTA electronic trobo cope in­
elude a strobo ron lamp and reflector a mbly, an lec­
tronic pul e generator that control the fla bing rate, and
a lin -operated power upply.

The internal fla hing-rate rang of 110 to 25,000 fla he
per minute is divided into thre dir t-r ading range; to
avoid reading error J only th particular range in u i
illuminated. The rpm control i c n en ric \ i h the range

5 ECIFICATIONS
Flashing-Rate Range: 110 to 25,000 fla h per minute in hree dir ct­
reading Tang : UO to 690, 670 to 4170, and 4000 to 25,000. peeds up
to 250,000 rpm can be measured.
Accuracy: ± I %of dial reading after calibration on middle ran e.
Calibration: Two panel adjustments permit calibration against
power-line frequency.
Flash Du,ation: pproximately O. , 1.2, and 3 microseconds for high-,
medium-, and low- peed ranges, r pectively, measured at 1/3
peak inten ity.
Peak light Intensity: Minimum on hi h- medium-, and low-speed
rang , respectively, 0.21, 1.2, and 4.2 million beam candlepower
(2.1 X lOS, 1.2 X l()6, and 4.2 X 1()6lux measured at 1 meter distance
at the center of the beam); for sin Ie flash, 7 million beam candle­
power (7 X 1()6 lux measured at 1 meter di tance at the center of
the beam).
Reflector 8eam Angle: 10 degr at half-inte ity poin .
OuIput T,igger: 600- to SOO-volt n go. iv pul- available at panel jack.
Exte,nal Triggering: The Bash can b trigF;ered \\;th a mechanical
contllctor or 6-volt peak-to-peak iglll\l (2-volt rms ill wave si nal
down t 5 cp ).
Power Re'luiremenk: 105 to 125 (or 210 to 250) volts, 50 to 60 or
400 p. Maximum power input is 35 \Vat .
Accessories Supplied: Adju table n k trap, plup; to fit input and ut­
pu jack, pare f es.
Accessories Available: TYPE 1531-P2 Flash Delay, TYPE 1536--A
Photoelectric Pickoff, and TYPE 1532-D , trobolume (see pages 170
and 171).
Cobinet: Flip-Tilt ( ee page 210).
Dimensions: jO% by 6% by 6% in h (270 by 170 by 160 mm),
over-all, including handle.
Net Weight: 7~ pound (3.2 kg).
Shipping Weight: 10 pound (4.6 kg).

Tbi in trumentislisted bytheC" Testing Laborlltories lIS approved.

Type

1531·A

1531·Pl
PATENT

Code Number Price

Strobotac® electronic
stroboscope 1531 ·9701 $275.00

Replacement Strobotron lamp 1531·9601 15.00
TreE. See Notes 6 and 22. page viii.
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~Type 1531-P2 FLASH DELAY

Pria
$160.001531-9602

rode Number

DESCRIPTION: The TYPE 1531-P2 Flash D lay, when used with an
external triggering device. uch the TYPE 1536-A Photoelectric
Pickoff, will provide a continuously adjustable tim d lay between
t,he triggering puJ. I' and th light flash. The external triggering device
may b an osoillator, photocell, or other tran ducer, A ja k is pro­
vided for camera shutter ynchronization in ingle-flash photography.

SPECIFICATIONS
to O. econd in Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps. 5

watt, with Typg 1536-.'\ cnnnected.
Moun'ing: Aluminum c I' ,,'ith bracke which clips directly onto the
, TROBOTA lectronic troboscope.
Dimensions: 5 1/0 by 31/. by3~ inches (135 by 86 b 96 mill).
Net Weighl: 2 pounds (I kg).
Shipping Weighl: 5 pound' (2.3 kg),

Tllpe
1536-A Photo lectric Pickoff. IS31-P2 Flash Detoy

~Type 1536-A PHOTOELECTRIC PICKOFF

Time.Delay Range: Approximatel.\' 100 micro econd
three ran!!:e$.
Ouipul Pulte: B tt r than 13 vol s avuilnbl for triggering th TYPF;
1 31-A. trnbotac 1 rtronic S rnh scope.
Sensitivity: A little a. a.3-volt input will produce sufficien output to
riAA I' t h trobo. op .

Inputs: Phone jack for tri)!:g rin)!:; jack for camera ynchronization.
Accessories Supplied: Tril!:JI: r cahl(', phonc-plu~ adaptor, ilnd leather
ClHr~'ing Cll C.
Acceuories Avoilable: TYPE

USES: The combination of fl~ h delay, photoelectric pickoff, and
electronic roboscope i idenl for visual anal is over a compl te
cycle of I' petitiv motion \l"ho~c p ri d i: not con.'<tant. In addition,
th sin, trum nt.'< Clln be used to provide pI' cisI' syn hronization of
c.amel"lll'hutler, troboscopic fle.h, and ubject for high-.peed photo­
gmph.· PI' viou. ly almo t impoi'sihle to take becau I' of variation. in
,ubj c peed.

(/) If)
w w
a.. ~o 0U If)

(/) ~o V
I:Cl Vo ~
D!:

t;

mounting y tern. Li/!;1I from the internal lamp i refleoted from a
rotating object back to the photon II.

SPECIFICATIONS

Maximum Putte Rate: pproximately 2500 pul C! per ~econd as
limited by th ZOO-micro eooncl time con tant of he photoc II and
cabl combination.
Power Requiremenls: 20 to 2 vol dc, 4() rna. Power i supplied by the
TYPE 1531-P2 Flash Delav or he TYPE 1150- (or TYPE llSl-A)
Digital Frequency Meter..
Accessories Supplied: 100ft roJl of 3f-inch black tape; 10-£t roll of
3'f-in h silver tape; carrying case.
Mounting: C-clamp (cnpacity 1-5/16 inches, flat or round) or IJ,1-inch
magnet, both upplied.
Dimensions: Pickoff head, 11/16-inch diameter, 2 inches long. Link­
age con i t of two 5j16-inch-diamet,el' . tainle s-steel rod, 6 and 6~
inch' lon!!:, and adju tabl connecting clamp. Cable i 8 feet long,
terminated in phone plug.
Net Weight: 1 oun (0.6 kg).
Shipping Weight: 3 pound (1.4 kg).

Price

$65.001536·9701

Code Number

Pholoeledric Pickoff

Type

1536·A

FEA"TUR~S:

• , mall siz .
• Maneuverahle douhle-jointed linkage.
• Firm mountin.!!: ",ith -clamp or map:net.
• Hi)!:h put I' rate - . peed~ up to 150,000 rpm.
USES: Tht' TY1'8 1536-A Photorl~trir Pickoff i~ po",ered hy he
TYPE 1531-P2 FlIU h Delay the TYPE 111'>o-A Dip:ital Frequencv

ieter, or the TYPE 1151- Digital Tim and Frequency M leI'. It
produce 11. voltage pulse whenever it photoe 11 : n as a t1iff rene
in refle ted light. If a piec of r flectivc tape i < ttached to a moving
objecl, the pickoff ",ill produc a po.·itive pulse wl1coever the tape
pa~~e: by the pickoff. When u. d in combination ",itb th THE
1531-P2 la h Delay and he TYPE 1531-A trobotac electronic
trobo cope, the photoelectric pi kofJ will op rate the trobo~cop in
ynchroni m with a rotating obj ct hut at, a time, determined by tbe

fllll'h delay, after the ynchronizing puJ. I' from the photocell. This
permits all pha. of the motion to be .-tudied.

For pr ci I' mea. urement of gpe d, he put from the photo­
electric pickoff will Of) ratr the TYPE 1150-A or 1151-A Digital
Meters. In combination with the TYPE 1531-P2 Fla h D lay, the
pickoff al 0 permit continuous mea. urement or roo rding of . peed
wi h the TYPE 1142-A Fr quency Meter and Di. criminator.
DESCRIPTION: This pbotoel ctric pickoff contain a light source, a
concentrating len , 11. photocell, an output cabl , and an adju. table

~Type 1531-P3 SURFACE-SPEED WHEEL
SI'eCIFICATIONS

Speed Range: 10 to 2500 feet p r minute with smaJl wheel nnd 50 to
12,500 f t per minute with large wheel.
Dimensions: Wheel are 0.764 and 1.910 inches in diameter, 1'1' pec­
tively. haft total' 20 inch ill lenl1;tll.
Net Weighl: ounces (0.3 kg). Shipping Weight: 2 pounds (1 kg).

Price

$15.00Surface·Sp.ed Wh••1

Type

1531-P3

Surlace-Sp eed
Wheel

Flash Delay and Pholoelectric
Pickoff connected 10 a Strobotac

electronic stroboscope.

USES: The TYPE 1531-P3 i used with the TYPE 1531-A trobotac
electronic robo cope to make accura I' mensur' men of lhe linear
surfa e speed of belt~, pulleys, wheels, drums, roller, etc.
DESCRIPTION: Two black nylon whee\. of different diameters ar
mOl1n ed on the nd of a .ectionecl teel I'Od. Th , 1 ted wheel i
beld again t the moving object and ob. erved \\'ith the troboscope to
d termine directly the surface peed.
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~Type 1535-B CONTACTOR

Price

$110.00
5.00

1535·9702
1535·9605

Code NumberType

DESCRIPTION: The Strobolume consists of a high-voltage
transformer and rectifiers, a capacitor that is charged to
about 2500 volts from the rectifiers, and a lamp through
which th capacitor is discharged to produce the Bash. The
discharg is' 'tiated by a special Strobotron tripp d by
an external impulse. Two ranges of intensity and flashing
rate ar provided.

S'ECIFICATIONS
Speed Range: 0 to 1000 rpm.
Contacts per Revolullon, One.
Range af Phase Adjustment: 3600

; scale graduated in 5-degree intervals.
Range of Height Adjustment, 6 inches to 4 feet.
Diamet.r of Base: 18 inches.
Accessorie. Supplied: Hex wrench, auxiliary coupling devices, and
TYPE 1535-P5 Adaptor for connecting to TYPE 1531-A or TYPE
1532-D.
Net Weight, 19~ pounds (9 kg).
Shipping Weight: 28 pounds (13 kg).

1535·8 Contactor
1535·105 Adaptor

~Type 1532-D STROBOLUME
The trobolume can b triggered by a pring-loaded

toggle switch on the control panel, by an external con­
tactor such as the TYPE 1535-B, or by the electronic
stroboscope. It is a useful light source for single- and
multiple-f1.a h photography, when the motion of the sub­
ject is often too fast to be stopped by conventional trobe­
lights.

USES: The Strobolume produces a brilliant white light
fia h useful for studying motions of machines operating
at relatively low speeds. At low flashing rates the Strobo­
lume's light is of a higher intensity than that of the
STROBOTAC electronic stroboscope.

FEATURES:
• High-intensity short fla h. • Wide beam angle.
• Operat s from STROBOTAC@ electronic stroboscope or

contactor.
• Compact, lightweight a sembly.
• Lamp assembly is removable, with 14-foot extension

cable.
• Lamp housing has socket with tandard tripod thread.
• Long-life sealed-beam lamp.

FEATURES,
• Easily attached to or removed from machine in motion.
• Mounted permanently on machine.
• Ball bearings are used on rotating parts.
• Flexible drive coupling shaft can be bent through 900 angle for
work in crowded locations.
USES: The TYl'E 1535-B Contactor permits synchronization of a
strobo cope wi h a rotating shaft, 0 that motion can be ob erved as a
function of shaft angle. With the aid of he contactor, he strohoscope
can be used in the ob ervation of machines with varying peed.
DESCRIPTION, The electrical contact y tern consists of a rotating cam
and a low-inertia breaker arm. The phasing control permits adjust­
ment of the contact po ition with respect to the rotating shaft. The
coupling y tem uses a powerful magnet with a centering device to
en ure positive drive from a centered steel or iron haft. Auxiliary
devices are supplied for permanent coupling or for use as non­
magnetic shafts.

r
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PriceCode Number

1532·9704 $350.00
volls,

1532·9825 360.00
1532·9601 25.00
1532·9941 17.00
1532·9603 15.00

volts,1532·D Slrobolume, 105·1 25
50·60 cps

1532·0018 Strobalume, 210-250
50.60 cps

1532.101 Replacement lamp
1532.1028 Transformer Cable
IS32·P3 T.igger Cable

PATENT OTICE. See Note 6. page viii.

SPECIFICATIONS
Dimensions: Width 731, height 1131, depth 13 inches (190 by 295 by
330 mm), over-a.ll; la.mp unit, 6 inches diameter by 5~ inches
(155 by 150 rom).
Net Weight: 18}1 pound (8.5 kg); lamp unit, 2 pounds (1 kg).
Shipping Weight, 26 pounds (12 kg).

Type

Flashing Speed Range:
High Intensity: Up to 60 Bashes per minute continuous, up to

1200 per minute intermittent.
low Intensity: Up to 3000 Bashes per minute continuous.

Peak light Intensity: 10 million beam candlepower (107 lux measured
at 1 meter di tance at the center of the beam) from single Bash to
60 Bashes per minute; 0.14 million beam candlepower (1.4 X 1Q5lux
at 1 meter distance at the center of the beam) at 3000 flashes per
minute.
Flash Durallon, Approximately 30 microseconds at high intensity,
10 micro econds at low intensity.
Beam Width, 45 degrees at half-inten ity points.
Guide Number: The guide number (di tance in feet times aperture)
for high inten ity is approximately 25 with film speW of 100 (A A).
Flashing Control: TYPE 1535-B Contactor, or TYPE 1531-A Strobotac
electronic trohoscope wi h TYI'E 1532-P3 Tri_gger Cable.
Accessories Supplied: TYPE CAP-22 Power Cable, TYPE 1532-2060
Contactor Cable Assembly, and plug for connection to contactor.
Other Accessories Required: None if lamp is to be flashed manually
by pushbutton. For stroboscopic work a TYl'E 1535-B ContaCltor, or a
TYPE 1531-A trobotac electronic strobo cope with TYPE 1532-P3
Trigger Cable, is needed. For use with older TYPE 631-BL Strobotac,
a TYPE 1532-P2B Transformer Cable is required.
Cabinet: Metal case. Lamp assembly is removable. Storage space
for lamp cable is provided in case. Lamp hou ing has 74'-20 theaded
socket for tripod.
Power Requirements: 105 to 125 volts, 50 to 60 CPSj 23Q-volt model
TYPll 1532-DQ18, is available. Power consumption on high intensity
is 105 watts at 60 flashes per minute, 500 watts at 1200 flashes per
minute; at low intensity, 120 watts at 3000 Bashes per minute.

HIGH·INTENSITY STROBOSCOPE
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Although mo-t Gen ral Radio in truments have their
own If-contain d power upplie, some have been d ­
igned for 11 e with eparate pow r upplie for v I' atility

and economy. Th different general- and pecial-purpo
power upplie are de cribed in this ec i n.

The TYPE 1205-B Adju tabl Regulat d Pow r upply
. primarily a general-purpo in trum nt \\·hi h provide
a regulated output adju tabl from 0 0 300 volt at a
maximum CUrl" nt of 200 milliamp re .

Th g neral-purpo T~"PE 1203'-B L nit Power , upply
or th TYPE 1201-B Unit Regulated Power upply can b
u ed with anv of the Unit In truro nt and aT rec m­
mended for the rectangular-en e rnit In trurnent . TYPE
]20 -B nit Amplifier, T "l'E 1210-C Unit R- cilia or,
T'YPEI212- -nitKullD tector TYPE 1213-D nitTime/
Frequency alibrator, TYPE 1217-B nit Pul ,en rator
and TYPE 1220-A ni I Iy trOll cillator. With th rf,
vhf, and uhf 0 ciLla or de crib d on page 112 to 115 on
of h following four power upplic is recommended:

TYPE 1263-B Amplitude Regulating Power upply for
cw or l-kc square-wave modulated output at a fi....<ed level

adjustable between 0.1 and 2.0 volt behind 50 ohms.
TYPE 1264- Modulating Pow r upply for C\V, l-kc

quar -wav modulated, or pul e-moduJat d outpu adjust­
abJ ov r a wide range withou auxiliary attcnuators.

TYPE 1267- Regulated Power upply for woperation
with high t tability.

TYPE 1269- Po\\ er upply for cw operation with high­
e t ou put at low 0 t.

R .la -r k adaptor are availabl for u e with the above
pow r upplie and a ociat d in trument .

Th TYPE 1265-AAdju abl D Power upply and the
TYPE 1266-A djustable Pow r upply have been de­
sign d primarily for use with th TYPE 1633-A Incremental­
Inductance Bridge.

Th TYPE 1116-B Emerg n y Power upply, TYPE
126 -A utomatic Battery Charger, and TYPE 126 -PI
Battery rawer are int nd d as standby power equipment
for frequency s andard . The TYPE 1262-B Pow r upply is
u ed for ac operation of the TYPE 1551-C ound-Level

feter.

~Type 1205-B ADJUSTABLE REGULATED POWER SUPPLY
• djustable output voltag from 0 to 300 volt de.
• Excellent regulation down to zero output.

FEATU RES: Low hum level.
• mall ize - over-all volume i I than 1/5 that of conventional upplies.
• High power output - 120 watt.

DESCRIPTION: The TYPE 1205-B dju table Regulated In addition to the 0~to-300-voltregulated de output, the
Power upplr comb~e th f a ur Sof ~ fa t-acting serie in trum nt provide a -150-volt r gwated dc bia voltage
regulator whi h provIde a low output Impedance over a and two unr gulated ac outputs.
wide bandwidth, and a high- fficiency controll d r ctifi r .. .

hich maintain con tan vol ag drop across th regulator. The output ~ol. ages are avail~ble at ~anel bmding ~osts
Thu the regulator al ays op rate at the optimum point and a a multipomt connector ill the SIde of the cabmet.
and th power dis ipation i held to the same minimum Both the de output voltage and the output current are
value for all output and line voltage value. indicated on a panel meter.

SPECIFICATIONS

Price

$325.00
11.00

Code Numher
1205.8 Adjultable Regulated

Power Supply 1205-9702
480·P4U2 Relay.Rack Adoptor Panel 0480·9985

PATENT NOTI E. ee Notes 15 and 21, page viii.

8ias Output
Voltage. -150 volts dc fixed, at 5 milliamperes maximum.
Regulation: Jo load to full load, 0.5 volt; 2-volt ma."{imum change

for ± 10% change in line voltage.
Unreguloted AC Voltage: 2 circui ,each 6.3 volts nominal, at 5 am­
per J can be connected in eries or parallel.
Meter Accuracy: Volta e, 2%; current, 5%.
nO-cycle Ripple: Les than one millivolt.
Internol Impedance: Approximately 0.3 ohm + 2 ",h bunted by 4 ".f.
Power Input: 105 0 125 vol • 60 cps; 250 wat at full I ad.
Accessories Supplied: Adaptor plug, pare fu es.
Dimensions: Width 9!~, height 5!i inche (245 by 13- mm); depth
behind panel 'l inch (210 mm).
Net Weight: 15 pouuds (7 kg).
Shipping Weight: 26 pounds (12 k ).

Type

DC Output
Voltage: 0 to 300 vol continuou ly adjustable, at 200 milliamper

maximum.
Regulotion: 1\0 load to full load, 0.1 volt; 0.75-volt change for ± 10%

change in line voltage.
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SPECIFICATIONS

~TYpe 1203-8 UNIT POWER SUPPLY

~Type 1201-8 UNIT REGULATED POWER SUPPLY

Th e two uppli have been d igned to provide plate and
heater power for nit In trumen . The TYPE 1203-B i a general­
purpo e, unrelnl!ated, 3OO-volt dc and 6.3-volt nc upply, while the
TYPE 1201-B has a regulated plate voltage upply to minimize the

TYPE 1203·8
Input: 105 to 125 volt. (210 to 250 volts for TYPE 1203-BQ1 )\ 50 to
60 cp , 50 watt full load at 115 vol . an al 0 be operatea from
110- to 125-volt, 4oo-cycle upply for applie tion where a 4oo-eycle,
6.3-volt output can be tolerated.
Output: At 115-volt input - 300 vol de (± 5%) at 50 milliamper ;
6.3 volts ac at 3 amper . (With ne load at 1.5 amperes or less,
maximum dc load i 65 milliamperes, about 2 • volt dc.)
Regulation: At no load, de output i 380 vol .
Ripple: than 80 millivolt, rID , (120 cp,) at full load.
Connectoro: Thr -wire line cord p rmnn ntly a tached. tandard
four-t.erminal receptacle on cabinet side for convenient connection 0

nit In truments.
Accessories Supplied: Mating plug for equipment other than nit
In truments.
Cabinet: nit In ·trument ( ee page 210).
Dlmensionl: Width 5, heigh 5~, depth 6X inch (130 by 150 by
160 mm) over-all, not including power cord.
Net Weight: 5 pound (2.3 kg).
Shipping Weight: 10 pounds (4.6 kg).

effec of line-voltage fluctuations on oscillator amplitude and fre­
quency, amplifier hum level, or pulse-generator jitter. Both suppli
are primarily for bench u e but can be rack-mounted alone or with
other Unit In trumen .

TYPE 1201-8
Input: 105 to 125 vol (210 to 250 vol for TYPE 1201-BQl ), 50 to
60 cp , 90 watts full load at l15 volt. Can also be operated from
110- to 125-volt, 4oo-cycle upply for applications where a 400-eycle,
6.3-volt output can be tolerated.
Output: 300 volts de regulated to ±0.25%, 70 milliamper maxi­
mum; 6.3 volt aC unregulated at 4 amper maximum.
Ripple: 18 than 1 millivolt, rm , (120 cp ) at full load.
Connectors: Three-wire line cord permanently attacherl. tandard
four-terminal receptacle mounted on cabinet side for convenient
conn ction to nit In trumen .
Accessories Supplied: Matillg plug for equipment other thall nit
Instruments.
Cobinet: Unit In "trument ( ee page 210).
Dimensions: Width 5, height 5%, d pth 6U inches (130 by 150 by
160 rom), over-all, not including power cord.
Net Weight: 6 pounds (2.8 kg).
Shipping Weight: 11 pound (5 kg).
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Typ.1201.8

1203-9702 $ 55.00
1203-9818 60.00
1201 -9702 95.00
1201·9818 105.00
0480-9984 11.00

Code Number PriCfJ
Unit Power Supply, 105 to 125 volt.
Unit Power Supply, 210 to 250 volb
Unll Regulated Power Supply, 105 to 125 volts
Unit Reguloted Power Supply, 210 to 250 volb
Relay.Rack Adaptor Ponel

Type
1203.8
1203.8018
1201-8
1201.8Q18
480.P4Ul

Type 1203.8

& ~Type 1269-A POWER SUPPLY
~Type 1267-A REGULATED POWER SUPPLY

These two uppli have been d igned primarily for u e with the
Unit RF Oscillators where the power upply Rnd the 0 cillator /lre
to be bolted together or mounted in a relay rack. The TYPE 1269-A
i a general-purpose, unregulated, 3OO-volt dc and 6.3-volt ac Rupply.
In the TYPE 1267-A, both heater and plate. uppli are regulated to
provide complete fJ'eedom from line-voltage variation and mini­
mum r idual modulation and frequency drif .

SPECIFICAT ONS
TYPE 1269.A

Identical with TYPE 1203-B specifica ion., except for the following:
Input: 105 to 125 (or 210 to 250) vol ,50 to 60 cp , 50 watts full
load at 115 (or 230) vol . an al 0 b operated from a 110- to 125­
volt, 4oo-eycle upply fo!' application where a 400-cycle, 6.3-volt
output Can be tolerated.
Coblnet: Convertible heneh ( ee page 210). page 116 for relay·
rack mounting with nit 0 eiUat<lrs.
Dimensions: Width 4~, height 7%, depth 9U inches (llO by 195
by 235 mm), over-all, not including power cord.
Net Weight: 5%; pounds (2.7 kg).
Shipping Weight: pound (3.7 kg).

TYPE 1267.A
Input: 105 to 125 (210 to 250 for TYPE 1267-AQ1 ) volts, 50 to 60 cp ,
90 "'at fuJI load at 115 volts. Can al 0 be operated from a 1l0- to
125-volt,400-cycle upply.
Output: 300 volts dc 70 milliamperes, maximum; 6.3 vol dc at
1 ampere, maximum. tandby switch disconnects high-voltage
output.
Ripple: Less than 1 millivolt, rms, (120 cp ) at full load.
line Regulation: ±0.25% for ± 10% line change for both outpu .
Output Impedanee: pproximat dc resistance 2 ohm (300 vol ')
and 35 milliohm (6.3 volts).
Cabinet: Conver ible bench ( ee page 210). e page 116 for relay­
rack mounting with t'nit Oscillators.
Dimensions: Width 4U, h ight 7%, depth 9U inches (110 by 195
by 235 mm) over-all, not including power cord.
Conneetor: tandard four-terminal r ceptacle for convenient con­
nection to nit In trumen .
Accenorlos Supplied: Three-wir lin cord; mating plug for equipment
other than Unit Instrumen .
Net Weight: 7%; pound (3.6 kg).
Shipping Weight: 10 pound (.6 kg).

Code umberType
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$ 70.00
170.00
180.00

Type 1267.A

1269-9701
1267-9701
1267-9911

Power Supply
Reguloted Power Supply, 105 to 125 volls
Regulated Power Supply, 210 to 250 volls

1269.A
1267.A
1267.AQ18

Type 1269.A
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~ Type 1263-8 AMPLITUDE-REGULATING POWER SUPPLY

Code Nv.mb~ PrU:e

FEATURES:

• Provides constant oscillator outpu up to 500 Mc (up to 2000 Mc with suitabl low-pass
filter ), within ±5%, with variation in frequency, load and line voltage including
effects of oscillator harmonics.

• Provides l-kc square-wave modulation from an internal generator.
• The built-in, peak-re ponding meter, with an external TYPE 874-VR Voltmeter Rectifier

indicates m oscillator output voltage.

USES: In most measurement u ing radio-frequency 0 cil- average output level i maintained in thi mod of operation
lator , it is desira.ble to maintain a cons ant applied so that w pt measurements at very low rf detector I vels
voltage as the frequency i varied. The TYPE 1263-B can b made.
AJ;nplitude-Regulating Pow r upply automatically: main- DESCRIPTION: The TYPE 1263-B Amplitude-Regulating
tams the output .of G~mera! R.adlO vhf an~ uhf osc~a~ors Power upply compare the d potential developed by the
at ~ preset value ill ,PIte of mCldental amP!lt~de val'latl~ns oscillator outpu rectifi I' with an adjus able dc referenc
which oc.cur b<.>th WIth upply-voltage vanatlOns and wlth potential in a fe dba k y tem. A rapid correc ion i
changes ill osclllator frequency. applied to the plat -current upplyof the 0 ciliataI' to hold

With its very-high- peed response, the TYPE 1263-B the 0 cilIator output to a pI' t level. RF blanking can be
is particularly u eful when the 0 ciUator dial i mechani- accompli bed by hort,iug of the reference potential with an
cally driven by a TYPE 1750- we p Drive (see pages 112 external contactor.
and 127) for 0 cillographic di play of amplitude-frequency For l-kc modulation a multivibrator and RC low-pa
characteristics. input filter are wi ched into the pow r-supply circuit.

This power supply will modulat a nit Oscillator Th voltage regulated is then the av rag value of the
with l-kc square waves, thu liminatillg incidental fre- qual' -wave envelope. An external synchronou detec-
quency modulation, and perrni ting th u of an untuned tor, to maintain a high signal-to-noi e ratio in low-level
detector with a sen Hive audio amplifier. R gulation of measurement, may be gated from a voltage provided.

SPECIFICATIONS
RF Output Voltage: 0.2 to 2.0 volts behind 50 ohms for any l'ecom- Hum and Noise: Peak residual bum and noise modulation is less than
mended osoillator (see below), with a. TYPE 874-VR Voltmeter ±0.3% on cw; less than ±3% with l-kc quare-wave modulation.
Rectifier. With 1-kc square-wave modulation, 0.2 to 1.0 volt behind Output Voltmeter: Internalstandardi~ingcircuit is provided. Accuracy
50 ohms. after standardization is better than ±10% of indication when a cor-
RF Output Regulotlon: Below 500 Me, rf output of recommended Unit rection is applied for rectifier characteri tic at extremely high
Oscillators is held to within ±5% including he effects of harmonics. frequencies.
Thi regulation can be attained up to 2000 Mc if proper low-pass rf Power Input: 105 to 125 (or 210 to 250) volts, 50 to 60 cp , 55 watts
filters (see page 65) are used and a correction applied for the output- maximum, at full load.
rectifier frequency characteristic.

Accessories Supplied: TYPE CAP-22 Power Cord, connector cable for
Modulation: modulation jack on oscillator, pare fuses.

Frequency: l-kc square-wave, adjustable ±5%, stable within 5 cps Other Accessories Required: TYPE 874-VR Voltmeter Rectifier (page
over the rated range of line voltage. 67), TYPE 874-R22A Patch Cord (page 70) for connecting output

Duly Ratio: 0.5 to 0.53, adjustable to compensate for 0 cillator rectifier, and TYPE 874-T for monitoring oscilloscope connection in
starting delay. sweeping applications.

Rloe and Decoy Times: 50 /lSec each.
Overshoot: None. Recommended Oscillators (pages 112 to 115): TYPE 1215--C (50 to

250 Me), TYPE 1209-CL (180 to 600 Me), TYPE 1209-C (250 to
Romp.off: Less than 0.5%. 920 Mc), TYPE 1361-A (450 to 1050 Me), TyPE 1218-A (900 to
Gate Voltage: ynchronized with "off" interval of modulation, 2000 Me), and for cw operation only, TYPE 1211-C (0.5 to 50 Me).

exceeds 1 volt into the recommended load of 30 kilohm hunted by Other Accessories Avalloble: The TYPE 1750-A Sweep Drive (page 127)
300 pi. Rise and decay t' es are less than 50 psec each. Gate output i recommended for automatic operation. Coaxial cables, connectors,
during "on" interval of modulation is less than 0.01 volt. attenuators, filters, and adaptors are listed on pages 63 to 70.
Plole Supply Output: 0 to 300 volts at 30 milliamperes.
Heater Supply Output: 6 volts ± 10% at 0.5 ampere, 5.4 volts ± 10% Cobinel: Convertible bench (see page 210).
at 0.7 ampere. Dimensions: Width 8, height 7, depth 9U inches (205 by 180 by
Response Time: For a 2-to-1 step variation in oscillator output, corree- 235 mm), over-all. Panel adaptor plate ets are available for 19-inch
tion is completed "ithin 0.5 msec with cw operation, 50 ms6C with relay-rack mounting, panel heigbt 7 inches (see page 116).
1-kc modulation. Recovery time after blanking is less than 2 msec Net Weight: 14~ pounds (7 kg).
with cw operation, 200 meeo with l-kc square-wave modulation. Shipping Weight: 28 pounds (13 kg).

