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AN AUDIO-FREQUENCY SIGNAL GENERATOR 
FOR NON-LINEAR DISTORTION TESTS 

• MODERN METHODS of tcsti ng audio-frequency devices rC<luire 
u. ICllt-signal generator of considerable vCrsIltility. In addition to a 
single, low-dist.ortion, sinusoidal signal for the rclati\'cly simple hnr­
mOllie-distortion and nmplituda-frequency response tests, it must also 
be capable of supplying simultaneously 1,\\·0 signals of differing fre­
quencies fot' the intcl'modulation measurements thnt yield important 
inform:ltion about the production of unwanted inharmonic difference 
lOIlCR, to which lh(' ear is "ery sensitive. 

Thc>'C 1'C'<luirements nrc met by the 'J'YI'~; 1303-A Two-Signal Audio 
GCIl1'mtor, II·hiell j:;j ptll'tieillal'iy designed for intcnnodulation mt'/t8111'e­

figure 1. Panel View of the Type 1303·A T .... o·Signol Audio G .... rolor • 
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OE N ER A l RAOJO EXPER IMENT E R 

ments but is also an extremely u~ful 
o.nd adaptable instrument for any labo­
ratory where audio-frequency measure­
ments are made. It will supply any of 
the following signals: 

I. A si ngle low-distortion sinusoida.l 
voltnb"C adjustable in frequency from 
20 c 1040 ko in two ranges, 20 c to 20 kc 
and 20 kc to 40 kc. 

2. Twu low-distortion sinusoidal volt.­
ages, each separately adj ustable, one to 
20 ko and the other to 10 kc. 

3. Two low-distortion sinusoidal volt­
ages, with a fixed difference in frequency 
maintained between thc two as the r re­
quency of the one voltage is vuried. The 
fixed diITerCIlCC frequency is adjustable 
up to 10 kc, and the lower of tho two 
frcquc.ncic."S is adjustable up to 20 ko. 

The output is continuously adjust.­
able and is calibrated both in volts and 
in db with rcspcet to 1 milliwatt into 
600 ohm s. 

These dilTerent output combinations 
mnke the Tn'£ 1303~A Audio Sigllnl 
Cenerator an cxcellent signal SOUl'ce for 
the three standard non-lincnr distortion 
tests, These test.'! are: (I ) The widely 
used harmonic distortion tcst. I (2) Tbe 
intermodulation method that evaluates 
distortion in terroso{ the rcsult.antmodu­
lation of a high-frequency tone by a 
low-frequency tone2

•
3

•
4 (standardized 

by Ole SMPE).6 (3) The difference-fre­
quency intermodulation method, which 
evaluates distortion in terms of the 
amplitude of the difference-frequency 
components produced by intermodulll­
lion of two sinUSOidal test signals of 
equal amplitude (recommended by the 
CCI}').1I·7,8 The TYPE 73G-A Wave 
Analyzer is a convenient detector for 
any of these tests. 

This versatile source is necessary for 
distortion testing becau.se frc<luently 
tests by [l single method do not show lip 

, 
nil the lloll-linenr distortion that can 
occur in a system.s Tcsts by dilfercnt 
mcthods are particularly necessary in 
development work, where performance 
data must be obtained over a wide 
range of operating levels and frequen­
cies. Later, in production testing, one 
system can usunlly be selected as 1..he 
most satisfactory fo r checking faults. 

Several methods are needed, even in 
testing nudio amplifiers, parlicularly 
when large amounts of feedback a rc 
used. Some other devices that require 
tests by a method other than the stand­
ard harmonic method are hearing aids, 
high-efficiency speech-reproducing sys­
tems, magnetic and other record ing sys­
tcms,9, 10 f-m systems with pre-emphasis, 
noise SUPP"l>SSOrs, fil ter nctworks (par­
ticula.rly of the feedback type), loud­
speakers, and, in geneml, any system 
of restricted frecwellcy range. 

