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cificat

Spectrum: Either (a) “"White”’ noise {(constant energy per cycle
bandwidth) £1 dB from 20 Hz to 20 kHz, with 3-dB-down points
at 10 Hz, approximately, snd 50 kHz; (b} “Pink” noiss {constent
energy per octave bandwidth) 31 dB from 20 Hz 1o 20 kHz or
ic) “USASI”" noise, for calibrating spund-level meters, as specified
in UBASI Standard 81.4.

Waveform: Table below shows values of Gaussian probability den-
sity function and specifications on amplitude density distribution of
the nolse generator, as measured in 2 “window’ of 0.20, centered
on ths Indiceted values:

Voltage Gaussian Prob, Amplituds &&mity Dist.
Dens. Funciion of 1381 Random-Noiss Gen,
] D.0786 0.0796 £0.005
+0 0.03484 0.2484 £0.005
2240 0.0108 0.0708 £0.003
30 03.000888 0.000888 £0.0002
40 0.0000274 00000274 £0.00002

U 1z the stendard devietion or rms valus of ths nolse voliagse,

Sutput VYoliage: Maximum open-circult output voltage is at ieast
3Y, vms, for any bandwidth,

Qutput Impedance: 600 ohms, balenced or unbalanced. Ouiput
may be shorted without causing distortion,

Amplitude Control:  Output amplitude is continously adjusiable
from fuil output to approximstely B0 dB below that level.

Power Reguired: 8W at 100 to 125 V, or 200 to 250 V, B0 1o
400 He,

Mechanical Data:

NET | sSHIPPING
L ; p
moper. | WIPTH BEIGHT DEFTH WEIGHT | WEIGHT
in, /mm in, mm in. mm | b kg ib kg
Converiible] B 1/2 2186 327/32 1 88 8 13/161249.5 5.5 2.2 2 BT
Bench
Cabinet
Fack 19 483 218/32 1 88,51 10 3/18.259 7.0 3.2 10 4.8
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Section 11

Figure 1-1.
Type 1382 Random-MNoise Gensrator {20 Hz 1o B0 kHzElL

1.1 PURPOSE,

The Type 1382 Random-Noise Generator {Figure 1-1)
provides a high level of electrical noise at its output termi-
nals. This type of signal is useful in room-acoustics studies,
loudspeaker and microphone tests, psychoeacoustic tests, filter
tests, crosstalk measurements, calibration checks on recording
systems, modulation of signal generators and test oscillators,
shaker-driven vibration tests, and airborne vibration tests, It
can also be used for tests of the rms response of meters, ob-
servation of resonances in systems, electrical averaging of
resonant responses, comparisons of effective bandwidths, and
for other 1ests when a signal with a high peak-to-rms factor is

useful, as in overload testing. The choice of specira and the
provision of a balanced ocuiput make the Type 1382 Random-
Noise Generaior particularly suitable for audic and acoustical
applications, A pair of these generators can be used as signal
sources for the demonstration of various degrees of correlation,
possible errors of random sampling, and other concepts of
statistical theory.

A companion instrument, the Type 1381 Random-Noise
Generator, produces white noise over the range from 2 Hz 1o
upper cutoff freguencies of 2, B, or B0 kHz. l1s output noise
can be clipped, if desired, 51 2,3, 4,0r 50,

INTRODUCTION 1
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1.2 DESCRIPTION,

The Type 1382 Random-Noise Generator consists of a semi-
conductor noise source, with all-semiconductor amplifiers and
power supply.

1.3 CONTROLS, CONNECTORS AND INDICATORS,

The controls, connectors, and indicators on the Type 1382
Random-Noise Generator are listed in Tables 1-1 and 1-2,

Three jack-top binding posts, used as output ferminals, are
provided on the front panel, A fourth binding post, located
between the two lower posts, is connecied to the case of the
instrument and to the ground wire of the three-wire power
cord., A captive shorting link between this post and sither of
the adjacent posts facilitates grounding one side of the cen-
ter tap of the output transformer, i desired. The output is
also available at three jacks on the resr panel,

TABLE 1-1
Controls, connectors, and indicators on the front panel,
FIGURE 1-2 . p
: :‘:F NAME IYPE POSITIONS FUNCTION
1 POWER Z-position toggle | OFF, POWER Energizes instrument,
switch
2z e Pilot lamp . indicates when instru-
behind GR meni is energized.
monogram
3 NOISE 3-position rotary | WHITE, PINK,| Selects spacirum
SPECTRUM selector switch USASI
4 OUTPUT Continuous Varies ouiput
PEVEL rotary control voltage
51 ouTPUT Four, Type 938, i Bemovable shorting
600 & in-line, jack-top link connects either
binding posts the low side of the
spaced % inch output transformer
on centers or the center 1ap
directly to chassis
ground,
TABLE 1-2
Controls and connectors on the rear panel,
FIGURE 1-3
?%E}F MAME TYPE POSITIONS FUNCTION
1 QUTPUT Banana-plug Three jacks, spaced
iacks % inch on centers,in
parallel with OUTPUT
terminals on front
pangal,
2 FUSE Extraction-post Holds 0,1-A
0.1 A fuse holder fuse {Slo-Bloj.
3 Screwdriver- 00-125 Selects proper range
operated 200-250 of line voliage,
slide switch
4 Zterminal o Line-power
male connector input connection,

2 TYPE 1382 RANDOM-NOISE GENERATOR
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Figure 1.2,

Conitrols, cennectors, and indicaiors on the front panel of the genserator.

1.4 ACCESSORIES SUPPLIED,

The accessories supplied with the Generator are listed in
Table 1-3,

1.5 ACCESSORIES AVAILABLE,

A Rack Adapior Set (P/N 0480-8722) is available 10
convert the portable bench model for mounting in an EIA
standard 19-inch relay rack [refer to paragraph 2.3). Also
available are various patch cords lrefer 1o Table 1-4) for
making connections to the OUTPUT terminals,

| %:

. |

| |

i \ | | -

5 1 2 3 4 5
Figure 1-3,

Controls and connectors on the rear pansl,

TABLE 1-3
Accessories Supplied,
{Refer also to Paris List.)

% ITEM

GH PART NO.

Power Cable, 7-foot, 3-wire
Spare Fuse {0.1 A, Slo-Blo)

4200-8622
5H3306-0400

INTRODUCTION 3
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TABLE 14
Available patch cords and adaptors for output connections.

The front-panel OUTPUT binding posts accept banana plugs, standard telephone
tips, alligator clins, crocodile clips, spade terminals, and all wire sizes up to number 11,
The rear-panel OUTPUT jack is a female BNC connector. A wide variety of GR patch
cords is available, as well as a full line of adaptors to convert the QUTPUT terminals for
use with most commercial and military coaxial connectors,

TYPE
NO.

274-MC
274-MNOM
274-M0O5

274-MP
274-NPM
274-NPE

274-PM1.
274-M1LM
274-MLS

274-1.1.8
Z274-LLR
274-1L148
274-L.MR
274-1.58
R74-1.8R

1880-P25

B874-R34

874-R33

274-QBJ

e F TG

4 TYPE 1382 RANDOM-NOISE GENERATOR

NOTE: GRB74 connectors are 30 £ and ore mechon-
ically sexless; le., ony two, although identical, con
be plugged rogether.

DESCRIPTION

Diouble-plug patch cord, in-line cord, 38" long
Double-plug patch cord, in-line cord, 24”° long
Double-piug patch cord, inline cord, 12" long

Double-plug pateh cord, right-angie cord, 38" long
Double-plug patch cord, right-angle cord, 24" long
Double-pluy paich cord, right-angle cord, 12”7 long

Shisided double-plug patch cord, 38" long
Shislded double-plug patch cord, 24" long
Shislded double-plug patch sord, 127 jong ‘

Single-plug patch cord, black, 38" long
Single-plug pateh cord, red, 38" long
Singie-plug patch cord, black, 24" long
Single-plug patch cord, red, 24” long
Single-plug pateh cord, black, 127 long
Single-plug patch cord, red, 127 long

Adapior cable, double-plug 1o telephone plug, 38" long

Coaxial patch cord, double plug 1o GRB74, 38" long

Cosxial patch cord, two plugs to GRB74, 38" long

Adaptor, shisided double plug to BNC

Patch cord, shielded double plug 10 BNC

Paich cord, GREB74 10 BNC

Patoh cord, BRC 1o BMNC

File Courtesy of GRWiki.org

CATALGG NO.

0274-9860
0274-9898
0274-8861

0274-9880
0274-2892
0274-9852

0274-9883
0274-9882
0274-9882

0274-2488
0274-9492
0274-9847
0274-9848
02749848
0274-2880

1560-8895

0874-9682

0874-9690

0274-3884

G778-9701

0776-9702

0776-8703



JIMENSIONS,

The dimensions of the 1382 are shown in Figure 2-1,

® O
- -
RACK MOUNT
- HANDLES ON RACK
5 RACK ONLY 7 MOUNT OmLY
W
i8 $
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: - o
32 L
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) T :
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e g4 BERCH.ONLY. S
BENCH

Figure 2-1,
Dimensions of the generator, in inches,

INSTALLATION

| File Courtesy of GRWiki.org



2.2 BENCH MOUNTING,

The 1382 Random-Noise Generator is delivered com-
pletely assembled in a metal cabinet, ready for bench use, A
convenient bail, located between the front feet, can be pulled
down 1o raise the front of the instrument and provide a better
view of the control settings.

2.3 RELAY-RACK MOUNTING,
2.3.1 Single instrument and Blank Panel {Figure 2-2),

Rack Adaptor Set (P/N 0480-8722) is available to con-
vert the poriable bench model for use in an EIA stendard 19-
inch relay rack. Table 2-1 lists the paris included in the Rack
Adaptor Set. The conversion procedure is as follows (see Fig-
ure 2-2}:

a. Loosen the two captive 10/32 screws (5, Figure 1-2)
in the rear of the cabinet untii the instrument is free; slide the
instrument forward, out of the cabinel.

b. Remove the four rubber feet from the cabinet. Sim-
ply push out the two rear feet. Spread the bail (A, Figure 2-2)
slightly and the two front feet (B) and the bail will drop out.
Be sure 1o save all parts as they are removed for possible recon-
version of the instrument to bench mounting,

¢, Pierce and push out the plugs from the four bosses (C)
on the inner sides of the cabinet, near the front, Do not dam-
age the threads in the threaded holes,

d, Press the subpanel {D} into the blank pangl {(E}, 1o
form a liner for the latter,

e, Attach the short flange of the blank panel 1o the front
of the cabinet {on either side of the cabinet, as desired} using
two B/16-inch screws (F), Note that the screws enter in oppo-
site directions — one from inside the cabinet and one from the
flange side, as shown,

. Pierce and push out the plug in the lower rear boss {G)
on the side toward the blank panel only, as shown,

g, Attach one end of the support bracket (H) to the low-
er rear boss. The bracket must be placed so that the screw
passes through a clearance hole, into a tapped hole. Lock the
bracket in position with a 5/16-inch screw {J}.

h., Attach the other end of the support bracket 1o the
lower, rear hole in the wide flangs, as shown, using a 5/16-inch
screw (K.

i, Attach ons Rack Adaptor Assembly lhandle) 1o the
side of the cabinet opposite the blank panel, using two 5/16
inch screws (L), Again, note that the screws enfer in opposite
directions, one from inside the cabinet and one from outside.
Use the upper and lower holes in the Assembly.