Type

174

1263.8

4BO·P408

480·P416

Amplitude.Regulating
Power Supply

Relay-Rock Adaptor Set
(for power supply only)

Relay-Rack Adaptor Set (for
power supply and o••lIlolor)

1263-9702

0480·9648

0480-9646

$380.00

8.00

6.00

~ File Courtesy of GRWiki.org



FEATURES:

~Type 1264-A MODULATING POWER SUPPLY

• I an, able, high-l v I output pul
• table int rnal l-kc quar -way gen rator.
• ynchronization to wide fan of input ignals.
• With an external pul e ourc , reptition rat from 20 cp to 100 k ar availabl
• Adju table well-regulated dc output for cw op ration.
• tandby witch po iti n cut off cillator output while keeping heater on.

USES: The TYPE 1264-A ~lodul:1ting Power upply i u d
primarily to produce 100 0 puJ e and qual' -way modula­
tion of "hf and uhf ni 0 ciliator . In addition to it
us a a modulator, thi power supply can bud a an
adju tabl I' gula ed upply f r th oscilla or plat and a

urce of unregulated heater power.
AJthough th Typ 1264- was de. ign d especially a

a companion to the TYPE 1361-A LHF cillator ( 50 to
1050 Mc) I a ce ory adaptor cable permit us of thi
pow r upply with many 0 h r General Radio 0 cillator
(ee p cification ).

DESCRIPTION: The Tn 1264-A comprise an ele­
tronically l' gulated, adju table-{mtput, high-voltage de
upply, a dc-coupled erie -type power modulator driven

by a cbmit trigger circuit and a 1-kc multi\'ibrator. A
switch p muts election of cw, tandby (only heaters

SPECIFICATIONS
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Regulated DC Output (Unmodulated)
Voltage: dj table from 200 t 300 vol
Current: -0 milliamperes maximum.
Stability: Output voltage at any rated load will hange I - than

0.5 volt for ± 10% line-voltag change.
Ripple: L • than 1 millivolt, I'm , with B- grounded; les than 5

millivolts, rms, wi h B+ rounded.
Heater Pawer Output (Unregulated)

Voltage: 6.3 volt a .
Current: 2.1 ampere maximum.

Square-Wave Output (Internally Generated)
Amplitude: Adju table from approximat ly 160 to 210 volts.
Frequency: Adjustable from 50 0 1150 cp .
Stability: Frequency \\ill haUl!; I than 0.5% for ± 10% line-

voltage chang .
Duty Ratio: 0.5, adjustable ±5%.

Square-Wove Output (fram External Sine-Wave Generotor)
Amplifude: Adjustable from approximately 160 to 210 volts.
Driver Requlremenh: 20 to 50 vol rms, 20 to 50,000 cp .

Pulse Output (Externally Generated)
Amplitude: Adjustable from approximately 160 to 21 volts.
Duratian (between half-omplilude paints): 1.5 /i,ec to quare "'av

duration determined by external gen rator.

Type Cock Number Price

t264-A Madutallng Pawer Supply 1264-9701 $285,00
1264-'1 Adaptar Cable 1264-9601 15.00
1264-'2 Adaptor Cable 1264·9602 8.50
480·'408 Relay-Rack Adaptar Set

(for power supply only) 0480·9648 8.00
480-'416 Relay-Rock Adoptor Set (far

power 5upply and oscillator) 0480-9646 6.00

Rise and Decay Times (between 10% and 90% of maximum ampli­
tude): Le:;s than 1. - '" ee when driving a lond capa itanc of 300 pf in
Rhunt with a re~i. tance f 15,000 ohm or less.

Ramp-ott: I-one.
Driver Requirements: 20 50 v I peak, po itive polarity, 20 to

100,000 pulses per econd.
Power Requirements: 1 5 to 12- (Qr 210 to 2 ) vol , 50 to 1000 c .85
watts.
Accessories Supplied: TYPE CAP-22 Pow r (' rd, connector plug.
Recommended Oscillators: TYPE 1361-A (450 to 1050 Me); TYPE
1215- (50 to 250 MI'), 120 - (250 t 920 M ), 1209- L (180 to
600 1(') and 121 A (900 to 2000 1\1e) (p ges 112 to 115).
Other Accessories Available: TYPE 1264-PI Adaptor abl to con­
nect t TYPE 1209-. 120 -CL, and 1215- nit 0 dilators;
TYPE 12 '4-P2 Adllptor able to onn t to TYPE 121 A Unit
o CilllltOr.
Cabinet: Conv rtible bench (,ee page 210).
Dimensions: Width • height 7, depth 9~ inches (205 by 1 0 by
235 mm). Panel adaptor plat .e are available for 19-inch relay­
rack mountinp;, panel height 7 inches (see page 116).
Het W&ight: 12 pound (5.5 kg).
Shipping Weight: 26 p und (12 kg).
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~Type 1116-B EMERGENCY POWER SUPPLY
SPECIFICATIONS

Inpul:
From Power Line - 115/230 vol ,50 to 60 cp .
From Ballery (when operating Type 1120·A Frequen<y Standard)­

28 to 32 volt , 4.5 to 3.5 amperes.
From Ballery (when operating Ty pe 1100·A Frequency Standard)­

28 to 32 volt, 10 to 7.5 amperes.
Output: lIS volts, nominal, 60 cps, 180 watts continuous rating.
Operational Range: Battery cut in when line voltage falls below
105 volts and cuts out when restored line voltage reaches a preset
value between 108 and 113 volt !LC.
A«e.sories Supplied: Two TYPE CAP-22 Power Cord, pare f
Accessories Required: 28-, 30-, or 32-volt battery and cables.
A«essories Available: TYPE 126 -A Automatic Battery Charger and
TYPE 1268-Pl Battery Drawer.
Cabinet: Relay-rack (see page 210).
Dimensions: Width 19, height lOy:? inches (4 5 by 270 mm), depth
behind panel 13 inches (330 mm).
Net Weight: 5 Y2 pound (27 kg).
Shipping Weight, 77 pound (35 kg).
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USES: The TYPE 1116-B Emergency Power upply,
powered by storage ba terie , furni he ac power to main­
tain uninterrupted operation of a frequency standard
compri ing an 0 illator, frequen y divider and clock unit.
The witchov r to emergency power is accomplished auto­
matically upon failure of the main ac upply. The tran ition
to battery supply occurs within two cycle of the time he
line voltage fall to 105 vol . Ther is no interruption of
the continuous opera iou of the 0 cillator and timing
sy t m 0 that calibration procedure involving time
in gration can be fully relied upon. witchback does not
occur until th lin r turn to 10 to 113 volts.

While the de ign of the TTPE 11l3-A tandard-Fre­
quency Oscillator prevents the po ibili y of permanent
damage in the event of power failure, a p riod of hour or
even days may be nece sary for the tandard to recover
quilibrium after a temporary un e tlement cau ed by

power failur . The merg ncy power supply i therefore, a Type I ICode Number I Price
recommended accessory for the frequency standard. 1116-B Emergen<y Power Supply 1116-9702 $450.00

~Type 1268-A AUTOMATIC BATTERY CHARGER
Type 1268-Pl BATTERY DRAWER

USES: The TYPE 1268- utomatic Battery Charger i de- DESCRIPTION: A soon a line voltage is restored after
signed for u e with the TYPE 126 -PI Battery Drawer, a power failure, a con tant-current charge of about 4
which furni he de power to the TYPE 1116-B Emergency ampere i applied to the battery cens by the charger.
Power Supply After 6 hour of this charge, a timer change he operating

The TYPE 1268-Pl Battery Drawer is a remy-rack- mod to con tant voltage. Thi "float" voltage auto-
mounted sliding drawer to accommodate 24 nickel- matically maintain the battery at optimum charge
cadmium rechargeable cells. regardIe s of th current required.

SPECIFICA IONS

Price

TYPE 1268·A Automollc Bo"ery Charger

Canstant.Current Charge: 6 hours at 4 amperes, nominal.
Trickle Charge: 33.8 volt ± 2% is maintained at he ba tery.
Power Required: 105 to 130 (or 210 to 260) volt, 60 cp , 240 watts
maximum.
Ambient Temperature Range: 0 to 50 C.
Cabinet, Rack-bench ( ee page 210).
Dimensions: Bench model- width 19, heigh 5)i, dep h 12 inches
(4 5 by 135 by 305 mm), over-all; rack model- panel 19 by 5U
inch (4 5 by 135 mrn), depth behind panel 11 Y2 inche (295 mm).
Net Weight, 29)1 pounds (13.5 kg).
Shipping Weigh" 50 pound (23 kg).

Type

TYPE 126B.PI Battery Drower and TYPE 1268·9602 Bollery
Voltage: 2 volts dc, nominal. .
Ampere.Hours: 15 ampere-bours. At 4.3 to 3.2 amperes required by
TYPE 11l6-B Emergency Powerupply, batteries will run at least
3)1 hours.
Cabinet: Relay-rack (see page 210).
Dimensions: Width 19, height 12U, depth 19 inches (485 by 315 by
485 mm), over-all.
Drawer Nel Weight: 25 pounds (11.5 kg).
Drawer Shipping Weight: 35 pounds (16 kg).
Bollery Net Weight: Appro 'imately 90 pounds (41 kg). Battery
shipped direct from upplier.

Code Numher
1268.AM
126B.AR
1268·1'1
1268·9602

Automot;< Bollery Charger, Ben<h Model
Automati< Ballery Charger, Rock Model
Ballery Drawer (Ie.s ballery)
Battery

1268-9801
1268·9811
1268-9601
1268-9602

$450.00
450.00
195.00
250.00

= o~o~ .- <..,.~ ~ -
~ -.. '-

Type 1116·B

Type 1268-A

Type 1268-PI

~
.1• •.

I
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1262-9702 $95.00

11.2 kg) (3.7 kg)

5X7\4 X3\" 2\'2 Ib Bibo

3.3

75

55

40

20

#1 1.2

1f2 1.2

2262-B 105-125 50 10 400
or

10-250

Type

• To convert inch... to mm. multiply by 25,4.

,...---------- Type 1262-B POWER SUPPLY ---------__
Attaches to th TYPE 1551-C Sound-Level Meter to provide plate and filament power for laboratory use.

Frequency Filament upply Plate upply Dimensions Net hipping Code
TfolLs rps Walt Volts ma Volts ma 'nches· Weight Weight Number Price

176

~ File Courtesy of GRWiki.org



~Type 126S-A ADJUSTABLE DC POWER SUPPLY

ow

DESCRIPTION: Th instrum nt ha four yoltage ranlT

and four curren rang and will d Iiv r it maximum rat d
power of 200 watt to , 0, or 00 oh . Range are inter-

FEATURES:
••

Price

875.00

$875.00

1265-9801

1265-9811

Type

126S·AR

126S·AM

Adjustoble DC Power
Supply, Rack Model

Adjustable DC Power
Supply, Bench Model

PATE.·T .' TICE. ;-';ote 1, pag "iii.

SPECI FICATIONS
Full.Scale Output Ranges: 12.5,010, 125,400 volt, dc; 0.16, .5, 1.6, Dimensions: Bench model-width 19, h i/l;ht 7~, depth 17\1 inrb
5 ampere>;, de; in llny ombination up to 200 watts. (-1 5 by 190 by 440 mm), ov r-all; rack mode1- panel 19 hy 7 iar-he."
Metors: Voltage and cUlTent; ran/!;es witch with output ran/!; . (4 5 by [ 0 mm), depth hehind panel [" inchel (385 mm).
Overload Protection: Overload ircui trip' at approximn ely [11 Net Weight: 70 pound. (32 kp;l.
tim full- call' current. Shipping Weight: 140 paunr!. (64 kp;).
Regulation (Voltage or Current): 0.2% for 10% line-voltage hanp;;
1~ for 100 0 load change.
Speed of Response: Approximately 0.1 .econd.
Hum level (rms): Approximately 70 db belolY full- call' dc output
(60 db on 12.5-volt, 5-amper ranp;).
Accessories Supplied: T ....PE AP-22 POll' r ord and . pare fus .
Power Requirements: 105-125 (or 210-250) volts, 5Q-60 cps, 380 wat
at rat«llond. ( pecify if for 50 cp.~.)

~Type 1266-A ADJUSTABLE AC POWER SOURCE

FEATURES: • ontinuou ly adju table met red output up to 12-0 volt or 5 amper .
• Will tolerate d current equivalen t maximum ac curr n in ach ran

Price

360.00

$360.00

1266-9801

1266-9811
1266·AM

1266-AR Adjustable AC Power
Source, Rack Model
Adjustable AC Power
Source, Bench Model

PATE,'T ,·OT1CE. ;-';ote 7, pa~e \.m.

urr nt ran e . The ear elected by rotary p n I wit h
which ar m hani ally interlocked prevent any ombi­
nation that might exce d the 200 voltamper capa it r of
th upply. 01tag , in ea h ran ,i continuou ly adjust­
abl from Z 0 to the maximum value selected, by m an
of a \'AR1AC k adj tabl autotran former. An automatic
trip ir uit, with manual ret, protects the ourc again t
unint ntional ov rload.

SPECIFICATIONS
(485 by 190 by 440 rom), over-all; rack model- panel 19 by 7 inch •
(ol hy 1 0 mm), depth hehin<.l panel 15 inches (3 mm).
Net Weight: 46 pound (21 kg).
Shipping Weight: 100 pound (46 kg).

Type

Frequency: Power-line frequency.
Full·Scale Outpul Ranges: 4, 12.5, 40, 12", -tOO, 1250 volt, rms; 0.05,
0.16,0.5, 1.6,5 amperes; in any combination up to 200 va. Dc current
up to the rated ac curr nt may b .uperimposed on output from
external source. Maximum vol I/:e derated 20% a 50 cps.
Meters: Voltage and current; rang - . witch with outpnt rang .
Overload Protection: Overload ircuit trip a approximately 11..z
tim full call' of urrent mete!"'; can be r _ t oy panel \\itch.
Power Requirements: 50-60 cp', 105-125 (or 210-250) volt. 230 va.
Accessories Supplied: TYPE P-22 Power ord and. pare fus .
Dimensions: Bench model-width 19, heigh 71~, depth 17 'I. inch

USES: The TYPE 126 -A Adju tabl A Pow r our i
compatibl with th TYPE 12 5- Adju a I Pow r

upply for producing hi h-power composite way form
for u in the TYPE 1633-A Incr mental-Inductanc
Bridge.

It i al u eful for other application requiring a multi­
range, high-pow r source of ac liT nt and voltage.

DESC IPTION' There ar ix voltage ranges and fiv

•

Type 1266·A

Type 1265-A
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~Type 1570-A AUTOMATIC VOLTAGE REGULATORS

• No waveform di tortion added.
• High accuracy.
• Output voltage ind pendent of load.
• _'0 power-fac or r triction.
• High respon e speed.
• Large power-handling capacity.
• Tol rate transi nt overload up to t 0 time rated.
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FEATURES:

USES: The TYPE 1570- utomati Voltage Regulator is
used to r gulat ac lin voltage. It upplie up to 6 kva
continuou Iy, adds no harmonic di tortion, and has no
pow r-factor r triction. It combine high accuracy for
laboratory u with larg capacity for indu trial in-
tallation . Typical u e include the regulation of line

voltag for compu r, tran mitter upplie, carefully
controlled indu trial proce ,and military equipment
in allation.

DESCRIPTION: The regulator compri e a motor-driven
VARIA adju table autotran former, ao au:dliary tcp­
down tran form r which multiplic the power rating of the
autotran former, and control unit "'hich automatically
po ition th autotransformer to hold the output voltage
constan

Elementary schematic diagram
af the Type 1570 Valtage

Regulator.

The output voltag is measur d with an average-re-
ponse detector and i compar d to a reference voltage.

The re ultant error ignal control the phase angle of the
voltage applied to the TVO motor, providing a true
proportional-control y tem rather than an on-off circuit.
The clo ed-loop ph and amplitude characteri tic ar

11 1I11l111 !1l1lli
Expanded picture of line voltage peaks shows typical response of regulator.

Left, 2% step change in input voltage; right, resulting output tran.lent.

haped with lead and lag n twork to provide optimum
tran ient re pon . Th 0 ilia ram hown above iUu trate
a typical re pon to a 2% tep change in lin voltag . The
trace ar greatly expanded and show onl the ac voltage
peaks.

The TYPE 1570-A 15 i a militarized ver ion of th
tandard TYPE 1570- . It i d igned to me t the requir ­

ments of MIL-E-4158B and IL-E-16400C. For ea e of
maintenance, the control unit, containing the ervo
amplifier, has been parated from the regulator unit,
con i ting of h motor-driven VARIAC autotran former and
the buck-boo t tran former. For servicing, only the control
unit need be removed, p rmitting the regulator unit to
upply continuou (but unr gulated) power. The military

model i particularly u ful at high ambien mperatures
or where m chanical hock or vibration i encounter d.

In addition to the tandard and military model Ii ted in
the table, pecial model are available for oth r urr n
rating , correction range , or fr qu nci

SPECIFICATIONS

Input Voltage Range:

Nominal Actual
orrection Input Voltage Range

Frequency Range (% of Output Voltage)

60 cps ±10% 90% to 110Ofc.
±20% 820/, to 124%

50-cycle Models ±10% 91% to 109%and 50- to 6O-cycle
.t.1:ilitary Models ±20% 840{. to 119%

Output Voltage: Adjustable over a range of ± 10% from a base value
of 115 volts (for TYPE 1570-AL) or 230 vol (for TYPE 1570-AH),
determined by a crewdriver adjustment.

Frequency: tandard 50- and 60-cycle models operate from 45 to
55 cp and 55 to 65 cp ,r pectively. On military models, a switch
permi operation from either 45 to 55 cps or 55 to 65 cp .
Waveform Distortion: Jone added.

Waveform Error: The voltage- en ing device respond to the average
value of r ctified output voltage, which i held con tanto The rIDS
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output voltage will also remain con tan , r gardless of the harmonic
di tortion present, if the phase and amplitude of the harmoni ar
constant. If the harmonic c ntent changes, the rm value will change
by an amount less than :-.R/7'I, where tlR i the change in the har­
monic amplitude and n is the harmonic number.
Power Consumption: No load, 35 watt; full load, 100 watts.

Ambient Tempe.otu.e: tandard models - full rating apply up to
40 C. Militarized models - operating, -29 to +52 C; in torage,
-54 to +
Mountings: tandard model - bench (- M), r 111. -rack (- R), or
wall (-W). Militarized model - relay-rack only.

View of won·mounted regulator.
This model is used to .egulate line
voltages in the General Radio
development and testing labora·

tories.
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Maximum Accuracy
ominal Nominal Output RespoTUle (% of .1folmting Type Code .Vumber PriceOutput COTTfxtion Current KVA peed" Output iVumbert

lroltage Range (Amperes) (VoU8/Second) Voltage) 60 cp .50 cp

Bench 1570·ALM 1570·9964 1570·9957 $530.00

Rack lS70·ALR 1570·9974 1570·9966 530.00
12 0.25 Wan 1570·ALW 1570·9980 1570·9976 530.00

±10% 50 5.8 Rock 1570.ALS15~ 1570-9915 750.00
Bench 1570.ALMF 1570·9940 1570·9947 530.00

Rack 1570.ALRF 1570-9942 1570·9948 530.00
24 0.5 Wan 1570.ALWF 1570·9944 1570-9949 530.00

115 v
Rock 1570.ALS15·F§ 1570·9967 750.00Adjustable

±10% Bench 1570·ALM2 1570-9901 1570·9932 530.00
Rack 1570·ALR2 1570-9923 1570-9934 530.00

24 0.5
Wan 1570-ALW2 1570·9924 1570-9936 530.00

±20% 25 2.9
Rack 1570.ALSU.2§ 1570·9963 750.00
Bench 1570-ALMF2 1570-9952 1570-9959 530.00
Rock I 57o-ALRF2 1570·9953 1570·9960 530.00

40" 1.0 won 1570·ALWF2 1570·9954 1570-9962 530.00
Rack 1570.ALS15.F2§ 1570·9970 750.00
Bench 1570·AHM 1570·9951 1570·9958 530.00

24 0.25 Rack 1570·AHR 1570·9961 1570-9968 530.00

±10% 20 4.6
Wan 1570.AHW 1570·9971 1570·9979 530.00

Bench 1570·AHMF 1570·9779 1570·9783 530.00

48 0.5 Rock 1570·AHRF 1570·9780 1570·9784 530.00
230 v

Wan 1570·AHWF 1570-9781 1570·9785 530.00Adjustable
±10% Bench 1570·AHM2 1570·9771 1570·9775 530.00

48 0.5 Rack 1570.AHR2 1570·9772 1570.9776 530.00

±20% 10 2.3
Wan 1570.AHW2 1570·9773 1570-9777 530.00
Bench 1570.AHMF2 1570-9787 1570·9791 530.00

80" 1.0 Rock 1570.AHRF2 1570-9788 1570·9792 530.00
Wan 1570·AHRW2 1570-9789 1570·9793 530.00

• Respon e p d. are 17% le88 for .'>O-<:ycle model•.
mewhllt Ie for a.n in.8t1lntaneoul!! increase in outpUt voltage itre.nter than 15~.

t For 5O-<:ycle mod I., add "Q" to type number; .g.• T"l'B IS70-.\LWF2Q 10. TYPE: 1570-. LWF2.
I Mili rir mod..lB.

Dlmensionl:

STANDARD MODELS
Bench and Rack

Models Wall Models

Width 19 in. (485 mm) 13 \/2 in. (345 mm)
Height 7 in. (180 mm) 19\/2 in. (495 mm)
Depth (over--all) 13 in. (330 mm) 8 \4 in. (220 mm)
Depth (behind panel) 11 3,4 in. (300 mm)
Net Weight 57 Ib (26 kg) 64 Ib (29 kg)

MILlTA.RIZED MODELS
Control Unit Power Unit

Width 19 in. (485 mm) 19 in. (485 mm)
Height 3 \/2 in. (90 mrn) 7 in. (180 mm)
Depth (over-alll 8 \12 in. (220 mm) 11 \4 in. (290 mm)
Depth (behinrl panel) 7 in. (180 mm) 9l-1 in. (245 mm)
Net Weight 13~ Ib (6.3 kg) 50 Ib (22.8 kg)

Shipping Weight: 10 pounds (SO kg).

~ File Courtesy of GRWiki.org
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-
MOTOR
SPEED

- 1/15 hp and less 1/15 hp and less for
These speed controls are simple and -~~~- -~ for shunt motors series or universal motors
rugged and have good regulation. ~ -
They have given excellent perform.

I~.~ ~ Field and armatureance in many types of industrial appli- 1 . , leads mud be
cations and are particularly well I"" 'rill

~ .
separate to prOVide

suited for use in the shop and the constont /leld

laboratory. See page 182 for general Type 1701.AK Type 1701.AU excitotion

description and circuit. Complete Model Type 1701.AKW Available only
Two speed ronges Basic Model in complete model

AC Power supply Volts 115 115

Input single phose Full·lood amps. 1.5 1.5

Line voltage at 60 cycles 105-125 105-125

limits at 50 cycles 105-120 105-120

Input power, Full load 175 175

walls Stond·by None None

DC Armature Amperes 0.8 0.8

Output Volts 0-115 0-115

Field Amperes 0.2 1.25 or 1.0

Volts 115 or 38 10 or 16

Speed ronge o to roted or 0 to 2X rated o to rated or 0 to roted

Model Complete Bosic Complete

Dimensions Cabinet (w x h x d) 5% X 6 3,4 x3* 6V. x9x2* 5% X 6 3,4 X 3 3,4
(Inches) Variac (w x h x dl in cabinet 3!4 x 3"A6 x 4% In cabinet

Weight Net 6 5lf.t 6
(pounds) Shipping 11 11 11

Code Number 1701·9819 1701,9821 1701·9939

Prices 1·4 $95.00 $72.00 $95.00

net F.O.B. 5-19 93.00 68.50 93.00
factory 20 and up 91.00 65.50 91.00

RECOMMENDED MOTORS FOR USE WITH ABOVE VARIAC MOTOR SPEED CONTROLS
Molars nol sold separalely

Motor ratings, open, drip proof, electrically
Seriesreversible, 40° C rise continuous. horizontal.

Shunt orrigid base. Any mator within contral ratings
Universalcan be used.

General Radio Code Number 5760·9621 5760·9604

Horsepower 1/15 1/15

Speed RPM 1725 8800

Frame Size 68 NSE·12

leads (brought out seporately) 4 4

Bearings Ball Sleeve

Weight Net - 6V2 Ib Shipping - 10 Ib Net-3Vllb Shipping - 7 Ib

Price $38.00 $21.50

Type 1705·Pl

~.
r_, -c JJ ~'I.. l
I oa o' w •

Type 1702.P3 3.position Switch for use. with Types 1700·CW, 1702·BW, and

"121703·BW. D
'I Type 1705·P I drum.type Cantroller,

/

~jl ;.,; especially sultoble for machine.shop
Type production work. For descriptions. refer
1702.P3 to poge 182. I I ..~ < [

CONDUIT ,-r
SIZE -s' •

I I Code Number I "Type Price

1702·P3 I Switch I 1702·9603 I $11.00 [

1705·PI Controller 1705·9601 30.00
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SPECIFICATIONS AND PRICES

I

I'

For description of these models, refer to page 182

1/12tol/6hp 1/4 and 1/3 hp 1/2 and 3/4 hp
r'- --~

B
~---

-

~
..

1'=. ~l I• ~" l;)- " . .
'~"

Type 1703·A Type 1703.BW Type 1700.B Type 1700·CW Type 1702·A Type 1702.BW
Complete Model Bosic Model Complete Model Bo,ic Model Complete Model Bosic Model

115 115 115

2.2 5 10

105-125 105-125 105-125

105-125 on Special Order only on Speciol Order only

325 560 1150

30 3B 65

1.5 3.0 6.5

0-115 0-1\5 0-115

0.2 0.4 0.4

115 or 66 or 4B 115 or 75 115 or 75
o to rated or 0 to 1.25X or 0 to 1.5X o to roted or 0 to 1.15X rated o to rated or 0 to 1.15X rated

roted roted

Complete Bo,ic Complete Bosic Complete Boslc

7Y. x 7 31< x 431< 6% x lOY. x 3Y. 12% x9V. x 4% 12V. x9311.x4% 13Y2 x 14r. x 5V. 15311. x 1()lIA. X 513A.
in cabinet 3 11< x 311116 x 43(. in cabinet 4Y. x 4,sA. X 5V2 in cabinet 5 3j.i x 6\1.0 x5

9 8 23V2 23% 41 38 3j.i

13 15 34 40 55 51

1703·9701 1703·9826 1700·9702 1700·9828 1702·9701 1702·9826

$110.00 $90.00 $180.00 $155.00 $255.00 $215.00

107.00 87.50 176.00 151.50 245.00 206.00

104.00 85.00 172.00 148.00 235.00 197.00

RECOMMENDED MOTORS FOR USE WITH ABOVE VARIAC MOTOR SPEED CONTROLS
Moton not sold separately

Compound with separate Compound Compound
serie, • field leeds with interpoles with interpoles

5760·9611 5760·9603 5760-9625
1-' \13 "/.<

1725 1725 1725

G-56 G·56 J·56

6 6 6

Boll 8011 Boll

Net-30 Ib Shipping - 34 V. Ib Net- 33 Ib Shipping - 36 Ib Net-45lb Shipping - 48 V2 Ib

$62.00 $76.00 $115.00

DIMENSIONS OF MOTORS USED WITH VARIACii't MOTOR SPEED CONTROLS

General
R.~lo Frame U KEY

Cod. Number 511. A B C D E E' F G H L M N D P Min. MOl. Sq, LIL V W AI AD SA

5760·9603 G·56 6% 4 Y. 10 31< 3 Y2 2~ % 1 V2 \1.0 11hz 4' 3hz 413hz lUll. 63'hz 61slI. 6245 .6250 31i. 1\1.0 1% IA. Y. 3% 231<

5760·9604 NSE·12 39116 2\1.0 51\A. 2 1'% ~ % . . v.. 23/0 23/0 1511. 321h> 321", 3119 .3122 .. .. · . .. . . . . J3j.i

5760·9611 G·56 6% 3% 10"/.< 3V. 2~ % 1Y. v.. 11hz 413hz 413hz 1UA. 631k 61SA. 6245 .6250 3A. 1\1.0 1% 'A6 V. 3SA. 2 31<

5760-9621 68 4 5 7 31< 21A. 119h> 9hz ]19k V. 9hz 37A. 331e UA. 33th> 4\1.i 3120 .3125 . . .. · . . . . . .. 1\1.0

5760·9625 J·56 6% 4 Y. 12V. 3Y. 2% % I V2 \1.0 1\hz 6\1.0 4\1.0 l,sA. 631h> 6uA. 6245 .6250 3A. 1\1.0 · . .. V. 5 2"/.<

~ File Courtesy of GRWiki.org
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FOR OPERATING DC MOTORS FROM AC LINES
Refer to pages 180 and 181 JOT specifications and prices.

VARIAC@ SPEED CONTROlS
~

FEATURES:
• Smooth speed control - 10:1 for most applications; up

to 100:1 or more with light load .
• Full torque at any speed.
• Instant starting; quick reversing.
• mooth controlled starting for delicate loads; fast high­

torque starting for heavy loads.
• Dynamic braking in all models 1/6 hp and higher, to

bring the armature to a quick stop.
• conomical, easy to install require minimum of

maintenance.

VARIAC® speed control are compact, high-performance
motor speed controls designed to operate dc hunt, com­
pound, or serie motors from an ~c li!1e. The mo~ors are
operated with constan field excitatIOn and adJustable
armature voltage. VARIAC® autotransformer, in the
input to the armature-supply rectifier provides smooth
continuous adjustment of the armature voltage (and hence
of th speed) from rated value down to zero. Regulation is
15 to 30 percent at base speed. A choke in the armature
circuit minimizes ac ripple so the motor need not be
derated for slow-speed operation. A resistor connected
across the armature when the switch is in the STOP position,
provides dynamic breaking except on 1/15-hp models.

