
Figure 1. Type 1003 Standard-Signal Generator.

THE 1003 STANDARD-SIGNAL GENERATOR

It is infrequent that one sees major innova
tion in an art as mature as signal-generator
design. Thus the subject of this month's
feature is particularly noteworthy, for the
1003 is based on a truly innovative idea
for achieving dramatic improvements in
frequency stability, resolution, and ac
curacy. Freshness of approach marked the
entire development, and the result is an
interesting new chapter in the history of
one of the most important of all electronic
instruments.

new generation f OR .. tandard
signal gen rator b gan with the in
troduction, last March, of the 1026,1
which upgraded many performance
characteristics by an order of magni
tude or more. ow the 1026 i joincd
by th lower-fr qu ncy (67 kHz- 0

~IHz) 100:3, an aU-solid- tate signal
generator that will probably b the
ultimat in this clas. of in trument
for sam time to come.

The 100:3 i di tinctly diffcrent from
th conv('ntional ignal g nerator. It is
different in the way it gencrates frc
quencie (by a ingl -range 0 cillator,
with divider to produc th lower
frequencies) and in the degree to which
it maintains frequency, typically within
a part per million pCI' 10 minutes.
Likc thr 1026, th 100:3 wa designed
to be the highe I.-performance ignal
generator available in it frequency
range, and te -I. rc 'ult indicate that it
docs in fact enjoy a wide margin over
oth r ignal generator now on the
market.
I G. P. ~IcCouch... A :-lew .';OO-:'-IHz lAndnrd~ ignnl
Gcnemt.or,'· Go""al Radio Experimenier. !\Iarch 1967.
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Figure 2. The stability of the 1003 compared with that of typical other signal generators.

For .xamplc, Figure :2 illuRtrate8 the
stability of the 100:~ eompared with
thnt of typical signal gencrators of ('on
vcntionul d :-;ign, Onl' of thc ('hief
reason for thr 10 :rs gr at advantage
in ,tability i.' it. nrw approach to fre
qll IH'y geJleration: Its oscillator i.
optimally designed for the highest
range, and freC[urlH'y d ivid<'rs ar
witch d in to produce the' lowrr ranges,

imparting the stability of th (op rangr
to all other range' without deteriora
tion..\noth( I' rc 'ult of thi: approa('h
i. a calibration aceuruey of 14 <':(" whieh
is well bcyond thc I' nch of oth 1', ignal
generators.

The I :~ u:r,' a motorizcd dial drive
for tUlling, w eping, and programming.
For fast, coarse tuning, pushing a
ro('ker, witch in the eentcr of the front
pallel ,end. th indientor glid iug along
the lid( -rul main frcq uen('y dial at
about 7 0 frequency ehungc per condo
After using thi motor drivr to reach
the right llrighborhood, the II. er finc
tunc by mean of n large rotary con
trol, with ueh dial division ('OI"I"e pond-

ing to 0.01 of the main-dial setting.
If this isn't prrci, e enough, the I::1F/F

front-panrl 'ontral pI' vid , elrctroni ,
backla. h-free . e tability to a few part
prr million o\'cr a 10 O-ppm rangc.

Both of th<> fine-tuning control are
fully calibratcd in rclative term., a that
the uscI' eun d tunc from a giv n POil t
by a prccis ly known amount anywh re
on thr diul.

It is evident from the for going that
the' frrqu ncy stability, calibrati n 11 

curacy, and I' alution of th 100;3
permit mnny more meaningful measur 
ment. in v ry narrow-bn,nd sy't ,m
and devi('e: (e.g., siSb reeriver , crystal
filtrr '), where oldrr ignal gcnerator.
are cithcr mnrginal or u, Ie b cau e
of re olution and drift problem. In
. uch instances th u er ha had to u e
s. nrhronizing chcmcs or ynthc, izer
a pro\'ide a stable enough 'ignal and

in the proces. he has cn 'ounterrd ncw
problem., such as spuriou ignals, re
duction in hi lding ('fEci ncy, 10" of
calibration accurac , to'a nothing of
thc addNI tu ning inconvenirnee.
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The }1vailability of a motor-driven
frequ ncy control pre ent obvious op
portunitim; for both local and remote
automatic tuning. and these are ex
ploited by a programmable automatic
freq ueneY-COll trol devi('e. 'Vi th th is
unit, one an sweep between adj ustable
frcqu ncy limit and can automati 'ally
tune to preset fr quencie . The 1003
ean be pur 'hased with or without the
auto-control unit installed.