. Attach the other Rack Adaptor Assembly (handle) 10
the wide flange on liner {D) and the flange on the blank panel
(B}, Use two 5/16-inch screws (M) through the two holes in
the flange that are nearest the panel and through the upper and
lower holes in the Assembly. Again, the screws enter in oppo-
site direciions.

k. Install the instrument in the cabinet and lock it in
place with the two captive screws through the rear panel that
were loosened in step a.

I. Place a straight sedge across both the instrumeant panel
and the blank panel. Loosen the screw {J) through the slot in
the support bracket [H), Exert a slight pressure on the blank
panel (B} so that it forms a straight line with the instrument
panel, and tighten the screw {J) in the bracket, to lock the
panels in this position,

m. Slide the entire assembly into the relay rack and lock
it in place with the four 8/16-inch scraws (M) with captive ny-
lon cup washers, Use two screws on each side and tighten them
by inserting a screwdriver through the holes (P} in the handlss,

N -6 IDDEN)

- — ey

E

Figure 2-2,
Method of mounting the gansrator and a blank pans! in 8 relay rack,

6 TYPE 1382 RANDOM-NOISE GENERATOR
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2.3.2 Reconverting to Poriable Bench Mounting,

To reconvert the instrument for bench use, reverse the
procedures of paragraph 2.3.1, first removing the entire assem-
bly of instrument, cabinet, and blank panel from the rack,
Next remove:

a, The instrument from its cabinet,

b. The support bracket {H) from the cabinet {ses Figure
2-2}.

¢, The blank panel {E) (with handle attached) from one
side of the cabinet.

d. The Rack Adaptor Set {handle} from the other side of
the cabinet,

Push the two rear feet into the cabinet; slide the bail {A)
and two front feet (B} into placae. Install the instrument in its
cabinet and lock it in place with the two captive screws
through the rear panel (ses Figure 1-3).

2.3.3 Rack-mounting Two Instruments,

Two instruments of the same panel size {such as two
1382's or one 1381 and one 1382) can be mounted side-by-

side in a stendard 18-inch relay rack, Use the procedure of
paragraph 2.3,7, substituting the second instrument for the
blank panel. Do not use the support bracket {H, Figure 2-2},
but insert three screws through the bosses in the adjacent sides
of the cabinets, two near the front {C) and one near the rear
{G). The four feet and the bail must, of course, be removed
from each cabinet, Use the four screws (N} with nylon washers
to lock the instruments in the rack. The required hardware is
listed below:

3 Screws, BH 10-32 5/16 P/N7080-0800

4 Screws, BH 10-32, 8/16 with nyion washers P/N7207-8310

2.4 CONNECTING THE POWER,

The wiring of the power transformer can be switched, by
means of the Z-position slide switch (3, Figure 1-2) on the rear
panel, to accept B0 to 400-Hz line power of either 100-125
volts or 200-250 volts,

Connect the 3-wire power cable (P/N 4200-0622) sup-
plied to the line and to the Z-terminal male connector {4, Fig-
ure 1-2} on the rear panel, A single 0.1-A fuse is used for either
line voltage., Power consumption is approximately 6 W,

TABLE 2-1
PARTS INCLUDED IN THE RACK ADAPTOR SET,
P/N 0480-9722 {see Figure 2-2}.

Fig. 2:2 Mo, Used ltem GR Part No,
Ref,

E 1 Blank Panel 0480-8832

D 1 Sub-Panel 0480-8652

o 2 Rack Adaptor Assembly 0480-4002

H i Support Bracket 0480-8024

— 1 Hardware Set 0480-3080

inciudes
P K LM, 8 Screws, BH 10-32, 5/18"” 7080-0800
N 4 Screws, BH 10-32, 9/18” 7270-6310
w, nylon cup washers

INSTALLATION 7/8
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3.1 DEFINITIONS,

The acoustical term ""noise” was applied originally 1o
certain electrical signals because of the undesirable audible ef-
fects they produced at the ouiput of radio receivers, Noiss, in
the electrical sense, is now a broad term that means any un-
wanted signal, and therefore can include not only input-stage
noise and atmospheric noise in radio receivers, but also cross-
talk, hum, and distortion,

Random noise is a signal whose exact value at any fuiure
moment cannot be predicted. 1t is even a little more than
that, it means a signal containing no periodic component
whose future value can be predicted, Unlike periodic signals,

whose specira consist of one or more discrete lines correspond-
ing to the various freguency components, random noise has a
spectrum that is a continuous function of frequency, contain-
ing no discrete line componeants,

3.2 DESCRIPTION OF RANDOM NOISE,

it is only possible 1o describe random noise in terms of
its average properties that cannot be measured instantansously
but must be averaged over some finite measurement time, The
two most important characteristics of random noise are its
amplitude distribution and its spectrum,

PROPERTIES OF RANDOM NOISE 9
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3.3 AMPLITUDE DISTRIBUTION.
3.3.1 Amplitude Distribution Functions,

The instantaneous value of a random noise, at some
particular instant, cannot be predicied, but for many noises we
can speak of the probability that the voltage will lie in some
particular range, This probability Is given by a function called
the amplitude density distribution, plv). When multiplied by
a voltage Increment, dv, this function gives the probability
that, at any given insiant, the voltage lies between v and v + dv,
Because the voliage must exist at some value, it Tollows that
the integral

Lex]
f olvjdv =1,
s

Another useful probability function is the integral over part of
that range, called the amplitude distribution, Plv), defined as

Y
Piv) wf o{x)dx,
3

Thus defined, Plv) is the probability that the voltage, at any
given instant, lies below the value v. The values of these prob-
ability funciions lie on a scale between 0 and 1, with 1 de-
noting certainty. A probability of 0.5 denotes a 50% chance
of ocourance,

3.2.2 The Gaussian Distribution.

The Gaussian or normal distribution is particularly im-
portant for several reasons. 11 describes the “"normal” occur-
rance of random measurement errors in experiments. The
amplitude of thermal noise in a resisiance and shot noise ina
vacuum tube are Gaussianly distributed, The distribution of
the sum of many independent time-varying voltages approaches
the Gaussian distribution in the limit as the number of such
voliages is increased, regardless of the disiribution of the in-
dividual voltages {derived from the Central Limit Theorem of
statistics), An extension of this reasoning leads 1o the result
that filtering that reduces the bandwidth generally makes a
non-Gaussian noise more Gaussian, so that, in this sense, the
Gaussian is z stable distribution. For these reasons, the Gaussi-
an distribution is of fundamental importance and is the most
appropriate distribution of random noise in most experiments,
For the Gaussian distribution,

\i2

1 “20%
olv) = 7 )

and
: 1 v
Ply} ==11 + erf mm}
W=7 o7 s
where ¢ s the root-mean-square voliage (in siatistics, the

10 TYPE 1382 RANDOM-NOISE GENERATOR

standard deviation}, and erf denotes the error function. Values
of these functions are given in Table 3.1 and the functions are
graphed in Figures 3.1 and 3.2,

TABLE 31
Gaussian amplitude distribution functions,
v plv) ; Plv)
-Bg 1 .000 001 487/01.000 000 287
4g1.0001338/9 1.00003167
3o | .004 432/ 0 001 350
201 .05399/0 02275
1o} 241 97/0 158 85
0 .398 94/g .B00 00
1o 241970 .B41 34
2¢  .0B399/0 877 25
301 .004432/0 .998 650
40 | .0001338/0 .99996833
5o | 000001 487/01.990 899 713

0.5/ \ <

D477

O3/
= o2/
IS

.8/

o o
~dg ~Be R o o L 2o 3o B

¥

Figure 31,
The Gaussian probablilty density function plotted a3 2 function of €,
the root-mean-sauars emplitude,

L0
075
}: D50
o
8.25
o e
s -3 —R e 3 4 - 2w 3o k14
¥ 1B
Figure 3-2,

The Gaussien probability distribution function plotted a5 a
function of U, the root-mean-square amplitude,

It can be seen from Figure 3.2 that a Gaussiamy distri-
buted random noise lies below i1s positive root-mean-square
value {0 = 1} 84% of the 1ime, and therefore exceeds that
value only 16% of the time,
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3.3.3 Importance of Knowing the Distribution,

Knowledge of the amplitude distribution of a noise is
important in measuring its magnitude, Electronic voltmeters
respond to different measures of the amplitude of the voltage,
such as the rms, the peak, or the {full-wave-rectified) average.
The peak and average values of various waveforms having 1-
volt, rms, amplitude are given in Table 3-2. A volimeter re-
sponding to the average and calibrated to indicate ‘{he rms
value of a sine wave will, when measuring Gaussian noise, indi-
cate g value that is low by the factor 0.798/0.8900 = 0,88?
{-1.05 dB}'. Volimeters that respond to the frue rms value are
quite appropriate for the measurement of noise, because they
can indicate the rms value without correction, regardless of the
amplitude distribution. The response of a peak-indicating volt-
meter is dependent upon the charging and discharging time
constants of its rectifier circuits; when random noise is meas
ured, each may indicate a different value. The response time
of a rectified-average-responding voltmeter is usually shorter
than that of the true rmsvolimeter. Therefore, for measuring
the amplitude of Gaussianly-distributed noise, the average-re-
sponding volimeter is probably the most convenient {using the
necessary correction factor). In order to measure the rms of
non-Gaussian noise, or to make the measurement with no cor-
rection factor, i1 is necessary 1o use a true-rms instrument.

TABLE 3-2
Hims, peak, and full-wave rectified average voliage values
of various waveforms.