The two-frequency sib'nals suppli€'U 
by this oscillatOl' are nlso useful in cross­
modulation stU(lics ou uarrier and te1e­
metering systems, meter tcsting,lI, 12 

dilTerent ial phase measurements anJ 
psychoacoustic tests. The singlt.. ... fn ..... 
quency signal cau be uSlo'!..l fO I' any of the 
lIsual tests that rC<luire (l signal in lhe 
frequency range from 20 c to 40 kc. 
Reprcscnl:ltive uses arc for testa 011 

audio-frequency lines, IlcLworks, and 
amplifiers; {or modulating signal gcnera­
tors and test. oscillntor8j and u.s a voltage 
source for acoustic test.s, recording tests, 
aud bridge measurements. Tt can also be 
used for measuring ot.her SJllali audiu 
voltages by substitution methods ; for 
the measurement of gcnerated voltage 
of microphoncs, \'ibratiou aud phono­
graph pickups, and other transducers by 
the insert voltage method ;13 and for the 
measurements of gai n or loss, amplitude 
responsc, and harmonic distortion, as a 
function of frequcncy. 
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DESCRIPTION 
The TYPE 1303·A '('wo.-Signal Audio 

GCllcmlor generates lhe signals de-­
livered at tbe output by tl bcaL·frc· 
quene)' method, lIsing lhe same ty pe of 
oscillators and mixers that were de­
veloped for the T YPE 130:1-A BenL-Ftc­
quencyOsciUator.l~ Three oscillators alld 
th ree mixers are used to provide the 
various signals listed above, and the 
outputs of the mixers arc combined in a 
linCl1.r adding network. This combined 
signal is a pplied to a low-distortion 
power amplifier. The output voltage is 
obtained from the power amplifier 
through a 6O(}.ohm attcnuator sys-. 
tern with a voltmeter to monitor the 
voltage level at t.he input of the 
n.tten uator. 

Pa rticular care has been taken to keep 
Ihe hurmanic content and the inler­
m<xlulation producta in the output of 
the signal generator at a very low level. 
This feat.ure is, of course, necessary wben 
the genemtor is used in non-linear dis­
tortion measurements. The low level of 
(Iislortion has been achieved by careful 
design of t he oscill ator nlld mixer system 
and by using a degenerative, low--d is-­
tortion, power amplifier. 

Tbe high stability characteristics of 
the TnE 1304-A 13ea.t-F I'f~qllency Oseil­
lator have been duplicated here, so that. 
the generator is weU suited for applicD.­
tions that demand a. s.ignal source having 
high stability of voltage aod frequency. 
The frequency drift from a cold start is 
only a. few cycles. 

Output Syste m 

The output. level is adjustable by an 
£..pad outputrlevel control. This level 
is indicaled by a voltmeter calibrated in 
voltage and in decibels wit h respect. to 
n.n output of one milliwutt ini,o a 600-
ohm line (dbm). Following the voltmeter 
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is a six-position G()().ohm attelluatar al.!,!tJ 
calibrated in decibels. The open-circuit 
output. voltage is adjusbhle from 5 
microvolts to 5 volts on the lowo·distor­
I,ion output. a nd up to 50 volts on the 
high-level output. 

The combination of oscillator, volt­
meter, and attenua tor makes the Instru­
ment. 3. standard-signa l generator that 
elm be used to mcrumre other slflnl1slIdio 
voltages by suustitu tion methods and 
to detelmine gain and attenuation. In 
addition, the output voltage of tbe oscil­
Intor is practically constant over the 
entire frequency range, a feature which 
greatly facilitates tests of amplitude re­
sponse and distortion as a function of 
frequency. 

Freque ncy Conlrols 

The scale of t.he main frcqucllcy·con­
lrol dial is logari thmically divided over 
the range fro m 20 c to 20 kc. [ t is a 
duplicate of the scale used on the 
'fyPE 130-1-A Bcat- frequency Oscillator, 
so that the recordi ng systems And 
recording paper lIsed wilb th:\t osci l· 
Ja tor can also be used with this new 
generator. 

This standard audio-frequency bll nd 
of the instmment has been extended by 
a second range, 20 kc to 40 kc, wh ich is 
selected by a panel switch . T his frt.'­
{(lIency range is an important one for 
ultrasonic work. 

The cycles-increment cont rol pennits 
small variations in freq uency to be 
obtained above and below the setting 
of the main dial for frequenc.ies up to 
20 kc. The span of the cycles-incre­
ment dial is - 50 to +50 cycles. This 
control is useful for checking small 
changes in frequency, for some psy­
choacoustic tests, and for mrulUally 
producing s. small warble in Ollt.Pll t 
frequency. 
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THE TWO-S IGNA L O SCILLATOR 
SY STEM 

The method used for generating the 
two-frequency signalsl5 can be under­
stood by reference to the block diagram 
of Figure 2. When the switches arc in 
the positions C and D, the two sil,'llais 
are available at the output. In position 
C, oscillator No. 1 and oscillator No.2 
are applied to mixcr No.1 to produce a 
signal (indicated on the diagram as 
f +h·) which is filtered and applied to 
the fader control, labeled Vb. At the 

• 
quencics, fA +400 and fA -f. This differ­
ence is f + 400. At the same time the 
frequency of the signal from mixer No.3 
is the difference bet.ween the \,wo ap­
plied frequencies, fA nnd fA - f. This 
difference is f. The frequencies of t im 
two signals that make tip the output. are 
then f + 400 and f. As the control, f, is 
varied, these two signals vary in fre­
quency but the difference in frequency 
is maintained constant at the value set 
by tbe control,f," in this case, 400 cycles. 