The 100;~ has a full complement of
auxiliary output, including a unique
FI monitor that i a byproduct of th
frequency-divider method of rf genera
tion. The FIN output frequ ncy is an
exact integral fraction liN of the actual
output, always falling between 67 and
11)6 kHz. The value of . appears on the
dial of the selected frequency range.
The constant-level, unmodulated FIN

output can be usrd in many way', Oil

of whirh almost sug r 'sl itself: mea ur
ing or monitoring output frequency
indirectly by mans of an inexpensive
low-fr qu n'y count r, even with full
modulation.

1'h main rf output frequeney is
available at the rear-pan J l' -monitor
connector, which is fully isolated when
not in u ·C.

OPERATING CHARACTERISTICS

Th 1003 cov I' it 67 kHz-to- 0
1Hz range in 10 bands, each somewhat

ov r an octave wide. Over the entir
range the in ·tmment can deliver 1 0
milliwatts of 1 veled cw power into a
50-ohm load. This i' equivalent to 6
volts b hind 50 ohms. When the carrier
is 95%-modulat d, the maximum avail
able carrier lev I is 3 volts. Envelop
distortion and incidental fm are mini
mized.

July-August 1967

The entire warmup fre luency drift is
typically about 0.01 Yo, and frequency
change due to band witching and to
variations in line voltage, load, and
level are g nerally les' than 1 part per
million (see Figure 2).

Th pI' ci'ion 10-dB-per- tep atten
uator maintains both accuracy and im
pedance match over the entire 110-dB
stepping range. AttenuataI' rror i I
than 0.1 dB per step. with a maximum
ac umulation of OJ5 dB. The att nuat I'

and the continuously adjustable 'arrier
level control provide an over-all rang
of 15[) dB.

The all-solid-state 1003 draw' only
20 watt. from the pow l' line. a
rrsult, temperature are low and com
ponents ar not llnder stres . All a tiv
devices are operatcd very 'on erva
Lively, and the power supplies are
hort-tir 'uit-pr of.

HOW IT WORKS
(See Elementary Diagram, Figure 3)

Oscillator and Power Amplifier

A ingle-rang (34 to 0 IlIz) master
oscillator is the source of all output
fr qunci s. The key to th instrum 'nt'
oxcell Ilt frequen 'y stability is thus the
success with which this oscillator wa
made in ell itive to temperature varia
tion and to the inf:lu n e of th follow
ing stage.

A varactor diode permits incremental
tuning (f.J<'h') over a limited range. A
compen ation seh ill i used to obtain
constant fractional resolu tion, permit
ting calibration of the f.F/F control in
ppm. The electronic luning circuit i
al 0 the means by which th signal
generator can be frequency-modulated
or phase-Io 'ked to an external signal,
when the ultimate in accuracy and
sta.bility is de ired.

5



the ~ Experimenter

r
MONITOR8EAT

OUTPUl

r' 'l,
, I

'.ffi~ ~_~_ '

F/N
WO"'lITOR

ou
·,..lOG

AUTO CONTROL eoas Tf'UT

X1Al C.AL:

2

'0' ••
""OUT

.'1<

~--,

I

c

CARRIER r'.
l[V[l VJ

oc

lURRn

OUTPUT
• ATTENUATOR! ;---,

>aD if
t-----.....-E7"-&- ~ ;•

I' ,

I LO:~.?..J
I

I,
I,

-----~ E--..J

-{J)--------

VJl[lI[l '---< 4h

----

..1 (XT »00

,L-___________ ..
•

,

auOtO
OS( LLATOAS

o.
r

[Xl
AF

r -- - - - +-f-itl >--'

I
I ~._._-------

jOSCILLATOR ASSEMBLY M:;+B-l

1i * BI • i ~:~[ 4~;":;;'':'"~
Ii! i"""" >----+- ..
I , ! I

'-(J ~ - - - - ~ - ~ AM~~IER
TOft L- __ -4~-------...J I ASSEMBLY

auTO

....
-

I \ COARSE
""[0

Figure 3. Elementary black diagram.