FULL-WAVE RECTIFIED

AMS | PEAK AVERAGE
Sire Wave 1.0 | 1442|0000 "i*’@m}
Square Wave 1.0 1.0 1.0

Gaussian Noise | 1.0 - 0.798 ( ,Zn)

3.3.4 Measuring Amplitude Distribution.

The ampiitude distribution, Plv}, can be measured by
means of a circuit that measures the percentage of time durin
which the noiss voltage exceeds (or does not excsed) the volt-
age level, v. Apparatus for this purpose generally includes
some form of level-crossing detector,and, for high- spoed opera-
tion, Schmitt-circuit wave-shapers, The measurement must be
made by averaging over a time long enough 1o smooth the
fluctuations in the indication 1o negligible size,

The amplitude density distribution, plv), can be meas
ured by similar, but somewhat more complicated, apparatus
that indicates the perceniage of time that the noise voltage
exists within the range from v to {v + dv]. In making any of

TThis and much other information concerning random nolse s con
wained in 8 Genersl Radic publication, “Useful Formulas, Tables and
Curves for Random Nolse’, Instrument Note IN-102 {June, 1863). A
copy of this six-page compendium can be obisined fras of charge by
writing 1o General Radio, West Concord, Mass, 01781,

these measurements, averaging is imporiant, because only the
average characteristics of the noise can be measufx,d meaning
?uiéy

3.3.5  Amplitude Distribution of the Type 1382 RBandom-
Noise Generator.

Care has been taken 1o ensure that the amplitude distribue
tion of the noise generated by the Type 1382 Raﬁdowi\mise
Generator is truly Gaussian, The output amplifier has been
desi g%d 50 that clip wg cannot occur below 4 o at full output,

and below sven ﬁ r values of 0 as the output is reduced,
Spf—sf‘ attentio %} been given 1o the symmetry of the dis

tribution, Ch eukg for the occurence of peaks o 4 oand 5 o
have been madg, and the occurence of such amplitudss has
een found 10 be as predicted within experimental error.

o

3.4 SPECTRUM.
3.4.1 General,

The spectrum of a random signal is different from thst

o‘% a periodic signal, which is composed of one or more discrete

lines, each of wmah corresponds to a freqguency component

of the periodic signal, A truly random signal contains no peri-

odic frequency components, and has 2 spectrum that is a con-
tinuous function of frequency,

3.4.2 Spectrum Functions,

The frequency content of a random noise is described by
a function called the spectral i "ﬂ‘zeﬂgi“{y, which has the dimen-
sions of voliage squared g;af unit bandwidth, [When divided
by a value of resistanc is equal to the powsr that voliage
would dissipate in that ras%sianc%, per unit bandwidth), The
spectral intensity is the Fourier transform of the autocorrela
tion function, and is the spectrum function most often used in
mathematical analysis of random noise, 11 is not the most corr
venient function for practical use, however, because spectra are
usually measured as voliage, rather than voliage sguared, in a
given bandwidth, and filter responses, used in shaping noise
specira, are usually measured as voltage functions. Therefore,
for practical use, we define the voltage specirum as numerical-
Iy egual 1o the sguare root of the spectral intensity. 11 has
units of voltage per sguare root of bandwidth, but may be
spoken of as voltage in a given bandwidth,
Figure 3-3 are plotied as voliage spectra,

Spectra shown in

2.4.3 White Noise.

Noise whose spectral intensity is constant over a range of
frequencies is called white noise, by analogy with white light,
which containg more or less sgual intensities of all visible

2 g o . . - .
colors,” White noise cannot contain equal amplitudes at all

Qﬁithaugh, as Bennett {op. cit,, p. 14) points out, the anealogy nas besn
drawn incerrenily, because speciroscopists were measuring Intensity as
g function of wavelength, and found it 1o be subsiantislly constant par
unit wavslangth, not per unit frequency,

PROPERTIES OF RANDOM NOISE 11
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frequencies, Tor then the total power in the noise would be in-
finite, White noise, therefore, means that the spectrum is flat
over the range of interest, for example, throughout the audio-
frequency range. Because of its flat spectrum, white noise is
particularly convanient as a starting point for many experi-
ments,

3.4.4 Importance of Knowing the Spectrum.

In most experiments involving random noise, knowledge
of the spectrum of the noise being used is vitally necessary.
When noise is used as a driving-point signal to determine the
response of some system, the response is meaningful only when
the input spectrum is known, and is usually most conveniently
studied when the input specirum is flat, Thers are, of coursse,
cases where other specira are more convenient 1, in such
cases, a Titter can be constructsd whose response has the shape
of the desired spectrum, white noise is the proper input for
that filter to produce the desired spectrum at i1s cutput,

3.4,5 Noise-Spectra Measurements,

The spectrum of a noise can be measured with any wave
analyzer whose freguency range is appropriate. For the out
put indication to be free of fluctuations that might cause
reading errors, the product of analysis bandwidth and the av-
eraging time must be large. As in the measurement of the
amplitude distribution, the spectrum can only be measured
accurately by averaging over a relatively long time interval,

Wave analyzers generally indicate the voltage in the anal-
ysis passband, The indication is therefore proportional to wif),
not W), 11 is convenient 1o reduce all measuremesnts 1o a
common bandwidth basis, and the most-often-used bandwidth
is one cycle, Units for WI{f) are "volis squared per cycle band-
width,” and considerable use has bean made of the unit “volts
per root-cycie” for wifl, Now that “cycles” have become
“hertz,” this term is even maore cumbersome, and is perhaps
best replaced by “volis in a 1-hertz band.”

in order 1o convert tovolts in a 1-hertz band, it is neces
sary 1o divide the voltage indication of the analyzer by the
square root of the analysis bandwidth, For example, using the
General Radic Type 1900 Wave Analvzer, multiply by the
factors given in Table 3-3 to convert measured values of ran-
dom noise 1o volts in a T-heriz band,

TABLE 3-3

Correction factors for converting voltage indication of the Type 1900
Wave Analyzer to voltage in a 1-heriz band.

ANALYZER BANDWIDTH CORRECTION FACTOR!

3Hz 0.650 {-3.7 dB}
10 Hz 0,357 (0.0 dB}
50 Hz 0.159 (-15.9 dB}

I These numbers include the correction for the average-responding
voltmeter in the 1900 Wave Analyzer,

in a constant-percentage-bandwidth analyzer, the analy-
sis bandwidth is directly proportional 1o the center freguency
of the pass band., This necessitates dividing the voltage indica-
tion by the sguare root of the frequency as well as by the cor-
rection factor for the fractional bandwidth itself, When using
constant-percentage-bandwidth analyzers, such as the General
Hadlo Type 1084 Sound and Vibration Analyzer or the Type
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1558 Octave-Band Analyzer, multiply the analyzer voliage in-
dication by the appropriate conversion factor in Table 34,

TABLE 3-4
Correction factors for converting voltage indication of a
constant-percentage-bandwidth analyzer 1o
voltage in a J-hertz band,

BANDWIDTH ﬂ CORBRECTION FACTOR

1/10 Octave | " 3.80/VF
1/3 Octave 2.08/J1
1 Ociave 119071

3.4.8 Spsctra of Type 1382 Random-Noise Generator,

The noise output of the Type 1382 Random-Noise Gen-
erator is adjusiable 1o either of three different spectral shapes,
The spectrum level of the WHITE noise is substantially con-
stant from 20 Hz 1o 20 kHz, and is 3 dB down at 50 kHz,
The specirum level of PINK noise slopes downward at 3 dB
per octave, from 20 Hz 1o 20 kHz. The spectrum of USASI
noise, as specified in USASI {formerly ASA) Standard $1.4,
“American Standard Specification for General Purpose Sound-
Level Meters” (10861), reflects the combined effect of two RC
networks acting independently on white noise, Oneis a high-
pass network with corner freguency at 100 Hz and a cutoff
slope of 6 dB per octave; the other is a low-pass network with .
a corner frequency of 320 Hz and the same cutoff siope.
These three spectra are shown in Figure 33, The output
voltage is the same for any position of the NOISE SPECTRUM
control, so the spectral levels at ceriain frequencies vary
widely from one specirum 1o another, The relative spectral
levels are as indicated in Figure 3-3,

800

g

usasl

1

PibiK

SPECTRUM

WHITE

MILLIVOLTS 1N A ONE-HERTZ BANDWIDTH
3

| -~

0.5 %
0¥z 00 jh¥iz 0 oo
FREQUENCY 13822
Figure 3-3,

Voltege spectra of the 1382 for the three differsnt cutpul spectrs
at 3 volts, rms, ocuiput levsl,

3.5 STATIONARITY.

A random noise is said to be stationary® if its various
statistical parameters such as the amplitude distribution and
the spectral intensity do not change with time. Bandom noiss,

3§§annﬁ‘m, op. ¢it,, p. 5254,
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of course, never repeats the same pattern from one moment 1o
the next, but, if it is stationary, many measurements of the
spectrum made at different times will all indicate the same re-
sult, except for the unavoidable errors of measuring a random
quantity in a finite time. In discussing tests for stationarity,
Bendat and Piersol® point out that, for most noise-generating
processes, it is sufficient to determine that the mean and the
variance {square of the standard deviation, ¢ ) do not change
with the time at which they are measured. Because the output
of the 1381 is ac coupled, the mean is automatically zero, and
it is only necessary 1o observe the rms amplitude 10 prove
stationarity. This can be done by sesing that the fluctuations
in long-time recordings of the amplitude of the noise are no
greater than the value predicted from the bandwidth of the
noise and the smoothing time of the detector.

Tests of this type have been applied 10 the 1382 and no
departure from stationarity is detectable, The importance of
stationarity in a random noise generator is analogous 1o stabili-
ty of an oscillator; the user is assured that there is no change in

the spectrum or the amplitude distribution during the course
of the experiment,

3.6 SUMMARY,

Because various terms used in speaking of random noise
are sometimes confused, a summary is presented here of the
most-often-used words, together with a brief explanation of
their meaning: ""Noise” is any unwanted signal, “Random
noise” is a signal whose future value cannot be exactly predict-
ed and that does not contain any periodic componenis. To
differentiate clearty between the spectrum and the amplitude
distribution, in this book the word "density” is used only in
connection with the amplitude distribution. The word “inten-
sity”" is used only in connsection with the specirum. “Gaussian”
applies only 1o the amplitude distribution and refers 1o a par-
ticular theoretical distribution.  “White” refers only 1o the
spectrum, and means thai the spectral intensity is constant
over some range of intersest,
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4.1 DESCRIPTION OF CIRCUIT

Figure 4-1 is a block diagram of the Type 1382 Random-
Noiss Generator {refer also 1o Figure 7-3}), The noise source is
a semiconductor diode {CR101). The noise is amplified in
a band-pass amplifier with an automatic-gain-control circuit
that maintains a2 constant output level {Q107 through Q108

plus CR102 and CR103). The passband of this amplifier is 100
m 200 kHz, This noise is heterodyned down 1o the frequency
range of 0 to B0 kHz by a balanced modulator {Q107 through
0110). The oscillator that drives the modulator (Q111 and
112} produces a symmetrical, almost-square wave at 160 kHz,
The output of the modulator is passed through a trap circuit
10 remove remnanis of the oscillator signal, through an ampli-
fier {0113}, and then to a low-pass filter whose cutoff fre-
quency is B0 kHz. The noise is then applied to one of three
networks that produce the WHITE, PINK, or USASI spectra,
The noise is then amplified {0115 and 0118}, applied 10 the
QUTPUT LEVEL control {(R149) and again ?mpuﬁﬂd by the
output amplifier {0117 and Q118).