In posit ion D, oscillator No. J and 
Vb 

same time oscillator No.2 and oscillator 
No.3 are applied to mixer No.3 to pro­
duce a filtered signal, labeledf +!J.f. This 
signal is applied to the other half of the 
fader system, and the generator output 
is obt.ained from this fade r after being 
amplified in the low-distortion amplifier 
and attenuated in the attenuator. 

oscillator No. 3 are applied to mixer No. 1 
2, and oscilla tor No. 2 a nd oscillator No. J 

The controls labeled fl:> f, and !J. f are 
initially set to zero, and adjustmenls are 
then made 80 that all thrCf' oscillators 
are operating at the same fre<luency, 
labeled fA' Then the control , ft. can be 
set to a desired difference frequency, say 
400 cycles, which means that. oscillator 
No. 1 is operating at a frequency of 
fA +400. As oscillator No.2 is adjusted 
hy the control, f, its frequency become.., 
fA - f, where! is the reading of the main 
frequency-control dial. The frequency 
of the signal from mixer No. J is the 
difference between the two applied fre-

3 are applied to mixer No.3. In this 
ease, two beat-frequency generators re-
sul t with oscillators No.1 nnd No.2 
beating with the common fixed oscil-
lator No.3. The two signals arc thcn 
separately adjustable in frequency by 
the cont. rols, fk and f. 

OPERATION - CCIF METHOD ----. 

The constant-diffel"ence-frequeucy fea-
ture of the two-signal output is p3r­
l icularly convenient fo r the CCIF type 
of distortion test. This feature simplifie; 
checking the evcn-order distortion that 
produces a distortion component equal 
in frequency to the difference in fre­
qu ency between the two applied fre­
quencies. Tbe TYPE i36-A Wave Ana-
lyzer connected at the output of the 
device under test can be tuned to this 
constant difference-frequency. T hen, 

fig"'. 2. Nncrionol bloclr diog,om 11I"lIloling III. method of gene.oling 
two.freq"ency ,ignol •• 
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, 
wil h the Tn't: 1303-.'\ '1'lI'o-.'-'igtJai Audio 
GCllerator fl.1i It soufce, this component 
of distortiOIl can he dctcnnillOO [IS Il 
function of frequency by turning the 
main frequ('llcy control over the re­
quired I'3ngc. No retuning of the wave 
nnnlyzcr is IlCCCSSllry, and tho mcll.Sul·l. ... 

mcot of this component of distortion is 
simpler than any other test of distortion 
over a \ddc frequency range. The other 
components of distortion arc determined 
by retuning the wnve analyzer as the 
frequency of the source is changed. ITow­
ever, by using n sl>cciaillnalyzer system 
with II. carefully designed square-law 
rectifier, Thilo and Koschcl' have re­
ported it possible to extend the above 
simplicity of observa tion to determine 
approximately the other important dif­
ference-frequency componenlS. 

The individual components of the 
tW~8ignal output arc set equal in ampli­
tudc for the CC IF test. However, the 
ampl itudes can be set by means of fI. 

calibrated control to have any ratio O\'er 
the mnge from O. I to 10. 
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OPERATION -SMPE METHOD 
The p]'ovisioll of a tw~sign3 1 output 

with the frC<luencies of the two signals 
separately adjustnble makes this genenl­
tor very con venicnt for the S;\fPE type 
of intermoc:iulnlioll test. With this 
method, a low-frequcncy signal, usually 
about. 100 cyclcs, and a higb-frequenc.v 
signal, often about 5 kc, arc used. The 
low-frequency s ignal is set by the cali­
brated control to have an Il.mplitude of 
four times tbat of the high-frequency 
one. Here one uscs a wave analyzer to 
measure the amplitudes of the side­
band components spaeed about. the high­
frequency signnl at. frequency int.crvals 
equal to the low-frequency signnl fre­
quellcy. These side-band components 
arc produced by non-linenr distortion 
that causes modulation of the high­
frequency ~ignal by the low-frequency 
signal. 