Np electron tubes are used in these controls. .
The basic circuit is shown in the diagram. Long-life

sel nium rectifiers are employed in both armature and field
circuits. These are self-protecting against transient voltage
surges. Armature overload protection is accomplished w~th
slow-blow fuses in the 1/15- and 1/6-hp models, and with
magnetic circui breakers in the 1/3- and 3/4-hp model.

Curves of the sp ed-torque characteristic for a typical
installation are shown in the diagram.

ARIAC speed control are available in four power
rating: 1/15, 1/6, 1/3, or 3/4 horsepower. Each of these
sizes can be ordered as ither a complete, enclos d model
or as a basic model for assembly into oth r equipm nt
(identified by the uffix W in the typ number). These
basic models include the basic components of the mounted

..,oor---,---r---r--.....,.---,

Speed·torque characteris­
tics of a typical molar and
speed control installation.

• .f-.-----:!..,....----,..:!:--~7S;--':!::...:--~...
II'O'CEHTA/o.n;D~

controls with the VARIAC autotransformer supplied
separately, to be mounted by the customer. 0 switches or
overload protection are supplied with ~he ba~ic models.
A suitable switch or drum controller IS avaIlable as a
separate item (see below).

The table on the preceding pages gives the specifications
and prices for both the complete and the basic models.

SWITCH AND CONTROLLER

fl7T Use 'With 1/6-HP, 1/3-HP, and3/4.-HP Basic(W) Models

The TYPE 1702-P3 appliance-type switch, supplied with
the complete models, is available for the W- models as
a separate item. This switch is de igned to brea~ the ac
and dc circuits simultaneously and handle reversmg and
dynamic braking. The e cutcheon plate (supplied) is
engraved FORWARD, STOP, and REVER E.

A drum-typ Controller, TYPE 1705-Pl, is also available
separately for use with the basic models in machine-shop
production work (ref r to page 180).

For prices of the switch and controller, refer to page 180.

Circuit diagram of a
Variac speed contral.

-

182

LINE
SWITCH

0--1

VARIAC
AUTOTRANSFORMER CHOKE

BRAKING
RESISTOR CONNECTS ACROSS

~- ARMATURE IN
STOP POSITION

REV AI :JING ARMATURE
SWITCH Az

S2

:J
SERIES

S,
FIELO

Fz
SHUNT
FIELD

F,
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FEATURES:
• Regulation: Output voltage is ub tantially independent
of load.
• mooth Control: Can be set very clo ely to any voltage
in i range. Output voltag i continuou ly adjustable
from z 1'0 to maximum.
• Efficieru;y: Low 10 under aU load conditi n .
• Long Life: Life is e entially the arne as that of a fi..xed­
ratio tran former.
• Linear Output Voltage: Output voltage varie linearly
with dial rotation.
• Overvoltage: Output voltage may be greater than input
voltage.
• Low Maintenance: Occa iona! cl aning of the conta,ct
surface en ures long, trouble-free operation.
Models Available

There are two erie of VARIAC autotransform rs: the
TYPE W, for 50- to 60- ycle rvice, and the TYPE M, for
350- to 1200-cycle service. Th TYPE M serie is described
on page 194.

Type number for VARL'\C autotran formers con ist of a
letter pI' fix (W for 50- to 60- yele unit I M for 350- to
1200-cyc1e model ), a number, and a letter suffix that
indicates exac Iy what elements are included in the assem­
bly, Tb following is the legend for VAltTAC type numbers:

- inc1ud s voltmeter and ammeter.
BB - includes ball bearings.

C - include motor capacitor.
D - motor-driven lmit (number following indicat s

econds for full tra,v rse of 320°).
G - ganged (digi following indicates number of unit

in gang).
H - 240-volt (input) unit.
K -includes Micro witches.
L - high l' than nominal current rating; no ov 1'­

voltage connection; 60 cps only.
M~ca ed uni.
T - portable ca e with carrying handle and two-wire

power cord.
T3 - same as T, but three-wire cord.
For example, a TYPE WsHG3D16CKM is a motor­

driven, three-gang, 240-volt W5 model, with motor
capacitor, MicrosFitches, and case. The motor speed is
such that a 320-degree traverse takes 16 seconds.

VARIAC® AUTOTRANSFORMERS

~
ince General Radio introduced the first adju table

autotransformer 30 year ago and branded it "Variac,"*
over a million of these unit have een service in virtually
every indu try. They control c voltage, and thus anything
in turn powered by a voltag. Light, heat, motor peed­
all are cootroll d m othly, dependably, by VARIA
autotran former.

The autotransformer hold ev ral bi advalltag over
other method of voltage control: It doe not wa te power
by dissipating heat; it can withstand a high a 1000
percent short-term overload; and it does not aff ct wave­
form or power factor. To the basic advantage the
VARL'\ add the value of 30 yea of continuou I' fine­
m n by General Radio and 30 ears f proven perform­
ance in indu try.
USES: Wherever ac voltage is to be adj u ted, there i.s a
place for the v RIAC au otransformer. orne typICal
application are:
• ighting control in thea ers, auditoriums, pho ographic

studios, and darkrooms.
• Control of electric beaters and ovens in laboratory,

pilot plant, and production line.
• Motor-speed control (except induction motors).
• Control of ac voltage in te and development work.
• Overvoltage and undervoltage tests.
• Meter calibration by voltage control.
DESCRIPTION: The VARIA autotransformer con i t of a
ingle-layer winding on a toroidal silicon- teel core. A the

control knob is rotated, a carbon brush traver th wind­
ing, tapping a portion of the total voltage aero s th
winding. The bru h is in continuous contact with ·th
winding, and the voltage between turns is alway less than
1 volt, even in the largest model; in the smallest model
it i only about 0.3 volt. The brush always spans more
than one turn, and the change in voltage a the brush
moves is practically continuous. Th bru h is 0 designed
that exces iv heating cannot occur in the turn hat
it spans.
Duratrak®t All VARIA autotransformer feature the
o RATRAK contact surface, a uniform ilver-alloy coating
to prevent injurious high-temperature oxidation and re-
ultant brush-track d t riorat.ion. The track how no

significant wear after 1,000,000 cycles of bru h operation
from zero to maximum and return. Because of D RATRAK

contact urface, the life of a VARIAC autotran former is
essentially the arne a that of a fixed-ratio power trans­
former.
• "Variac" is the registered trade name of th General Radio brand of adjustable
lIuwtTansformers and II ociated control equipmen in wbich these adjustable auto­
transformers are used.
t "Ouralrak" is the reJl:ist..,r d trade name for tbe contsel surface applied to the
brush tracks of "ariac autotransformers.
PATENT NOTICE. See . ole 7, page viii.

== left to right: W2M, W5M,
=W10M. W20M, W30M, ond==== W50M Variac autotransformers.~
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For ambient temperature, above 50 C, roting••hould be de­
crea,ed according to thi, curve.

90.,.. C
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TIME.

Short·time overload limit,. For high initial .urge current (a, with motors,
inca nde,cent 10 mp., etc.) and oth er .hort-time overload., the roted cur­
rent may be exceeded a ••hown, when line-voltage connection i, u.ed.
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GENERAL SPECIFICATIONS AND TERMINO OGY
Frequency: W erie, 50 to 60 cp.'; M ries, 350 to 1200 cp , except
as otherwi'e noted. )Iost W model" can be operated at rated current
and voltage at line frequencie of 50 to 400 cp . Model de igned for
240-volt, 0- to 60-cycle ervice can be used on a 25-cycle . upply at
full current rating and one-half their voltage and kva rating".
Overload Rating., Rated curren can be safely exceeded with hart­
term overload., a indicated by the curve above. The haded area
how the limits for the model with built-in fu e-type protective

device.
Protective Devices: TYPES MT and MT3 have built-in circuit break­
er with manual re et . TYPE W5L, W20H, W30, W30H, W50,
and W50H have built-in fu e- ype protectors. However, the e hould
not be con idered a ub titute for normal fu ing practices.
Temperature ERects: Ratin s given are based on a temperature ri. e of
not more than 50 above ambient temperature, For operation in
ambient temperatures above 50 C, ee derntin chart abov .
Dials: Dial pIa e are rever ibl : 0 to 120 volt on one ide, 0 to 140
volts on the other. Dials on H model are marked 0 to 240 and
oto 2 O. Dials for gan ed a emblie are mark d 0 to 10.
Terminals: The following tYJIes have combination oldering and screw­
type terminals: W2, W5, W5L, W , W L, "10, W10H, W30H, and
W50H. The W30 and W50 model u e clamp-type terminal to
accommodate the larger conductors required.

Rated Current i that curren which can be drawn at any po ition of the
control knob.
Maximum Current is that current which can be drawn at maximum
output voltage when the line-voltage connection i used.
Outpul Voltage Range i the rang of voltage available at the output
terminal when the given input voltage i applied to the input
terminal.
Overvoltage Connection refer to that connection which gives an out­
put voltage range of zero to 17 percent above input voltage.
Line-Voltage Connection refers to that connection which gives an out­
put voltage range of zero to input (line) voltage.
KVA Load Rating is the maximum current multiplied by the nominal
input line voltage. At any lower voltage setting, a Variac can handle
a con tant-impedance load that draw a current no greater than
maximum curren \\ith rated input voltage.
No·Laad Lass i the guaranteed maximum 10 in wa ts at tated line
voltage and frequency.
Driving Torque is the torque required to turn the haft.

For a complete description of principles, circuits, and u es, refer
to The Handbook oj Voltage Control with the VariaC® AutotraM­
former, available free on request from General Radio Company.

THE W SERIES VARIAC® AUTOTRANSFORMER
There are seven ba ic iz in the W eries: W2, W5, W8,

\\ 10, \V20, \\ 30, and W50. (The numbers corre pond
approximately a ra d cmrent in ampere ; for exact
pe ification , th following pages.) All iz s except 8

are avaiJabl in both 120- and 2 O-volt model . In addition,
several mounting option ar offered (tmca d, cased, and
portable), plus many op ional feature, t1ch a ball
bearings, motor drive full 360-degree rotation, and two
separate bru h tracks.

Cased madels are totally en- =
c1o,ed, with easily removed =
cOvers. Power connections enter
ca.e through standard conduit

knockouts.

==

Overload protector, an Important
feature On portable model., i. quickly

re.et from front po nel.

Portoble models have carrying
handle, built-in overload protec­
tor, ond either two· or three-wire

power cord.

Shaft can be eo,ily adjusted or re­
placed without dl.turbing other parts

of the assembly.

Uncosed model. have .quare

;~~~~~~~ mounling base, for convenient __-= in,laliation. On all model" wiring --= diagram ond ratings are .tamped =
- On terminal plate.. --
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Type W5M
(ca.ed) model.
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Type W2
(uncased)
basic model.

4 Mot" Ho.... a.orono.
Ft,w.1O Sootw Or! CCRd
Ab»Il:tDiottolnhF\lnotll

3 Oio DlI~1 Plollt
IDla Stlafl

v

10:10 SR *For Cowel Moditl
:i: PMltll Drilhn,;

IZO~:~)20. For SkU And

.. 31 Crlll~ Oll~1 Plol.

Types W2 and W2M.
Type. W5, W5L, W5M, W5LM, W5MT,

WSMT3, WSLMT3, W5H, W5HM, and W5HMT.

Type W10MT3,
portable model
with 3.wire cord.

~~I~~c:e::
ModtIllDrta Hat.. .,.Pon."
5 to-o Dtol PlGt.
iCla stlaft

~ MtlJ Hillfu ~ -28
0rl4! Boll Clr.e-1.
For Uneaud Mod.1

Type. WIO, WIOM, WIOMT, WIOMT3, Wl0H,
W10HM, Wl0HMT, and WIOHMT3.

Type W8
(uncased) model.

4 DI(I Ole I Plate

i Dlo Sboll

-3 Utili Hoi" 10-32 On
/3!- a~, Clte"I~OI.
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3,

Types we and W8L.
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.0. 0101 Plolt

EI9"""o --~

Type W30
(uncased)
basic model•

..; ~1r;l1'401et.,Cdton:n:: .. fiOr
.D1oS~OfIo(:Cl&4'dP.b:\lll
(y,........~-,

70.0 Dio' F'la1t:
fOll:l $l'lall

Types W30, W30M, W30H, and W30HM.

Type W20M
(ca.ed) mod el.

4 Ml0Q0 Hot_,,"C~~ F'or
0.:. S¢1rW e- CoRd MOOItI

{-LD.cIHoI"kol~ll

,. Cho 0101 Pial.
i DIG SbGft

Types W20, W20M, W20MT3, W20H, W20HM,
and W20HMT3.

4hlt9Holltt.~.

Fa I Oio Soew OnCo~_HllIo;, _

~OICl Diol piol.
:; DII;J SboU

Types W50, W50M, W50H, and W50HM.

Type W50M
(cosed ) mod el.

t 'iven in inches; to convert:. to mm t multiply by 25.4.
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This table lists commonly used single units and does not include all possible applications.
Dimensions for these models are given on page 185.

OUTPUT u
Z

Overvotlage ii: :z:
iii

~~ '"L1ne-Voltoge Connection Connection w ::>
'" W

'" ::>'" "'5 ... ...
'"

(lIW ... :::0
"< "< dI 9 "'0 ... ~O ~~

w Oz :z: -<I>. iJiw
~ ... "'~ ~I

u ~l ~
",,,,

W ... W W ..."'0 wO
U \:>0 U w ... '" ::>zwO U w dol«(I) u:;'" l2~O~~ om~z ~o

)(:z: u... -< ClZ% ~U ~w"'% ~U >9t: ~u Su ~~:~
_",w

~:~w z oD<::>~ <C<ci=w .... z )(Qrl::~W .... z u,-< ~5 ... ::> I>.U:; CODE I>.1>.0 >O<c:X ~~ <::>~ -<::>~w ~~ ~::>~w TYPE ~2~ wO ~~ NUMBER PRICE w Q;:)
~> ~ .... Ql:- "'U-< ~u-<e U-<e 00 ZI>. '" -< ...

120 0.31 0-120 2.0 2.6 0-140 2.0 W2Mt 3.5 5-10 4\4 9 3010-5111 $ 21.50 ~
(With eale) >- 8.. 0 .0

120 0.37 0-120 2.4 3.1 0-140 2.4 W2t 3.5 5-10 3V, 6 3010-5110 15.00
~ ... ...

(Uneaud) ...
120 See Not. C 0-140 5 W5MT*t 9 10-20 8\4 15 3030-5118 31.50(Pa,table 2.wlre)

120 See Note C 0-140 5 W5MT3*t
9 10-20 8\4 15 3030·5119 33.00(Portable 3.wl,.)

120 0.7' 0-120 5.0 6.5 0-140 5
W5M*t

9 10-20 7\4 13 3030·5111 26.00 -(With eou) 0...
W5*t N ~120 0.94 (H2O 6,0 7.8 0-140 6 9 10-20 6V2 12 3030·5110 11.00 ...
(Uneoled) > ..... ...
W5LM

0.

120 1.1 0-120 7.1 9.2 Se. Nol. 0 (With cal.) 12 10-20 7\4 13 3050-5111 25.50 ~

120 1.1 0-120 7.1 9.2 See Note 0 W5LMT3
12 10-20 8% 15 3050·5119 32.50(Portabl. 3.wlre)

120 1.32 0-120 8.5 11 Se. Note D
W5L*

12 10-20 6',4 12 3050·5110 17.50(Unea.ed)

120 1.32 0-120 8.5 11 0-140 8.5 WI 12 10-20 8 15 3038-5110 21.00 l:l(Unealed) 0>- 0
.. 0 .0

WIL 0.0- ...120 1.56 0-120 10 13 S.e Note D 12 10-20 8\4 15 3058·5110 21.00 ,..
(Unealed) ...

120 1.56 0-120 10 13 0-140 10 Wl0*t 17 15-30 12% 18 3060-5110 33.00(Uneo,ed) ltl
"'!

120 1.56 0-120 10 13 0-140 10
Wl0Mot

17 15-30 15V2 21 3060·5111 46.00
;;;

(With cOle) 0 8
~ 0-

W10MTt ... ...120 See Note C 0-140 10 17 15-30 16 24 3060·5118 56.00 >
(Portabl. 2.wlre) ..

lL
W10MT3t

,..
120 See Note C 0-140 10 17 15-30 16 24 3060·5119 57.50 ...

(Portable 3.wlre)

120 0-120 20 0-140 20 W20"t 27 45-90 21% 27 3090·5110
0

3.12 26 41.00 ltl
(Uneaud) N...
W20Mt ... 0

120 3.12 0-120 20 26 0-140 20 27 45-90 24V2 27 3090·5111 63.00 ... 0
(With eale) ... 0-> ...
W20MT3t

..
120 See Not. C 0-140 20 27 45-90 28 38 3090-5119 96.00 lL

(Po,'obl. 3.wl,.)
,.....

W30M M
120 3.'4 0-120 28 32 0-140 28 (With eale) 35 50-100 37 46 3120·5111 99.00 "'0 8"'0>. rl

W30
......

120 4.32 0-120 30 36 0-140 30 35 50-100 30 36 3120-5110 11.00 0. .... ....
(Une,,"ed) ~

120 0-120 40 45 0-140 40 W50M*t 150-300 57 74 3150-5111
...

5.40 50 150.00 ... 0(Wllh eau) "'0
>~ 0

W50*t .. " rl
120 6.00 0-120 50 SO 0-140 50 SO 150-300 50 65 3150-5110 125.00

0. .... ...,..
(Une,,"ed) ...

(/) I/)

ce: ~
w Z
~ ~
ce: w
0 ....
u.. C>
lJ) Z
Z iii
«ce:
I-
0
I-
:::>«
21
u
~
ce:«
>

See footnole. On followl"II page.
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This table lists commonly used single units and does not include all possible applications.

Dimensions for these models are given on page 185.

OUTPUT 0z
O.e..oltag e ii: :z;

W
~~

V>
Une·Yoltage Connection Connection w ::l

'" w
V> ::lV> V>Z ...

~~II> a w l!;!5'< '< il 9 "':z; ... ...
OU :z; <a- m... -w w w ... ~ 0 ~I ~ ",V>w ... w ... V> ~ ... ", ... w "''''0 wC
01 iii V> 2~Cl 1.'0 Ow im~~ Ow d-(tn x'"

cit~ cit~z ZW ~c 0:1: U
... < a Zz ~O ~o >91= :3::l:' w",w _",w

~:~w
_U z ",0 cae<C<cO:w

g~
... ",a- )(aca.. .....

g~
U.« >z ... ::l a-w CODE a-a-o >0<C'" ~a~ «::l~W <::l~'" TYPE ~~~ :§5 wO ~~ NUMBER PRICE ... cilS

~> ~ ... I:II':~ ~U«~ Dl:'uot(~ za- '" « ...

240 See Note C 0--280 2
W5HMTt

9 10--20 8\4 15 3040·5118 $35.00 ......
(Porlable 2·wlre) 0..

240 0.62 0--240 2.0 2.6 0--280 2 W5Ht ;;; 0

9 10--20 6Y. 10 3040·5110 21.50 0
120 - - - - 0--280 1 (Unealed) > .... ...
240 0.62 0-240 2.0 2.6 0-280 2 W5HMt 9 10--20 7\4 13 3040.5111 29.50 ~
120 - - - - 0-280 1 (Caled) ...
240 1.25 0--240 4 5.2 0--280 4 Wl0Ht 17 15-30 12 18 3070-5110 35.00
120 - - - - 0-280 2 (Unealed) ...

~
240 1.25 0--240 4 5.2 0--280 4 WIOHMt -

17 15-30 14Y2 21 3070·5111 41.00 ...
120 - - - - 0--280 2 (With Cau) - 0

0;::: .,:
WIOHMT ... ...

240 See Note C 0--280 4 (Porlable :l.wlre) 17 15-30 15Y. 24 3070·5118 51.00 >..
Q.

WIOHMUt
,.

240 See Note C 0--280 4 17 15-30 15Y. 24 3070·5119 60.00
...

(Portable 3.wlre)

240 2.50 0--240 8 10.4 0-280 8 W20H*t 0
27 45-90 20Y. 27 3100-5110 50.00 0

120 - - - - 0--280 4 (Uneoled) ri...
240 2.50 0--240 8 10.4 0--280 8 W20HMt '" 8
120 - - - - 0-280 4 (With cOle) 27 45-90 23Y. 31 3100-5111 65.00 iii 0.

> ...
W20HMT3t

..
240 See NOle C 0-280 8 27 45-90 27 35 3100·5119 91.00 a.

(Porloble 3.wlre)
,....

240 3.74 0--240 12 15.6 0-280 12 W30H
35 50-100 29 36 3130-5110 11.00

...
120 - - - - 0-280 6 (Uneoled) ;:::0 0

"'0 0> . ....
240 3.74 0--240 12 15.6 0-280 12 W30HM .....

35 50--100 36 46 3130-5111 99.00 0.. ... ...
120 - - - - 0--280 6 (With eou) ~

240 7.45 0--240 20 31 0-280 20 W50HM*t r...
120 - - - - 0--280 10 (Wllh eou) 50 150-300 60 76 3160·511-1 150.00

=~ 0
0> . ....

240 7.10 0--240 25 32.5 0--280 25 W50H*t
50 150-300 53 67 3160·5110 125.00 :.t. ...

120 - - - - 0--280 12.5 (Uncoled)
,....

NOTES

A. Maximum current can be drawn at maximum .ollage for Ihe line·.oltage connection only. K.a a. li.ted = normal Inpul line .oltage times maximum currenl.

I. Rated current .hould not be exceeded for the a.ervollage connection. Output ha for overvoltage connection = output .ollage times rated current.
C. Type MT and M13 mod els ha.e o.ervollag e connections and corre.ponding dial .cale. bul can be .upplied on .peciol ord er with line-.ollog e connection. and dial .coles.
D. For 60-cycle use only; no o.ervollage connection pro.ided.

E. When ordering .. unil with ball bearings, add Ihe ,uffix .. 88" 10 the Iype number.

*U.ted under the Re-examination Service of the Underwriters' loborCltories.

tAppro.ed by the CClnCldiCln Siond..rd. Anociation.

187

~ File Courtesy of GRWiki.org



~METERED VARIAC AUTOTRANSFORMERS

RAT1NGS AND PRICES FOR METERED VARIAC- AUTOTRANSFORMERS

~
Weigh!
Pounds

~ .§ ~ Fulting
~ ~- ""Type -t! <:l I Amperes .!$ Dimensions Code Price

,,~ ~""
., -f:j ~t; ;:: -..

~""" ~~ -"" ;:0,..... I':l. Int·he.s umber.,
.5~1;] ~.:::; .E-.::: ~ -I< ' " Low High - ~

~c§ 'c" ....
~~ '" c <:l ~c§ ~ <:l

~.3 -<:: Height Depth.... ::"0::: ~O::: Range Ranoe ~ ~ Vidth

W5MT3VMt V 120 0-140 0-150 - - 9 - - 8Y2 19 4% 7Y2 6'/.0 3030·5015 $ 60.00

W5MT3A V,A 120 0-140 0-150 0-1, - 9 1 5 11 Y2 19 6% 10 6Y2 3030·5012 93.00
0-5

W5MT3W V,W 120 0-140 0-150 - 0-150, 9 2 5 1P~ 19 6',4 10 6Y2 3030·5013 120.00
0-750

W5MT3AW V,A, W 120 0-140 0-150 0-1, 0-150, 9 A=1 5 12Y2 20 12 3,4 9 6Y2 3030·5014 150.00
0-5 0-750 W = 2

Wl0MT3A V,A 120 0-140 0-150 0-2, - 17 2 10 18 '/.0 24 9'/.0 12 6Y2 3060·5012 110.00
0-10

W10MT3W V, W 120 0-140 0-150 - 0-300, 17 4 10 18'/.0 24 9'/.0 12 6Y2 3060·5013 145.00
0-1500

V) Cl
0:: w
W Q&

::E W
0:: luo ~
LL
V)

Z«
0::....
o
I­
~«
u«
i52«
>

1\1 tered ARIAC autotran former a emblies arc port­
able te ting device. Each con i t of a VARIA autotran­
former and either a voltme 1', a vol meter and an ammet r,
a voltmeter and a wattm tel', or all three. witchin ,fll e
and pow I' cord are also provid d. Th e handy, compac
a emblie have many u e both in h laboratory and on
the te t b nch, among th m ov rvoltag and undervol age
te t mea urement of voltage current, and power and
trouble h oting. The mpt r shielding reduce tray field
ufficiently 0 permit an over-all a curacy of 3% (full cale)

wi h 20/( m tel's. onnections are made through a three­
wir cord (lin) and a three-wire outlet (load). The output
(load) cir uit, ntaining th m tel' ,i fu ed. A double-pole
ou-off wit h di conn c both id of the lin . Make-

before-break rang witche p rmit the dual-range meter
o be wi hed und l' load. 11 m t r have expanded cale

for air r ndin .
The TYPE W5l\IT3V~1 contains a vol met r; two model

include a voltmet r and an ammeter: TYPE W5MT3A
(0-5 I1mper ) and TYPE WlOMT3 (0-10 amperes); two
model includ a voltmeter and wattmeter: TYPE W5:MT­
3\V (0-7-0 watt) and TYPE WlO~IT3 (0-1500 wat );
one model includ a voltm t r, ammeter, and wattmet r:
TYPE W5l\IT3 W (0-5 amp r. nd 0-750 wat ).

The metal ca e euclo ing the metered unit i finished to
match the c . e u d with th tandard W- erie VARLAC

autotran former. A onv ni nt carrying handle a ure
ready portability.

V = Voltmeter A = Ammeter W = Wottmeter • 50 10 60 cps for 011 models. t Klixon·type overlood protector.

TYPE
W5MT3VM

TYPE
W5MT3A

188

TYPE
W5MT3AW

TYPE
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~GANGED VARIAC® ADJUSTABLE AUTOTRANSFORMER ASSEMBLIES

The usefulness of the VARIAC autotransformer is greatly ex ended by mean of multigang
assemblies (two, three, four, or ix). They can be used 0 control several circui from a
single knob and to control three-phas circuit, either wye- or del a-connected.

SINGLE-PHASE

PARALLEL COMBINATIONS
The larger models (TYPE W20, W30, and W50) can be

operated in parallel if a Typ 50-PI Choke i used 0 limit
circulating curren, as hown in circuit (a). Load rating of
two identical units in parallel is twice tha of a ingle unit.
Parall I operation is not usually recommended for smaller
mod I , since the us of the next larger size is more eco­
nomical. Where a load rating in excess of two TYPE W50
units is needed, a third unit can be added by use of a
TYPE 50-P2 Choke, a shown in circuit (b). Four-gang and
ix-gang unit can al 0 be paralleled. See page 190 for prices

of chok s and numb l' r quired.

(0)

LINE

e><
> >
Z ;;0

Q »
~~

>
C
~o
-l
;;0

>
Z
Ul
"'T1o
;;0

3::
m
;;0
Ul

LINE

~
LOAD

SERIES OPERATION

Th erie conn ction i u eful in the operation of I20-volt uni from 240-vol lines and
240-vol unit from 4 O-volt lines. Thi circuit cannot bud, however, when a common
conn ction betw n lin and load is required, a , for in tanc , wh n he load is grounded.

THREE-PHASE

OPEN·DELTA CONNECTION

With thi connection, two VARIAC autotran former will
control a thr -pha load from a thr -pha e ource.

laximum output voltag can b eitb r lin voltage or 17
percent above line voltag . The load rating of a two-gang,
open-delta circuit i 1.732 tim tha of a ingl unit. With
240-volt mod I , output voltages of mol' han doubl the
upply voltage can b obtained, althougb current and

power ratings are halved.

WYE CONNECTION

Wye-connected model can b op rat d from three­
pha e lines of twice the voltage rating. Thi i b cause the
voltage aero each leg of a wye-conn ct d a s mblyequals
line volt divided by~and beau e 20-volt models ar
wound for a maximum of 140 volts and 240-vol model
for a maximum of 2 0 volts. With a wye connection, the
voltage across a unit on a 480-volt line is 277 vol ; on a
240-volt line, 13 volts. though he overvoltage fcatur
is sacrificed in tbi circuit, the kva rating i increa cd by
the ratio 138:120. Tb load rating of a wye-connected
assembly i 3.47 tim s that of a single unit.

PARALLEL OPERATION

As with single-pha e a embli , VARIAC autotrans­
former can al 0 be paralleled on hI' -phase circuits. A

-gang d lta connection requir two TYPE 50-PI Chokes
and a 6-gang delta connection require two TYPE 50-PI
and two Typ· 50-P2 Choke. 6-gang wy r quires tbre
TYPE 50-PI Chokes.

For \." ing and prices of these asselnblies, refer to pages 190 and 191.
Dimensions will be found on pages 192 and 193.

DELTA

\oJ 0

~<>--~---------Qg

Type 50-PI Choke to limit circu·
latin9 current in parallel combi­

nationSa

Type W20G3
(uncasedl 3-9an9

model.

Type W2G2M
(cased) 2'90n9

model.

I!:-----o .,...
o....
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13.00
$13.00

41.00

PRICE

$53.00

3050-5120

CODE
NUMBER

3050·512123
2113'A

15V.

TYPE
50·P2
$16.00

TYPE
50·PI
$16.00

2-Gong, "ncosed (PI

DESCRIPTION
(SEE NOTE BI

2-Gong, cosed (PIW5LG2M·

TYPE

WSLG2·
18.4
22.0

14.2
17.0

OUTPUT

0-\20
0-1202.6

2.2

H'

fI:Ili"U '" lL"

This table lists commonly used ganged assemblies and does not include all possible applications.
Refer to pages 192 and 193 for dimensions of these models.