] | LOow-
s%%ggg - AMPLIFIER = MODULATOR PASS
FILTER
1
E’;scmmmﬁ |
SEEE—

L | o oUTPUT -
PINKLOR | : —
USASI AMPLIFIER ouEPU

FILTER

Figure 4-1,
Block diagram of the 1382 Random-Noise Generator,

L

A voltage-regulated power supply (0B01, 0502, OB03)
is used 1o ensure stability of operation over the specified range
of line voltage, A slide switch at the rear of the instrument
permits easy changeover of the primary connections of the
power transformer for operation on either a 100- 1o 125wvolt
or & 200- 1o 2b0-volt power line,

PRINCIPLES OF OPERATION 15/16
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Section 5 —0perating Procedure

5.1 GENERAL.

With the instrument placed in position on the bench or
installed in a relay rack, set the screwdriver-operated line-volt-
age slide switch {see Figure 1-3) 1o the range corresponding 1o
the power-line voltage, Connsct the instrument to the line
power, using the power cable supplied {P/N 4200-9622), and
turn on the POWER switch. ’

Follow the instructions given in paragraphs 5.2 and 5,3 for
setting the SPECTRUM and OUTPUT LEVEL controls,
5.2 SPECTRUM CONTROL,

The SPECTRUM control is a thres-position rotary switch
that selects the spectrum of the output noise, The three
spectra, WHITE, PINK, or USASI, are illustrated in Figure 3-3,
Simply turn the switch to the desired spectrum,

OPERATING PROCEDURE 17
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53 OQUTPUT LEVEL CONTROL,

The OUTPUT LEVEL control is a continuous rotary
control by means of which the output level can be set at any
selected value between its maximum open-circuit value of ap-
proximately 3V and 3 mV {or less), When setting the output
level to some specific value, use an average-responding ac volt-
neter for the measurement,

54 OUTPUT CONNECTIONS,
5.4.1 Output impedance,

The output impedance of the Type 1382 Random-Moise
Generator is 800 2. The maximum open-circuit output volt
age is 3 V, rms, and occasional peaks of the noise voltage may
excead 4 times that value. The output can be short-circuited
without causing distortion of the noise. The maximum output
current into a shori-circuited load is b mA, rms, with occasional
peaks that may exceed 4 times that value,

5.4,2 Grounding,

A captive link on the nexi-to-lowest binding post on the
front panel can be secured 1o either of the binding posis just
above or below It, Whean this is done, either the center tap or
the low side of the output-transformer winding is connecied
10 the case of the instrument and, by the third wire in ths
power cord, 1o the power-line ground, 11 the link is not cons
nected, the output winding can be operated above ground
{"floating”).

54,3 Rear-Panel Output Conneciors,

Ccecasionally, it may be desirable to connect 1o the output
of the generator at the rear of the instrument, e,g., when the
generator is mounied in a relay rack, Three jacks {2, Figure
1-3), which accept standard banana plugs and are spaced %
inch on centers, are provided on the rear panel, They are con-
nected in parallel with the three OUTPUT binding posts on
the front panel, one to the center tap, one 1o the Jow side, and
one 1o the high side of the output transformer {as shown on
both pansls).

55 USE OF AUXILIARY EQUIPMENT TO MODIFY
OUTPUT,

5.5.1 Generating Lower Levels,

Various atienuating devices can be connected to the
OUTPUT of the generator to reduce the power level, General

18 TYPE 1382 RANDOM-NOISE GENERATOR

Fadio Type 1450 Decade Attenuators, with input and output
impedances of 800 ohms, can be inserted between the 1382
and a 800-ohm load, for accurate attenuation in decibel steps.

5.5.2 Generating Higher Levels,

The noise generated by the Type 1382 Random-Noise
Generator can be amplified by any amplifier whose fregusncy
range is adeguate. The high crest factor of Gaussianly distri-
buted randormn noise must be kept in mind in choosing the
power rating of the amplifier, so that the noise is not clipped,
An amplifier capable of driving 40 W, sine wave, inio a load
will be capable of driving only 5 W of random noise into that
load if peaks below 4o are 10 be passed without clipping.

5.5.3 Generating Bands of Noise,

in some applications it is desirable 10 use more or less
narrow bands of noise, Because the output impedance is 80048
it is a simple ratter to drive a filter designed for operation at
that impedance level,

Wave analyzers that make the filtered signal available as
an output are convenient for use as a filter. For narrow bands
of noiss of fixed bandwidth, the General Radio Type 1900-A
Wave Analyzer can be used, lis bandwidths are 3, 10, and 50
Hz, and its frequency rangs is 0 1o B0 kHz, For constant-per-
centage bandwidths, several analyzers are avaiiable, and their

bandwidths are given in Table B-1,

TABLE B-1
Analyzers with constani-perceniage bandwidths,
ANALYZER BANDWIDTH

1558 1 octave
16684 173, 1/10 octave
1568 1%

The power available at the OUTPUT terminals of these
various analyzers is not great; for general utility, the narrow-
band noise from the analyzer will nesd amplification {refer o
paragraph 5.5.2).

When the frequency response is measured with bands of
noise, several of these analyzers can be synchronized o the
chart paper on the 15621 Graphic-Level Recorder, the abcissae
of the chart paper indicating the center frequency of the band
of noise,

Wider bands of noise can be generated by use of the
Type 1852 Universal Filter, which contains independently ad-
justable low- and high-pass units, Upper and lower cutoff fre-
guencies can be adiusted over the range from 4 Hz 1o 60 kHz,
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58 PARTIALLY CORRELATED RANDOM NOISE.

in experiments on correlation technigues, it is sometimes
necessary 1o generate two random-noise signals having a known
degree of correlation. Such a pair of signals can be easily pro-
duced from two 1381 Bandom-Noise Generators by connecting
a resistor between their high OUTPUT terminals as shown in

Figure 5-1, I the output amplitudes are made equal, the nor-
malized correlation coefficient of the two noise signals will be
21 €9 2R+ 2
p o= e O R RS  SAES S}
elef (R)Z+2R +2

where e, and e, ars the two oulput voltages, the overbar in-
R

500 and R is the value of resis

dicates the time average, R’ is

R
8004 8O0
MOISE €, 228 MOISE
GENERATOR \ GENERATOR
GEM GEM
# 1 /) #2
13814
Figure 5-1,

Method of producing varying degrees of correlation
batween the two noise voliages ey and e, {see Figure 5-2},

tance used, The magnitude of the output voliage is somewhat
reduced by the loading on each terminal, and the ratio, r, of
the actual output voltage to the open-circuit output voltage is
plotted, together with g , in Figure 52, as a function of R.
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Figure B-2.

Normalized correlation coefficient (0) of outputs of two noise

generators and ratio {r) of output voltage to that (v} with no resistor,
as a function of the resistance connected between the high output
terminals of the generators (see Figure 5-1).
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6.1 GENERAL.

The Type 1382 Random-Noise Generator is useful wherever
an audio-frequency noise source having white, pink, and USAS]
spectra and balanced or unbalanced, floating or grounded
output is needed, lts companion, the Type 1381 Random-
MNoise Generator, is useful where i1s features (variable band-

width, adjusiable clipping, and spectral level constant to very
low frequencies) are dssirable. In many applications, either of
these instruments will serve well, but there are cases where one
or the other is particularly appropriate,

SPEECH IN
ANECHOIC cmmj
MU’S%C
SPEECH IN (GRCHESTRA IN
LARGE THEATRE)
\ )

LIVE STUD!
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INSTANTANEOUS AMPLITUDE
)

©
i

Figurs 8-1,
Ampiitude distribution curves for various sounds.,
{Curves labeled "Speech’ are for particular cases of sounds
produced from readings of printed matter; curve labeled " Music”
is an analysis of an orchestral seiection made in a izrge theater,)

Some applications of a8 noise generator depend on iis
amplitude-distribution characteristics, For example, the am-
plitude distribution is similar to that of speech, music, and
many other sounds or electrical disturbances that occur natu-

rally,? while the amplitude distribution of a sine wave is en-
tirely different. These similarities and differences can be seen
by a comparison of the distributions of Figures 81 and 6-2.
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Figure 6-2.

Distribution curves of a singie sinusoidal wave and a random noise,

Other applications depend on the various possible fre
guency spectra of noise. The spectrum is independent of the
amplitude distribution, in the sense that a normal {or Gaussian}
distribution of amplitudes is possible with any frequency spec-
trum ~ flat, broad, narrow, sloping, or peaked. Systems that
atfect one characteristic, howsver, may also affect the other;
For example, clipping affects both the amplitude distribution
and the spectrum, Linear filter networks used on purely ran-
dom Gaussian noise do not affect the amplitude distribution
but do alter the frequency characteristic and, correspondingly,
the time scale, Linear filter networks, used after clipped noise,
aiter the spectrum and, if they reduce the bandwidth signifi-
cantly, also tend to make the distribution more nearly Gaussian,

Tpunn, HLiL, and Whits, 5.0, “Bratistical Measurements on Conversa-
tional Speech’’, Journal of the Acocustical Society of Amerles, Vol 11,
Mo, 3, January 1940, pp 278288,
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6,2 USE OF NOISE iN ELECTRICAL TESTING,
8,2.1 Simulation of Background Noise,

In studying the performance of radio, telemetery, radar
or sonar systems with regard 1o their ability to transmit, detect,
and recover signals in noise, it is convenient to simulate the
real mixture of signal and naturally occurring noise by adding
noise of controlled characieristics 1o a standard signal. Noise
sometimes becomes the signal itself in tests of correlation re-
celvers and other modern signal-processing systems,

6.2.2 Measuring intermoduiation Distortion,

Random noise is used in one very effective method of
measuring intermodulation distortion.®  White noise, which
has been passed through a band-stop filter that reduces the
level of the noise by, say, 80 dB over a narrow range of fre-
guencies, is applied to the input of a system. Spectrum meas-
urements of the system ouiput indicate how much the "notch”
in the noise spectrum has been filled in by intermodulation
products, This is an especially significant measurement be-
cause white noise contains all the freguencies to which the
system responds, and represents, in this sense, a “worst-case”
type of test signal.

5,2.3 Measuring Crosstalk,

White noise is a very appropriate signal for use in meas-
uring crosstatk in multichannel telephone, radio, or telemetry
systems, Spectrum analysis of the crosstalk signal identifies
the frequencies that cause the greatest disturbance, thereby
providing some assistance in determining the cause and specify-
ing a cure,

6.2.4 Testing Response of Meter Circuits.

One of the most straightforward methods of showing
that an ac voltmeter circuit responds accurately o the peak,
the rms, or the average value of the input voliage is 10 apply
signals 1o it that have different ratios of peak, rms, and average
values, and observe the indications. In addition to sine waves,
and short rectangular pulses, Gaussian noise is useful for this
purpose,® Rms, peak, and average values of various waveforms
are given in Table 32, Although the peak value of Gaussian
noise, theoretically, is infinite, the probability of ever observing
an extremely large value is very slight, The responss of peak-
responding voltmeters to Gaussian noise has been studied and
is predictable,® provided the characteristics of the voltmeter
are known,

2mMiL STD—1888,

3i1s use is suggested in ASA (npow UBASI) Btandard 81.4, American
Standard Specification for General-Purpose Sound-l.evel Meters {Jan, S,
1961},

4?eteman, A, P, G, “Response of Peak Voltmeters 1o Random Molse,”
The General Radio Experimenter, December, 19586, '
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6.2.5 Measurement of Effective Bandwidih.