When a Tn'E 736-A Wa y!' Analyzer 
is used as the detector sys tem for this 
method , a wide range of input signal 
frequencies cuo be used wil h the TYPE 

Fiell •• 3. Non·];nla, di.larllon in an audia amp]in", a. mla'U'ld by 1101 ha,monlc dllla,l;on method, 'hi CClF In· 
,e,moduIa lion mllllod and 'hi SMPE ... ! .. modulallon mlthod b'ult, are IUlnllally .imilo. I .... al! rt...11 me thod •. 
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TYPICAL MEA SURE MENT S 

Some results or measurements of non­
linear distortion nrc sbown in Figures 3 
and 4. The audio amplifier wh ich WIUS 

measured and gnve the results shown i ll 
Figura 3 uses four 684 tubes in push­
pull parnUel in the outpu t stnge. The 
operati ng level was 16 wat.ts in the sin­
gle-signnl case, and the measurements 
using twosignalswcre madewitb the8llmc 
pcak-to-peak signal voltage with corre­
spondingly reduced output power level. 
The results are plotted with the ordinate 
scales adjusted to show the essential sim­
ilarity of results by all three methods.' 

• 

• 
, 

• 
, 

" 

-4 ~" 

7 -- /:fi:-
~-

1_ .. ( 1.. "1 I 

T ! .. t~ I ,J] 
• , • • 10 ,t " It 

" .. .. 
Fillur. ". Reoul" of "' .... ur.m.n" by tfte lwo in,.r _ 
""""..101;0.. m.thod. 01'1 on ampllfl.r "'01 0/10 ... morlced 

d iff.renc •• for "'. two ",.II>od .. 

1303-.\ Two-Signal Audio Generator as 
Ihe source. rr one of the commercially 
avai lnble intermodulnlioll detector sys­
tems is used, the range of signal fre­
quencies that cnn be used is morc 
limitt.>d, but the mernsuremcnts for 
this 8;\ IP8 test can be made morc 
quickly. 

However, this similarity occurs only 
in some systems; the result.s shown in 
Figure 4 show marked differences ror the 
two intennodulation methods. At high 
frequencies the CCJF method here 
sho\\'s ,he pre&'nce of distortion tlwt. is 
not indicated by the Si\ IPE method . 
The two amplifiers used here were ~tlch 
uniform in gain ns a function of fre­
quency within one dceibcl from 40 c to 
16 kc so that. this \'ariation in distonion 
measurements is not a rcsult. of a poor 
response churacteristic. 

- A. P. G. PrrEllSON 
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SPECIFICATIONS 

f •• qulncy Ranll" Single frequency cut put: 20 
to 40,000 cycles in t\\·o ranges, A, XI to 20,000 
cycles, and B, 20,000 to 4<l,OOO cycles. Double 
frequency output: There are t ... ,o combiuatiolls 
of dOllbl&-frequcnry output, C and D. 

Co' Olle frequency, /I, of 20 to '20,000 cydeR 
and fI. second frequency, h, higher thlUl /I by a 
fixOO lunount, which may be between 0 and 
10,O(X) cycle!!. All /I it varied, the difference 
(requeucy remALWi OOUllt.tl.Llt. 

Do' One frequeuey, /I , of 20 1020,000 cycles 
nnd a second rrequeney, h. of 20 to 10,000 
cycle;,. 

FNqU''''y C" nlf"l: 'fhe 1I11l.in contrOl is engr:l.Ved 
from 20 to 20,000 cyclCII per !Ie(:OOO and h(1,8 a 
true logarithmic frequency IICsle. The lOtsl 
seale length is a/ IProximfitel y 12 inches. The 
effcetive anglo 0 rotaliou is 240" or 80~ per 
decade of (requeuey-. The frequency-increment 
d ial is ro.librated from + 00 to - 00 cycles. 20 
kc is switched UI to give 20 kc to 40 kc. A 3M 
Inch awdlinry frequency dinl, It, is engraved 
from 0 to 10,000 cyclC!! over approximately 
ISO" of din.l rotatioll. The scale dilltrlbut ion is 
approximately logarithmic above 500 cycles 
and approximately linear below 500 cycl~ 

f .. " u. ncr. C"lIbr",'''": M n.in dia.1, 20 to 2(),OOO 
eyclee: file calibratiOIl can be !tandardited 
within I cycle lit any time by setling the in­
strument to zero bent. The ealihrntion of the 
frequency control dial clW be relied upon wi~hill 
±(l % + 0.5 cycle) sfter lhe oaeillawr hAIl been 
correctly set to zero beat. 