120
120

®
U
4:
~
4:
>

120 3.\ 0-120 20.0 26.0 W8LG2 2·Gong, "ncosed (PI 16'A 25 3058·5120 48.00 13.00
120 3.3 0-120 21.3 27.6 WSLG3M· 3-Gong, cased (PI 32 3050·5131 72.50 15.00
120 4.0 0-120 25.5 33.0 WSLG3* 3-Gong. uncased (p) 30 3050·5130 59.50 15.00
120 4.7 0-120 30.0 39.0 WBLG3 3-Gong, uncosed (PI 25 V. 36 3058·5130 70.00 15.00
120 6.2 0-140 40.0 52.0 W20G2M 2-Gang, cased (PI 48 63 3090·5121 130.00 15.00
120 6.2 0-140 40.0 52.0 W20G2 2·Gang, uncased (PI 57 3090-5120 106.00 15.00
120 7.7 0-140 56.0 64.0 W3OG2M 2.Gang, cased (P) 67 83 3120-5121 210.00 18.00
120 8.6 0-140 60.0 72.0 W3OG2 2.Gang, uncased (PI 71 3120·5120 180.00 18.00
120 9.4 0-140 60.0 78.0 W2OG3M 3.Gang, cosed (PI 71 84 3090·5131 lB2.00 18.00
120 9.4 0-140 60.0 78.0 W2OG3 3·Gang, uncased (PI 65 78 3090-5130 156.00 18.00
120 10.8 0-140 80.0 90.0 WSOG2M 2-Gang, cased (PI 123 160 3150·5121 308.00 18.00
120 11.5 0-140 84.0 96.0 W30G3M 3-Gang, cased (PI 99 115 3120·5131 299.00 22.00
120 12.0 0-140 100.0 100.0 W50G2 2-Gang, uncased (PI 112 147 3150-5120 268.00 18.00
120 13.0 0-140 90.0 108.0 W30G3 3.Gang, uncased (PI 93 108 3120-5130 264.00 22.00
120 16.2 0-140 120.0 135.0 W5OG3M 3.Gang, cased (PI 179 221 3150·5131 442.00 22.00
120 18.0 0-140 150.0 150.0 WSOG3 3.Gang, uncosed (PI 163 206 3150-5130 397.00 22.00
120 21.6 0-140 160.0 180.0 WSOG4BBM 4-Ga'lg, 8011 Bearing5,

cased (PI
4 240 313 3150·5241 604.00

120 24.0 0-140 200.0 200.0 WSOG4BB 4-.Gong, Ball Bearings,
uncased (PI

4 215 288 3150·5240 SS6.oo

120 32.4 0-140 240.0 270.0 WSOG6BBM 6.Gang, 8011 Bearings,
cased (PI

5 2 355 430 3150·5261 887.00

120 36.0 0--140 300.0 300.0 WSOG6BB 6-Gong, 8011 Bearings"
uncosed (P)

5 2 325 400 3150·5260 833.00

240 0.62 0-560 1.0 1.3 WSHG2 2-Gong, uncosed (SIt 13"A 21 3040·5120 49.00 13.00
240 0.62 0-560 1.0 1.3 WSHG2M 2-Gong, cased (S)t 15 23 3040·5121 61.00 13.00
240 0.62 0-280 2.0 2.6 W2G2M 2-Gong, cased (SIt 15 3010-5121 46.00 13.00
240 0.74 0-280 2.4 3.1 W2G2 2-Gang, uncosed (SIt 7V. 14 3010-5120 36.00 13.00
240 1.56 0-2BO 5.0 6.5 W5G2M 2·Gong, cased (SIt 15 23 3030·5121 54.00 13.00
240 1.87 0-280 6.0 7.8 WSG2 2.Gang, uncosed (SIt 21 3030·5120 42.00 13.00
240 2.64 0-280 8.5 11.0 WBG2 2.Gang, uncased (SIt 16V. 25 3038-5120 48.00 13.00
240 3.12 0-280 10.0 13.0 W1OG2 2-Gang, uncased (S)t 34 3060-5120 73.00 15.00
240 3.12 0-280 10.0 13.0 W1OG2M 2-Gong, cased {Sit 38 3060·5121 93.00 15.00
240 4.99 0-280 16.0 20.8 W20HG2 2-Gong, uncosed (PI 41 55 3100·5120 110.00 15.00

240 4.99 0-280 16.0 20.8 W20HG2M 2.Gang, cosed (PI 45 59 3100·5121 134.00 15.00

240 6.24 0-280 20.0 26.0 W2OG2 2.Gang, uncased (SIt 44 57 3090·5120 106.00 15.00

240 6.24 0-280 20.0 26.0 W2OG2M 2-Gong, cased (SIt 48 63 3090-5121 130.00 15.00

240 7.5 0-280 24.0 31.2 W30HG2 2-Gong, uncased (PI 59 75 3130-5120 180.00 18.00

240 7.5 0-280 24.0 31.2 W30HG2M 2-Gang, cased (PI 81 3130-5121 210.00 18.00

240
240

7.7

8.6
0-280
0-280

28.0
30.0

32.0
36.0

W30G2M

W30G2

2·Gang, cased (Sit
2.Gang, "ncosed (SIt

67
61 y,

83

71
3120·5121
3120-5120

210.00

180.00

18.00
18.00

240 14.9 0-280 40.0 62.0 WSOHG2M 2-Gong, cased (PI 126 165 3160-5121 308.00 18.00

240 15.6 0-280 50.0 65.0 WSOHG2 2-Gong, uncosed (PI 116 153 3160-5120 268.00 18.00

240 22.3 0-280 60.0 93.0 W50HG3M 3.Gang, cased (PI 183 230 3160·5131 442.00 22.00
240 23.4 0-280 75.0 97.5 W50HG3 3.Gang, uncosed (PI 167 214 3160·5130 397.00 22.00

240 29.8 0-280 80.0 124.0 W50HG4BBM 4-Gong, Boll Bearings,
cased (P)

3 255 328 3160·5241 604.00

240 31.2 0-280 100.0 130.0 WSOHG488 "'-Gang, Ball Bearings,
uncosed (PI

3 230 300 3160·5240 556.00

240 44.6 0-280 120.0 186.0 WSOHG688M 6-Gang, 8011 Bearings,
cased (PI

385 458 3160·5261 887.00

240 46.8 0-280 150.0 195.0 W50HG688 6·Gang, Ball Bearings,
uncased (PI

4 355 428 3160·5260 833.00

See footnotes on following poge.
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This table lists commonly used ganged assemblies and does not include all possible applications.
Refer to pages 192 and 193 for dimensions of these models.

Cl
Z... ii: DOUTPUT 0 !!::en0 :<:0"'en W enz W

ww" .....
~ « ca~5 ..... w~ :::0

~~2 ..... 0 «z
w w :<: « .. ...-

w ..... w
..... '" ~ ..... ","'"

zu .. Cl ~I .. en
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208 3.31 0-208 7.1 9.2 WSLG3M*§ 3-Gang, cased, Wye circuit 2211_ 32 3050·5\3\ $72.50 $15.00
208 3.96 0-208 8.5 11.0 W5LG3*§ 3~Gong. uncased, Wye circuit 2011_ 30 3050-5130 59.50 15.00
208 4.68 0-208 10.0 13.0 W8LG3*§ 3·Gang, uncased, Wye circult 2514 36 3058·5130 70.00 15.00

240 1.08 0-280 2.0 2.6 WSHG2 2.Gang, uncased, Open Delta 13Y_ 21 3040·5120 49.00 13.00
240 1.08 0-280 2.0 2.6 W5HG2M 2.GO"9, cased, Open De:lto 14 23 3040·5121 61.00 13.00
240 1.08 0-240 2.0 2.6 W2G3Mt 3.GO"9, cased, Wye circ:uit 1211_ 21 3010·5131 63.00 15.00
240 1.29 0-240 2.4 3.1 W2G3t 3-Gong, uncased, Wye circuit 10~ 19 3010·5130 52.00 15.00
240 2.16 0-280 4.0 5.2 WIOHG2 2-Gang, uncosed, Open Delta 24 V- 33 3070·5120 77.00 15.00
240 2.16 0-280 4.0 5.2 Wl0HG2M 2.GO"9, cased, Open Delta 29 37 3070·5121 97.00 15.00
240 2.70 0-240 5.0 6.5 W5G3Mt 3.Gong, cased, Wye circuit 22Y_ 32 3030-5131 74.00 15.00
240 3.24 0-240 6.0 7.8 W5G3t 3.GO"9, uncased, Wye circuit 21 30 3030-5130 61.00 15.00
240 4.57 0-240 8.5 11.0 W,G3t 3-Gon9, uncast!d, Wye circuit 25Y_ 36Y_ 3038·5130 70.00 15.00
240 4.32 0-280 8.0 10.4 W20lolG2 2-Gang, uncosed, Open Delta 41 55 3100·5120 110.00 15.00
240 4.32 0-280 8.0 10.4 W20HG2M 2-Gon9, cased, Open Delta 45 59 3100·5\21 134.00 15.00
240 5.40 0-240 10.0 13.0 WIOG3t 3.Gang, uncosed, Wye circuit 39 48 3060·5130 108.00 18.00
240 S.40 0-240 10.0 13.0 WIOG3Mt 3-Gong, ca.se:d, Wye circuit 43 54 3060·5131 129.00 18.00

240 6.48 0-280 12.0 15.6 W30HG2 2-Gong, uncaled, Open Delta 59 75 3130·5120 180.00 18.00
240 6.48 0-280 \2.0 15.6 W30HG2M 2·Gang. cased, Open Delta 6411_ 81 3130·5121 210.00 18.00
240 10.8 0-240 20.0 26.0 W2OG3t 3·Gong, uncoled, Wye circuit 65 78 3090·5130 156.00 18.00
240 10.8 0-240 20.0 26.0 W2OG3Mt 3·Gang, cased, Wye circuit 71 84 3090·5131 182.00 18.00
240 12.9 0-280 20.0 31.0 WSOHG2M 2·Gang, cased, Open Delta 126 165 3160·5121 308.00 18.00
240 13.3 0-240 28.0 32.0 W30G3Mt 3.Gang, cased, Wye circuit 99 115 3120·5131 299.00 22.00
240 13.5 0-280 25.0 32.5 W50HG2 2.Gang, uncosed, Open Delta 116 153 3160-5120 268.00 18.00
240 15.0 0-240 30.0 36.0 W3OG3t 3-Gono, uneosed, Wye circuit 93 108 3120·5130 264.00 22.00
240 18.7 0-240 40.0 45.0 W5OG3Mt J·Gong, cased, Wye circuit 179 221 3150·5131 442.00 22.00
240 20.8 0-240 50.0 50.0 WSOG3t J.Gang, uncased, Wye circuit 163 206 3150·5130 397.00 22.00

240 25.8 0-280 40.0 62.0 W50HG488M 4.Gong, cased, Open Delta 2 255 328 3160·5241 604.00 -
240 27.0 0-280 50.0 65.0 W50HG4BB 4-Gong, uncosed, Open Delta 2 230 300 3160·5240 556.00 -
240 37.4 0-240 80.0 90.0 WSOG6BBMt 6-Gono, cased, Wye circuit 3 355 430 3150·5261 887.00 -
240 41.6 0-240 100.0 100.0 W5OG6BBt 6-Gang, unease-d, Wye circuit 3 325 400 3150·5260 833.00 -
480 2.16 0-480 2.0 2.6 W5HG3t 3·Gono, uneased, Wye circuit 20Y_ 29 3040·5130 71.50 15.00

480 2.16 0-480 2.0 2.6 WSHG3Mt 3·Gang, cosed, Wye circuit 22 31 3040·5131 84.50 15.00
480 4.32 0-480 4.0 5.2 Wl0HG3t 3-Gang, uncosed, Wye circuit 36 46 3070·5130 114.00 18.00

480 4.32 0-480 4.0 5.2 Wl0HG3Mt 3·Gang, cased, Wye circuit 42 52 3070·5131 135.00 18.00

480 8.65 0-480 8.0 10.4 W20HG3t 3·Gano, uneoled, Wye circuit 61 73 3100·5130 162.00 18.00
480 8.65 0-480 8.0 10.4 W20HG3Mt 3.Gong, cased, Wye circuit 67 81 3100·5131 188.00 18.00

480 13.0 0-480 12.0 15.6 W30HG3t 3.Gong, uncaled, Wye circuit 90V. 107 3130-5130 264.00 22.00
480 13.0 0-480 12.0 15.6 W30HG3Mt 3.Goog, cased, Wye circuit 97 113 3130·5131 299.00 22.00

480 25.8 0-480 20.0 31.0 W50HG3Mt 3.GO"9, cased, Wye circuit 183 230 3160·5131 442.00 22.00
480 27.0 0-480 25.0 32.5 W50HG3t 3 ..GooO, uneased, Wye circuit 167 214 3160·5130 397.00 22.00
480 51:5 0-480 40.0 62.0 WSOHG6BBMt 6·Gang, cosed, Wye circuit 3 385 458 3160·5261 887.00 -
480 54.0 0-480 50.0 65.0 W50HG6BBt 6-Gong, uncased, Wye circuit 3 355 428 3160·5260 833.00 -

NOTES
A. MaxImum current can be drown at moxImum voltage for the line-voltage con· *For 60-cycle use only; no overvoltage connect(on provided.
nection only. Kvo, as lilted, == normal input line voltage time:. mO:J.imum current. tOo not use with grounded load.
B. P = parallel Windings; S = .Ie-riel Winding).. tOvervoltage connection not recommended.
C. When ordering a unit with ball bearingl, add the luffla "SS" to the type number. §Can be used in wye connection an 208."011, 60.<)'<le, 3-phase line.
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t

Ganged Types
W5G2M,
W5G3M,

W5HG2M,
W5HG3M,
W5LG2M,
W5LG3M
(cased).

Ganged Types
W2G2M,
W2G3M
(cased).

4 M1; Holu 10-32
tit Dlo HoltS II'l Ponel)

J 010 0101 Plat.

~Oto ~aft

4 OtG 0'01 Plclle
} OtG Sholl

1010 iA
"'0.... PGtltl D'lllin~

1.20. ., '12o- Fa' Shot I And
.31 O"",p/ rnal PIG1.

4,1'1. Hoi•• 1O-3Z
(n Dio HoleS I" Panel)

3 010 0101 Plot.
I 010 ShoH

®

4 Dta 0101 PI<t"
i DID ShoH

,Oio !R
.. Panel Dritlinq

120.~ ,~20· For ShO'l And
.31 Orill Dial PIal!'

W2
Ganged Types

W2G2,
W2G3

(uncased).

~_ ....G

WS
Ganged Types

W5G2,
W5G3,

W5HG2,
W5HG3,
W5LG2,
W5LG3

(uncased).

V) V)

0::: Z
W 0
~ v;
0::: Zo W
LL ~
V) 0
Z
<
0:::
I-

8
::::>
<
@

u
<
02
<>

W8
Ganged Types

W8G2,
W8G3,
W8LG2,
W8LG3

(uncased).
10,0 jR
~~ ~ Ponel Dtllhn~

120· . 120" Fcr Shof1 ,A1Id
.31 Otlll ~ O!Ql Plole

-zH
4 Mig Holel. 10-32
('11 Dla Hole51n POl'~)

4 010 0101 PlQl.

i 0'0 Shofl

Type W8 and W8L Variac Rutotran formers are
available in unca d (ba ic) model only. Th y offer
incr a.sed ratio ov r those of the Type W5 models,
but occupy the same panel pace, with a slight in­
crease in depth behind panel.

Gonged Types
W10G2M,
Wl0G3M,

W\OHG2M,
Wl0HG3M

(cased).

!tlOID Dial Aalt
i Dla Shalf

510iO 0101 Pklll!
i DIQ Shatl

I~ 5;
(" 1 r4i

!

~~~~~I "~~4~ ;j

~
4111'9 Holn ~ -28
!lIDia_ln_1I

100 iR
".':.l~ Ponel O,i1lin9

IZO{@)IZO" Fo, Sh01l Otld
_31 Orill ~ 0101 Plo'.

WID
Ganged Types

W10G2,
W10G3,
W10HG2,
W10HG3

(uncased).

t Given in inche ; to convert to mm, multiply by 25.4.

Type W2G3 (uncased)
3-gang model.

Type W8G2 (uncased)
2-gang model.

Type W5G2M (cased)
2-gang model.

Type W\OG3M (cased)
3-gang model.

192

~ File Courtesy of GRWiki.org



t

Ganged Types
W30G2,
W30G3,
W30G4,
W30G6,
W30HG2,
W30HG3,
W30HG4,
W30HG6
(uncosed).

Ganged Types
WSOG2,
WSOG3,
WSOG4,
WSOG6,

W50HG2,
WSOHG3,
WSOHG4,
WSOHG6
(uncosed).

Ganged Types
W20G2,
W20G3,
W20HG2,
W20HG3
(uncosed).

s

4 "'9 Hal" 1-16
I~~._I'_'I

3~J

4 Ml'i HollS *-28[Ii Dio ~l1ln F'Dnttl

6i..)

410110 Hoi -16
1\\ 04. Ho In ....1)

7 010 Dial Plotl
10" S"'f1

7 010 OIO~ Pial.
t 010 SMOft

7Dic:I Dial Plat..
! Dla 51'la"

MlJ~PQ""l It
3 Gafl'Q 13 I~

Z Gon, 9;\ II I

6~
*Ola I II II

I~ ii ii 'f

10'0 L?A
1.-:.~ Pol'ltl 0..111'"9

IZ~, )120· F., Sholl And
"30' Orl1l Olof Plat •

~o'O AiR
"'."" ~. Panel Dnillng

12Q-' ~120· For ShaH AM
.. 31 Or.11 Dtal Piol.

®

4 MtfIJ Holes t -16
11\ Dio HoI.. In _,)

7 010 Dial Plot.
f 010 Short

7010 Oiol PIal,
lOla ShaH

7 oro olel PlotI'
!oCIC Sholl

6 G... 40~
4 Gono Z7~
30... ZI!l
Z Ilona 1411

"""'''''..,1

,Dia IR
r~ POl'll I O,i1tuul1

120-\.. I/Il<r' For Shoft And
• 31 Drill- Diol P~t.

WSO

W20

Ganged Types
WSOG2M,
WSOG3M,
WSOG4M,
WSOG6M,

WSOHG2M,
WSOHG3M,
WSOHG4M,
WSOHG6M

(cased).

W30

Ganged Types
W20G2M,
W20G3M,
W20HG2M.
W20HG3M

leased),

Ganged Types
W30G2M,
W30G3M,

W30G4M,
W30G6M,
W30HG2M,
W30HG3M,
W30HG4M,
W30HG6M

(cased).

t Given in inehea; !() convert to mm, multiply by 25.4.

Type W30G2 (uncosed)
2.gong model.

Type W20G3M (cased)
3.gong model.

Type WSOG3M (uncosed)
3-gong model.
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~M-SERIES VARIAC~ ADJUSTABLE AUTOTRANSFORMERS

Th i\I- ri s VARIAC auto ransformer are the high­
fr quency quivalents of the TYPE "' 2, \Y5, 'V10, and
\ 20; they ar de igned for frequ ncie from 350 to 1200
ep . Mechanically imilar to the 60- ycl , "- eries model ,
th y ar much mall r nd lighter and ar pecially us ful
with th 400-cycl power uppli d in air-borne and
marin quipm nt. Th regulation obtained with the M-

rie models is considerably better at 400 cp than that of
the 60-cycle model. vailable in 2-, 5- 10-, and 20-ampere
single uniL, or in gangs, 1- eries model can be supplied
with ball bearings and 60- ycle motor drive (pages 200

g
U
<l
Q2
<l
>

FEATURES:

FOR 350- TO 1200-CYCLE SERVICE
• sable froro 350 to 1200 y Ie p r condo
• DURATRAK® ontac urfa provide an extra fa tor of reliability under ov rload .

In tan tan au peak of ten tim rat d CUlT nt can be tal rated.
• Bru h track how n ignifi ant w ar ft r on million ycl of brush operation (zer to

maximum and return).
• l\fanufa tUT d t onf rm with military p ifi tion for hock, vibration, alt- pray,

and tropicaliza ion.
• ontain wide-temp ratur -rang lubri ation tha m t rna t military pecification.

and 196). The 2-ampere m del (TYPE :vI2) have 400 turn ,
gi,ring adequate resolution for many omputing and can rol

p ration.
The model in thi rie ar designed to provid xcellent,

th rmal condu tivity b tw n coil and ba and b tween
ba and pan I.

Four corn r mountin hole are provided for angi g
and mounting, in addition to the three standard mounting
hal (on radiu ).

wiring diagram is tamped on th rrroinal board.
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Mo. Panel G

W
A 3Ho1e5

T R 120" Aport

-: Panel Drillin9
120·\.~~120° For Shoff And

.31 Drill" ~ Dial Plole

TYPE A B D E G J K N P R T V W

M2 211/1'" 3\4" 2,%" 1 Y." 'II." 1'~" 1" 7/i," ¥a" 'I. " !/, " 10·32 -
MS 211/i" , 4 V," 3'%" 2\4" 'II." 1'/1," 13~" 7~" ¥a" 0/." V," - 10·32

Ml0 37/i," 5 3A" 4'A" 2Ve" ~h'l 13/i," 13~" ,~" Y2" Y." o/a /1 - !4 ·28

M20 30/." 7V," 6\4" 3'%" Y2" 1 V," 1%" '/io" Y2'I '5~" 'I." - \4.28
To convert to mm, multiply by 25.4.

Type M5
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~M-SERIES GANGED VARIACR AUTOTRANSFORMER ASSEMBLIES

M- eries model ar available a two-gang a m Ii for 120-v It three-phase, op n­
delta connection (or for ontrolling two circuit from a ingl. haft) :lud a thr - ang
a emblies for 20 - or 2-l0-volt three-pha ,wye conn tion ( I' f r controlling thre cireui
from a ingle haft), Ganged a cmblie are d ign d to 0 upy minimum volum ,

'fyp 50-Pi hoke i required when a two-g n unit i t be perat d in parallel; for
three-gang combination < TYPE 50-P2 Ch kc i I' quir d in addition to the TYPE 50-Pl.

Dial for ganged mod I ar marked 0 to 10.

RATlNGS AND PRICE LIST FOR M-SERIES SINGLE UNITS (UNCASED)

OUTPUT

Oven/oltage ~
~

Line-Vol/age Connection onnection .:s .:;:-;; ;i
"'~

...

~~;j~ '" co ¢ c;~ 't ~ cq
;:;

~i
,'" :<0:'0 ::.. ... ~ ~~S~ .:. ... S~ ~ ~~... ~.§~~ r U "" ll:<*

== ~~
,s::::: "'".:e "" ,S>~ ~

.!::'"
...... '" ;: -~ . '" ~~

.,
o 1;; ~ :::_"'~ ~~ .~~

... ... ""
"",""

~~~~ "tS - Q3 ~~ .~ ~-~ ~~
""'~~

;:,,;::: ~~ ~~
.,.';l .§.~ .§.- ... S-,:g ~ ... "''''' ego; ..,. -::: .e- § ode :ge. _ 'f:

~o ~-:z~ ~:;~~ _.:::l ~ _-0 't s= ~::: "<:!g
Type e5~6 ~ 6~~ 6~t§ es=<; 0 C,)cS <;d:

..:= <:>
um.ber Pricec.:;::.. <:l: Q.~ ~6l,..,"""" ~L,~ .....~ t/.l~ ~<:l: ~t:Q

M2t -- 8
120 0.37 2.4 0--120 3.1 0--140 2.4 3.5 5-10 2 4 3410-5110 $15.50 coo eO>a> ....

"' ..... 0

M5t 0.94 3\1, 0120 6 0--120 7.8 0--140 6 9 10--20 6 3430-5110 18.50 ... 0 00>'" ....
0", 8

Ml0t 120 1.56 10 0--120 13 0--140 10 17 15-30 6\1, 11 3460-5110 35.00 -M>-. ri-"'-> .... ....
",0 8

M20t 120 3.12 20 0--120 26 0--140 20 27 45-90 13 18 3490·5110 54.00 >-Ii!...... ~> ....

A. l\laxirnum curren can bedrawn at maximum Yolta~e for Lh line-voltaJ.! connection only. ~18ximulll output \'oltag = line input volta~e. K\·!I. as listed = normal in­
put line voltage X maximum current.
B. Rnted current should not be xceeded lor th overvoltalt conn ction, Output kva lor over\"olt"l/; 'onn ction - output voltal/;e X rated current.
• Wh nord rinJ!, p unit with ball bcarin~s. add the suffix "·BB" to the type number.
t Approved by Canadian 'tandards Association.

~ <
ffl »
m ;lO
::0 };iii
Y' ()

.§
Cz »-n C
)0- ~
CI1 0m
p ~

::'CI
:10 »
)0- z...... CJIZ -n
c;l 0
CIt ;lO

~
m
::'CI
CJI

Type A B 0 E G J K N P R T X

M2G2 51'Az' 3 \4' 2';'" 10/." ¥S" I'll,' 1" 71\6' ¥S' Ya' \I,' 10-32

M2G3 87Az" 3 \4" 2'/.0' 1 ¥a' ,/s" 1'1\6' I' 'A,' ¥S' ¥a' \1,' 10-32

M5G2 51'Az" 4\1,' 3'14' 2~' ¥S' \'1\6' PA,' 71\6' ¥SO Ya' \1,' 10.32

M5G3 8"Az" 4\1," 3';" 2~" 3/s ' l'A,' l'A,' 'A,' ¥So v. ' '/t" 10-32

M1OG2 6131\6' 5';" 4~' 2¥e' \1,' 1'1\6' 131\6' "1\6' \1,' '/0' V,' \4-28

M1OG3 10~' 5~' 4'\4' 2%' \I,' 1'1\6' 1'1\6' "A,' \I,' Va' Ya" \4-28

M2OG2 7'A," 7\1," 6\4' 3'\4" y,' 1% " 1V,' "1\6' \I," 151\6" Ya" \4-28

M2OG3 10';" 7\1,' 6 \4" 3~' \1,' 1\1,' 1 Vo' "1\6" \1,' I5A,' '/.' \4-28

Mo> Ponel G K

T R
~ .,\,... Ponel Drilling

120' 0 h20' For Sholt And
.-" 0'01 Plote

jt31 Drlil- -

- -B

~D

N ~ ­
c--=::-~--.

PRICE LIST FOR M-SERIES GANGED ASSEMBLIES (UNCASED)

Driving el hipping Add
Torque Weight Weight for Ball

Type Description (Oz-ln,) (Pounds) (Pounds) Code limber Price Bearings·

M2G2 2-Gong M2 10--20 3'14 6 3410-5120 $37.00 $13.00

M2G3 3-Gong M2 15-30 5\1, 9 3410-5130 53.50 15.00

M5G2 2·Gong M5 20--40 6 314 12 3430-5120 43.00 13.00

M5G3 3-Gong M5 30-60 10~ 14 3430-5130 62.50 TS.OO

M1OG2 2-Gong Ml0 30-60 12 \4 18 3460-5\20 n.oo 15.00

M1OG3 3-Gong MIO 45-90 19 27 3460·5130 114.00 18.00

M20G2 2-Gong M20 90--180 26\1, 34 3490-5120 115.00 15.00

M2OG3 3.Gong M20 135-270 38 48 3490-5130 171.00 18.00

Type 50·Pl Choke - 1\4 PA 0050-9601 16.00 -
Type 50·P2 Choke - 1\4 1'14 0050-9602 16.00 -

• Wh n ordering 0. unit with ball bearingS. add the suffix "BB" to tbe type number.

~ File Courtesy of GRWiki.org
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~MOTOR-DRIVEN VARIAC® ADJUSTABLE AUTOTRANSFORMERS
eno
0::: w
W In
:E .-(
o:::U

Oz
u. w
en>
Z iiC« 0
0::: ~

0°~O
=>~«
@
u«
~«
>

The two-pha motor supply may be d riv d from either
(1) a rvo amplifier or (2) the 120-volt lin , with a
ap itor ( upplied) to produce th nec ary pha hift.

Electrical limit wi ch ar li ed on all model to limi
traver e to approximat ly 320°. H IV vel', they are not
r quired on mod I with pe d of 2, 4, ,or 16 econds
and th y may b ord red.*

a d, motor-driven mod I are available in either
sing] unit or gangs and are imilar 0 tho e u d with
\ - rie gangs.

19 and 199, available combina­
iz . Wh u Ie than unit are
mu t b includ d.

-1£ ~licro witches are not desil-ed. omit 1O]{OJ rroru type numb ra.ud subtract 7.00
from listed price.

DIMENSIONSt OF MOTOR-DRIVEN MODELS (CASED)
A 8 C D E F G H K l M N P

W2 Single IO'9"n 1 J2I"n 5M 17"n 2¥.. 4:Y. V. 5¥.. 10-32 7"n Drill 13M % Ill,
W22.Gang 1373"n 1425hz 'Il, 17"n 2% 4% V. 5 3,4 10-32 7"n Drill 13M ',4 1M
W23.Gang 177% 1877hz 51l, 17hz 2¥.. 4% V, 5¥.. 10-32 7hz Drill 13M % Ill.
WS Single 107'hz 1125hz 'M '7"n 3% 5V. V. 6% 10-32 7"n Drill 11M % 'Il,
W52·Gang 1377hz 1429hz 5M 17hz 3% 5V, V, 6 3,4 10-32 7hz Drill 111l, 3,4 Sil.
W53·Gang lJ3'"n 19'"n 'Il, 17hz 3% SV. V, 6% 10-32 7hz Drill 111l, 3,4 3M
Wl0 Single 12'1i, 1311M 7M 11M 4% 7V, 'M 9"1i. \4-28 9hz Drill 1% 1\4 'M
Wl02.Gang 15V. 17\4 7M 11M 4% 7V, 'M 9"Il. \4-28 ""n Drill l'lia 1\4 'Ii,
Wl03.Gang 20"1ia 21 151i, 7M llli. 4 3,4 7V, 'Ii, 9 1'lia \4-28 ""n Drill l'li. 1\4 sll,

W20 Single 12'1i, 1371i. 71i. llli, 6\4 9 'Ii. 12'}\, \4-28 9hz Drill 1% 13/. Y.
W202.Gang IS% 17 71ia lllia 6\4 9 Ilia 12'1ia 'A-28 ""n Drill 1 :y. 1% V,
W203-Gang 20'1i. 21% 71ia 11M 6\4 9 'Ii. 12'M \4-28 "h:z Drill 10/1 1 :y, V.
W30 Single 12% 14'M llia 1 8Y, 11% 31ia I 4151i. %-16 13h:z Drill 17M 1 V, \4
W302.Gang IS151ia 17151i. 71i. 1 8V, 110/1 31ia 1415M %-16 13hz Drill 171i. I V, \4
W303.Gang 20"1i. 22"}\. 71ia 1 8V, 110/1 31ia 14,slia 0/1-16 13hz Drill 171ia 1 \I, \4
W50 Single 14111ia 1611M 71ia 1 10 3,4 1313M \4 17'1ia 0/1-16 13"n Drill I \I, 1% %
WSO 2.Gang 21'1ia 23

'
M 71i. 1 10% 13 '31i. \4 1711ia 0/1-16 13hz Drill I V, 1% 'Ii.