Th 0, illator output, aft r pa ing
through untuned burr r BJ enter~ the
powcr-amplificr unit. n the high t
frequency range (:34 to 0 l\IHz), th
rf ignal pa" through an additional
untun d buff r B to the main ampli
fi r A. For all lower-fl'cquenc ran ,
the -ignal i' applied to a ri of fr 
quen'y divid r' and hence through
ulltuucd buff r (1) to the pow r ampli
fi r. The nine 2:1 divid 1'- iv a maxi
mum divi or of ,'512. \.ccordingly, th
low frequ ncy range, produ d by
th cntir ca cad d divider 'hain i the
high t range divid d by .J 12, or 67
kHz to 1.36 kHz. Th' low-rang output
i a.vailabl a th Fix monitor output,
menti ned earlier.

high d gr of i~olation b twe n
th 0 cilia tor and the power amplifier
under all condition practi ally !imin
ate all frequ n -pulling ff ct from
change in operating and loading con
dition at th output tag. Further
more, rangc- witching eff ct are vir-

tually nil a Figur 2 how v ry
cl arly inc the m 0 cilia tor i u ed
on all band. Thu no time i. wa ted in
waiting for the fr qu ncy to re tabilize
af l' band witchin , a' i typical with
oth l' ignal g.n rator .

"hen a particular range i I cted,
the appropriat number of divid l' i
activat d and a turr t conn ,t the
appropriat tank cir uit to th power
tran i tor. '1 h tank-cir uit variable
capacitor i gang d with the cillator
"ariabl capacitor by a non- 'lip t. I
cord.

'The pow r amplifi ria 2. ~:n7:),
who e ba e \'oltag control modulation
and ou put I vel.

Output System and Leveling

The power-amplifier control voltage
i upplied by ompara or circuit C,
which i part of a feedback control
y -tern. Th other lemen t - of th c

fe dba k loop arc Lh tunrd amplifier A
and the d tector circuit, who e dc
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Figure 4. Effects of ± 10% line-voltage swing on
carrier level.

ment of the I velcd output, over a range
of 1.5 dB. The preci ion tep attenuator
cov l' a range of 0 to HO dB in lO-dB
teps.

Modulation

The ba ic modulating fun tion i
performed in the power-amplifier stage
by the ba e voltage on the 2 -3375
tran i tor. This fun tion i lineariz d
through the fe dback action, which
make the detected envelope e sentially
identical to the compo ite reference
ignal. In Figure 5 ,which i an X-Y

di play of a 90 0 modulated rf ignal
v the modulating ignal 'One can judge
the linearity by ob rving th traight
nes of the 'loped ide of the trapezoid.

nother, novel type f pre ntation
(Figure 6) how the urn of the modu
lated and modulating ignal. Ideally
thi hould produce a horiz 111,0.1 ba e
line. Departur from the ideal serve
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output i compar d against a compo 'ite
r ferene ignal. Any difTerence be
tween the e two ignal g ncrates an
amplified correction voltage, which
make the l' ctified output follow the
ref l' nee voltage. The regulating action
i further enhanced by a econdary
ontrol path, which vari the drive

level and thereby incr a e the dynamic
range of modulation.

B cause the tability of the r f rence
voltage i ential to the maintenance
of a con tant carrier level, all circuit
a odaLcd with the generation of thi
reference vol tag are supplied with
highly stabilized bia vol tag . 1'h
l' ulLs of uch careful d sign 0.1' evi
d nt in FiO'ure .f whi h shows the
carrier level varying well under 0.01
dB a. the line voltage i swung ± 10
p rc n t..

The dete ted rf i' mea 'ur d and di ,
played by the carrier-level meter, which
i' ealibrated in open-circuit volts (i.e.,
th voltage b hind the 50-ohm 'ource
impedanc ) and in dBm of available
power. ince the rf le\'el at the amplillg
point is kept con tant by the control
circuit this point can b con'id red
to b a zero impedanc ource; a 50
ohm :erie resi tor provide the true
50-ohm ource impedance.