When wave analyzers or filters {or more complex sys
temns) are used 1o measure the spectral density of noise, it is
necessary 10 know the effective bandwidth of the filter or of
the system. The effective noise bandwidth can be thought of
in terms of an ideal filier having a rectangular frequency char-
acteristic {constant over a range of frequencies, and zero every-
where eise). The effective noise bandwidth of a filter is the
width of the pass band of the ideal filter whose output is ex-
actly equal to the cutput of the actual filter when the inpuis
are the same white noise, provided the maximum fransmissions
of the two filters are the same, 11 can be measured by finding
the total signal transmitied when white noise of known spec-
tral level is applied to the input. The frequency range of the
white noise must include all frequencies for which the filter
being measured has appreciable transmission,

When the effective bandwidth of the input noise is
known, the necessary computations are simplified. Then the
effective bandwidth of the filisr is

Nout 2
NG

fmax

EBW, = EBW,,

where EBW,, is the effective bandwidth of the noise;
Nout is the output noise voltage;
Nip is the input noise voltags;

Gimax is the maximum or peak gain of the filter {as
measured with a sinewave signal],

The effective bandwidih of the white noise at the ouiput of
the Type 1382 Random-Noise Generator is approximately
egual 1o bbb kHz,

8.2.8 Determining Impulse Response by Cross-Correlation,

The impulse response of an amplifier, network, or system
is the crosscorrelation function of its ocutput and input when
white noise is applied at the input. In practice, the bandwidth
of ihe noise need only be large compared to the freguency-
response range of the system under test, If apparatus for meas
uring the correlation function is available, this method is usual-
v more satisfactory than applying an impulse {delta function)
and observing the response directly, as the amplitude of the im-
pulse may have 1o exceed the overload level to produce an
observable signal at the output,

6.2.7 Observing Overload Characteristics,

To observe the effect of overloading an amplifier, it is
sometimes desirable to use a signal with a high peak factor, to
limit the total rms power, Trains of short rectangular pulses
have been used for this purpose, but unless such a signal con-
sists of short pulses of alternating polarity, it is highly unsymr
metrical, and, for this reason, may produce-undesirable effects,

Random noise is a symmetrical signal that can be used for this
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purposs, Gaussianly distribuied noise, “white” over the audic
band, has peaks greater than 4 ¢ that occur often enough to be
readily obssrvable,

6.2.8 Broad-Band Testing or Burn-in,

When one wishes 1o iest over-all performance of certain
types of eguipment, such as audio amplifiers, it may be desir-
able 10 use & broad-band signal so that the system is being ex-
ercised over its entire frequency range all at once,

The continuous spectrum of nolse makes it ides! for this
purpose, Clipping can be used 1o limit the peak amplitudes,
permitting greater rms levels without overload,

it is also conceivable that certain types of slectroacousti-
cal equipment may require some sort of run-in or burn-in for
which random noise may be the ideal test signal.

The spectrum of USAS! noise resembles, 10 some exient,
the average spectra of speech and music; thus, USASI noise
may be particularly suitable for these purposes.

5.3 ACOUSTICAL AND PSYCHOACOUSTICAL TESTING,
6.3.1 Frequency-Hesponse Measurements,

Frequency-response measurements of electroacoustic de-
vices made with a sine-wave tone source, sspecially when mads
in nonanechoic surroundings, are frequently difficult to inter-
pret because of the large fluctuations in the response curve due
either to characteristics of the device or to standing-wave pat-
terns, When the response of a loudspeaker in a particular rcom
is measured, for example, fine details are of littie significance,
because they depend upon the precise placement of the source
and recelver in the room. When this is the case, the purve can
be made easier 1o interpret by using a band of noise in place of
the sine-wave signal.®  The nolse signal, in effect, averages the
measurement over a range of frequenciss, producing a smooth-
er curve, A constani-bandwidth wave analyzer, such as the
1900 F having the filtered cutput available, with white noise ap-
plied at its input, can produce a band of noise bO-Hz wide,
tuneable across the audic-freguency range {with the exception
of frequenciss below 50 Hz). This band of noise can be am-
plified and applied 1o the loudspeaker as the test signal, The
response curve can be recorded with the 1521 Graphic Level
ReCOfder?’drivéﬂg the tuning dial of the analyzer automatically,
as in the 1910 Recording Wave Analyzer,

A constant-perceniage-bandwidth analyzer, such as the
1564,2 with PINK noise applied at its input, produces, at its
output, 2 noise signal of constant percentage bandwidth {such
as one-third octave) and constant amplitude, Such a signal is
equally useful in acoustical frequency-response measurements,

Sgeranek, L. L., op, cit, 6656586,
55%5}8?&2 Radio Experimenter, Volums 38, No, 4, April, 1964,

7Ganami Radio Experimentsr, Volume 38, dNo. 8, Sspt., 1864,

8General Radio Experimentsr Seference, Vol. 37, Nos, 8 snd 10,
Sept,-Cot., 1963, '

5.3.2 Measurements Under Beverberant Conditions,

A band of random noise, centered on the freguency of
interest, is a very useful signal for measurements of reverbers-
tion time. 2+ ' There are many acoustical measurements that
are made under reverberant conditions, such as determination
of the acoustical absorption of materials. In obtaining the dif-
fuse-field response of a microphone, "It is practically manda-
tory that a random-noise source be used,” "7

6.3.3 Sound-Transmission Measurements,

In measurements of the transmission of sound through
panels, walls, and floors, random noise is often used, mainiy
because it is necessary 1o have a diffuse-sound field to obtain
reproduceable results, As mentionad above, the use of a ran-
dom-noise signal is one of the best methods of obtaining a dif-
fuse-sound field. Random noise is, again, a useful signal for
measurement of sound attenuation in heating and air-condi-
tioning ducts,

6.3.4 Psychoacoustical Testing.

Random noise is an important signal for psychoacousti-
cal tests, such as masking or interference tests, loudness
measurements, determination of critical bandwidths, and au-
diometric tests, The techniguss used in making such tests are
discussed in the various issues of the Journal of the Acoustical
Society of Armerica and in various psychological journals,
There is a useful bibliography for these applications, 2

8.4 VIBRATION TESTING.

The Type 1382 is a useful source of random noise for
driving vibration generators {shakers) or loudspeakers for
random vibration testing.® ®  For the testing of large struc-
tures, however, the Type 1381 Random Noise Generator may
be more convenient, as its spectrum is flat down 1o 2 Hz, its
spectral level is higher at low frequencies, and clipning of the
noise is avajlable,

6.5 DEMONSTRATING STATISTICAL PROPERTIES.

6.5.1 Measurement of Amplitude Distribution,

An experimental method of measuring the amplitude dis-
tribution of random nolse is presenied in g General Radio

2 Beranek, L. L., 6p. cit, pp. BO4~BOS,

10 Ganeral Radio Exparbmenter, Volume 38, No, 9, Sept., 1984,

b Beranek, L, 1., op, ¢t pp. 839840,

12 Btevens, 8. 5., Loring, J. G, 8., and Cohen, Dorothy, Bibliography on
HMesring, Harvard University Press, Cambridge, Mass., 1885; particularly
those references listed in Sections 138 {p. B71), 187 {p. B73} and 222—
228 lpp, 5791,
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Student Experiment Note, *® The 1382 is particularly suitable
for this purpose because its ampiitude distribution is more
accurately Gaussian than that of the Type 1390-8, called for in
the note,

6.5.2 Demonstration of Correlation Theory.

in experiments on correlation theory, it is often neces
sary 1o generate two random signals having a known correle

33@83’38?8? Radic Co., Experiments for the Student Laboratory, ¥ Disul
bution of Random Moise Voltages”, No, 3TX~104 Ldan,, 1987}, A copy
of this note can be obiained fres of charge by writing to Genaral Fadio,
West Concord, Mass., 01781,

24 TYPE 1382 RANDOM-NOISE GENERATOR

tion, Such signals can be generated easily with two 1382 Ran-
dom-Noise Generators., The procedure for doing so is described
in paragraph B,7.

Correlation is properly measured by multiplying two sig-
nals together and averaging the result, When equipment for
this purpose is not available, the degree of correlation between
two random signals can be observed by means of oscillographic
correlegrams or scatterplots.’® These are substantially equiva-
lent to Lissajous patterns for random signals.

34%.,%{:%{33&‘%?, 4, ©, R., and Dzendolet, E., " Osciliographic Scatterplots

Hiustrating Various Degrees of Correlation”, Bceience, Vol. 107, No.
2778, p. 121124 {Jan, 30, 18948},
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7.1 WARRANTY,

We warrant that each new instrument manufactured
and sold by us is free from defects in material and workman-
ship and that, properly used, it will perform in full accordance
with applicable specifications for a period of two years after
original shipment, Any instrument or component that is found
within the two-year period not to meet these standards, afier
examination by our factory, District Office, or authorized re-
pair agency personnel, will be repaired, or, at our option, re-
placed without charge, except for tubes or batteries that have
given normal service,

7.2 SERVICE,

The two-vear warraniy stated above atiests the guality
of materials and workmanship in our products. When difficul-
ties do occur, our service engineers will assist in any way pos
sible, If the difficuliy cannot be eliminated by use of the fol-
lowing service instructions, please write or phone our Service
Department (see rear cover), giving full information of the
irouble and of steps taken to remedy it, Be sure 1o mention
the type and serial numbers of the instrument.

Before returning an instrument to General Radio for
service, please write o our Service Department or nearest
District Office, requesting a Returned Material Tag., Use of this
tag will ensure proper handling and identification. For instru-
ments not covered by the warranity, a purchase order should be
forwarded 10 avoid unnecessary delay.

7.3 MINIMUM-PERFORMANCE STANDARDS,

A complete examination of a random-noise generator {c
determine conformance 1o operating specifications should in-
clude measurement of the spectrum and the amplitude distri-
bution, Thase measuremenis are extremely difficult to make,
requiring a number of items of specialized equipment, Meas-
uremnent of the spectrum, for example, requires the use of ana-
lyzers tunable 1o freguencies as low as 20 Hz, havingknownde-
tector characteristics [viz: true rms} and sufficiently long
smoothing time following the detector o permit accurate
measurements, Sufficlent time must be spent in making the
measurements to overcome the build-up in the long-time-con-
stant smoothing filters,

SERVICE AND MAINTENANCE 25
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Measurement of the amplitude distribution requires the
use of an amplitude distribution analyzer, several models of
which are commercially available, although they are not yet
found in the average slectronics laboratory, The 1382 Geners
tors have been carefully checked for spectrum and amplitude
distribution before leaving General Radio, and the following
simple checks may be used for incoming inspection, 1o show
that the noise generator is operating normeally. The required
iest equipment is listed in Table 7-1.

TABLE 741
Test equipment required for checking minimum-performanece standards,

INSTRUMENT REQUIREMENTS RECOMMENDED?