WSO 3.Gang 2771i. 297M 71i. 1 103,4 1313}\. \4 17'1i. *-16 13hz Drill I V, 1'/. 'Iia

t Give" ill inches. to COlivert \0 rnm, multiply by 25.4.
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2-Gang W5 motor-driven model,
with co.e.

K
(For POIleI MIg) C B -------liG

M \ 0 A I 0

FEQ~ ~o fOr
'"' 0 ~

I -t
N \E/ P
G H L)I (For Shelf MIg)

Position Of Brockel.
For Woll MIg

~ File Courtesy of GRWiki.org



t

W-SERIES MODELS
A B C 0 E F G H J K L M

W2 Single 9% 61'A. sA. '7k 2% 3\4 % 3"A. % 10-32 7k Drill \4
W22·Ga ng 12\/2 917k sA. '7k 2% 3\4 % 311A. % 10-32 7k Drill 14
W23-Gang 169A. I 319k SA. 17k 23110 3\4 9k 311A. % 10-32 'k Drill \4

W5 Single 9'A. 6,sk SA. 17k 3 ',4 4'h ~k 4' sA. - 10-32 7k Drill %
W52.Gang 12911& 9'9k ~A, 17k 3% 4\/, % 415A. - 10-32 'k Drill V.
W53.Gang 16" A. 13?3k SA, 17/,n 3% 4\/, ~/,n 415A. - 10-32 '/,n Drill 'fa

W8 Single 9 ' sA. 631k SA, "It! 3% 4\/, ~It! 4'sA. - 10-32 71t! Drill %
W82·Gang 13 % 10291t! SA. 17/,n 3% 4\/2 % 41sA, - 10-32 'It! Drill %
W8 3-Gang 18\/2 1517k % "k 3% 4\/, ~k 4'~A. - 10-32 'It! Drill %

Wl0 Single 10% 7'A. 'A, l'A, 4% 5% 'A, 6sA, - \4-28 91t! Drill \/,
Wl02-Gang 13'llt! 11 lA, "A. 4% 5% 'A. 6sA. - \4-28 9/,n Drill \/,
Wl03.Gang 18" k 15"A. 'A. "A. 43,4 5% 'A. 6sA. - \4-28 % o,ill \/,

W20 Single 10'k 7'A. 'A. "A. 6\4 7\/, 'A, 8'A, - \4-28 91t! Drill Va
W202.Gang 13?31t! 10% 7A. "A. 6\4 7\/. 'A, 8'A, - \4-28 9k Drill Va
W203-Gang 18% 15'A, 7A, "A. 6\4 7\/, 'A, 8'A, - \4-28 91t! Drill Va

W30 Single 10% 6\4 'A, 1 8\/2 10 Ye 11 "A. - %-16 l'/,n Drill '/.0
W302.Gang 14V. 9% 'A. I 8\/. 10 Ye 11

"
A, - %-16 "It! Drill '/.0

W303-Gang 19 14\/. 'A. 1 8\/. 10 Ye 11 1'A, - V.-16 131t! Drill %

W50 Single 12 5/. 8'A, 'A. 1 10% 12\/, Ye 13% - %-16 "It! Drill %
WSO 2.Gang 191A. 14\/, 7A. 1 10% 12\/, \/. 13% - %-16 "It! Drill ?II
WSO 3-Gang 257A. 20% 'A, 1 10 3/.0 12\/2 \/. 13';" - 3/0-16 "It! Drill ?I.

M-SERIES MODELS
M2 Single 8\/. 5% ~A. "It! 2';" 3\4 % 3"A. % 10-32 'It! Drill \4
M2 2-Gang 10 7'/,n SA. "/,n 2 ',4 3\4 9k 3"A, % 10-32 7/,n Drill \4
M23-Gang 12"A. 9271t! SA. '71t! 2'/.0 3\4 % 3"A. % 10-32 7/,n Drill \4

MS Single 8'A, 571t! ~A, 171t! 3% 4\/, % 415A. - 10-32 'It! Drill %
MS 2·Gang lOlA. 7% sA. 17k 3'/.0 4 \/, sit! 415A. - 10-32 71t! Drill %
MS 3.Gang 1215A. 931hz SA. 17hz 3% 4\1, % 415A. - 10-32 'hz Drill %

Ml0 Single 91hz 6% 'A. "A, 4% 5 3/.0 'A, 6SA, - 14-28 9hz Drill \12
Ml02.Gang 11"hz 8\/. 'A. "A. 4'/.0 5% 'A. 6sA, - \4-28 9hz Drill \/2
Ml03·Gang 142shz 11'~A, 7A. "A. 4'/.0 5% 'A. 6sA. - '.4-28 91t! Drill \I.

M20 Single 9% 6'A, 'A. "A. 6\4 7\12 lA. 8'A. - '.4-28 91t! Drill s;.
M202.Gang 11 "hz 8% 711& "A. 6'.4 7\/. 'A. 8'A. - '.4-28 % Drill 5/.
M203.Gang 15% 127A, 'A. "A, 6\4 7% 'A. 8 'A. - \4-28 'It! Drill s;.

Refer to following pages for price of motor-<!riv 11 models.
t Given in inches; to con,'ert to mm, multiply by 25.4.

~ <
8 >

::2
0 >;lD
I ()
0 @l
;lD

:< >m C~Z 0c
Z --l

;::0n >>
V> Z
m (J)
0 "'T1

0
;::0

~m
;::0
VI

-

Position Ot Brackets
For Wall Mtg

3-gong W20
motor-driven

model.

~ File Courtesy of GRWiki.org

197



198

MOTOR STANDARD EXTERNAL GEAR RATIOS
ADO TO

{;
2,1 4.1 TYPE NUMBEIl"

All MOTORS
SHOWN ARE 2.1 ,(.1 8.1
60·CYCLE :z: III2,1 '(,1 8.1 u Q

II< t:: 0
SECONDS FOR 320·

2 ,( 8 16 32 32 64 128 ~
~ :e

TRAVERSE' '" SET-UPa Q
II< ~ CHARGE ADO

ADO TO TYPE u PRORATFO FOR
NUMBER' 02 04 08 016 032 032 064 0128 ~ i ~ 1-4 UNITS CASE

TYPE'
M2 $105.50 $105.50 $105.50 $105.50 NA $105.50 $105.50 so C I( $ 6.00 NA

M2G2 132.00 132.00 132.00 132.00 NA 132.00 132.00 so C K 6.00 NA

M2G3 NA 150.50 150.50 150.50 NA 150.50 150.50 SO C I( 6.00 NA

M5 108.50 108.50 108.50 108.50 NA 108.50 108.50 so C I( 6.00 NA

M5G2 138.00 138.00 138.00 138.00 NA 138.00 138.00 so C K 6.00 NA

M5G3 NA 159.50 159.50 159.50 lolA 159.50 159.50 SO C Ie 6.00 NA

Ml0 1.(9.00 149.00 1.(9.00 1.(9.00 $1.(9.00 NA 1.(9.00 $149.00 C Ie 12.00 NA

M1OG2 NA 197.00 197.00 197.00 197:00 NA 197.00 197.00 C Ie 12.00 lolA

M1OG3 HA HA 237.00 237.00 237.00 lolA 237.00 237.00 C Ie 12.00 NA

M20 so 173.00 173.00 173.00 173.00 NA 173.00 173.00 C I( 12.00 NA

M2OG2 so SO 2,(0.00 2,(0.00 2.40.00 NA 240.00 240.00 C K 12.00 NA

M2OG3 NA SO 299.00 299.00 299.00 lolA 299.00 299.00 C Ie 12.00 lolA

W2 105.00 105.00 105.00 105.00 NA 105.00 105.00 SO C K M 6.00 $12.00

W2G2 131.00 131.00 131.00 131.00 NA 131.00 131.00 SO C K M 6.00 13.00

W2G3 HA 1,(9.00 1.(9.00 149.00 NA 1,(9.00 1,(9.00 SO C I( M 6.00 14.00

W5 108.00 108.00 108.00 108.00 NA 108.00 108.00 so C Ie M 6.00 16.00

W5G2 137.00 137.00 137.00 137.00 lolA 137.00 137.00 so C I( M 6.00 17.00

W5G3 NA 158.00 158.00 158.00 NA 158.00 158.00 so C I( M 6.00 18.00

W5L 107.50 107.50 107.50 107.50 NA 107.50 107.50 SO C Ie M 6.00 16.00

W5LG2 136.00 136.00 136.00 136.00 lolA 136.00 136.00 SO C Ie M 6.00 17.00

W5LG3 NA 156.50 156.50 156.50 HA 156.50 156.50 so C Ie M 6.00 18.00

W5H 111.50 111.50 111.50 111.50 NA 111.50 111.50 so C Ie M 6.00 16.00

W,5HG2 1,(4.00 144.00 1.(4.00 144.00 NA 1,(,(.00 1,(,(.00 SO C I( M 6.00 17.00

W5HG3 NA 168.50 168.50 168.50 NA 168.50 168.50 so C I( M 6.00 18.00

wa 111.00 111.00 111.00 111.00 NA 111.00 111.00 SO C I( 6.00 NA

WaG2 1,(3.00 143.00 1.(3.00 143.00 NA 143.00 1.(3.00 so C I( 6.00 NA

WaG3 HA 167.00 167.00 167.00 NA 167.00 167.00 SO C I( 6.00 NA

waL 111.00 111.00 111.00 111.00 lolA 111.00 111.00 so C I( 6.00 NA

WaLG2 143.00 1,(3.00 143.00 143.00 NA 143.00 143.00 SO C K 6.00 NA

WaLG3 NA 167.00 167.00 167.00 NA 167.00 167.00 so C K 6.00 NA

Wl0 139.00 139.00 139.00 139.00 139.00 NA 139.00 139.00 C K M 12.00 32.00

W1OG2 NA 185.00 185.00 185.00 185.00 NA 185.00 185.00 C K M 12.00 33.00

W1OG3 NA NA 223.00 223.00 223.00 NA 223.00 223.00 C I( M 12.00 3,(.00

Wl0H 141.00 141.00 141.00 1,(1.00 141.00 NA 141.00 141.00 C K M 12.00 32.00

WIOHG2 NA 189.00 189.00 189.00 189.00 NA 189.00 189.00 C K M 12.00 33.00

Wl0HG3 NA NA 229.00 229.00 229.00 NA 229.00 229.00 C K M 12.00 3,(.00

TORQUE - OUNCE- 30 60 120 2,(0 480 240 ,(80 960
INCHES

A = oot available. 0 = available on special order only; prices on request.

-ote: l\licroswitches, capacito"" and baJJ bearings are included in the above prices.
II Microswitches are not desired, omit "K" from type number and subtract $7.00
from listed price. l\licroswitcbes are mandatory with C motor.
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MOTOR STANDARD EXTERNAL GEAR RATIOS

{;
2,1 4,1 ADD to

ALL MOTORS TYPE NUMBER'
SHOWN ARE 2,1 4,1 8,1
60·CYClE :z: ~

2:1 4:1 8,1 u w... Q

'" ~ 0
SECONDS FOR 320· 0 :E

2 4 8 16 32 32 64 128 ...
'" SET·UPTRAVERSE' 0 0 Q

CHARGE ADO« '" w
ADD TO TYPE

... u '" PRORATED FOR
02 04 08 016 032 064 0128 « i: «

NUM8ER' u u 1-4 UNITS CASE

TYPE'
W20 SO $159.00 $159.00 $159.00 $159.00 NA $159.00 $159.00 C K M $12.00 $35.00

W2OG2 SO SO 223.00 223.00 223.00 lolA 223.00 223.00 C K M 12.00 37.00

W2OG3 NA SO 276.00 276.00 276.00 NA 276.00 276.00 C K M 12.00 39.00

W20H SO 161.00 161.00 161.00 161.00 NA 161.00 161.00 C K M 12.00 35.00

W20HG2 SO SO 227.00 227.00 227.00 NA 227.00 227.00 C K M 12.00 37.00

W20HG3 lolA SO 282.00 282.00 282.00 NA 282.00 282.00 C K M 12.00 39.00

W30 SO 214.00 214.00 214.00 214.00 NA 214.00 214.00 C K M 12.00 49.00

W3OG2 lolA SO SO 311.00 311.00 NA 311.00 311.00 C K M 12.00 54.00

W3OG3 NA NA SO SO 395.50 NA 395.50 395.50 C K M 12.00 59.00

W30H SO 214.00 214.00 214.00 214.00 NA 214.00 214.00 C K M 12.00 49.00

W30HG2 NA SO SO 311.00 311.00 lolA 311.00 311.00 C K M 12.00 54.00

W30HG3 NA NA SO SO 395.50 NA 395.50 395.50 C K M 12.00 59.00

W50 lolA SO SO 262.00 262.00 NA 262.00 262.00 C K M 12.00 55.00

W5OG2 NA NA SO SO 396.00 NA 396.00 396.00 C K M 12.00 60.00

W5OG3 NA NA .SO SO 529.00 NA 529.00 529.00 C K M 12.00 65.00

W5OG4 NA NA NA SO SO NA SO 666.00 C K M 12.00 68.00

W50G6 NA NA NA NA SO NA SO 943.00 C K M 12.00 74.00

W50H NA SO SO 262.00 262.00 NA 262.00 262.00 C K M 12.00 55.00

W50HG2 NA NA SO SO 396.00 NA 396.00 396.00 C K M 12.00 60.00

W50HG3 NA NA SO SO 529.00 NA 529.00 529.00 C K M 12.00 65.00

W50HG4 NA NA NA SO SO NA SO 666.00 C K M 12.00 68.00

W50HG6 NA NA NA NA SO NA SO 943.00 C K M 12.00 74.00

TORQUE - OUNCE- 30 60 120 240 480 240 480 960INCHES

TA _ not available. SO - availnble on special ordor only; priCC8 On HHlueat..

TYPE MS032CK

~ File Courtesy of GRWiki.org
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BALL BEARINGS

~Type 1590-A REMOTE CONTROL

Type
M2S16

baring dd the uftL'C "BB" to the typ number, and
add th pric hown in the table .

Ball baring are s andard equipment on all motor­
driven \Inits and on all 4- and 6-gang W30 and "W50 models
aod ar includ d in the price.

AUTOTRANSFORMERSSPECIAL VARIAC

and M- eri mod I can b uppli d with ball
bearing, which provid mol' pI' ci alignm nt with
ligh ly low I' and more nearly on taot torqu .

Vi hen ord ring a ingl unit or gang quipped with ball

pecial model can be upplied to m t p cillc requir ­
ment, uch a additional \ inding tap ,fungicid tr at­
ment, pecial shaft length , or with vol ag outpu or
ranges differing from those of tandard models. Th yean
also b upplied on p cial ord I' 1 knob, dial, etc., at
lower net pric and with ligh ly xtended delivery time.

The Gen ral Radio Company w lcorn inquiries on
pecial mod Is, and i glad to furni h hem when the

quantitie involved are sufficient to make production
economically practicable.

en -'
e::: 0w D::

~ ~
Ze::: 00 uu..

en w
Z ~

-« 0
e::: ~.... w
0 D::

....
=:l-«
u-«
Q2
-«
>

• If half the positioninll: orror is desired. the tr4veroe time ell" be doubled, giving
half the correction rate. Trllverse times shorter than those listed or greater than
64 secondo should not be used.

13% positioning error.
Exception: Micr"""'i hea are mandatory on 64-oecond modeIB.

To ord r tbe proper motor-driven ARlAO auto ran -
form I' the bart below and u e the am type-num-
bering y tern a for our standard motor-driv D unit
(page 1 3). xcep for 64- cond model wher Micro-
wi che are mandatory, the motor capacitor and icro-

swi ebe, p cifi d by and K in the typ number for
tandard unit, ar not u d witb b TYPE 1590- . The

I tters hould be omitt d from th type numb r .

TRAVERSE TIME AND CORRECTION RATE
FOR 2% POSITIONING ERROR

SPECIFICATIONS
Tracking Accuracy: ±2% of input line voltage, when used with motor
peed li ted in the table. (Halving tbe speed increas the accuracy

to ±1 %.)
Cerrectlon Rate: See table.
Power Requirements: 105 to 125 vol ,50 to 60 cps.
Accellories Required: tandard motor-driven VARIAC autotransform l'

less capacitor and Microswitches (Micro witch are mandatory on
64-second models).
Dimensions: idth 4%, beigh 6%, clep h 574 inches (125 by 170 by
135 mm), over-all.
Net Weight: 6}1 pound' (3 kg).
Shipping Weight: 10}1 pOlmd (4. kg).

Type Code Number Price

$95.001590-9701Remote ControtIS90.A

SINGLE TWO-GANG THREE-GANG
UNIT (G2) (G3)

Approxi- 1pproxi-- Approxi-
DRIVEN male male male
VARIAC orrec- Corree-- Correc-
AUTO- rrrallerse lion 7'raverse lion Traverse lion
TRANS· Time· Rale Time· Rale Time· Rale
FORMER { ee-- {Volts/ { ec- (Volts/ ( ec- (Volts/
MODEL owls) sec) ond) sec) <mds) sec)

W2 2 60 2 60 4 30
W5 2 60 4 30 8 15
W8 2 60 4 30 8 15
Wl0 4 30 8 15 16 8
W20 8 15 16 8 32 4
W30 16 8 32 4 32l 4
W50 32 4 64,f 2 64t 2

Th TYPE 1590- Remote ontrol i a imple, accurate,
s rvo control for th remote po itioning of a motor-driven
VARIAC auto ran. form 1' .. I can be t for any d ired
voltage from zero to 140 volt. Th I' mot , motor-driven
autotransformer will automaticaHy position it If for tb
am voltage, indicated on an accurate qua i-I'm pan I

met r.
Any cbang in output voltag du 0 VARIAC regulation

i automatically corr c d. Tb cOlTection rat , up to 60
volt per second, depend on the izc of the VARLAC auto­
tran former.

If a regula d line i available to upply Up to 300 watt
to operat th remote ontrol, correction can also be auto­
matically obtained for fluctuation in line voltage at the
remote autotran form r. Tbi r gula ed lin mu t bav low
imp danc at 60 cp and mu t bav the arne pba angi
a the unregulated lin to the remote unit. Tbi combination
can provide large amount of power a a r gulated voltage,
adjustable from zero to 140 volts ..

If continuous control is not required, one TYPE 1590­
can b swi cbed to control any number of remote uni ,OD
at a time.
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PARTS AND ACCESSORIES
~

The General Radio Company ha developed and is on­
stantly improving a comprehen ive line of part for u 10

i laboratory and industrial instrument . Among th de-
ign objective are ma.'Cimwn reliability, long life, on­

venience, attractiv appearan , and known electrical
charact l'i ic. All General Radio part are pain takingly
d igned, u th be t availabl mat rial and are PI'O­
due d by m thod hat yield I' a onable price. One
important de ign con ideration i to produce integrat d
group of ba ic elements that fit together lectricalJy and
have a unity of appearance.

De cribed in this ection are capacitors, potentiom tel's,
tran former, knob, dial, binding po t ,plug and jack,
and pa ch cord .

Addi ional part will be found in oth I' ction of this
catalog. D cad capacitors, re istor , and inductor are
Ii ted in th ction on tandard pag 1 7, 161, and 167,
re pectively, delay lin on pag 13, and coaxial con­
nector and part on page 59 to 77.

11 of the e are high-quali y part , de igned for in tru­
ment u and fabricated from rna rial with superior
electrical and mechanical propel'tie .

THE NUMERIK INDICATOR
Th umerik indicator used in the TYPE 1150-A and

1151-A counters (page 91 and 95) i available a a general­
purpos digital indicator, which can be u ed in the readout
of counter, computers, digi al voltmeters, annuncia or ,
and indicator board . The umerik indicator is manufac­
tur d for Gen ral Radio by KGM Ele tronic, under an
agr ment that make General Radio the exclu iv dis­
tributor for the nited tate and Canada.

s shown in the cro - ec ion view, light i conduct d
from a bank of incandescent lamp to the front of the in­
dicator through clear acrylic plate, with sheets of reflective

material sandwich d b tween plate to nUDlffilze cro ­
illumination and att Duation. The di play arrangement i a
stack of clear plastic trips, each one scribed with clo ely
paced dot in the form of a di play character. A tack of

10 plate i ju t over 5/16 inch deep, so all symbol appear
to b nearly in the same plane.

Two model are available: the TYPE IND-0300, with 10
digits, 0 through 9 and the TYPE I D-1801, with the 10
digits plu a comma on the right-hand side and a d cimal
point on the left-hand ide.

SPECIFICATIONS

201

TYPE INO.1BOI

(Cade Number 5437·1801)
$33.60

32.00
30.00
28.60
26.10
23.20
18.40
16.90

ground. Grow1d connection i to the c e of he TYPE I D-0300j it
i insulated from the ca e of the TYPE I TD-lSOl.
Mounting: Baek-of-panel by two No. 4-40 crews.
Dimensions: e illustration.
Net Weight: TYPE IND-Q300, 431 ounc (130 gram) j TYPEl IND­
1801, 5 ounc (145 gram ).
Prices:· TYPE INO.0300

Quantity (Cade Number 5437·0300)
1-19 $32.20

20-49 30.60
50-99 28.60

100-299 27.20
300-999 24.70

1000-4999 22.00
5000-9999 18.40
10,000 up 16.90

·Priceo APplicable lor sales in
..A. and Canada only.

Type IND.1BOI

A 2 3/, inches (60 mm)
B 1 inch (25 mml
C 2 V, inches (60 mm)
o 23A, inches (55 mml
E 3,4 inch (19 mml
FIlA. inches (27 mm)
G 13A. Inch (21 mml

-<0

Lamps: 14-volt, D-m illiampere, 0.5 eandlepower T-1% bulb, o.
330. Any lamp Ivith base and candlepower imilar to TO. 330 can b
ubstituted. Working life approximately 5000 hours ( witching with

10% duty ratio).
Viewing Angle: 1200 horizontal, 600 vertical.
Lamp Holder Block: olid aluminum heat sink with l1ylon-fiUed Bak~
lite backing block. iekel- ilver contact spring and 11 ilver-plated
terminals (14 for TYPE IND-lBOl), one for each lamp and common
Dimensions: Type IND.0300

A 2 inches (51 mml
B 1 inch (25 mml
C 2 Y2 inches (58 mm)
o 113A6 inches (46 mml
E ~ inch (19 mm)
F I$A6 inch (24 mm)
G 3,4 inch (19 mm)
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~970-SERIES POTENTIOMETERS

II

2

Price

$0.55
0.55

0970-9601
0970-9602

Code NumberType

970-Pl
970-P2

DIAL PLATES

The TYPE 970-Pl (b low) i a 2-in h dial plate for use
wit.h the TYPE 971,972,973, and 974 with a pointer-type
knob. cal cov r 315°. Th TYPE 970-P2 i a 2%-in h
rver ibl dial plate for 11 e with the TYPES 975 and 976
with a pointer- ype knob or a tached to a knob. Scale
covers 320°.

KNOBS

Recommended knob for the e poten iometers are
described on page 205. e TYPE 1 N -6 and I ISP-6 for
TY!'E 971,972,973, and 91-*; TYPES I N - and Jm P-8
for TYPE 975 and 976.

SPECIAL TYPES
nits in th 970 d ign ('an b mad on pial order

with: 360° mechanical rotation, tap a clo e u 74' in h
apart along th entire winding, re i tance oth l' han Ii d
value,resi tance taper reo i tance olerance and linearity
tolerance better than standard. For application requiring
maximum haft rigidity har of metal-cored phenolic or
of metal can be supplied.

cover (10), 0 that n ne of t.he fix dint mal nnect,i n
depend upon pres me alone.

2

10

3

The projecting hub (11) p rmi adju tm nt of the
shaft with respec to the contact bru h wbi1ethe case is
clo ed. Thi hub rotate in a reamed brass in ert molded
into the cover 0 form a metal-to-metal main bearing clo e
to the plane of he brush. The shaft' rigidly eld by this
hub, and a second bearing i provided by a tainl - teel
in ert to guide the haft in th ba e. Thi arrangemen
provid table, l' p atahle settings.

istanee elements are wound of low-temperator ­
co fficient alloys. Linearity is a ured by uniform turn
pacing, on a mandrel that i firmly cemented into the

cylindrical base molding.
The turre terminals (9) are both riveted to the end

clamp and soldered to the ends of the winding (7) and 0

the ilv r-plated pring-bronze contact take-off in he

The 970-8eries Potentiometer are moderately pri ed
controls with high-quality performance. Th y an be
u ed not only at de but also throughout th audio- and
ul rasoni -fr quency range and, in many applicati n ,
at low radio frequencie .
DESCRIPTION: The material ued in the all-phenolic
body (1), dust-proof cover (2), and glass-reinforc d­
polyester shaft (3) minimize the capacitance 0 ground.
Low inductan e r ults from the use of a thin winding
form of phenolic laminate. A mall-diam l' bru h (4)
of preciou -metal alloy a sure higb r olution. Bru harm
and pring (5) are combined into a ingl stamping of
pring-temper pho phor-bronz . The screw (6) that hold

the cover to the ba e pas hrough a horse hoe-shaped
slo in the brush arm to erv a a rotational s op that
exerts no force on th bru h. The brush ride with uniform
pressure on th firmly anchored wire at the edg of th
resi tanc winding (7). The combina ion of pI' -ious-m oj
contact, firm clean track, and uniform 'ontact pI' ,s ur
minimizes electrical noise.

Approx Effective Total tandard Average
Power Rating al 0 C

Independent ambient temp *
Type Weight Electrical Mechanical Remtance Torque Linearity Mounted on Suspendedounces Rotation Rototion To!erctnce 02 in.

Alum Panel in Air
971 'I. 3150 ± 50 3300 ± 5° ±5% 1 3.4 ±2% 5.6 3.5

972 3.4 315° + 5° 3300 + 50 +5% H4 +2% 7.8 5.8

973 1 3200 + 5° 330° ± 5° ±5% 2 'I. ±1% 8.4 5.9

974 1 3.4 320° ± 5° 330° ± 5° ±5% 2 'I. ±1% 12.0 9.4

975 3 3200 ± 20 3300 + 5° ±2% 4 ±0.5% 13.4 10.7

976 4 3200 ± 2° 3300 ± 5° ±2% 4 ±0.5% 19.0 16.8

• Power ru..ting in watts decrease linearly with rising ambient temperature to zero at 100 C.
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'B-
II F ~~

I
G

Type
A

B
c
D

E

F
G
H

J

971

2 holes
4-40 top

0.750
llA

-

Type

Nominal T
Rellis/- emperalure
a Coefficient Resolution I Code Number
nce ,fR'Ohms OJ eSl.8tance

Price Type

Nnom.intal Temperature
e8l.8 - C ,/1; •a oeJI'ctent

01::8 of Resistance
Resolution Code wmher Price

971-8
971-C
971-0
971.£
971.F

_ 971.G
..... 971.H
0- 971.J

971·K
971.l
971.M
971·N
971·P
972.F
972·G
972-H
972·J

C"l 972.K
I): 972.L

972-M
972.N
972.P
972-Q

973·C
973.0
973.£
973·F

(") 973·G
I): 973-H

973·J
973.K
973.L
973·M

2 ± 0.07 %
5 ±0.07%

10 ±0.002%
20 ±0.002%
50 ±0.002%

100 ±0.OO2%
200 ±0.OO2%
500 ±0.002%

1000 ± 0.002%
2000 ± 0.002%
5000 ± 0.002%

10,000 ± 0.002%
20,000 +0.002%

50 ±0.002%
100 ±0.002%
200 ±0.002%
500 ±0.002%

1000 ± 0.002 %
2000 ±o.o02%
5000 ±0.002%

10,000 ±0.002%
20,000 ± 0.002%
50,000 +0.002%

5 ±0.07%
10 ±0.07%
20 ±0.OO2%
50 ±0.002%

100 ±0.002%
200 ±0.002%
500 ±0.002%

1000 ±0.002%
2000 ±0.002%
5000 ± 0.002%

<1%
<1%
<1%
<1%
<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.2%
<0.2%
<0.2%
<1%
<0.5%
<0.5%
<0.5%
<Q.5%
<0.5%
<0.5%
<0.2%
<0.2%
<0.2%
<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.2%
<0.2%
<0.2%
<0.2%

0971-9702
0971·9703
0971-9704
0971·9705
0971-9706
0971·9707
0971-9708
0971·9710
0971·9711
0971-9712
0971·9713
0971·9714
0971-9716
0972-9706
0972·9707
0972-9708
0972·9710
0972·9711
0972·9712
0972·9713
0972-9714
0972·9716
0972·9717
0973·9703
0973·9704
0973·9705
0973-9706
0973·9707
0973·9708
0973·9710
0973·9711
0973·9712
0973·9713

$4.75
4.75
4.75
4.75
4.75
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

$4.75
4.75
4.75
4.75
4.75
4.75
4.7 5
4.75
4.75
4.75

$5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

(") 973·N
~ 973.P
v· 973.Q

974·0
974.£
974-F
974·G
974.H
974.J

~ 974·K
0- 974.l

974·M
974·N
974·P
974-Q
974-R

975-J
975-K
975.L

II') 975.M
I): 975·N

975·P
975.Q
975·R

976·K
976·L
976-M

-0 976.N
I): 976·P

976·Q
976·R
976-T

10,000 ±0.002%
20,000 ± 0.002%
50,000 ± 0.002%

10 ±0.07%
20 +0.07%
50 ±0.002%

100 ±0.002%
200 ±0.002%
500 ±0.002%

1000 ±0.002%
2000 ±0.002%
5000 ±0.002%

10,000 ± 0.002%
20,000 ± 0.002%
50,000 ±0.002%

100,000 ±0.002%

500 ±0.002%
1000 ±0.002%
2000 ±0.002%
5000 ±0.002%

10,000 ±0.002%
20,000 ±0.002%
50,000 ±0.002%

100,000 ±0.002%

1000 ±0.002%
2000 ±0.002%
5000 ±0.002%

10,000 ±0.002%
20,000 ±0.002%
50,000 ± 0.002 %

100,000 ±0.002%
200,000 ±0.002%

<0.1%
<0.1%
<0.1%

<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.5%
<0.2%
<0.2%
<0.2%
<0.2%
<0.1%
<0.1%
<0.1%

<0.2%
<0.2%
<0.2%
<0.2%
<0.1%
<0.1%
<0.05%
<0.05%

<0.2%
<0.2%
<0.2%
<0.2%
<0.1%
<0.1%
<0.05%
<0.05%

0973·97\4
0973·9716
0973·9717

0974·9704
0974·9705
0974-9706
0974·9707
0974·9708
0974·9710
0974·9711
0974·9712
0974·9713
0974-9714
0974·9716
0974·9717
0974·9718

0975·9710
0975-9711
0975·9712
0975·9713
0975·9714
0975·9716
0975·9717
0975·9718

0976·9711
0976·9712
0976·9713
0976·9714
0976·9716
0976·9717
0976-9718
0976·9720

$5.00
5.00
5.00

$5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50
5.50

$5.50
5.50
5.50
5.50
6.25
6.25
6.25
6.25

$6.50
6.50
6.50
7.00
7.00
7.00
7.00
7.50
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·TypeS 1420 AND 1421 VARIABLE AIR CAPACITORS

6f
I

60'

DEPTH BEHltCl PANEL
J420~F I~ 'ftCNI.