The carrir-level control varies the
reference voltage of the f edl ack loop
and thu provid continuous adjusL-

1003·9

Figure 6. Oscillogram showing oddition of modu
lated (6.S-MHz) and modulating (400-Hz) signals

Figure 5. X-V display of a 90% modulated rf signal at 90% modulation. Horizontol baseline indicates
(6.5 MHz) vs the madulating signal (400 Hz). lack of distortion.
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Figure 7. Elementary diagram of the crystal
calibrator.

to GO dB. In rnal limiter prot ct
again ·t xce ive modulation input
vol tuge. Thi' mode of operation i,
particularly u ful for remote-control
application and for low-fr qu ncy
squar -wave modulation.
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Crystal Calibrator
(See Figure 7)

A l-~[I-Iz crystal os ilIa tor i th
ba ic referenc ource for the optional
crystal (·alibrator. Two mol' fr qu n
cies, 200 kHz and ro kHz, are derived
by divi ion and are th u c herent
with th l-~IlIz i nal. E\ en the lowe t
marker frcclucncy can b u ed up to
thC' highe t carrier frequellci '.

ince th rf ampI f l' the cry tal
calibrator i, tuk n from th J'-monitor
hannel ('ee Figur :3), a high degr of

isolation i' l' alized, providing a rever
attenuati n w II over 100 dB betwe n
cry tal calibrator and main output. A
a r 'ult, the crystal calibrator an be
u d wi thou t fear of contamina ing the
main output with puriou id band.

\Vh n the F-mollit l' output i
wit hed on, it i po sibl to f cd an

ext mal referenc ignal through the
F-monitor jack and to u portion of
the cry tal alibrator cir uitry as a

a' a ba i for evaluating di tortion.
The variou' mode' of operation are

e tabli hed by th natur of th applied
refer nce ignal, who e in'tantancou
value d termine the in tantaneou
I v I of th rf cani l' (within, of cour e,
the l' pon limit, of the feedback
lop).

Th re are two internal modulating
frequenci 400 Hz and 1 kHz. At
eith l' fr qu n('y th modulating ignal
i, highly . tabl and ha v ry low di.'
t rtion. The amplitudC' of the modu
lating ignal can be adj u ted by th
:MOD 1,F.V};L control for up to 9;i%
modulation. The modulati n I vel i
monitored ill terms of the audio modu
lating voltage but i, calibrat d directly
in p rc nt. "\ compen ation circuit n-

Ul' l:l that a given modulation s tting
i· kept 'oll'tan t over the rangC' of th
carrier-I vel control.

External m dulation an be applied
with C'ither ac or dc coupling. In th
}';X'l' AU mode, any audio-frcqu ncy
ignal can be ac 'cpt d controlled,

and monitor d in h same way as for
int mal modulation. \\ ith sinu oidal
waveform, the modulation po. band
i flat within 1 dB from 20 IIz to 10
kHz. Th ultimate upper limit i, th
20-kHz nominal cutolI frequency of
the low-po.' filler u ed to feed external
ignal into th pow r-amplifi l' n
10 ure. II the lowcr-frequ n y ranges

howcv 1', the rf-amplifier bandwidth
al 0 afIects th highest usable modu
lation frequency and pcrcentag modu
lation.

In th EXT DC mod the input jack
is coupled dir ctly to th amplifier.
With no input, th power amplifi I' i
turned off, and a positiv -going voltage
is required to turn it on. In the 01I
condition, the carrier is down by 50

8
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Rudi ltenbaeh received
hi Dip!. Ing. degre in
EE from Karl ruh
Technical niversity in
19-1 . After three years
as developm nt engineer
with. 'i men. and Halske
in ermany he came to

annda, lind h\ter to h
.. From 1951 t 1963

he \Va engaged in
variou eapaeiti s in the

design and d velopment of radar, radio
relay equipment and relll.t d devie at

anadian ;\[areoni Company, H rme -Ttck
ompany, and Raytbeon ompany. In 19 3

b joined th R's Development Engineer-
ing taff and has since been working
primarily on ~ignal-g n rator development.
He i a memb r of th IEEE.
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The zer -error po iti n i indi at d
by a neon lamp on the auto-control
panel. Thi lamp is u ed in the s tting
of the refer nc pot ntiom t I' to a
de ir d tuning position or limit and
al 0 erv a a frequency or po ition
marker. Two internal multiturn high
l' olution pot ntiom ter (1"1 and F2)
permi continuou adju tment of the
auto-tunc po ition or weeping limit.
Many more additional tuning point

heterodyne frequency meter. In thi
ca e, only th mixer-amplifi I' part of
the crystal calibrator i activated.