Ac Voltmeter | Sensitivity = 10 mY Ballantine model 314A
or less or equivalent {refer 1o
paragraph 3.32.3}.
Frequency range =

20 Hz — 2 MHz

Oscilloscope Sensitivity = 0,1 Vem Tektronix Model B43B
or less or eguivalent,
Bandwidth = & MHz
or more
Medium-persisiance
phosphor

*Or enuivaient

a. Set the linevoltage switch, 5502, at the rear of the
instrument, for the appropriate line voltage. Connect the
instrument to the line power: use the three-wire power cable
supplied, Turn ON the POWER switch and set the NOISE
SPECTRUM control to WHITE and the OUTPUT LEVEL
control fully clockwise, WMeasure the ouiput with a high-
impedance electronic voltmeter {refer to Table 7-1}, 11 should
ead approximately 3 volis, rms, {1 this voliage is measured
with an average-responding volimeter, the voltmeter should
indicate approximately 2.7 volis, as explained in paragraph
3.3.3.) Do not use a psak-responding volimeter for this
measurement, Turn the NOISE SPECTRUM controf to PINK,
then to USASIL. The indication of the voltmeter should be
about the same for all three specira.

b, Connect an oscilloscope 1o the OUTPUT terminals,
With the NOISE SPECTRUM control set at WHITE and the
QUTPUT LEVEL control fully clockwise, occasional peaks of
the noise voliage should be seen beyond 4 o (12 volts),
The appearance of the noise should be perfectly symmetrical
about the zero voltage level, i.e,, subsiantially equal numbers
of pesks in sach direction should be observed,

7.4 TROUBLE ANALYSIS.

Table 7-2 lists the equipment required for trouble analy-
sis,

When the instrument is not energized, the resistance
from the collector of OB02 to ground, measured with the neger
tive probe on ground, is approximatsly 2 kilohms., When the
instrument is energized and operating normally, the power con-
sumpiion is approximately 7 W,

Should the instrument fail to operate normally, use Tabls
7-3, 1o locate the source of the trouble,

26 TYPE 1382 RANDOM-NOISE GENERATOR

TABLE 7-2

Test eauipment regquired for trouble-analysis
and recalibration procedures,

RECOMMENDED”®
Triplett Mods! 8304
Sirmpson Mode] 260
GR Variac adjustable
autotransformer,
Model WHBMT3W
Hewlett-Packard
Model 310-A

INSTRUMENT
Dc Voltmeter

REQUIREMENTS
20,000 54V or'more

Ohmmeter

Wattmeter Indicates up 10 10W

at 116V
Wave Analyzer Tuneable through
vicinity of 150 kMg

* Oy squivalent

7.5 RECALIBRATION.

I repairs are made that include the replacement of some
components, the internal controls listed below may have 10 be
readjusted {see Figures 7-1, 7-2, and 7-3). The reguired fest
equipment is noted in Table 7-2.

R103: Connect a Ballantine Model 314A Voltmeter {or
equivalent] 1o measure the ac voltage with respect 1o ground
at the emitter of G103, The instrument should be at a tem-
perature between 20 and 30°C. Adjust R103 s0 that the volt-
meter indicates 100 mV,

R108: Connect the above-mentioned voltmeter to the
OUTPUT terminals, Turn the NOISE SPECTRUM control to
WHITE and the QUTPUT LEVEL conirol fully clockwise,
Then set R108 so that the volimeter indicates 3.3 V, rms,
(3.0 V on an average-responding voltmeter).  The output
voltage should be at least 3.0V, rms, (2.7 V on an average-
responding voltmeter} when the NOISE SPECTRUM control
is turned 1o PINK or USASL

C130: in the event of replacement of Q111, Q112, or
adijacent components, i1 may De necessary 1o set the local
oscillator trap to exciude the local oscillator signal from the
output. Use a wave analyzer that is tunable 1o 180 kHz and
adiacent freguencies. Find the local oscillator frequency {this
may require detuning C125); then adjust C130 for 2 minimum
indication at that freguency,

RB13: For repairs to the voltage-regulator section of the
power supply, 1T may be necessary 1o reset RB13, Use a dc
volitmeter and adjust RDB13 so that the dc voliage above
ground {chassis) at the collector of OB02 is 31V,

7.6 KNOB REMOVAL.

To remove the knob on a front-panel conirol, either 1o
replace one that has been damaged or 1o replace the associated
control, proceed as follows:

a, Orasp the knob firmily with the fingers, close into the
panel lor the indicator dial, if applicable) and pull the knob
straight, away from the panel,

CAUTION

Do not pull on the dial to remove a disl/knob as-
sembly, Always remove the knob first,
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TABLE 7-3
DC test voltages for trouble analysis,

DC VOLTS POSSIBLE LOCATION OF TROUBLE
LOCATION | A50vE GROUND | IF VOLTAGE IS OUTSIDE LIMITS
CB03 + +45 10 +B1 Powar cord not plugged in; Fuse
{with 115V line) FB07T blown.
Collector, +31 QB01, OB02Z, GH03, CRE08, or their
Q502 associated circuils, elo,
Emitter, +14 w0 +18 0501, Qb0Z, 05B03, CRBOB, etc.
0B03
Hase, +12 1o +14 CRIOT, 0101, et
0101
Emitter, +0.6 10 +0.8 Q102, 0103, etc
Q103
Collecior, +13 1o +17 Q104, Q105, etc,
Q103
Collector, +13 10 +17 Q106, stc
Q106
Collector, +24 1o +27 Q111, 0112, eic
0111, 0112
Emiiter, +0.3 to +0.5 Q113, ste
0113
Coliector, +8 1o +12 Q113, 0114, etc.
0114
Collector, +8 1o +12 Q11b, G116, etc.
Q118
Collector, +14 1 18 O117, G118, et
0118

b. Observe the position of the setscrew in the bushing
with respect 10 any panel markings lor at the full CCW position
of a continuous control).

¢, Release the setscrew with an Allen wrench and pull
the bushing off the shafi,

d, Remove and retain the black nyion thrust washer, be-
hind the dial/knob assembly, as appropriate,

NOTE

To separate the bushing from the knob, if for any
reason they should be combined off the instrument,
drive a machine tap a8 turn or two into the bushing
o provide sufficient grip for easy separation.

7.7 KNOB INSTALLATION,

To install & "Snap-on” knob assembly on the control
shaft:

a, Place the black nylon thrust washer over the control
shaft, if appropriats,

b, Mount the bushing on the shaft, using a small slotted
piece of wrapping paper as a shim for adequate panel clearance,

c. Orient the seiscrew on the bushing with respect 10
the panel-marking index and lock the sstscrew with an Allen
wrench,

NOTE

Make sure that the end of the shaft does not pro-
trude through the bushing or the knob won't seat
properiy.

d, Place the knob on the bushing with the retention
spring opposite the setscrew,

s, Push the knob in until it bottoms and pull it slightly
10 check that the retention spring is seated in the groove in the
bushing,

NOTE

if the retention spring in the knob comes loose, re-
install it in the interior notch with the small slit in
the outer wall,

7.8 PILOT-LAMP REMOVAL,

To replace the pilot lamp {GE No. 328, GR P/N 56800
0300}, remove the instrument from its cabinet and turn the in-
strument upside down, Insert a small screwdriver under the
retaining strap at the rear of the lamp holder, Raise the end of
the strap slightly and it will slide free, permitting the lamp to
be withdrawn,

SERVICE AND MAINTENANCE 27
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Figurs 7-1.
Top interior view of the Generaior.
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. POSITION OF ROTARY SWITCHES

Rotary switch sections ars shown os viewed fromthe

NOTE UMLES! SPE;’;‘;?;@ P panel end of the shaft. The firet digit of the contact
POSITION, OF ROTARY swiTc) K0 DhMs B 1 MEGOHs number refers to the section. The section nearsst
CONTACT NUMBERING OF SWITCHES R e T the ponsl is 1, the next section buck is 2, stc. The
next two dights refer to the contoct, Contact 01 is

i

o

EXPLAINED OH $€?§Rég§é5§§g; THAN ONE M MICROFARADS.
ot i) 2% .
SUPPLIED IN INSTRUCT| 7. ) KNOB CONTROL

3. REFER TO SERVICE NOTES I INSTRUL- b - the first position clockwisefrom o s -
Tion BOOK FOR VOLTARES 8 &) SCREWDRIVER CONTROL iy o R : trut serew {usy
APPEARING ON DIAGRAM. o AT ANCHOR TERMINAL aliy the screw chove the locating key), and the other

4 RESISTORS 1/2 WATT. 10, TP - TEST POINT contacts are numbered sequentially (02, 03, 04, si2),

proceeding clockwise around the section. A suffix
F or R indicotes that the contact is on the front or

: Figure 7-3,
reor of the section, respsctively.

Sohematic clrouit diagram of the Type 1382 Random-Nolse Generator,
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Ref.

: Description
Desig,
CAPACITORS
Ci01 Ceramic, 0.001 pF +80-20% 500 V
C102 Electrolytic, 5 uF +100-10% 50 V
C103  Electrolytic, 5 uF +100-10% 50 V
€104 Electrolytic, 5 pF +100-10% 50 V
C105 Mica, 0.0011 pF £22% 100V
C106 Mica, 0.00147 uF 2% 100V
CLo7 Electrolytic, 40 uF +100-10% 6 V
C108 Ceramic, 0.001 uF +80-20% 500 V
C109 Ceramic, 0.01 uF +80-20% 500 V
C110 Ceramic, 0.01 pF +80-20% 300 V
Ciii Plastic, 0.00511 p¥F 1% 200V
112 Electrolytic, 40 uP +100-10% 6 V
C113 Mica, 200 pF #5% 500 V
C1i4 Plastic, 0.00453 uF £2% 200 V
C115 Electrolytic, 10 uF +100-10% 25 V
Ci16 Plastic, 1.1 uF £227 100V
Ci17 Plastic, 0.316 pF £2% 100V
118 Plastic, 0.1 p¥F 229 100 V
119 Plastic, 0.0316 pF #2% 100V
C120 Plastic, 0.01 pF 42% 100 V
C121 Plastic, 0.0511 pF #2% 100 V
C122 Plastic, 0.0511 uF #2% 100 V
Ci123 Plastic, 0.0511 uF #2% 100V
Cl24 Electrolytic, 15 uF +100~10% 15V
C125 Electrolytic, 15 uF +100-10% 15V
C126 Electrolvtic, 40 uF +100-10% 6 V
C127 Electrolytic, 25 uPF +100-10% 50 V
128 Ceramic, 470 pF £10% 500 V
C129 Electrolytic, 100 pF +100-10% 15 V
2130 Trimmer, 8-50 pF 350 V
CE01 Ceramic, 0.0068 uF +80-20% 500 V
502 Ceramic, 0.01 uF +80-20% 500 V
US03A  piectrolytic, 150 uF +100-10% 75 V
5038 TR ’ v
éggjg Electrolytic, 200 uF +100-10% 50 V
0505 Ceramic, 0.01 pF +80-20% 500 V
C506 Ceramic, 0.01 uF +80-20% 500 V
C507 Blectrolytic, 25 pF +100-10% 50 V
508 Electrolytic, 60 uF +100-10% 25 V
{309 Ceramic, 0.0047 uF +80-20% 500 V
DIDDES
CR101 Type NDO12
CR10Z Type 1N3604
CR103  Type 1N3604
CR301 Type 1N3253
CR502 Type 1N3253
CR503 Type 1N3253
CR3B04 Type 1N3253
CR305  Type 1N400Y
CR5306 Type 1N965B

ETCHED CIRCUIT ASM. COMPLETE

Etched Cizcuit Asm. Complete

FUSE

B501 0.1 A
IMDUCTORS

1101 1200 yH 5%
1102 1000 pH 5%
1103 5000 uH £10%
1104 2200 pH £10%
JACKS

1101 Jack

Ji0Z Jack

7103 Jack

1104 Jack

Ji05 Jack

J106 Jack

1167 Jack

KMOB ASM. MOISE SPECTRUM

Knob Asm. Noise Spectrum

KNOB ASM. OUTPUT LEYEL

Knob Asm, Output level

LAMP HOLDER SILK-5CREEMED

Lamp holder silk-screened

PARTS

GR
Pari No.