14Z0-GZ!i_
142.0·tt z~ '"d'la ."

;~;;~.;
SHAn P'A Yo_

i DlA SHAFT

-";;:::-"'';-::::::--''''6-32 n:p "'O-~TAP 08,SR
:s .ali HOI.£S :s M1G Htl..es .::.:...._~ru

hock and

Type 1421

The e capacitor wer d v lop d pecially for u e in
laboratory in trurnen . The t tor and in ulat d rotor are

('h rna hined from olid, lk'\p d aluminum Ain ion of
id utical aHo . Featur s include low diel tric I , low
inductance and r i tance, good linearity, high m chanical
and thermal tability, and ealed, long-life ball bearing

SPECIFICATIONS
Capadtance Range: price table. Tbe data in the price table are for Maximum Voltage: 700 vol peak.
the capacitor used as a two-terminal d vic, with rotor grounded. Torque: 2 ouoce-inches rnnximurn with haft vel' ieal.
If the tator i grounded, maximum and minimum apa itance Dimensions: e ,k tch below. To convert inch to mm, mul ipLy
valu will be d cr ed by about 1 pf. The rotor-to- round capaci- by 2 .4. Wber dimensions are critical write for n copy of til la
tance is nbout 1 pI for the TYPE 1 20 nd about 2.5 pI for the TYPE drawings.
1421. The tator-to-ground capacitance i ab ut 1.5 pf for the TYPE Net Weight: TYPE l420-F 40z (110 gram )i TYPE 1420-G, !Y2 oz
H20, and pf for TYPE 1421. (125 ran )j TYPE 142 -iI, 5 1 2 oz (155 gram )j TYPE 1421-J, J Y2 Ib
Linearity: The variation of pacitance with angle of rotation i (0.7 kg) i TYPE I<l21-K, 2 111 (1 k ).
guaran eed linear within ±0.3rrc of full caLe. Th an ular range of Shipping Weight: TYPE 142o-F, 1420-G, and 1420-H, 3 Ib (1.4 kg) i
linear variation is 160°. TYPE 1421-J and 1421-K, 5 Ib (2. kg).

Typical independent lin arity i better than ±0.2%.
Dielectric Losses: For be grounded-rotor connection, the dielectric
10 es correspond to a D.C. produc of I .~ than 0.01 X 10-". Th
rotor-to-ground capacitance ba aD•• product of 0.1 X 10-13• Thi
loss component is in paraUel with the main capacitance only for he
grounded tator connection.
Inductance: Approximately 0.006 #h.
Insulation Resistance: Greater than lOll ohms under standard A TM
laboratory condition (23 C, 50% RII).
Temperature CoeJficlent of Capacitance: Approximately +0.003%
per degree .
Shock and Vibration: The TYPE 1420 Capacito will p
vibration t ts of MIL-T-945-A.

Nominal Ran{Je
Range faT

Type Max Min LineaT Variation Code Number Price

1420·F 70 pf 13 pf 54 ± 5 pf 1420-9706 $30.00
1420·G 130 pf 14 pf 108 ± 5 pf 1420·9707 32.00
1420·H 250 pf 16 pf 216 +5pf 1420-9708 33.00
1421-J 575 pf 22 pf 540 + 20 pf 1421-9710 10.00
1421.K 1120 pf 29 pf 1025 ± 25 pf 1421-9711 10.00

See pages 205 and 206 fOT knob8 and diol$ jor Variable Air Capacitors.

Grounded bridge supplied through a
double-shielded transformer. When
case is grounded, the capacitance
placed across each capacitance arm
is 40 pf. Note that the winding shield
on the bridge side is nol grounded,

but is floating.

SPECIFICATIONS
lowest value iven under "low impedance" in the table below. The
TYPE 57 -B may be used at 25 cp under the me condition .

For TYPE 578-A or -B, the low-impedance winding may b con­
nected directly to a ll5-volt, 50- to 6O-cycle line provided that the
I' i tance aero ~ the high-impedance winding exc e 10,000 ohms.
Th TYPE 578-B may be u ed at 25 cps under the same conditions.
Insulation: The in ulation from winding to winding and from wind­
ings to case will with tand 1000 vol • peak.
Dimensions: Base, 3~ X 21% inches ( by 70 nun)j height, 4~
inch (105 mm).
Net Weight: 2~ pound (1.2 k). Shipping Weight: 4 pounds (1.9 kg).

•............. 30 pf
~ Cs ea h 70 pf

tabl multiplied by 3. X 10--6

• Type 578 SHIELDED TRANSFORMER
Thi tran~former is u,ed in direct-l' ding a bridg ~

t i olate the bridge circuit from chan in el tro tic
pot ntial in the generator (or detector) circuit and t re­
du th effect of the capacitance of the external circuit
to gr undo It can also b used to isolate any mea urin
circuit from he generator or d tector, or to produce a
balanced output from a grounded g nerator.

Three, hield are used. one around each \\;nditlg and a
third to bring he core Laminations to the potential of
the case.

Turns Ratio: 4 to 1 or 1 to 4.
Ranges: pric table.
Nominal Capacitances: drawing.

11 C2, C., B•••••••• each 200 pI
Ca. . . . 0.3 pf
Winding Inductance: Turn quared (
henry, a.pprox.
DC Resistance (in ohms): 30 tim inductance in henry, approx.
Voltage Limits: The high-impedance Winding of TyPES 57 A or -B
may be connected directly acr a 115-volt 50- to 6O-cycle line if th
impedance connected to the other winding equal or exceed th

1mpedance Range·

Low-Impedance High-lTnliedance Code
Type Turns Frequency Range> Winding Win ing Number Price

578-A 600 to 2400 50 cps to 10 kc 50 n to 5 k n 1 k n to 100 k n 0578-9701 $35.00
578~B 1000 to 4000 20 cps to 5 kc 60 n to 6 kn 1.2 kn to 120 k n 0578-9702 35.00
578-C 60 to 240 2 kc to 500 kc 20 n to 2 k n 0.4 k n to 40 kn 0578·9703 35.00

• Th.... rang"" are for tran nl.1asion ,,~IIl.1n 6 db. At extrern of both if pedllne Ilnd frequency f'8nl\.'. he Iran mi ion may be down by 12 db.
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~Type KN FLUTED KNOBS

et crew spac d 900 apart except in TYPE K. ~ p- and
Ie -. -6, which hay 13-0 pacing. TYPE TNB-l ha a
in Ie ct crew. TYPE I iT (P)- , -10 and ·]2 have

mold d hole which can b drilled deeper to allow a dial
plate to be attached to th knob.

Type KNSP·6Type KNB·2Type KNB-l

G)
Type KNSP-l

Type KNSP-8
Type KNS.12

Skirt Totol Unit Pricet in Lois of
Type Diain Depth ode Number

TncMst in Jnches! 6*-19 20-199 £00-8.99 400-1999 2000 up

KNB·l 15~. % Bar Type 3',4 5500·9601 $0.90 $O.BO $0.15 $0.10 $0.67

KNB.2 1% '/.0 Bar Type 6 5500-9602 0.95 0.B4 0.79 0.73 0.70

KNSP·l 15~. '/.0 With Pointer 6 5530-9601 0.70 0.62 0.58 0.54 0.52

KNSP·6 P~. % With Pointer 5Y, 5530-9606 0.80 0.72 0.68 0.64 0.62
KNS.6 1% ",4 Without Pointer 5% 5520-9606 0.80 0.72 0.68 0.64 0.62

KNSP-8 11 5A& u~. With Pointer 8 5530-9608 0.90 0.82 0.78 0.74 0.72

KNS.8 11 5A& u~. Without Pointer 8 5520·9608 0.90 0.82 0.78 0.14 0.72

KNSP.l0 2JA. 29h> With Pointer 12Y, 5530·9610 1.30 1.17 1.11 1.03 1.00
KN5.10 2';. 29h> Without Pointer 12Y, 5520·9610 1.30 1.17 1.11 1.03 1.00
KNSP.12 2* 1 With Pointer 17 5530.9612 1.40 1.27 1.21 1.13 1.10
KNS.12 2* 1 Without Pointer 17 5520-9612 1.40 1.27 1.21 1.13 1.10

The e black phenolic knob are imilar to tho u ed on
General Radio laboratory in trum ot. •ach i molded
with a bra in rt bored for a 3/c'-in h haft except the
TYPE Ie T P-l which i bored for a ),i-inch haft. A bu h­
ing' fmoi h d with all %-inch haft type 0 adapt th m
to ),i-inch shaft. The knob' clamped to the haft by two

t ct. No further quantity discounts. t To convcrt inches to mOl. multiply by 25.4. § To convert ounces to gmms. multiply by 2 .

~Type 941-A TOROIDAL TRANSFORMER

• :'>linimum '1uantity sold.

FOR IMPEDANCE MATCHING OR BRIDGING IN LOW.LEVEL 6OQ.OHM
COMMUNICATION CIRCUITS

Zero.5igndl Inductance: Inner windings, in series, at least 5 henry ;
outer windings, in eries, at least 20 henry .

Till tran former has highly astatic windings and tight coupling.
The toroidal core i a spiral of high-permeability-aUoy tape. Id nti­
cal pairs of windings on each half of the toroid minimize pickup and
induction field, while close couplin be ween inner and outer wind­
in keep leakage reactance low and extends high-frequency
respon e.

Price

$50.00

<1%
<0.5%
<0.2%
<0.1%

RM
Dis/Qrtion,

Ocp

31
30
27
15

DBM

1.26
1
0.5
0.032

Watts

Operoting Level ond Dislortion:

Voltage Matching: Inner windin , 0.015% or better; outer winding,
0.0 % or better.
Resistonce, biner windings, in eri , 9 ohms; outer windin ,in series.
34 ohms (approximately).
Dimensions: Aluminum case, 3% by 3yg by 1 % inch (95 by 80
by 4.{) mrn). Mounting blocks project~ inch beyond case in 3yg-inch
dim D ion. Mounting holes nre 3% iuches on centers and nre drilled
for clearance \\ith 10---32 machin cr w .
Nel Weight, 13% ounc (3 0 gram ).
Shipping Weight: 4 pounds (1.9 kg).

Type I Code Number

0.3 db
0.2 db
0.2 db
0.1 db
0.7 db
0.2 db
O. db

Flat Jnsertion
Loss Less Than

FrequenClJ jor
1-DB Drop

cp -100 kc
20 cp 135 kc
80 cp -340 kc
20 cp -200 kc
5 cp - 50 kc

20 cp -200 kc
5 cp - 50 kc

9600n
2400n
2400n

600n
600n
600n
600n

SPEC FICATIONS

600n
600n
600n
600n
150n
loon

37.5n

Frequency dnd Impeddnce Ranges:

Terlllinaling
J1Ilpedances
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~GEAR-DRIVE PRECISION DIALS

Th 1 YPB' 907 and 90 Gear-Driv Pre i ion Dial
hay aluminum dial plat with hlack n m I finish.

'al are individually engra\"ed on an automatic, elf­
ind xing engraving ma hine. The fin , radial, accurately
located line divid h . complete circumf r nc into 360
divi ion numbered from to 360.

tting can be c nit ntly duplicated 000 -fifth of a
divi ion, allowing a precisi n of r setting of be t r th n
0.06% of full cale. Parallax i liminated b the u of
an indicator that alway" remain flu h with the urfac
of th dial and at the sam tim, through the flexibility
of it mounting, ab orb any light eccentricitie of th
main haft.
Th~ ring g I' and drive pinion are pre ' ion-eut gears,

pring-pre d to eliminate any back} h. Th drive ratio
i 10:1, and it is po ible to use a alibrat d vernier or
incr m nt dial on the pinion haft if de ir d. The drive
pinion i h ld in a tainle - teel collet, which run in a
pho phor-hronz bu hing. The collet allow th drive to
be adjusted for any panel thi 'kne up to %'6 inch.

Th main dial ar et p rman n ly and ecurely to
their hafts through the us of wo e crew 900 apart;

Motor drive attached to a Type 908 dial an the Type 1304-8 Beat-Frequency
Audio Generotor.

thi procedure eliminate any dial backla h that might
otherwi e occur. The dial hub ar bored 0 r ceive a
%-inch haft, but a bu bing is furni hed for u with
~-inch haft.

Th dial indicator, knob, and all nece ary mounting
par are upplied, a are complete drilling and mounting
in truction .

MOTOR DRIVES The Type 907 and 908 Dial Drive for aUachment to these dials a1'e
described on page 127. These drives can be installed di1'ectly in place of the knob.

4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
Dial Max Pan t Total e/ hipping ode

Type Moun/ing .-irc Divisions Thickness Panel .4rea· Weight Il'eight umber Price

907·WA Front-ot·Panel 3600 360 - 4 X 5 inches 11 oz (0,4 kg) 3 pounds 0907·9857 $12.00
907·WB Bock-of-Ponel 360· 360 sA6 inch 4 X 5 inches 11 oz (0.4 kg) (1.4 kg) 0907-9863 12.00

6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
Dial Max Panel Total et hipping ode

Type .lfounting Arc Divisions Thickness Panel .4rea* Weight Weight umber Price

908-WA Front-of-Ponel 3600 360 - 6 X 7 V, inches 21 0% (0.7 kg) 4 pounds 0908·9857 $15.50
908·WB Back-of-Panel 3600 360 s~, inch 6 X 7V, inches 19 oz (0.6 kg) (1.9 kg) 0908-9863 15.50

• To eoo\'crt inches to mm, multiply by 25.4.

Type 907-WA

Type 907·W8
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~PLUGS A D JACKS

--

typically 1 milliohm. Th plug eat firmly in the jack 0

tba the plug pring ur not p nded upon for mechani­
al tabilit .

TYPE 938 JACKS al'o fit TYPE 27-1 Plug. Th TYPE 3 -J
.Jack ha a longer shank than th TYPE 27 Ja k. Th
Typ' 3 - Jack embly (·on. i of ih Tn 93-J
Jack and TYPE 93 -B Insulator (page 20 ).

"'U "'tJ..... }>c
c;l ;;:lJ

-t
<I'l CIl
~
Z
0
~

~
()

""<I'l
_ Type 274-P Plug - - Type 274·U Plug - - Type 274·SB Type 274·J Jack - ~ Type 938·J Jack Type 93B·X -

Short-Circuit Plug Jack Assembly

lit -l~~.1-- 3" --Jr9"r--IIS- -j3/8"h- HEX. ---.
H~ ..i..--~. rs

~ 1cr-,-.L 711ft'

~ax-)A-32 11132 Max'n 1/4-28 . 1bf
HEX J

1-1/2" ~ 7/8"MAX
5116"MAX'li ,..114" ""l l~f2i i¥ ~

1/~~T2' - T
11116" n L~~·-----L r ~r V-1/4

-
28

1.3/4·...j 314"

Unit Pricet in Lo/s of
Net TVt N~ode 10*- 20*- tOO- 1000- 2000

Type for Min QUIDl umber 1).9 .9.9 .9.99 1.99.? up

274-P Fits Type 274-J 2 oz (60 grams) 0274·9716 $0.13 $0.11 $0.10 $0.09
274-U Fits Type 274-J Jack

(14 ·28 threaded stud) 3 oz (85 grams) 0274·9721 $0.20 0.18 0.17 0.16
274-SB Two Type 274-U Plugs with

metal links 1 oz (30 grams) 0274-9887 $0.95
274-J Fits Type 274 Plugs 3 oz (85 grams) 0274-9710 0.10 0.09 0.08 0.07
938-J Fits Type 274 Plugs 3 oz (85 grams) 0938·9710 0.32 0.27 0.25 0.22
938-XB One Type 938-J and pair of black

insulators 4 oz (115 grams) 0938-9868 0.52 0.39 0.36 0.32
938-XR One Type 938-J and pair of red

insulators 4 oz (115 grams) 0938-9869 0.52 0.39 0.36 0.32

t 1\et. pric .• '0 further quantity ciisCQuuu. • ~liniuUill.L C1Utlntity 801rl:

INSULATED PLUGS
TYPE 274~DB INSULATED SINGLE PLUG a tyrene­
in ulated plug with a jack top. t- cr w lamp' pro­
vid d on he plug end.
TYPE 274-MB INSULATED DOUBLE PLUG i a mold d-
tyr n double-plug as embly which fits TYPE 93 Bind­

ing Po t or TYPE 274 Ja k on tandard %-inch spacing.
The jack top p rmi tacking f r multiple onnection.
A cr hole through the enter provid train r Ii f f r
a a hed cable up to 0.2-inch diam ter. Th plug' om­
pi t ly in ula ted.

274-MB Raling:

Styrene 1/21 ~Jack 15 a pllak,

,.".~
IS a peak,

Black
4000 y peak,

rating - - 18reakdawn:
Clamp Styrene

23,000 y

Polarity / 1-11/16 peak

Indicator 1
274-DB1 274-0B2 Sel Screw

(black) (red) Clamps

Unit Pricet in Lots of
et WI Code lj*-9 to- 100- ZOO- 1000

Type for Min Quan Number .?? t9.9 .?.?.9 up

274-DB1 Black Insulated Single Plug 2 oz (60 grams) 0274-9454 $0.50 $0.43 $0.40 $0.36 $0.34
274-DB2 Red Insulated Single Plug 2 oz (60 grams) 0274-9455 0.50 0.43 0.40 0.36 0.34
274-MB Insulated Double Plug 3 02 (85 grams) 0274-9875 0.65 0.57 0.54 0.49 0.47

t ~ t prices. :\0 furtb r fluantity discounls. • ~linimUlll quantity $Old.

TYPE 274-NK SHIELDED DOUBLE PLUG i a double plug in
an aluminum a e wi h c ramic inul ti n for ompl t Iy
hielded connect·ion to TYPE 93 Binding Po t. train

relief for coaxial cable of 0.2 and .25 inch D i provid d.
Thi plug erminat th TYPE 27J..NL 1atch ord
(pag 209) and Tn 74:-R34 Patch ord (page 70).

Type od l\ Wilber et W t Price

274-NK Shielded Double Plug 0274·9877 I 2 az $1.35
(60 grams)

AJuminum

Co...

'" 0.0005
all kc.

Type
274.NI(
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~Type 938 BINDING POSTS

The excellen electrical properties and ingeniou mechanical d ign
of the TYPE 938 Binding Posts provide all the propertie needed for
modern electronic instruments. They are available with either metal or
in ulated top. I ickel-pla ed bra i us d for high conductivi y. The
tyr ne in ulation ha high in ulat,ion re i tance and low di ipation

factor and i availabl either r d or black for olor coding.
The e binding po t can be mounted on m tal or in ulating panels,

of a thickne from zero to 5/16 inch. Mechanical detail and method
of connection are hown below.

The binding po t has the ame heigh above panel a the nonlocking
TYPE 74 oaxial Connector ( ee page 63), who e center contact will
take a TYPE 274 Plug, so that a grounded binding po t can be mounted
adjacent to the coaxial connector to fit a TYPE 274-MB Double Plug.

f38-WIt .OOO~..".
.,o.-..t.r"'IH'''~

10,000 ~"1 lMl..h .......v~...
0'__1....... ,..(_ OOOO~.11000..~.

y

etWt Unit Pricet in Lois of
for Code 10°- lDO- 1000- 2000

Type Min Quan Number 99 999 1999 up

I~Capliv.RUled 938-A Metal-Top 40z
J~ clamp null Binding Post (115 0938-9701 $0.40 $0.29 $0.27 $0.25

l!! ~I ',4" .qua... anli. grams)o rolalianal nange
938-C Black-Top 3 azG.

C)
~No. 6-32 Ilud

Binding Post (85 0938-9703 0.55 0.40 0.38 0.35
Z grams)
0
Z 938-0 Red-Top 3 oz
iii ~,Tincaa,ed Binding Post (85 0938-9704 0.55 0.40 0.38 0.35

_ Soldering lu....t
grams)

.~n .. hollowed 10

938-BB Black Insulators 1 oz
(30 0938-9808 0.20 0.12 0.11 0.10

minlmi•• ICIlid dielect.ic grams)\It
0: ...,.,.,. 938-BR Red Insulators 1 oz0 _ ',4" .qUCI'. a nti-t- U (30 0938·9812 0.20 0.12 0.11 0.10ct .alalianal lack.1.... grams)
:;)
\It 938-YB Double Insulators 2 ozZ-tti Interlocking bo.... Mount two binding (60 0938·9873 0.30 0.18 0.16 0.15

permit mounting on posts on %/I centers in grams)very Ihin panell
Y2" dia holes.

~ '/,( squar. anti-rotational 938-F Spacer 1 oz
Ai ...ck.t (30 0938-9706 0.12 0.09 0.09 0.09

\It grams)LLI Anli-rolollonal teeth
Ci2

938-L Shorting Link 1 oz0
In :>C Captive conned- For two binding posts (30 0938·9712 0.10 0.09 0.09 0.09In
LLI discanned link mounted on %/I centers. grams)U
U 838-B Alligator Clip 2 ozi~ Fitl Type 214 Plug Fits inside jacktop of (60 0838·9702 0.20 0.19 0.18 0.17
~ lS.amp peak, rallng

Type 938 Binding Posts. grams)
t Net priCeIl. No further quantity diecoums. • r.linimum quantit $Old.

1/401A
.

6-32 .....10 '019
~S2

To convert inohll8 to mm, multiply by 25.4.
~~e. .144 OIA

·27 ORILl

MECHANICAL DETAILS ---------------,

<::Ie. 9/32 CIA.
Qi

For metal·top
blnd,ng posl on Iy.

IialhRator clip
Ills ,nside jacktop

ot all blnd,ng
posls.

Standard
lele phone ~pPlug enlers

b,ndlng post body
assuring con1ac1 even
"hen nut IS loose.

Clamps
all Wire sizes
up to No. 10
",thoul cutbng.

METHODS OF CONNECTION-----......-
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BINDING POST ASSEMBLIES

!'let Wt Urll:t Pricet in Lots of
for ode 10*- 100- ~ooo- JOOO

The following inding-post com- Type Min Quan Number 99 999 1999 up

binations are available. Listed 938.A Metal-Top Pod 5 oz 0938-9716 $0.52 $0.38 $0.36 $0.34938·P 938.F Spacer (145 grom.)
prices are for shipment una em- 938.A Metal-Top Post 50z

938.R 0938-9718 0.60 0.41 0.38 0.35
bled. When a embly and/or indi- 938.BR Red Insulators (145 grom.)

vidual packaging before hipm nt 938.A Melol-Top Post 5 oz 0938-9723 0.60 0.41 0.38 0.35938.W 938.BB Black Insulators (145 gram.)
i required, add lOt per binding 938.C Block-Tap Post 40z

938·WB 0938·9863 0.75 0.52 0.49 0.45post for a sembly, 8¢for packaging. 938·BB Black Insulotors (115 grams)

938·WR
938·0 Red.Top Post 4 oz 0938-9864 0.75 0.52 0.49 0.45
938·BR Red Insulators (115 grom.)

Type 874-Q2

Price

Type 874·Q9

Code NumberNet Weight

t Net pric . ~o furtber quam;l)' dillCOUlltS. • :\Iillimum qUlllllil}' ""ld.

~ADAPTORS AND CORDS
ADAPTORS

TYPE 274-QBJ ADAPTOR hielded banana plug provide
connection from binding-po t terminal to type B... • plug.
TYPE 874-Q2 ADAPTOR rovide ODnec ion from TYPE
274 Plug to TYPE 874 Coaxial sy tern .
TYPE 874-Q9 ADAPTOR Provides connection from TYPE
93 Binding Posts to TYPE 74 Coaxial y terns.

For a complete list of coa:cial adaptors, refer to page 64.
Type

Type 274·Nl

$2.50
5.50
6.00

0274-9884
0874·9870
0874-9874

Code NumberNet Weight

Adaptor 2 oz (60 grams)
Adaptor 2 oz (60 grams)
Adaptor 2 oz (60 grams)

~PATCH CORDS
TYPE 274-NP PATCH CORD is a three-foot hi ld d lead
terminat d with double plugs, which p rmit tacking for
multiple connections.
TYPE 274-NL PATCH CORD i a thr e-foot meld d lead
terminated with TYPE 274-l\K hielded Doubl Plugs
(page 207).

Type

274-QBJ
874-Q2
874-Q9

Type CAP.22

Price

$4.50
3.50

$2.50
1.75
1.25

Type l09-A

4200-9622
4200-9635
0109-9701

0274-9883
0274-9880

Code N111nber

Type CAP-35

TYPE l09-A 3-WIRE RECEPTACLE Interchangeable with
tandard 2-wir r ptacle to provid a 3-coo act power­

input r ceptacle which accept eith r 2-wire or 3-wire
power cord.

Net Weight

9 oz (255 grams)
7 oz (200 grams)
2 oz (60 grams)

3-Wire Power Cord
2-Wire Power Cord
3-Wire Receptacle

Type

CAP-22
CAP-35
109-A

274-NL
274-NP

Patch Cord 4 oz (115 grams)
Patch Cord 3 oz (85 grams)

~POWER CORDS
These power cord are 7-foot rubber-cover d No. 18

conductors. Plug and connector bodie ar mold dint -
grally with the cord and the hammerhead de ign p rmits
stacking. The three-wire cord is uppli d " ith General
Radio ac-opera ed instruments.
TYPE CAP-22 3-WIRE POWER CORD Ie trical rating
are 7 amp res and 230 volt . The connector ,d igned for
125-volt op ration, conform to the American tandard for
Grounding Type Attachment Plug Caps and Receptacles,
A C73-1-1957.
TYPE CAP-35 2-WIRE POWER CORD
rated by nderwriter Laboratori a
300 volt, rms. emale connector fit
3-wire plug.
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General Radio instrument cabinet are rugged attrac­
tive, and ver atile. Heavy-gauge aluminum and tough
wrinkle finishe combine to keep GR in trufficnt operating
and looking like new through many years of hard service.

We use five basic cabinet ypes: (1) "rack-bench"
cabinets, with tandard rack-wid h panels and op ional
bench or rack-mounting accessories, (2) "Flip-Tilt" cabi­
nets, for portable in truments, (3) "conver ible bench"
cabinets, for smaller laboratory instrument, (4) " nit"
cabinet ,for he GR line of general-purpo e instrum nt
and power supplies, and (5) "lab bench" abin t , for
laboratory tandards, decade boxe ,and oeh l'in trum nt
that are seldom if v r mount d in l' lay rack.

RACK-BENCH CABINETS
rack-bench cabinet on i t of thrce major part : a

h avy- au e aluminum cabinet compri ing the top, bottom,
ide, and rear of th in rum nt; a rack-width (19-inch)

front panel, p rman ntly attached to the instrum nt

For bench u'e, the rock-bench cobinet is equipped with oluminum end frame,.

has i ; and either aluminum nd frames, if th in rum nt
is to be u. ed on the ben h, or two sheet-metal supports for
Pack mounting. Th ill trum nt i sold for one or the oth I'

type of mOlmting. ub qu nt conversion i , how ver,
quite simple.

In bench model (id ntified by h type-number suffix
"M") he end frame erve veral purpo . They allow
in trum nt to be n atly tack d au , if desired, bolted
together. They aloeI've a upporting feet, carrying
handles, and protective bumpers.

In relay-rack models (identified by th type-number
suffix "R"), the front panel and the two h t-roetal
support ar attached by crews 0 the front of th I' I y
ra 'k, and th upport - to the cabinet. The cabinet act
a - a drawer lid , and the re ulting installation offers a y
a 'c ibili y to th interior of the in trument. The panel
and chassis may be withdrawn froro the fran of th rack
with he cabinet left tationary. Or the cabinet m y b
r moved from the real' f the rack, wi h panel and CM i
left tationary.

FLIP-TILT CABINETS
One of he out tandin I' c nt advance. in instrum nt

packaging i General Radio' pat nted lllip-Tilt abin t,
whi·h offers the ultima e in protection, portability, and
ease of use.

The Flip-Tilt cabinet include thr e main part: th
instrument cabinet, a c ptive cov r, and a carrying-handle
and lever assembly. \ h n th in truro nt i clo ed for
storage or tran i ,th cover i lock d in place over th
front panel by m an of lide-button and 10. -he on th
arrying handl . To open the cabinet, the u I' lide th

button out of he latche and pll hes down on the carrying
handl . Th lever ac ion of the handle raise t.hc cabin t
from the ov r. The cabinet is then ea ily flipped into
po ition for operation. The operating po ition may b fully
open and 10 ked squarely in the cover or tilted at almo t
any angl . A rubber seal around the edge of th cover
providl? friction to hold the cabine in th t.ilt d po ition.
Wh n th in rument i clo ed the same go. ket provid a
tight seal for th enclosure. Accessol'ie and in truction
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Flip-Tilt cabinet in one of its many operating
po,itian,. Rubber go,ket provides friction to

allow almo,t ony tilt angle.

•
locked c1ased, with accessories and instruction
manual inside, the Flip-Tilt instrument is well

protected ogain,t domage.

Lacked fully ap en,
Flip.Tilt in,trument
is ready for either
operation Or transit.