Auto-Control Unit

The auto-control unit permit a
number of automatic tuning operati ns
by ither local or remo e control. F r
automatic tuning, th tandard fre
quency-control motor b come part of
a ervo po itioning y tern ( e Figur

). An analog d voltag, propor ional
to tuning- haft po ition, i compar d
again t a I' f rence voltage in a differen
tial amplifier. The amplified error
voltage ac uat one of two relay,
depending on the p larity f the error
signal. The appropriate I' lay energize
the motor to bring the error to Z 1'0,

and the r lay then drop out and turn
the motor ofT. imultan ou ly, a dc
pul e from a harged capa itor i ap
pli d acro the motor winding to
bring the motor to an abrupt op.
Re oluti n and accuracy ar adequate
to permit re ttability to within 0.1 %.

ATOR

,-------,
Y I- -..... ..... I

t' AUTO SWEEP r - - - --:---l
FI PO.

F2 I FLIP I
FI F2 I FLOP IEXT I I< I I

~
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BUFFER

I V c% I"- I ccw
II
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I - cw '1I
TUNING t - __L___ . I

/' -"MOTOR ISHAFT
1

( \,'-t ;/ MANUALccw
0 - CONTROL 115-\1.... LINE
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• ••
Figure 8. Elementary diagram af the aulo-control unit.
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Figure 9. Elementary dia
of the power-supply eire
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can be add d by mean f qu ntially
wit h d r ferenc ignal through an

ext n ion ock t. n external ref renee
may b ither a voltag betw en 0 and
- volt or a potentiom t l' conn cted
to the xten i n ocket. Th latter
method i pref rable for minimum drift.

p to ;) mA. can be drawn from th 
volt bia ourc, equival nt to ov r
thirty 50-kilohm potentiom ter in
parallel.

In weep op ration th motor i
driven l' petitiv ly b tween th two
adju table limit, Fl and F2. flip-flop
re eiv a trigg l' pul each tim the
motor reache a limit tran ferring th
refer n e conn ti n to the other limit
to actuat the l' v r e we p. Th
analog dc output voltag , proportional
to tuning haf po ition, erve a a
weep voltag for a l' cording device in

this mode.

Power Supplies

(See Figure 9)

ince the total power requirem nt
are very mall it i relativ ly ea y to
obtain excell nt l' gulation and tability
tog ther with very low rippl .

E pecially critical is th regulation
of the -I5-volt supply that feed the

10
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cillator ction; variation in thi
upply are kept to a few millivolt

under all adver e condition by u e of
a t mperatur -compen at d referenc
diode in a high-gain rie regulat r
circuit. The oth l' two bia voltages
(+9 and +35 V) are al 0 tabilized
by rie regula or. 11 active el ment
are ilicon and prot ction again t acci
d ntal damag or burnout i achieved
through current limiting. Total di-
ipation, even und r continu u hort

cir uit c ndition i within afe limit
in normal u age.

SUMMARY

The 10 3 i a ignal generator for
tho who e work d mand fr qu ncy
accuracy tabili y, and re oluti n of an
unu ually high ord l' manual and auto
matic tuning programmability, pre
c' ion of tting, and almo t total
ab n of drift. The p cification that
follow although tated con ervatively,
illu trat the exceptional p rformance
characteri tic that hay be n a hieved.

- R. L'rE BACH

Editor's Note: The basic concept of the 1003
was ugge ted by A. oye, Jr. The in trument
w developed by the author, with J. Ie. killing
providing the divider circuitry.
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SPECIFICATIONS
FREQUENCY
Range: 67 kHz to 0 MHz in 10 ranges:
67 to 156, 135 to 312, 270 to 625, 5-10 to
1250 kHz, 1.0 to 2.5, 2.l6 to 5, 4.32 to 10,
8.64 to 20, 17.2 to -10, and 34.56 to 0 ;VIHz.

Calibration Accuracy: ±0.25'7£, typically
±0.1 %; scale logarithmic, 14.0 in. total length.
Logging scale with vernier, 8500 div, 0.01 'leI
dlv.

Crystal Calibrator (optional): Markers at 50-kHz,
200-kHz, and I-MHz III ervals, accurate to
20 ppm.
Mechanical Tuning: Fast motor drive, manually
or externally controlled; manual fir e tuning
1 ~ per r volution, calibrated, rcsettable ~
0.01 %.