4404-2109
4450-3900
4450-3900
4450-3900
4700-0683
4700-0687
4450-3600
4404-210%
4406-3109
4406-3109
4860-7498
4450-3600
4700-0507
4860-7388
4450-3800
4860-8281
4860-7971
4860-8251
4860-7810
4860-7650
4860-7829
4860-7829
4860-7829
4450-3700
4450-3700
4450-3600
4450-3000
4404-1478
4450-2800
4910-1170
4406-2689
4406-3109

4450-5620

4450-5591

4406-3109
4406-3109
4450-3000
4450-2900
4405-2479

6084-1014
6082 -1001
6082-1001
6081-1001
6081-1001
6081-1001
6081-1001
6082-1012
6083-1015

1382-2701
5330-0400

4300-7005
4300-7000
4300-3800
4300-6370

0938-3000
0938-3000
0938-3032
0938-3000
4150-2700
4150-2700
4156-2700

5500-5221
5520-5221

5600-1023

30 TYPE 1382 RANDOM-NOISE GENERATOR
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LIST

FMC

72982
37942
37942
37942
14655
14655
37942
72982
72982
72982
84411
37942
14655
84411
56289
84411
84411
84411
84411
84411
84411
84411
84411
37942
37942
37942
56289
72982
56289
72982
72982
72982

37942

80183

72982
72982
56289
80183
72982

84411
24446
24446
79089
79089
790689
79089
24446
07910

24655
71400

99800
99800
99800
99800

24655
24655
24655
24655
24655
246355
24655

24655
24655

24655

Mip. Part Mo,

831, 0.001 uF +80-20%
204059589C10X3
204059559C10X3
204059559C10X3

22 A, 0.0011 pF 2%
22 A, 0.00147 uF 227
20-4070754

831, 0.001 pF +80-20%
811, 0.01 pF +80-20%,
811, 0.01 uF +80-20%,
663 UW, 0.00511 uF
20-4070754

22 A, 200 pF £5%

663 UW, 0.00453 pF
30D106G025BB4M1
GRY, 1.1 uF 29

GRY, 0.316 up

663 UW, 0.1 uF +29,
GRS, 0.0316 uF 2%
663 UW, 0.01 uF 2%
663 UW, 0.0511 uF 2%
663 UW, 0.0511 uF +2%
663 UW, 0.0511 uF 227
TT, 15 uF 15 V

D33883

831, 479 pF £10%
D17872

557-051, 8-50 pF
811, 0.0068 uF +80-20%
811, 0.01 uF +80-20%

20-222544990

38858

811, 0.01 pF
811, 0.01 p¥F
D33883
D17872
801, 0.0047 uF +80-20%

+80-20%
+80-20%

NDD12

1N3604
1M3604
1MN3253
IN3253
1N3253
1N3253
1N4009
1N9658

1382-2701
MDL, 0.1 A

2500-32, 1200 uH £39
2500-28, 1000 uH 5%
3500-40, 5000 pH £10%
3500, 2200 pH £10%

0936-3000
0938-3000
0938-3032
0938~3000
4150-2700
4150-2700
4150-2700

5500-5221
5520-5221

5600-1023

Fed. Stock No,

5910-983-9994
5910-448-5527
5910-448-5527
5910-448-5527

5910-952-0467
5910-983-9994
5910-977-7579
5910-977-7579

5910-952-0467

53910-952-8658

5910-799-9285

5910-034-5368

5910-977-7579
5910~931-7040

5910-959-4572

5910-977-7579
5910-977-7579
5916-799-9285
3910-799-9280

5960-995-2199
5960-995-2199
5961-814-4251
5961-814-4251
5961-814-4251
5961-814-4251

5960-877-6192

5920-356-2185



Ref. Description
Desig.
PILOT LIGHT
P501 Pilot Light
PLUG
PL501  Plug

POWER CABLE

Power Cable

RESISTORS

R101 Composition, 180 k&2 5% 1/2 W
R102 Composition, 15 k2 5% 1/2 W
R103 Composition, 8.2 k2 £5% 1/2 W
R104 Composition, 30 k2 £3% 1/2 W
R105 Composition, 330 2 5% 1/2 W
R106 Compeosition, 33 k2 5% 1/2 W
R107 Composition, 15 kQ #5% 1/2 W
R108 Potentiometer, 1 kQ 210% 2 W
R1D9 Composition, 15 k2 5% 1/2 W
R110 Compeosition, 27 k2 5% 1/2 W
R111 Composition, 20 kQ #5% 1/2 W
Ril2 Composition, 4.3 kQ #5% 1/2 W
R113 Composition, 180 kQ £5% 1/2 W
R114 Composition, 27 k& 359 1/2 W
R115 Film, 10k £1% 1/8 W

R116 Film, 18.2 kQ 21% 1/8 W

R117 Film, 6.34 k2 1% 1/8 W

R118  Film, 909 Q 217 1/8 W

Ri19 Film, 1.5 k0 £1% 1/8 W

R123 Film, 999 Q ii% /8 W

R124 Film, 1.5 kR +1% 1/8 W

R125 Film, 1@ k@ 1% 1/8 W

RizZ6 Film, 18.2 kQ 1% 1/8 W

RizZ7 Film, 6.34 k9 £1% 1/8 W

R128 Composition, 240 & 5% 1/2 W
R129 Composition, 150 k@ 257 1/2 W
R130 Composition, 5.6 kQ 5% 1/2 W
R131 Composition, 240 2 5% 1/2 W
R132 Composition, 1 kQ £5% 1/2 W
R133 Composition, 1.3 kQ £5% 1/2 W
Ri34 Composition, 15 k@ L1/2 W
R135 Composition, 30 k& £5% 1/2 W
R136 Composition, 200 © 25% 1/2 W
R137 Film, 2.32 kR £1% 1/4 W

R138 Film, 732 Q 21% 1/4 W

R139 Film, 232 @ 1% 1/4 W

R140 Film, 73.2 Q£1% 1/4 W

Ri41 Composition, 22 Q #5% 1/2 W
R142 Composition, 4.7 k2 £5% 1/2 W
R143 Composition, 30 k@2 £5% 1/2 W
R144  Composition, 10 kQ £59 1/2 W
R145 Composition, 27 kQ 5% 1/2 W
R146 Composition, 10 kQ 5% 1/2 W
R147 Composition, 33 k& 5% 1/2 W
R148 Composition, 330 & 5% 1/2 W
R149 Potentiometer, 1 k@ £10%

R150 Composition, 12 kQ #3% 1/2 W
R151 Composition, 510 & 5% 1/2 W
R152 Composition, 2.2 k@ £5% 1/2 W
R153 {kwnpoﬁﬁion,24 Q59 1/2 W
R154 Composition, 3 9 TS?‘ /2 W
R501 Composition, l@ 5% 1/2 W
R502 Compesition, 20 £ ysj’c 1/2 W
R503 Composition, 39 @ 3% 1/2 W
R504 Composition, 680 © £5% 1/2 W
R505 Composition, 75 @ #5% 1/2 W
R506 Composition, 4.7 g@ 5% 1/2 W
R507 Composition, 4.3 k@ 5% 1/2 W
R508 Composition, 5.1 k&2 £5% 1/2 W
R509 Composition, 200 *w% /2 W
R510 Composition, 7.5 kQ 25% 1/2 W
R511 Composition, 7.5 k2 3% 1/2 W
R513 Potentiometer, 1 k&2 £107
SWITCH TAG

Switch Tag

PARTS LIST (Cont)

GR
Part No.

3600-0300

A0 -0600

4200-9622

6100-4185
6100-3155
6100-2825
6100-3305
6100-1335
6100-3335
6100-3155
6056-0138
6100-3155
6100-3275
6100-3205
6100-2435
6100-4185
6100-3275
6250-2100
6250-2182
6250-1634
6250-0909
6250-1150
6250-0909
6250-1150
6250-2100
6250-2182
6250-1634
6100-1245
6100-4155
6100-2565
6100~1245
6100-2105
6100-2135
6100-3155
6100-3305
6100-1205
6350-1232
6350-0732
6350-0232
6350-9732
6100-0225
6100-2475
6100-3305
6100-3105
6100-3275
6100-3105
6100-3335
6100-1335
6620-0250
6100-3125
6110-1515
6100-2225
6100-0245
£6100-2515
6100-1105
6100-0205
6100-0395
6100-1685
6100-0755
61002475
6100-2435
6100-2515
6100-1205
6100-2753
6100-2755
6056-0138

5301-0160

FMC

01121
01121
01121
01121
01121
01121
01121
11236
pilizi
01121
011Z1
01121
01121
01121
75042
750472
75042
75042
75042
75042
75042
75042
75042
75042
01121
01121
01121
01i21
01121
01121
01121
01121
01121
75042
75042
75042
75042
01121
01121
01121
01121
01121
01iz1
01121
01121
01123
011zl
01121
01121
£iizl
01121
01121
013121
01121
032l
01i2]
0Lzl
01121
GriZ21
0iizi
0112l
01121
11236

24655

Mfg. Part Mo,

#328
4240-0600

200-9622

RC20GF184]
RC20GF153]
RC20GF822]
RC20GF303]
RC20GF331]
RC20GF333]
RC20GF153]

Type 115, 1 kQ £10%

RC20GF153]
RC20GF273]
RC20GF203]
RC20GF432]
RC20GF184]
RC20GF273]
CEA, 10 k@ 1%
CEA, 18.2 kQ 219
CEA, 6.34 kQ £1%
CEA, 909 @ £1%
CEA, 1.5 k§ £17
CEA, 909 @ #17
CEA, 1.5 k@ %1%
CFA 10 k@ 19,
EA, 18.2 kO #1%
f&:A 6.34 kQ 17
RC200CHZ41]
RC?,GGEE.S@]J
RC20GF562]
RC20GE241]
RCZ0OGF102]
RC20GF132]
RC20GF153]
RC20GF303]
RC20GF201]
CEB, 2.32 k2. £1%
CEB, 732 2 £1%
CEB, 232 9 1%
CEB, 73.2. @ 17,
RC20GF220]
RC20GE472]
RC20GF303]
RC20GF103]
RC20GF273]
RC20GF103]
RC20GF333]
RC20GE331]
JA, 1 k& £10%
RC20GF123]
RC32GE511]
RC20GE222)
RC20GE240]
RCIOGEBLIZ]
RC20GF101]
RCZ0GEZ00T
RCZOGE3Y0]
RC20GE681]
RCZ0GE 501
ROZOCEATY
RE20GFE4321
RC20GF517]
RC20GE01]
RC20GE 2]
RCZSG ’?%ZE
Type 115, 1kG 2107

5301-0160

File Courtesy of GRWiki.org

Fed. Stock No.

6130-968-0081

5905-192-0660
5905-279-2616
5905-299-1971
5905-192-3978
5905-192~3971
5905-171-1998
5905-279-2616

5905-279-2616
5905~279-3499
3905-192~0649
5905-257-0935
59051520660
5905-275-3499
5905885 -4847
5908-686-3373
5905-855-317n

5905-881-6913

3905-581-6513
5905-883-4847
5950-686-3275
3905-535-3175
5905-279-2593
B905-279 0577
5905195 6453
5905-279-9593
3905195 6800
59052791370
5905-274 0510
5905-199 3078
5905279 9674
3905- 702 5040

5905-270-3519
5905779 2504
S9G5-199 3078
59051858510
59452793460
5905 185 8510
5905171 1098
5905199 4071

5905 278 o50)
505779 0650
9052791878
Suns-0/0 50
59052792010
5905-1J0 8080
50052703500
5905195 5540
59051956701
5905079 158
2008 00 dohd
Suls-05 0908
s
=
5005040 4oy

-



Ref.