Anather af the rna ny face' af the
versatile Flip -Tilt, which here ha,
traded COver and handle for a

rack odaptor panel•
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manual ar conveniently stor d in the lip-Tilt cover.
rtain lip-Tilt ins rument are al 0 available in

tandard r lay-rack abinets' uch rack model are
identified by the type uffix R (e.g., TYPE 1 D6-AR Elec­
tronic Vol meter). Mo t other Flip-Tilt in trumen are
available adapted for rack moun ing. In uch adaptation,
the lip-Tilt cabin t (minu cover and handl ) i neatly
and curely moun d in a relay-rack adaptor panel. uch
Tack models are id ntifi d by four-digit numeral uffixe
(e.g., TYPE 1650-9820 Imp dance Bridg ).

CONVERTIBLE BENCH CABINETS
mall and medium- ized in truments commonly u d on

th bench are hou ed in GR' unique" onvertible bench'
cabinet, designed primarily for the b n h but offering
quick relay-rack adaptabili y.

The convertible bench cabin t i mad of turdy alu­
minum fini hed in GR medium gray wrinkl . The - haped
dust cover can be easily Iipp d off af r r moval of quick­
action lamp fa tener . In trumen with pan 1m tel' can
be tilted to the rno t convenient angl by m an of ex­
tendible front leg .

Conv I' ion for l' lay-ra k moun ing i asy: matching
pan 1ext n ion ar imply attached by mean of cr w
t<> the instrument pan I and to h l' lay rack.

Convertible bench Instruments with meters tilt on extendible legs for easy
viewing of front panel. Panel extensions are used for rock mount.

LAB BENCH AND UNIT CABINETS
Lab bench abin tare 'mple enclosure used pri­

marily for laboratory tandards and decade boxes. Two
- haped piece of 7finch extruded aluminum are strip­

locked tog h r to form he side , and an aluminum bottom
plate and ~-inch aluminum panel complete the enclo ur .
The re ult is a cabinet well shielded, tructurally solid,
and efficiently manufactur d.

Th nit cabinet, u d for General Radio's well-known
line of g n ral-purpo pow r supplie and other utility
in trument , con i t of two U-shaped aluminum piece ­
one forming panel and .d and the other making up top,
bottom, and rear of the in trument. Th latter piece is a
perforated du t over that i a ily withdrawn for acce
to the instrument CM .. High-frequency nit a cillators
use a impIe L-bracket and cylindrical hi Id, compatible
for relay-rack a embly wi h convertible-bench power
upplies, a illu tra d on page 116.

Two aluminum extrusions are strip.locked together to form the sides, heavy
aluminum panel and bottom plate are added, and this precision ~opocitor is
given the excellent shielding and trim appearance of the lob bench cabinet.

nit in trument ar p cially d igned for u with
each other, and mating connector p rmit the n at, com­
pact a mbly of power upply and driven in trument.
Adaptor panels are available for rack-mountin nit
in trument .

OTHER CABINETS AND MODIFICATIONS
'While most Gen ral Radio in trum nt ar hou d in

th five cabine de cribed abov, veral other type of
mounting are used to rve th p cial d mand of various
iustrum nt . The e range from th pock - iz d c - u ed
for certain portable sound-mea uring in trument to the
sp cialized tructure of a lotted line or an admittance
m t r. In the choice of moun ing, the anticipat due of the
in truro nt takes precedence ov l' compl t andardization
of cabin t . Thi prin iple explain some variatio in the
.five ba ic cabinet type , as v ell. Thu , the l' lay-rack
version of th r ck-b nch cabin t do not include drawer
slides where the in truro nt is a p iv d vic who e v ith­
drawal from th rack would rar Iy n cary. AI 0,

certain in truro nt (.g., compou nt of the frequency­
measuring y tern) ar d ign d I ly for relay-rack
mounting, and th ar th l' for Dot a ign d th rack­
b nch optional end fram .

cc ry mounting hardware, u hand fram ,1' ay-
rack upports, and r lay-rack adaptor pan ls, may be
ord r d parately by tho cu toro l' w' bing to convert
from one type of mounting to another. Many of the e
ace ssori are listed along with the related in truments.
Fur h l' information on uch hardware, dimen ions, etc.,
i available on I' qu t.

This Unit instrument and power supply make a neot combinotlan, with no
wa.ted space. Chassis-mounted multipoint power connectors mate, and

locking strips are supplied to make the union permanent, if desired.
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FIGURE I
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Figure 1 i th ompl te chart, u d fol' rough calculation .
Figure 2, which i a ingle decade of Figur nl rg d
approximately 7 tim ,i 1I d where two or thr ignifi-
can figur ar to b d termined.

TO IND REACTANCE Enter the chart vertically from
he bottom (FREQ1JE Y) and a.\ong the lin lanting

upward to th left (CAPACITA CE) or to the right (IND CT-

o FIND RESONANT FREQUENCY Enter the lanting
lin for he given inductance and capacitance. roject
d wnward and read resouan fr quency from th bo tom
cal. orresponding scales (red or black) must be used

throughout.
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Always obtain approximate value from Figure 1 before using Figure 2

UJ 4
u

Example: The point indicated in Figure 1 corresponds to
a frequency of about 700 kc and an inductance of 500 ~h,
or a capacitance of 100 pf, giving in either ca e a reactan e
of about 2000 ohms. The r nant fr quency of a circuit
containing thes values of inductan e and capacitance is, of
cour ,700 kc, approximately.
USE OF FIGU E 2 Figur 2 giv additional pr cision
but doe not place th d cimal point, which must be
located from a preliminary entry on Figure 1. inee th

chart neees arily r quil' s two logarithmic decades for in­
du tance and capacitan for v ry ingle decade of fr ­
quelley and reae anee, unl th correct decade for Land
C' cho n, the calculat valu of reactance and ff ­
quency will be in error by a factor of 3.16. In Figur 2, th
capacitance cale ired; inductance calc i black.

Example: (Continued) The reactanc corr ponding to
500 j.lh or 100 pf i 2230 ohm at 712 kc, th it' r sonant
fr quency.
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ABBREVIATIONS, SYMBOLS, PREFIXES, AND CONVENTIONS

re istance
registered trademark
r si tance-capa itance
referred to
radio frequency
relative humidity
root-mean- qual'
revolutions per minute
erie, a ~.
econd

synchronou, yn hI' nizing
period
temperature
time
ultra-high frequen y
velocity
volt
voltampere
very high frequency
v ry low frequency
volume
vel' u
watt
reactance
admittance
impedance
hort-circuit forward current­

tran fer ratio (common ba )
hort-circuit forward current­

tran fer ratio (common emit­
ter)

reflection coefficient
increment
10 s angle
phase angle
wavelength
mi '1'0- (10-6)
mi roampere
microbar
microfarad
microhenry
micro econd
microvolt
ohm
mho
angular velocity (2.rfl

fJ

R
re
rf
RH
rro
rpm

r
6
o
fJ
X
/ol

/ola

/olbar

ILf
/olh

/ol ec
/olV

n
l.l
w

sec
sync
T
t
t
uhf
v
v
va
vhf
vlf
vol
vs
w
X
y
Z

intermediate frequency
inch
Institute of Radio <ngineer
International tandards

Organization
V=1
kilo (l ()3)
kilogram
kilovolt ampere
kilowatt
inductance
laboratory
pound
inductance-capacitance
low frequency
logarithm
rna
meter; milli (10-3)

milliampere
maximum
millibar
megacycle per econd
millihenry
0.001 inch
minimum; minute
millimeter
millimho
milliobm
megohm
megamegohm
millivolt
milljwatt
nano (10-9); any number
nanosecond
nanomho
ounce
parallel, as L p

power factor
picofarad
hydrogen in concentration
pu h-pull; pages
parts per million
peak-to-peak
pulse repetition frequency
quality factor

i-f
in.
IRE
I 0

p

PF
pf
PH
pp
ppm
p-to-p
prf
Q

j
k
kg
kva
kw
L
lab
Ib
L
If
log
m
rn
rna
max
rnbar

c
rnh
mil
min
mm
mmho
m!!

n
Mn

mv
mw
n
nsec
nu
oz

alternating current
audio frequency
automatic frequency 001.1' I
amplitude modulation
ampere
American. tandard A ociation
American ocietv for Te ting

Material .
automatic volume control
average
usceptance

binary-coded decimal
capacitance
Centi rade, degrees Centigrade
cost, insuran e, freight
centimeter
cash on delivery
ycle per econd

continuous wave
di ipation factor
decibel
decibel referred to one rnilliwatt
direct current
voltage
Electronic Indu tries

A ociation
electromotive force

ahrenbeit, degr e Fahrenheit
farad
frequency
frequency modulation
free on board
conductance
gravitation con tant
gigacycles per second
transconductance
henry
forward current-transfer ratio
hort-circuit input impedance

open-circuit output admittance
reverse voltage-tran fer ratio
current
International Electrotechnical

Commission
Institute of Electrical and Elec­

tronics Engineers

ac
af
AFC
a-m
amp
A A
AT

IEEE

AV
ave
B
BCD
C
C
C.lF.
cm

OD
cp
cw
D
db
dbm
dc
E
EIA

In tbi catalog, as in other General Radio publica io ,our u of ymb I ,prefix ,and
abbr viation follows the recommendations of the merican tandard 0 iation, the
In rnational Committee on Wight and Mea ure J the International EI rotechnical
Commis ion and various cient,ifi and engineering ociel.ie . Where her is not agr m nt
among these group, W gen rally hoo th u age favored by the majority.

emf
F
f
f
fm
f.o.b.
G
g

c
Om
h
h,
hi
II.
II,
I
IEC

r__-------- ABBREVIATIONS AND SYMBOLS------------,
R

V)

zo
~z
w
>
Zo
u
o
z«
V)
w
~
u..
wco:
0...

vi-..o
a:l

:E
>­
V)

vizo
~
>w
co:
a:l
a:l«

PREFIXES
Orders of magnitude from 1012 to 10-1& are de ignated by the following prefixes:

a

P
f

Symbol
j.I.

n

Ordur

1012

109

106

1()3
102

10
10-1

10-2
10-3

Prefix

tera
gigs.
mega
kilo
hecto
deka.
deci
centi
milli

Symhol
T
G

k
h
da
d
c
m

Ordur Prefix
1()-6 micro
10-9 nano
10-12 pico
10-15 femto
10-18 atto

CONVENTIONS
Dimensions and weights are rounded off to the n xt high l' appli­

cable fractional value. hipping weighl.s will necessarily vary with
number of items hipped in one container, variations in packing
methods, etc. Values given in sp cifications are approximate.
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DECIBEL CONVERSIO TABLES

and and

1 Pi
N".p = 2log. P2

EI II
For voltage ratio - or curr nt ratio - working III

E2 12

identical impedance ,

l EI
nop = og. E

2

If E1 nd E2 Ol' II and I 2 operat in lUlequal impedance,

E I Z2 kl
db = 20 logio E

2
+ 10 loglo ZI + 10 loglo k

2

II ZI kland db = 20 logio -I + 10 loglo -Z + 10 loglo -k
2 "2 2

wb r ZI and Z2 are tbe absolute magnitud of be eorre-
ponding impedances and k, and k2 ar be values of po\ver

fa tor for the impedance . E i , E2, II, and I 2 are al the
absolu magnitude of tb correponding quantitie. ote
tbat Table I and Table II an bud to valuate the
imp dance and power factor term, iDee both are similar
to the expre sion for pow r ratio.

eper - Tb number of oep r ,.." corr ponding to a
. Pl.

power ratiO P
2

1

In communication y terns the ratio be w n any two
amount of I tric or a ou ti power is u ually xpr d
in unit 00 a logarithmic eale. The decibel (l/lOth of th
bel) on the brigg ian or ba -10 cale and th neper on tbe
napierian or ba -e cale are in almost univ rsal l\ for
thi purpo .

inc voltag and current are related to pow r by
imp dane, both he decibel and the neper can be d to
xpre voltag aDd curl' nt ratios, if are is tak n 0

account for be imp dane a ociated with h m. In a
imilar mann r the corre ponding acoustical quantiti

can b compar d.
From Tabl I and Tabl II on the following pag on-

v r ion can b mad in ither direc ion betwe n tb
numb r of decibel.s and tb orre ponding power, voltag ,
and current ratio. Both tabl can al be used for nepers
by application of a cony l' 'on factor.

Decibel - The number of d cib 1 db corresponding to
the ratio between two amount of pow r PI and P2 is

PI
db = 10 loglo P

2

"When two voltages E, and E2 or two currents II and [2
operate in identical imp dane 5,

EI
db = 20 loglo E

2

Relations Between Decibels and Nepers

MuUiply d cib I by 0.1151 to find nepers
Multiply nepers by .6 6 to find decibel

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Table I: Decibels to Voltage and Power Ratios

Number of decibels positive (+): ubtract +20 deeib I
ucc ively from the giv n number of decibel until th

remainder fall within rang of Table 1. To find the voltage
ratio, multiply the cone ponding value fr m he rigb ­
hand voltage-rati column by 10 for each time you ub­
tracted 20 db. To find the power ratio, multiply th con­
sponding value from the right-hand p w r-ratio olumn
by 100 for ea h time you subtracted 20 db.
Example - Given: 49.2 db.

49.2 db - 20 db - 20 db = 9.2 db

Voltage ratio: 9.2 db --- 2. 4
2. 4 X 10 X 10 = 2 .4

Power ratio: 9.2 db --- .31
8.318 X 100 X 100 = 31 0

Number of decibels negative (-): Add +20 d ibel
ucc ively 0 the giv n number of d cibel until th 1m

fall wi hin th rang of Tabl 1. For the voltage mUo, divid
th valu from th I ft-band v ltag -ratio olumn by 10
f l' ea h tim you add d 20 db. For the power ratio, divid
th valu from th left-band pow r-ratio column by 100
for ea h tim you add d 20 db.

Example - Given: -49.2 db
-49.2 db + 20 db + 20 db = -9.2 db

Voltage ratio: -9.2 db --- 0.3467
.3467 X 1/10 X 1/10 = 0.003467

Power ratio: -9.2 db --- 0.1202
0.1202 X 1/100 X 1/100 = 0.00001202

Table II: Voltage Ratios to Decibels

For ratios smaller than those in table - Multiply be For ratios greater than those in table - Divide he given
given ratio by 10 succ iv Iy until the product can be ratio by 10 uee iv Iy until th remainder can be found
found in the table. From th number of d cibel thu found, in tb tabI . To the number of ,d eib I tbu found, add
ub rae +20 decibel for ea h tim you multiplied by 10. +20 db for nch tim you divid d by 10.

Example - Given: Voltag ra io = 0.0131 Exampl - Given: Voltage ratio = 712
0.0131 X 10 X 10 = 1.31 712 X 1/10 X 1/10 = 7.12

From Tabl II, 1.31~ 2.345 db From Tabl II, 7.12 ---17.0 0 db
2.345 db - 20 db - 20 db = -37.6 5 db 17.050 db + 20 db + 20 db = 57.0 0 db
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GIVEN: Decibels

TABLE I

{
Voltage} .TO FIND: Power and C t Ratiosurren

TO ACCOUNT FOR THE SIGN OF THE DECIBEL

..

216

For positive (+) values of the decibel- Both voltage
and pow r ratio ar great r than uni y. th two right­
band columns.

Exampl -Given: ±9. db; Find:

-db+.. ~

Voltaoe Power Voltaoe Power
Halio Hatio db Ratio Ratio

1.0000 1.0000 0 1.000 1.000
.9 86 .9772 .1 1.012 1.023
.9772 .9550 .2 1.023 1.047
.9661 .9333 .3 1.035 1.072
.9550 .9120 .4 1.047 1.096

.9441 · 913 .5 1.059 1.122

.9333 · 710 .6 1.072 1.14

.9226 · 511 .7 1.0 4 1.175

.9120 · 31 1.096 1.202

.9016 · 12 .9 1.100 1.230

.8913 .7943 1.0 1.122 1.259
10 .7762 1.1 1.135 1.2 8

· 710 .75 6 1.2 1.14 1.31
· 610 .7413 1.3 1.161 1.349
· 511 .7244 1.4 1.175 La 0

· 414 .7079 1.5 1.1\l 1.413
· 31!:1 .691 1.6 1.202 1.445
· 222 .6761 1.7 1.216 1.479
· 12 .6607 I. 1.230 1.514
· 035 .6457 U) 1.245 1.54U

.7943 .6310 2.0 1.259 1.585

.7 52 .6166 2.1 1.274 1.622

.7762 .6026 2.2 1 » 1.660

.7674 .5 R 2.:3 1.303 1.69

.75 6 .5754 2.4 1.31 1.73

.7499 .5623 2.5 1.334 1.778

.7413 .5495 2.6 1.:349 I. 20

.732 .5370 2.7 1.365 I. 62

.7244 .524 2.R 1.3 0 UI05

.7161 .5129 2.9 1.396 1.950

.7079 .5012 3.0 1.413 1.995

.6998 .4 98 3.1 1.429 2.042

.6918 .4786 3.2 1.445 2.0 9

.6839 .4677 3.3 1.462 2.138

.6761 .4571 3.4 1.479 2.188

.66 .4467 3.5 1.496 2.239

.6607 .4365 3.6 1.514 2.291

.6531 .4266 3.7 1.531 2.344

.6457 .4169 3. 1.549 2.399

.6383 .4074 3.9 1.567 2.455

.6310 .3981 4.0 1.585 2.512

.6237 .3 90 4.1 1.603 2.570

.6166 .3 02 4.2 1.622 2.630

.6095 .3715 4.3 1.641 2.692

.6026 .3631 4.4 1.660 2.754

.5957 .354 4.5 1.679 2.81

.5 .3467 4.6 1.69 2.884

.5 21 .33 4.7 1.71 2.951

.5754 .331l 4. 1.73 3.020

.5689 .3236 4.9 1.75 3.090

For negative (-) values of the decibel - Both v Itage
and pow r ratio ar I s han unity. e the two left­
hand column .

Power Voltage
Ratio Ratio

+9.1 db 8. 2 2.851
-9.1 db 0.1230 0.350

-db+.. ~

Voltaoe POller Voltage Power
Ratio Ratio db Hatio Hatio
.5623 3162 5.0 1.778 3.162
.5559 .3090 5.\ 1.799 3.236
.5495 .3020 5.2 I. 20 3.311
.5433 .2951 5.3 1. 41 3.3
.5370 .2 4 5.4 1. 62 3.467

.5309 .2 1 5.5 I. 4 3.54

.524 .2754 5.6 1.905 3.631

.51 .2692 5.7 1.92' 3.715

.5129 .2630 5.8 1.950 3. 02

.5070 .2570 5.9 1.972 3. 90

.5012 .2512 6.0 1.995 3.981

.4955 .2455 6.1 2.0\ 4.074

.489!l .2399 6.2 2.042 4.169

.4 42 .2344 6.3 2.00,5 4.2(j6

.47 6 .2291 6.4 2.0 D 4.365

.4732 .2239 6.5 2.\13 4.467

.4677 .21 6.6 2.\3 4.571

.4624 .213 6.7 2. J():3 4.677

.4571 .2009 6.8 2.1 4.7 6

.4510 .2042 (j.9 2.213 4. 9S

.4467 .1995 7.0 2.239 5.012

.4416 .1950 7.1 :.!.265 5.129

.4:365 .1905 7.2 2.2!)1 5.248

.4:115 .IH62 7.3 2.:J17 5.370

.4:.!66 .1820 7.4 2.344 5.495

.4217 .1778 7.5 2.371 5.623

.4169 .1738 7.6 2.3D9 5.754

.4121 .169 7.7 2.427 5.

.4074 .1660 7. 2.455 6.026

.4027 .1622 7.9 2.4 3 6.\66

.3981 .1585 8.0 2.512 6.310

.3936 .1549 .1 2.541 6.457

.3 90 .1514 .2 2.570 6.607

.3 46 .1479 .3 2.600 6.761

.3 02 .1445 .4 2.630 6.91

.375 .1413 8.5 2.661 7.079

.3715 .13 0 .6 2.692 7.244

.3673 .1349 .7 2.723 7.413

.3631 .1318 8. 2.754 7.5 6

.3589 .128 .9 2.786 7.762

.3548 .1259 9.0 2.818 7.943
.350 .1230 9.1 2.851 .12
.3467 .1202 9.2 2. 4 .31
.3428 .1175 9.3 2.917 8.511
.33 .114 9.4 2.951 .710

.3350 .1122 9.5 2.9 5 .913

.3311 .1096 9.6 3.020 9.120

.3273 .1072 9.7 3.055 9.333

.3236 .1047 9. 3.090 9.5.~0

.3199 .1023 9.9 3.126 9.772
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TABLE I (continued)

-db+.. ..
Voli.aQe POl/'er Voli.aQe Power

Natio Halio db Ratio Ralio
.3162 .1000 10.0 3.162 10.000
.3\26 .0977w 10.1 3.199 10.23
.30110 .09550 10.2 3.236 10.47
.3055 .09333 10.3 3.273 10.72
.3020 .09120 10.4 3.311 10.96

.29 5 .0 913 10.5 3.350 11.22

.2n51 .0 710 10.6 3.3 11.4

.2917 .0 511 10.7 3.42 11.75

.~ R4 .0 3J. 10. 3.467 12.02

.2 51 .0 12 10.9 3.50 12.30

.2818 .07943 11.0 3.548 12.59

.27 6 .07762 11.1 3.5 9 12.

.2754 .075 6 11.2 3.631 13.1

.272:1 .07413 11.3 3.673 13.49

.2692 .07244 11.4 3.715 13. 0

.2unl .07079 u.s 3.75 14.13

.2 ':30 .0691 lUi :3, 02 14.45

.2600 .06761 11.7 3. 46 14.711

.2570 .06607 11. 3. 90 15.14

.2541 .06457 11.9 3.936 15.49

2512 .06310 12.0 3.981 15.85
.24 3 .06166 12.1 4.027 16.22
.2455 .06026 12.2 4.074 16.60
.2427 .05 12.3 4.121 16.9
.2399 .05754 12.4 4.169 17.3

.2371 .05623 12.5 4.217 17.7

.2344 .05495 12.6 4.266 1 .20

.2317 .05370 12.7 4.315 1 .62

.2291 .0524 12. 4.365 19.05

.2265 .05129 12.9 4.416 19.50

.2239 .05012 13.0 4.467 19.95

.2213 .04 9 13.1 4.519 20.42

.21 .047 6 13.2 4.571 20. 9

.2163 .04677 13.3 4.624 21.3

.213 .04571 13.4 4.677 21.

.2113 .04467 13.5 4.732 22.39

.20 9 .04365 13.6 4.7 6 22.91

.2065 .04266 13.7 4. 42 23.44

.2042 .04169 13. 4. 9 23.99

.201 .04074 13.9 4.955 24.55

.1995 .03981 14.0 5.012 25.12

.1972 .03 90 14.1 5.070 25.70

.1950 .03 02 14.2 5.129 26.30

.192 .03715 14.3 5.1 26.92

.1905 .03631 14.4 5.24 27.54

.1 4 .0354 14.5 5.309 2 .1

.1862 .03467 14.6 5.370 28. 4

.1 41 .033 14.7 5.433 29.51

.1 20 .03311 14. 5.495 30.20

.1799 .03236 14.9 5.559 30.90

.1778 .03162 15.0 5.623 31.62

.175 .03090 15.1 5.6H9 32.36

.1738 .03020 15.2 5.754 33.11

.171 .02951 15.3 5. 21 33.

.1698 .02 15.4 5. 34.67

.1679 .02 I 15.5 5.957 35.4

.1660 .02754 15.6 6.026 36.31

.1641 .02602 15.7 6.095 37.15

.16:.12 .1l26:J0 15.x li.166 :i .02

.Ili03 .O~570 1ii.n 6.~:~7 :i .!IO

-db+.. ..
VoUa,ge Power VoUa,ge POtl1er
Ratio Ratio db Ratio Ratio
.1585 .02512 16.0 6.310 39.81
.1567 .02455 16.1 6.3 3 40.74
.1549 .02399 16.2 6.457 41.69
.1531 .02344 16.3- 6.531 42.66
.1514 .02291 16.4 6.607 43.65

.1496 .02239 16.5 6.6 3 44.67

.1479 .021 16.6 6.761 45.71

.1462 .02138 16.7 6. 39 46.77

.1445 .020 9 16. 6.91 47. 6

.1429 .02042 16.9 6. 9 4 .98

.1413 .01995 17.0 7.079 50.12
.13116 .01950 17.1 7.161 51.29
.13 0 .01905 17.2 7.244 52.4
.1365 .OHl62 17.3 7.32 53.70
.1349 .01 20 17.4 7.413 54.95

.1334 .01778 17.5 7.499 56.23

.1318 .01n 17.6 7.5 6 57.54

.1303 .0169 17.7 7.674 5 .

.12 .01660 17. 7.762 60.26

.1274 .01622 17.9 7. 52 61.66

.1259 .01585 18.0 7.943 63.10

.1245 .01549 1 .1 .035 64.57

.1230 .01514 1 .2 .12 66.07

.1216 .01479 1 .3 .222 67.61

.1202 .01445 1 .4 .31 69.1

.11 9 .01413 1 .5 .414 70.79

.1175 .013 0 18.6 .511 72.44

.1161 .01349 1 .7 .610 74.13

.114 .0131 1 . .710 75. 6

.1135 .012 1 .9 8. 11 77.62

.1122 .01259 19.0 8.913 79.43

.1109 .01230 19.1 9.016 1.2

.1096 .01202 19.2 9.120 3.1

.10 4 .01175 19.3 9.226 5.11

.1072 .0114 19.4 9.333 7.10

.1059 .01122 19.5 9.441 9.13

.1047 .01096 19.6 9.550 91.20

.1035 .01072 19.7 9.661 93.33

.1023 .01047 19.8 9.772 95.50

.1012 .01023 19.9 9. 6 97.72

.1000 .01000 20.0 10.000 100.00

-db+.. ..
VoUaue Power Voltaue Power
Ratio Ratio db Ratio Ratio

3.162X 10 I 10-1 10 3.162 10
10-1 10-2 20 10 102

3.162X10-2 10-3 30 3.162XI0 103
10"1 10-4 40 1()2 lQ4

3.162X10-a to-3 50 3.162XI02 103
10-3 lO-e 60 loa 10e

3.l62XI0-4 10-"7 70 3.162X 103 107

10-4 uri a 104 1()II
3.162X 10-3 1O-v 90 3.162X 104 IOU

10-3 10-10 100 II):i 1010

To find decibel values outside the range of this table, see page 215.
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IJ) -II TABLE IIw w
...... co
co U
-< w
I- 0

GIVEN: {Voltage} Ratio TO FIND: Decibels
Current

POWER RATIOS

To flnd the number of decibels corresponding to a given Example-- Given: a power ratio of 3.41.
power ratio- ume the given power ratio to be a

Find: 3.41 in h tab! :voltag ratio and find the corre ponding number of decib Is
from h table. Th desired result is xactly one·half of the 3. 1,- 0.655 db (vol age)
Dumb r of deCib 1 bu found. 10.655 db X 3/z = 5.32 db (power)

VQltaoe
Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

~ - ~

1.0 .000 .080 .172 .257 .341 .424 .500 .588 .068 .749
1.1 .828 .906 .9 4 1.062 1.138 1.214 1.2 9 1.364 1.438 1.511
1.2 1.584 1.656 1.727 1.79 I. 6 1.93 2.007 2.076 2.144 2.212
1.3 2.279 2.345 2.411 2.477 2.542 2.607 2.671 2.734 2.79 2. 60
1.4 2.923 2.9 3.046 3.107 3.167 3.227 3.2 7 3.346 3.405 3.464

1.5 3.522 3.5 0 3.6~7 3.694 3.750 3. 07 3. 62 3.91 3.973 4.02
1.6 4.0 2 4.137 4.190 4.244 4.297 4.350 4.402 4.454 4.506 4.558
1.7 4.609 4.660 4.711 4.761 4. 11 4. 61 4.910 4.959 5.00 5.057
1. 5.105 5.154 5.201 5.249 5.296 5.343 5.390 5.437 5.4 3 5.529
1.9 5.575 5.621 5.666 5.711 5.756 5. 01 5. 45 5. 9 5.933 5.977

:l.O 6.0:U 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
2.1 6.444 6.4 6 6.527 6.56 6.60 6.649 6.6 9 6.729 6.769 6. 09
2.2 6.848 6.88 6.927 6.966 7.00 7.044 7.0 2 7.121 7.159 7.197
2.3 7.235 7.272 7.310 7.347 7.3 4 7.421 7.45 7.495 7.532 7.568
2.4 7.604 7.640 7.676 7.712 7.74 7.7 3 7. 19 7.854 7.889 7.924

2.5 7.959 7.993 8.02 .062 8.097 .131 8.165 .199 8.232 8.266
2.6 .299 .333 8.366 .399 .432 .465 .49 8.530 8.563 .595
2.7 8.627 8.659 .691 .723 .755 .7 7 . 1 . 50 1 .912
2. 8.943 .974 9.005 9.036 9.066 9.097 9.127 9.15 9.1 8 9.21
2.9 9.248 9.278 9.30 9.337 9.367 ' 9.396 9.426 9.455 9.484 9.513

3.0 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
3.1 9.827 9. 55 9. 3 9.911 9.939 9.966 9.994 10.021 10.049 10.076
3.2 10.103 10.130 10.157 10.1 4 10.211 10.23 10.264 10.291 10.317 10.344
3.3 10.370 10.397 10.423 10.449 10.475 10.501 10.527 10.553 10.57 10.604
3.4 10.630 10.655 10.6 1 10.706 10.731 10.756 10.7 2 10. 07 10. 32 10.857

3.5 10. 1 10.906 10.931 10.955 10.9 0 11.005 11.029 11.053 11.07 11.102
3.6 11.126 11.150 11.174 11.19 11.222 11.246 11.270 11.293 11.317 11.341
3.7 11.364 11.3 7 11.411 11.434 11.457 11.481 11.504 11.527 11.550 11.573
3. 11.596 11.618 11.641 11.664 11.6 7 11.709 11.732 11.754 11.777 11.799
3.9 11.821 11.844 11.866 11. 88 11.910 11.932 11.954 11.976 11.998 12.019

4.0 12.041 12.063 I:l.085 12.106 12.128 12.149 12.171 12.192 12.213 I:l.234
4.1 12.256 12.277 12.29 12.319 12.340 12.361 12.3 2 12.403 12.424 12.444
4.2 12.465 12.4 6 12.506 12.527 12.547 12.56 12.5 12.609 12.629 12.649
4.3 12.669 12.690 12.710 12.730 12.750 12.770 12.790 12. 10 12. 29 12. 49
4.4 12. 69 12.889 12.90 12.928 12.948 12.967 12.9 7 13.006 13.026 13.045