Auto-Control Tuning ( ptional): 0.1 % position
ing accuracy. Motor drive sweeps between
preset limits or tunes on command to pres t
frequencies (two internally, additional from
external dc voltages or dividers). Sweep rate
approx 7 '0 Is.
Electranic Tuning: Internal, ±500 ppm, cali
brated, scttable to better than 2 ppm; external,
approx 60 ppm Ivolt up to ± 1000 ppm typical,
limited fm capability. Max input ±15 V iuto
15 kn ( + volts in rease frequency).

Sta~i1ity: After warm-up < 5 ppm per 10 min,
tYPically 1 ppm. Frequency will vary less than
1 ppm as ~resultof.±10'7£ line-voltage changes,
range s."'ltchmg (mstan res~abilization), rf
le,;,el adJ~ tments, or load vanation . Warmup
drift typically 150 ppm in 3 h at 20°C.

Temperature Coefficient: < 20 ppmjO ,typical.

Carrier DiSlortion: < 5%, typical.

Noise: A-M, hum and noise sideband down at
least 0 dB relative to carrier. FM, < 3 Hz pk
at high-frequency end, < 1 Hz pk at low
frequency end.

RF OUTPUT

Range: CW, 0.1 IJV to 6 V behind 50 n 180 mW
into 50 n ( -133 to + 22.6 dBm~' m'odulated
0.1 IJV to 3 V behind 50 n, 45 m'W into 50 ri
( -133 to + 16.6 dBm).

Source Impedance: 50 n. WR is < 1.02 with
a ttenuator set for 0 dBm or less, < 1.05 for
+ 10 dBm, < 1.20 for + 20 dBm.

Level Control: Total range, 155 dB. Step atten
ua~or, 140 dB in 10-dB tep; continuously
adjustable level control, > 10 dB additional.

Accuracy of Leveled Output Power: ±1 dB at
any frequency and termination. Attenuator,
±0.1 dB per 10-<1B step, max accumulated
error ±0.5 dB.

Level Stability: Warmup drift < 0.3 dB, tem
perature effects < 0.01 dBr , lin -voltage
variations < 0.02 dB.

Meter: Reads open-circuit volts and dEm.

MODULATION

Level: 0 to 95%, continuously adjustable.
Stable within ± 1 dB ind pendent of carrier
or modulation frequen y (within modulation
band\\idth) and output lev I.
ModulationBand width: At 100-kHz carrier
max modulation frequency is 500 Hz for 95%
a-m and 2 kHz for 30 0 a-m. Above I-MHz
carrier, max is 5 kHz for 95% and 10 kHz for
30%.

Meter: Reads 0 to 100%. Accuracy ±5 0 of
full scale, 0 to 05% to 10 kIlz ,,-ithin stated
modulation band width.

Incidental Angle Modulation: < 0.1 radian pk
at 30 0 a-m.

Internal

Frequency: 400 and 1000 Hz, ±0.5%. Output
of 2 V behind 100 kn available at panel con
n ctor.

Envelope Distortion: < 1% at 50% a-Ill, < 2%
at 70% a-m.

External

AC-Coupled: 20 Hz to 20 kHz, 2 V into 2.5 kn
for 95% modulation.

Direct-Coupled: D to 20 kH7.. Carrier off '....ith
O-V input; 3-V rf output with +5 V into 10
kn. Max input 10 V p ak.

AUXILIARY MONITORING OUTPUTS

Main-Output Frequency: At least 0.5 V pk-pk
into 50 n (CW) at output carrier frequency.

Subharmonic Frequency: At least 0.3 V pk-pk
(approx square wave), behiJJd ~50 n. Freque~cy
(between 67 and 156 kIfz) IS coherent WIth
and integrally related to carrier frequency
by factor N shown on maio dial.

Tuning-Shaft Posillon (with auto-control op
tion): Analog dc voltage proportional to shaft
position and logging number. Approx -7.5 V
max behind 7500 n, or 90 mV for 1% frequency
change.

Range Indicator: Contact closure through rear
connector.

GENERAL

Leakage: Effects negligible on measurements
of r ceiver s nsitivity down to 0.1 IJV.

Environment: 10 to 50QC ambient for specified
performance.

Accessories Supplied: 74-R22LA Patch Cord,
power cord, 12-terminal connector for external
controls, spare fuse, hardware for both bench
and rack mounting.

Power Required: 105 to 125, 195 to 235, or 210
to 250 V, 50 to 60 Hz, 20 W (33 W with motor
operating).

11