Description
Desig.
SWITCHES
5101 Switch
S501 Switch
5502 Switch
TRANSFORMERS
T101 Transformer
T102 Transformer
T501 Transformer

TRAMSISTORS
Q101 Type ZN3391A
Q102 Type 2N33%91A
Q103 Type 2N3903
Q104 Type 2MN3391A
Q1035 Type 2N3391A
Q106 Type 2N3905
Q107 Type 2N4123
Q108 Type 2MN4125
Q109 Type 2N4123
G110 Type ZN4125
Q111 Type 2MN4123
Q112 Type 2MN4123
Q113 Type 2N3903
Qil4 Type 2N3905
Q115 Type 2N33%1A
Q116 Type 2MN3903
Q117 Type 2N3903
QI18 Type 2MN697
Q501 Type 2N3905
Q502 Type ZN1131
Q503 Type 2N3903
OTHER PARTS
Rack Adaptor Set
Cabinet, Convertible - Bench
Hardware Set (Tier)
8 1/2" wide
Foot
Foot
Bail
Foot
O Ring
Power Cable, 7 foot, 3 -wire
Knobh Assembly - Noise Spectrum
Knob Assembly - Output level
Lamyp Holder Silk Screened

Btched Circuit Assembly

PARTS LIST {Cont.)

R FMC  Mfg. Part No.

Part MNo.
7890-4880 24655 T7B90-4880
7910-1300 04009 B3053-SA
7910-0831 42190 4603
5000-2021 24655 5000-2021
0745-4550 24655 0745-4550
0745-4500 24655 0745-45300
8210-1092 24454 2MN3391A
8210-1092 24454 2N3391A
8210-1132 93916 2N3903
8210-1092 24454 2N3391A
8210-1092 24454 2N3391A
8210-1114 04713 21N3905
8210-1123 93916 2N4123
8210-1125 93916 2N4275
8210-1123 93916 2MN4123
8210-1125 93916 2N4275
5210-1123 93916 2N4123
8210-1123 93916 2N4123
8210-1132 93916 21MN3903
8210-1114 04713 2N3905
8210-1092 24454 ZN3391A
8210-1132 93916 2N3903
8210-1132 93916 2NM3903
8210-1040 82219 2N697
8210-1114 04713 2N3905
8210-1025 96214 2N1131
8210-1132 93916 2N3903
0480-9722 24655 0480-9722
4181-2625 24655 4181-2625
4181-1111 24655 4181-1111
5250-2120 24655 5250-2120
5250-2121 24655 5250-2121
5250-2123 24655 5250-2123
5260-2060 24655 5260-2060
5855-0156 24655 BB55-015
42009622 24655 4200-9622
5500-5221 24655 B5B00-h221
55205221 24655 5520-5221
5600-1023 24655 53600-1023
1382-2701 24655 1382-2701

| File Courtesy of GRWiki.org

Fed, Stock Mo,

5930-909-3510

5961-752-0150

5960-788-8644

6150-968-0081



Code

00192
00194
00656
01009
01121
£1295
02114
52606
02660
02768

03508

03636
03888
03911
04009

From Federol Supsly Coda for

FEDERAL MANUFAUTURERS CODE

s Caralogl £

{Mame 1o Code} and Ha-2 (Code 1o Mame) as supplemented through lune,

Honuviacturers Mome ond Address

jones Mig, Co., cago, IHiinois
k o Blectronics Corp., Los Angeles, Calif.

Aerovox Corp., MNew Bedford, Mass,
Alden Products Co., Brockion, Mass,
Co., Milwaukes, Wisc,
8, Texas

Allen-Bradley,
Tex Instruments, inc., Dalla
Fevroxcube i,orp of Ar
ba

e

wphencl B
Divigion of 111, Tool Works,
Des Plaines, 1. 60015
. B, Bemiconductor Products Dept.,
3201

Grayburne, Yonkers, N, Y. 10791
Pyrofilm Resistor Co., Cedar Knolls, N, .

Clairex Corp., New York, N. Y, 10001
Arrow, Hart ang Hegeman Blectric Co.,
4, Conn, 06106
Product,
%, Ariz, 83008
Co,, Inc.,

if. %2702

Engine

Barher-Colman Co,, R
Wakefield Eng,, Inc., ¥
Eagle Signal Div, of E. W.

Bmauoo

, Mass, 01880
CO.,

i5g

Wisc,

if. 90230
i &O’D‘,

Birtcher Cor
American 5

g/his Hi. 60004

FeS il me. (6605

co, 1. 50618

He vzhor'm_, Calif.
Y

Bodine Corp.,
Bodine Elec

carte Labs Inc., N. Y
phenel Corp,, B

Delav
rod. Co., Fr

maline Pr
General
Star -
Burges
Burndy Corp., !
C.p,5, 0 ¢

1.
wum me, 06832
, Ind. 467

: 0. Inc., Dove
ctronics Coxp., ‘_«Giasd@,
tces, Tappan, M. Y. 109
ductors, W. Palm Beach, g
vom 2ii Dubilier Electric Co., ‘
(lass Works, Corni
C 141 Instrument Corp., Hic
iconductor Div. of Enz, 1, and

iwaukes, Wisc. 33233
ica Co., Spmm Pine, N, C.
we, Kansa
Briton, Cons
7. 12305
tronic Comp., § racusm
np Div), Nela
W. Coxmord; Z»
American Zewtler Inc., Costa \5C
n Mig. Co., bwoxth

Hoffman Li!vuron‘u £

1 Business Machines

’0., Chicago, 1. &

Internatic

Co, Inec., A
f\*omaa'ééoxf man B
Sjwom Conan, i;@‘-;'{m

Code

49671
49956

BN S B R
o et Mo e
s O

72259
72619
72699

765
72825
72562
72982

Hanufocturers Mame ond Address
Ol ‘W? than
tric Co., 5p
g. Co., Seima
thers, nc., Byvanston, {11,

2154
s ihn H2705

15

Co., N, Adams, M;as 5
Thomas and Betts Co., Elizabeth, N. {:7’?0/
TRW . {Accessories Div), Clev d, Ohio

Torri gcox Mig. Co,, Torrington, Qomz.
:Jmon Carbide Corp., New York, N. Y. 10017
ited~Cazrr Fasg Corp,, Boston, Mass,
Victo Insto
C

Ward Leonard Eleciric Co., Mt, Vernon, M. Y.
inghouse {Lamp Div}, Bloomfield, N, 1.

ton Insiruments, Weston-Newazrk,
WA 1ri<> N, .
&’wrm it
0607
- %7(}8?

Homer D., Lo,). Beacon FJUQ, Cona,
Z‘. 0. Co., Clifton Forge, Vm ,44‘?‘?
Mig, D»». of Lf‘rm

C Co., Ine,, New York, N, Y.
Coto £oil Co, Pr idence, ®, 1.

Chicago Mi np Wﬁrks Fhua(m iEN
Cinch Mg

FA

11, 90241
ngton, Cona.

ip%m ? nn. 19144
07083

S5 W Q ucav@, i,
joxm 1 Co., Waseca, . 536093
IRC Lm:‘, Philadelphia, P
Kulka mum “org,, Mt

L,u., Brie, reﬁn, U}D;.,
iitien Mig. Co., Malden,Mass, 02148
and, Ohio 44114

, B L
Syracuse, M,
i{u sher Cao.

General ?nauum“uts £
Sh eproof Div. of ik,
in, 11, 60120

iua 5 B Jz'al tree, Mass.
, Penn.

“leveland, Chio
Tube and Semi-
on, N,

RCA, Comme n\,&:eh ng
conductor Div., Harris
srd, Conn, 061
# Rochel
Prestole Fastener Div, Bishop am
u)m(, Toledo, Ohio
ectric Prod. Div.,
5, louis, Mo.
Blectronic Indusiri 2 ., W
Metorola Inc,, Franklin Park, Hi. 6013}

Vickers Inc,

gron, 5.0,

ks Ha- 1
1967.

Code

8U374
B431
80583
806740
81073
81143
81349
81350
81751
#1831
Bi860

BBI40
88219
88419

28627
89482
89665
90201
90750
G0552
91032
91146

95043
96214
96236

99890

Hanvincturers Nome ond Address

Standard Oi Co., Lafeyents, Ind,

Bourns Inc., Riverside, Calif, 92506

Air Filter Corp., Milwaukee, Wisc, 53218
Hammariund Co. Inc., New York, N. ¥

Beckman Instruments, Inc., Pullerton, Talif.
Grayhill Inc., LaGrangs, 111, 60525

Corp., Stirling, N,
ons
wcxﬁcancn 3

3. 07980

Uu,, B h‘ zag, L s N
Centrols Div. of Barry 'Wfi'

Watertown, Mass.

ric Products, Inc., {Electroni

Tube Div.), Emporium, Penn,

Pattern and Model Works, LaPort, Ind.

Barry C

t Inc., ihlaa 53, . 60630
eborn, Mass.
e, Wisc,
stener Qm‘, Car &85,
Victory Engineering Corp
‘{_ik », . 07081
Bearing Special u),, San Francisco, Calif,
Solar Blectric Corp., Warren, Penn.

V.A0017
ebr,

w York,
citor Qlf” galiala, !
‘La Products Lorp‘,

Cambri

02140

Th ’*»h;z‘ L&
Preg

Cutler-Hammer Ing,, Lincol

Gould Nat. Batteries Inc., 3

Cornell Dubilier i‘mcuic Corm.,
Fue ﬂr;m, N C.

K and G Mig. u>., w York,

0., Boston, Mass,

¥ Ggiy jcago, il

ror Co., Indianapolis, Ind,

Z Corp., Boston, Mass,

Herdware ducts Co., F ng, Penn. 19642

u;m ental Wire ng}., mzk, Penn. 17405

g 1, dMass.

. 1. O7005

Conn, §6109

bus, Nebr.

SN

Nuiow Crove,
m&nummw Lm,,

G >uma

uia‘mr Ce 1p., &”( odside,
Long Isls ¥,

wobum, Mazs,

Components Div,, Quing
Sleciric ng., wark, N J.
L Mig. Co., Cumb dy B e
onics Mig. L,o,; h’rwwn
Lm?;s al Conn 2
Vitramon, Inc., Bri
Methode Mig, Co.,

)
oe,

Chic dg»o, L“
ady, N, Y.

gton, Conn,

oz Corp., Orlean,

s Inc., Dallas, Texas 75209
f

At. Carmel,
Microw ave Associates Inc.,
wlards
nics Div. of Col
ing Systems, umv>rs Mess,
meck. M, Y. 10544
<., Glen (“ow: N. Y.
crronics Corp., , Mass.

Burlington, Mass,

nsitron Ble
Corp.,“

e

. Aurora, N. Y,
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