4.5 13.064 13.103 13.122 13.141 13.160 13.179 13.19 13.217 1.3.236
4.6 13.255 13.293 13.312 13.330 13.349 13.36 13.3 6 13.405 13.423
4.7 13.442 13.479 13.497 13.516 13.534 13.552 13.570 13.5 9 13.607
4. 13.625 13.661 13.679 13.697 13.715 13.733 13.751 13.76 13.7 6
4.9 13. 04 13.839 13. 57 13. 75 13. 92 13.910 13.927 13.945 13.962

5.0 13.979 14.014 14.031 14.649 14.006 14.083 14.100 14.117 14.134
5.1 14.151 14.1 5 14.202 14.219 14.236 14.253 14.270 14.2 7 14.303
5.2 14.320 14.353 14.370 14.3 7 14.403 14.420 14.436 14.453 14.469
5.3 14.486 14.51 14.535 14.551 14.567 14.5 3 14.599 14.616 14.632
5.4 14.648 14.6 0 14.696 14.712 14.728 14.744 14.760 14.776 14.791

5.5 14. 07 14. 23 14. 39 14.855 14.870 14. 6 14.902 14.917 14.933 14.94
5.6 14.964 14.979 14.995 15.010 15.026 15.041 15.056 15.072 15.0 7 15.102
5.7 15.117 15.133 15.148 15.163 15.178 15.193 15.20 15.224 15.239 15.254
5. 15.269 15.2 4 15.29 15.313 15.328 15.343 15.358 15.373 15.388 15.402
5.9 15.417 15.432 15.446 15.461 15.476 15.490 15.505 15.519 15.534 15.549
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TABLE II (continued)

°l~m >n c:J
- r-Ut m
P! Vl

Voltage
Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692
6.1 15.707 15.721 15.735 15.749 15.763 15.77 15.792 15. 06 15. 20 15.834
6.2 15. 4 15.862 15. 76 15.890 15.904 15.918 15.931 15.945 15.959 15.973
6.3 15.9 7 16.001 16.014 16.02 16.042 16.055 16.069 16.0 3 16.096 16.1I0
6.4 16.124 16.137 16.151 16.164 16.17 16.191 16.205 16.21 16.232 16.245

6.5 16.258 16.272 16.2 5 16.29 16.312 16.325 16.338 16.351 16.365 16.37
6.6 16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637
6.8 16.650 16.66:3 16.676 16.6 8 16.701 16.714 16.726 16.739 16.752 16.764
6.9 16.777 16.790 16.802 16.lSl5 16.827 16.840 16.852 16.865 16. 77 16. 90

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013
7.1 17.025 17.037 17.050 17.062 17.074 17.0 6 17.09 17.110 17.122 17.135
7.2 17.147 17.159 17.171 17.1 3 17.195 17.207 17.219 17.231 17.243 17.255
7.3 17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373
7.4 17.3 5 17.396 17.408 17.420 17.431 17.443 17.455 17.466 11.47 17.490

7.5 17.501 17.513 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605
7.6 17.616 17.628 17.639 17.650 17.662 17.673 17.6 5 17.696 17.707 17.719
7.7 17.730 17.741 17.752 17.764 17.775 17.786 17.797 17.80 17.820 17.831
7.8 17.842 17.853 17.864 17.875 17.886 17. 97 17.90 17.919 17.931 17.942
7.9 17.953 17.964 17.975 17.985 17.1l96 18.007 1 .01 18.029 1 .040 1 .051

8.0 18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159
8.1 18.170 1 .180 1 .191 1 .202 1 .212 1 .223 1 .234 1 .244 I .255 18.266
8.2 18.276 1 .287 1 .297 1 .308 1 .319 18.329 1 .340 1 .350 I .361 I .371
8.3 I .3 2 1 .392 1 .402 1 .413 1 .423 1 .434 1 .444 1 .455 18.465 I .475
8.4 1 .4 6 1 .496 1 .506 1 .517 I .527 1 .537 1 .547 1 .558 1 .568 I .57

8 .•5 1 ..588 18.591l 18.609 18.619 18.629 18.639 18.649 1 .660 18.670 18.680
.6 I .690 18.700 18.710 18.720 I .730 18.740 18.750 1 .760 18.770 I .780
.7 18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880

18.890 I .900 18.909 18.919 18.929 18.939 18.949 18.958 18.968 18.978
.9 18.98 I .998 19.007 19.017 19.027 19.036 19.046 19.056 19.066 19.075

9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171
9.1 19.1 I 19.190 19.200 19.209 19.219 19.22 19.23 19.247 19.257 19.226
9.2 19.276 19.285 19.295 19.304 19.313 19.323 19.332 19.342 19.351 19.360
9.3 19.370 19.379 19.3.8 19.398 19.407 19.416 19.426 19.435 19.444 19.453
9.4 19.463 19.472 19.481 19.490 19.499 19.509 19.51 19.527 19.536 19.545

9.5 19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.618 19.627 19.636
9.6 19.645 19.654 19.664 19.673 19.6112 19.691 19.700 19.709 19.718 19.726
9.7 19.735 19.744 19.753 19.762 19.771 19.7 0 19.789 19.79 19. 07 19.816
9.8 19. 25 19. 33 19.842 19.851 19.860 19.869 19.878 19. 6 19. 95 19.904
9.9 19.913 19.921 19.930 19.939 19.948 19.956 19.965 19.974 19.983 19.991

Voltage
8Natio 0 1 2 3 4 5 6 7 9

10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 24.609 25.105 25.575
20 26.021 26.444 26. 4 27.235 27.604 27.959 28.299 28.627 28.943 29.24
30 29.542 29.827 30.103 30.370 30.630 30.881 31.J2G 3L.364 31.596 31.821
40 32.041 32.256 32.465 32.669 32. 69 3:3.064 33.255 33.442 33.625 33.804

50 33.979 34.151 34.320 34.486 34.648 34. 07 34.964 35.117 35.269 35.417
60 35.563 35.707 35. 48 35.9 7 36.124 36.258 36.391 36.521 36.650 36.777
70 36.902 37.025 37.147 37.266 37.3S5 37.501 37.616 37.730 37.842 37.953

0 38.062 38.170 3 .276 3 .382 38.486 38.588 38.690 38.790 3 . 90 38.988
90 39.085 39.181 39.276 39.370 39.463 39.554 39.645 39.735 39. 25 39.913

100 40.000 - - - - - - - - -

To find ratios outside the range of this table, see page 21 S.
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-

70

63
73
6
67
67
67

70
68
73
73
75

208

2-0
20
207
20

77
76
77
77
77

77
206
127
206

127
53

Page
63
73
63

6
66

63
64,209

ame
Basi onnectors .
3OO-ohm Balanced Termination
Cable Connector

T rmination
Dial
Dial Driv
Dial

Dial Driv
RF Bridge

Binding Po ts

In ula ors .
pa r

Jack .
horting Link

Air Lin
lotted Line .
daptor

Rigid Lin Element
TooI1Gt

Panel Connectors
daptors

tt nuator 69

oupling El m nt 72

Adjustable Lines . 71
otted Line . 65

Micrometer Verni r 65
~lixers 67

Rigid Air Lin 71

Filters 68

Isolator 68

T rminations
rle Inductor

tand.
lamp .....

Precision Conn tor

Patch Cords .

Tool Kit .....
Balun and Accessories
Variabl Air Capacitors
Voltmeter Indicator

oltmeter Detector
oltm t r Rectifiers

Typ
74-B,-BL
74-B~1
74- ,- L
74-D20,-D2OL,

-D50,-D50L
74-ET
74- L,-' L-L,

.JR -I<,-LR,
-~1B,-ML,
-T,-TL,-X,-Y

74-F1 ,-F5OO,
-Flooo,
-F2000,
- 4000

74-G ,-G L,
-03,- 3L,
-06,- 6L,
-G10,-GI0L,
-G2O,-G2OL

74-H5OOL,
-H1000L,
-B2000L

74-LI0,·LI0L,
-L20,-L20L,
-L30,-L30L

74-LAJ -LAL,
-LIOO
-LKIOL,
-LK20,
-LK20L,
-LT,-LTL

74-LBA
74-L
74- 1R,-MRL
74-PB,-PL,

-PRL
74-Q
74-R20 ,

-R2OL ,
-R22A,
-R22LA,
-R33,-R34

74-TO::,CTO
-TOli

74-UBL
74- C,-VCL
74-VI
74-VO,- QL
74-vR,- L
74- 501.-

·WOOL,
-W100,
-W200,-W ,

3,-WO,
3

74-XL
74-Z
74-Z

900-BT
900-LI0,-LI5,

-L30
900-LB
900­
900-RL
900-TK
900-Woo,-

-W
907
907-RH4
90
90 PJ,-P2,-P3,

-ROO
916-AL
938-A,-C,-D,-P,

-R,-W,-WB,
-WR

93 BB,-BR,
- B

93 F
93 J,-~
93 L

Page
209
209

1
201
205

1 1 7
1 9-193
196-199

1

1 -1 7
1 9-193
196-199

183-1 7
1 9-193
196-199

1

183-1 7
1 9-193
196-199

1 -1 7
1 9-193
196-199

183-1 7
1 9-193
196-199

1 9
164
209
207
207
209

207
209
13
13
159
153
160
161
47
47
U

20-1
3 , 39

39
120
121
20

66

nit

Plugs ..
Adaptor
Delay Line
Delay Line
Re . tors

apa itors ..
Decade Rcsistan nit

witch
Me ohm Bridge
Power upplie
AF Microvolter

hield d Transformers
Capacitance Bridg
oUltrd ircuit . .

tandard· ignal Generator
Termination Unit
Alligator lip
Cabl ..

W30

:110

W

15

W5

W50

W20

VB,VBT
W2

M20

Type
AP-22
AP-35

DXT
H\D
K-
12

WI0

OO-Pl,-P2
107
109-A
274-J
274- -K
274- L,-;P
274-P,- ,-DB,

-,fB,- B
274-QBJ
301- 104
314- 6
500
505
510
51D-P3,-P3L
544-B
544-P3,-PI0
546-C
57
716- ,- 1
716-P4
B05-D

5-P2
83 B

74- 2,- 3

X a::w wo <tl
Z ~

:::;)

z
wc..
>­
~
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INDIEX

~ Z
'"0 0mm
Z X
c:
~
0>m
::u

10
3
3

20
12
1

9
5

1
7
7
8
7

10
17

7
7
4

16
178
200

54
31
50
52
53
56
57
32
40
42
43
36
37

Page
112-115

132
133
t34
137
150
150
151
152
156
204
204
14
154
154
155
155
160
25
26

165
163
166
144

145
145
145
145
145

145
169
169
170
170
171
171
171
171
171
17l
170

4
6
4

ame
F rillator

Rnndom-~'0' G nerator .
Pinko. 'oi e yilt r
Pul e, "'w p, nnd Time-Delay G nerator
Time-Del y Generator

tandard apad or
tandard II.pll i r
tl1ndard apacitor
tandard a.pa.citors

Decllde a.pacitor . .
Variable Air Gapa itor .
Variable ir arnci ors _
Pr ision apacltor. .,_
Precision Decade ClI.pacitor . 0 0 _ 0

tnndard Polystyr ne Decod Cn.pacitor
1-~f cad a.paci or
Fa I-Gap; T r
Decade R si tors 0

Decade Attenuator
D cad Voltage ivider
rndu tors .

tandard Inductors.
Decad Indu tors
Graphic Level Record r 0

Recorder Potentiomet rs
Ret'order Drive ni
Recorder Link Uni
Recorder otors
Recorder Ink

Recorder harts_
trobotac el ctr ni stroho cope
trobotron Lamp 0

Flash Delay 0 0 0

urfn - peed Wheel
trobolum

Replacement Lamp.
TroD. form r Cable 0

Trigger able
Contactor ..
Adaptor
Photoel tric PickotT

und-Level eter.
ondenser Microphone yatema
nrrying a
ound-Lev I alibrator

Vibration Meters .
und- urvey Meter .

a.rryinf!: Cll eo. . _
Impa t-Noise Analyz r
Vibra ion Calibrator
a tav -Band Noi . Anlllyz r 0 _ _

Microphone R cipr l1ity alibrator.
PZT Microphone. 0 • 0 0

PZT Microphon mbly
Vibration Piokup y t m 0

on ,rol Box 0 0 0 _ 0 0 0

arrying a e . 0 • 0 ••

Tripod and Ex-ten ion abl
Perman nt-Magn t lamp . 0

Audio- requency Voltage Probe
Vibrntion Pickup 0 _ • • 0 _ 0

Exten ion abl
onn cting able
ound and Vibration nalyzer 0

Automatic Vol tag Regulator
R 'mot ontrol 0

UHF Admittane Meter
Z-y Bridg
Imp danc mpa.rators
RFBridge
Carrying ase. 0 _ _ • 0 _ , • • 0 0 _

Tran r r-Fun tion and Immittance Bridge .
Tub and Transistor Mounts
Impedance Bridge
Capacitan -Measuring A mblies

apacitanc T t Bridge
Capa.citance Bridge.

apacitnnee Bridg
Ranl!: -Ext nsion apacitor

Type
1361-A
I390-B
1390-P2
1391-8
1392-A
1401
1403
1404­
1409
lon9
1420
1421
1422
1423­
1424-A
1424-M
1429-A
1432
1450·T ,-TB
1454-A,-AH
141
14 2
1490
1521-A
1521-Pl,·P2,

-P3,-P4
1521-P10B
1521-P14
1521-P2O,-P22
1521-4092,-4093
1521-9427 to

9493
1531-
1531-P1
1531-F 2
1631-P3
1532-D
1532-P1
1532-P2B
1532-P3
1535-B
1535-P5
1536-A
1551­
1551-PIH,-PI L
1551-P2
1552-B
1553- ,-AK
1555-A
1555-P2
1556·B
1557-A
155 -A,-AP
1559-
1560-P3
1560-P4
1560-PllB
1560-P2IB
1560-P31
1560-P34
1560-P35
1560-P41
1560-P52
1560-P73,-P73B
1560- 95
1564-A
1570
I590-A
1602-B
1603-A
1605-A,- H
1606-A
1606·Pl
1607­
1607-P
160 A
1610- H,-B,-B2
1611-B
1613-A
1615-A
1615-Pl

Page
166
205
202
203
156
123
125
126
126
123
122
124
125
125
125
12
12
90
93
93

_ 93, 110
93
93
91

9
9

90,176
6

9
97
9
99
99

100
101
94
95

173
173
172
22

112-115
112-115

105
112-1l5

80

80
92

110
t12-115

2
136
136

ll2-li5
11
140
141

79
79
23

177
174
175
175
177
177
173
176
176
176
173
130
106
104

10
109
111
117

arne
Dead lndl' once nit
Toroidal Transform r 0

Po entiome or (Types 971-976)
Pol ntiomet r Dial Plate
Decad apa itanc nits
Dummy Ant,enna 0

VHF Tr nsformer
rystal-Diode Modulator

Balanced fodulator . 0

T t Loop 0

tandard- ignal Generator
tandarrl- ignal nerator

Pow r up,ply und a,binet
UHF cilia! or nit 0 0 0

VHF scilla or nit
tandard w p-Frequency 1 nerator

D tector Prohe
yn ronometer 1 time comparator

Fr quency-M a uring A mbly
Fr qu ncy-Trun f r nit . 0

Interpolation sciUator. . 0 0

ouplin~ Panel 0 _ • 0 0 0 0

CompaTlson cillo cop . 0 _

Frequency Multipliers
tandard:Frequency cillator 0

Fr quency Divider 0 0 •

Plug-In nit
m rgency Pow r upply 0 • 0 • 0

Frequen!)}' . tandards _ 0 0 • 0 _ 0

Digital Tune and Frequenry Meter 0

Time.-Ba Plug-In Unit
Freguency onverter _ 0 , •

Digital-to-Analog Convert r .
Digital-to-ADnlog onvert r
Prin r . 0 _ • 0 _ _ 0 • • _ _

Frequenoy Metllr and Disrriminator
Digital Frequency Meters. . 0 • •

Digital Time and Frequenry 'leter
Unit Regulnt d Pow r upply . . .
Unit Power upply _ _ 0 0 • • _ _

djustable Regulated Power uIJply
Unit Amp'lifier. .

nit OscIllator, . 0

nit a iJlators
nit RC Oscillator 0

nit a ilIator.
nit ul1 Detector .

Filters
Mixer .. , ..

nit Time/Frequ ney alibrator_
scillators 0

Uni Oscillator.
nit I-F Amplifier _
nit Pula Generator
ingle-Pills Trigger
nit ilia or
nit Klys :ron scilla.t.or

EI ctrom ter and DC Amplifier
ompon nt hield 0 0 • • 0 _ _

Tuned Amplifier and Null D t tor
Mixer
Pow r Amplifier _ 0 _ • 0

Pow r upply ..
Ampli ude-Regulating Pow r upply

odulating Power upply.
Adaptor al Ie
DC Pow r ourc

C Power ource _ 0 0 •

nit Power upply. 0 • •

Automatic Batt ry Charger
Battery Drawer . . . . .
Ba tery ..... 0 0 • 0 0

nit Regull\t d Pow r upply _ 0

Beat-Frequency Vid 0 G narRtor .
Beat-Fr quen~y Audio Generator
1,ow-Fr qu nc, Oscillator
Transistor s~il1a.tor

udio a iIIator and Power Amplifier 0

Audio OscilJator
Bridg OilJator 0

Microwa.v 0 'ilJator

Type
940
941-A
970 eri
970-PI,-P2
9
IOOO-N
IOOO-P5
1000-P6
l000-P7
IOOO-PlO
loo1-A
1021- U,­
1021-PI
1021-P2
1021-P3B
1025-A
I025-PI
1103-B
1I05-B
1106-A,-B,-C
1107-A
110 -B
1109-B
1112-A,-B
1113-
1114­
11l4-P6,-P7
1116-B
1120-A,-AB,-AR
1130-A
1130-P
1133-A
1134-A
1136-
1137-A
I 142-A
1150-A,-AP
1151-A,- P
1201-B
1203-B
1205-B
1206-B
120 -C
1209- ,oCr,
1210-C
I 211-C
I 212-A
1212-PI,-P2
12I2-P3
I213-D
I214-A,-D,-M
1215-
I2I6-A
1217-B
1217-P2
I2I8-A
122O-A
123O-A,-AE
123O-Pl
1232-A
1232-Pl
1233-A
1262-B
1263-B
1264­
1264-PI,-P2
I265-A
12 6-A
1267-A
126 A
126 PI
1268-9602
1269-A
13OO-A
1304-B
1305-A
1307-A
130 A
1311-A
133O-A
1360-A
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x w Type ame Po.g Type 'ame Page~w ~ 1620- CaJ:acitance-Measuring Assembly 37 1700,1701,0 i=
~ a 1630-AL,-A In uctance- 1easuring mbli 45 1702, 1703 Variac - mo or- peed controls ISO

Z 1632-A Inductance Bridge _ _ 46 1702-P3 witch ..... ISO
.:( 1633-A Incremental-Inductan e Bridge 4-1- 1705-P1 Drum Controller . ISO

1633-P1 Range-Exten ion nit 44 175~ weep Drive. 127
b 164~A Slotted Line Recorder ystem 76 1SO(),.A lee roni Voltm ter 142
w 1650- Impedance Bridge 34 1 (),.P1 Tee onnector . 142.....co 16~P1 Test Jig. . . _ _ _ . . 35 1840-A Output Power Met r 143
::> 1652- Resistance Limit Bridge 49 1862- Megohmmeter . 4fJ)

1661-B Vacuum-Tub Bridge _ . 5 1900- Wave Analyzer '. lot
W90-A Dielectric ample Hold r 41 1900-P1 Recorder Link 01 15, 145
l690-P2 Adaptor. mbl)' 41 1932-A Di tortion and Toise Meter 21

73
208

72
90

64, 77
71,77

69
73
66

63,75
72
6

54-, 56, 65, 76
68
67
70

65,76
73

70,77
68
67
50

49, 50
93
72
57

141
6

63,75
171
200
ISO
215
99
98

. 70,209
209

9-1-97
72
72
93
72

126
,92

Page
14 ,150,204

154, 156
152,153
152, 153
154, 156
154, 156
14 , 151

37
14 152

1 , 151, 154-156
14 , 150, 152-156

.68,14 ,204
6

212
145
65

1 9
10

Capacitor Air
Decad
Fix d
Mica
Paper
Polys yrene
Pr ision.
Ran e-E,,-ten ion

tandard
Three-TerminRI .
Two-Terminal
Variable Air
Variable, Coaxial

Charts, Reactance .
Recorder.

mith .
Choke, Power, Current Limiting
Clamp, Permanent- agnet .
Clamps, niversal, for Coa.-cial

ystems .
Clip, Alligator . . . . .
Cliplock, Coaxial . . _ .
Clock, ynchronous Motor
Coaxial daptors

Air Lin
ttenuators

Balun
Cable
Conne tors
Coupling Elements
Filters. . .
Instruments
Isolators .
Mixers
Patch Cords

lotted Lin
tand ....

Terminations. .
Tuning El ments
Voltmeters. . . . . . . . .

Comparator, Impedance . . . . .
Comparison Bridgee . . _ . . . .
Comparison Oscilloscope . . . . .
Component 10unts, Coaxial . . .

for Transfer-Function Bridge.
Component hield for Electrometer
Conden r licrophone yst~m
Connectors, Coaxial ...

ontactor, Stroboscopic . .
Control, Remote . . . . .
Controls, Motor peed _.
Conversion Tabl ,D cib I

onverters, Digital-to-Analog
Fr u ncy

Cord , Patch .
Power .

Count rs, Frequency
Coupling apacitor, Coaxial
Coupling Elements, Coaxial
Coupling Panel . . _ . .
Coupling Probe, oaxia]_
Crystal-Diod Modulator
Crystal Oscillators

210
66

7
63
92

155
43

9

Page
207
205

63,75
1

. 90, 176
106
130
20
209
20
208
208

50
.31,54,56

52-57,65,76
31--46

36, 38, 42, 43
54,56
54,56
47,49

47
56

.31,32,34
50
44

44, 46
47

47,4
. 46

.3 ,52,53

.31,52,53
32, 34, 47--49, 52

49
.31,54,56

56
565
54, 56
31-35

58
54,56

31
79-82

39
102-118, 177

204
126

183-200

Cabinets, Instrument
Cable, Coaxial .
Cable, Exten 'on, and Tripod
Cable Connectors, Coaxial .
Calibrator). Frequen y . . .

Fuel-vage. . ...
Fuel-Gage-T er _ ..
Microphone Re iprocity
Sound-Level . . . . .
1rhne(FTequ ncy 92
Vibration . . . . . . . . .. 12

Capacitance Bridges. .. 36, 3 , 42, 43
Capacitance-Bridge Guard Circuit.. 3
Capacitance-Measuring Assemblies 36, 40

Banana Plug
Bar Knob ..
Basic Connector, Coaxial ..
Basic otor p d Controls .
Battery Charger for Fr quency

ndard
Beat-Frequ nc Audio n rator
Beat-Frequency Video Gen rator
Binding Posts
Binding-Po t daptors
Binding-Po t Insulators
Binding-Post hortin Link
Binding-Po t pacer. .
Bridges, AC Limit

Admitnnce
Antenna-M asuring
Audio-Frequen y .
Capacitance . . .
Coaxial .....
Conductance, UHF
DC Limit ...
High-Resistan e
Immittanc
Impedance .
Impedance Comp rator
Incremental-Inductan
Inductance .
Insulation Resistance
Megohm .
Precision Inductance
Radio-Fr qu ncy
Reactanc
Resistnn e, dc, ac .
Resistance-Limit

usceptance
Transfer-Function
Transistor
UHF
Universal
Vacuum-Tube
VHF
Z-y .....

Bridge Detectors . .
Bridge Guard Circuit
Bridge Power urc
Bridge Tran former _
Broad-Band Modulator
Brushes, Replacement, Variac

73
126

73
73

183-200

183-200
71

172
68
31

54,56
14

Po.ge
214
126

172-175
1-20
209

64
77
69

Balanced-Line Termination
Ballinc d Modulator
Balun, Coaxial . .
Balun Accessories .

bbreviations and ymbols
A sorption odulator.
AC Power upplies
Acou tical Instruments
Adaptors, Binding Post

Coaxial .....
Preci ion CoaJdal

djustable, Attenuator, Coaxial
Adjustable autotransformers,

Varin .
djustable Lines, Coaxial
d~ustable Regulated Power upply.

Adjustable tubs, Coaxial .
AWnittanceBrid~,AF .
Admittance Meter, UHF
Air Capacitors, Precision .

tandardk,.Fixed
Three-Terminal 150, 151
l'wo-Terminal 150, 151

Variable . . 68, 148, 204
Air Lines} CoaJdal. . 71

PreClllion Coaxial 77
A!rylane-Fuel-Gage Tester 154
Alligator Clip 20
Amplifiers, Audio-Frequ ncy . 22, 23, 79

DC . . . . . . . . . 140
Intermedia~Frequ ncy 2
Power . . 23, 10
Radio-Frequency 23
Tuned .. _ . . 79

Amplitude Modulators 126
Amplitude-Regulating Power· Supply 174
Analog Frequency Meter . . . . . 101
Analyzers, Continuous pectrum . 14, 16

Distortion . . 21
Electric Wave 14
Harmonic 14, 16
Impact- Olse. 20

01lle • . . . .. 14, 16, 1 , 20
Octave-Band _ Olse 18
One-Third 0 tave . 16

und and Vibration. 16
Waveform . . . . . . . . .. 14

Antenna, Dummv. . . . . . . .. 123
Antenn~M asuTmg Equipment. 52-57, 65

t.enuators, Coaxial, Adjustable
and Fixed . . . . . . 69

Decade, Precision . 25
Microvolter 24

Audio-Frequency Bridges . 31--46
Audio-Frequency Mi rovolter . 24
Audio-Frequency 0 illators. 104-110

udio-Frequency Voltage Prob 17
Audio Generator, Beat-Frequ ncy 106, 136
Automati eep Drive . . . . . . 127

utomatic olt ge Regula or 17
Autotransform ,adjustable

Varia
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1 9-193
20

105-110
106, 130

~z
~ 0
m m
Q X

>
Z
o
~
-4
r-
m

116
127
93

143

196-1 9
127
1
91

164

69
63

.20
201-209

o 70.209
95,96

10
170

7
133
207

70

1
o 142

105-110
106,130

104
ItO

117, 11
• • 0 104

115,117,118
111-115

14,16,1 ,20
21

132
79- 1

201

118
104

112-115, 117, 11
105, 110, 112-115

104
112-115

10

Page
Metered Varia autotran formers . 1
Met r, dmi tance, UHF 0 •• 0 54,56

Digital Time and Fr quene' 0 94-97
Frequency . 0 • 0 0 0 0 94-97, 101
Megohm. . . 0 0 0 4 , 140
Millivolt 0 0 0 0 0 0 1-10
Noi and Di tortion 21
Outpu Power 0 143

und-L v I 0 • 4
und- urv v 0 3

Teraohm 0 : 0 0 140
UHF Admittanc . 54
EI tr ni Voltmeter 14.2
Vibra ion 0 0 0 0 0 10

Micrometer V rnier . . . . 65
Microphon mbly, PZT . . 1
Microphon Extension Cable and

Tripod 0 0 • 0 •• • 0 0 • 7
icrophone Reciprocity Calibrator . 0 9

Microphone, PZT 0 • 0 • • 0 • • • 5, 1
Mi rophone ystem, Cond nser 0 • 6
Mirrovolt r, udio-Frequ ncy 0 0 0 24

icrowav sciIlators 0 • 0 0 114. 117, 11
ilitariz d Voltag Regulator 17
ixers, Coaxial 0 • 0 0 o. •• 67

Radio-Frequency 0 0 0 79, 80
Modulating Power upply 175
Modulator 110

Amplitud 126, 175
Ballmred . 126

ry al-Diod 126
Pull 0... 12 ,175

Motor-Driven aria
autotr n formers .

Motor Driv ,Dial .
1otor pe d ontrols

Multipliers, Fr qu ney 0 0 0

Mutual-Inductanc tandard 0

Octave-Band 1 oi Analyzer 0

Ohmmeter. 0 0

Oscillator :J..' udio 0 •

Beat-J'l'equency
Four-Pha
Interpolation
I ly tron 0 •

Low-Frequ n y .
Microwav 0 ••

R..'\dio-Frequeocy 0 0

tandard-Fr qu ncy 0 •

uper-Hi h-Frequency .
Three-Phase
UHF . 000

ni
Variable-Phase
VHF .. 0 ••• 0 ••

o cillator and Pow r Amplifier
Oscillator Relay-Ra k Adaptor

Panels .. 0 0 • 0 •••

o cillator w p Driv
OscilJos op , Compari on
Output Power Meter 0 •

2
68

144
49,50

13
65,76

138
71,77

71
17
145
63

123
104
6

70,77
37,40

93
45

127
47
48

207
35

65
63, 77

117, 11
11
118
205

56
20

27-57
35
50

205
44

201
44,46

o 45
165, l66
163, 165

6
163
164
145
126
72

o 0 210
o 93, 110

207
20

134, 136
132

104-131
105, 134, 136

93
120-129

134
12 , 130
134, 137

104
130
144­
3

Generators ( ant)
Pulse ....
Random- oisc

ine-Wave 0 0

quare- ave. 0 0 0

tandard-Frequem:y 0

tandard- ignal ~.
weep-Vol tag 0

weep-Frequ n y
Time-Delay ..
Three-Pha 0

Video-Fr quency 0

Graphic Level Recorder . . 0 0

uard Circuit for Capa i anre Bridge

Handbook of oi~e Measurement. 0 0 12
Harmonic Analyz r . 0 o. • 0 14, 16
He erodyne Detector . 0 0 0 79, , 1
High-Intensity robo cope 171
High-Level Microphon o' 6
High- peed Light Sourc . 169, 171

Immittan and Transfer-Function
Bridge 0 0 0 0 0 0 0 • 0

Impact- oise AnalY1.er
Impedance Bridg o' 0 •

Impedanc -Bridg Te t Jig 0 • 0

Impedance Comparator 0 0 0

Impedance-Matching Trao form r
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NETHE LANDS
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