The aoeuffWy of cnlibralion of the frequency­
Increment dial i8 ± I cycle. 

Au.iIl" ,.., dia l, 20 L" 10,000 cydts: The frequency 
can. be 8t:t.ndnrdized within 1 cyde by setting 
to zero beat. The caliuratiOIl of the dial esn be 
~li~lllpon within ±(3% +10 eyt:les). 

Z .. " 610", Ind lc,,',,", The output. volt.Lneter C:l.Ll 
be used to indicate zero beat. 

F .. qu. ncy SI"bltily: The drift from a /:old SLurt 
is 1C811 than 7 cycle!! in the lirat hour and bI 
essentially oomplcted. wlthiu two boun!. 

Oulpu, "ltl nu"'o,, The llUtpU~ :l.tlenull.tor h n..~ 
sb{ !lte~ from - )(10 to 0 db with lUI BCruracy 
of ± I '70 of the uomintll attenuation. 

Oulpu' C"nlt"l: ["or eooh atep of the attenua... 
tor the output voltage can be continuously 
varied from zero to mlUimum voltage. With 
two-frequcncy outpu~, t ho ratio of ~he voltngCil 
ilt the two frequenCLctJ call. be adjusted from 
1CS8 lhll.n 0.1 to grell.leI' than 10 by meft.1l8 of n 
control cslibrnted from 0.1 to 10. 

Output "'''''''11': NORMAL output proviu~ 
full-KnJe, opetl-cireuit output voIMfl:C3 of 50 
microvolta, 500 microvoll4, 5 millivolts. 50 
millivolts, .500 llIi11ivolw, and 5 volts. IHGll 
output provides full-SCil le, open-circuit output 
voltages from 500 micro \'oll..s to 60 voltll. When 
the output voltnge is of two frequcn cies, the 
indicated voltnge i~ tho auw of the voltnges at 
the two frequellcies. 

The variAtion of outpu~ voltllge "·jt.h fre­
quency ill 11.8 followlI : 

J. range A, II.nd{," raugesC Ilnd D: Between 
2Q rllld 20,000 eye el! the output volt!Lge varies 
less th:U1 ±0.25 db. 

J + '20 kc, I'Illlge B: Bet1\'een 20 I.nd 35 kilo­
eyclCII the output \'oltage vanCIl ICSIJ t hlUl 
±0.3 db. It may drop I db at 40 kilocycles. 

h. f!luga C: Between 20 and 20.000 oyclee 
the output volt!\fl:e vane!! 1_ thtLn ±O.3 db. 
h may rise 0.75 db at 30 Itilocycl~. 

/8. ranga D: Beween 20 !lnd 10,000 cycles 
the outpnt voltage '-liries 1C811 lban ± 0.25 <lIJ, 
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O""u' Voltm-. The output voltmeter ill 
ea11brnted in volt3 at open Circuit Md ill dbm. 
Above 10% of full scuie, the cnlibratiorl is 
accurate within ±5% of the reading. 

0"'..... ImpadollC., The output impedanCe iii 
000 ohms resist ive within ± 2%. One aide of 
t he output cirt;uit i~ grounded. 

O .. Ipu' Pow..., HIGH output ill I watt mruti­
mum into Il matched Iolld. N01UIAL output 
ill 10 milliwatt.s, mlurimum, illto a matched 
load. 

H .... mollic a .. d IlIlermodulalioll Ol.tortlo .. , Distor­
tion of NORMAL output is not afJeeted by the 
load impedance. Distortion of UlGH output 
ill not a'lfected by the load impooll.nee Cl[.~'Cpt 
in the 0 db attenuator position. Settings of the 
output control and attenUAt.or have no eO'eet 
on the distortioll. 

Ho.monlc Dl.tortlo .. , For NORMAL outpnt 
the total. harmonic content is 1_ than 0.25% 
from 100 to 8000 cycletl. Below 100 cyclee the 
hllmlonil) content inCrelllMll:!l and may reach 
0.6% III 50 llycles. For HIGH output the total 
barmonic oonteut is leM tball 1 % from 100 to 
8000 cycles. Below 100 cycletl the hW'monic 
oontent incre:1Se8 $rid may re:wh 2% III 50 
cyciM. 

IIIl .. modulotloll DI.lonlo .. , (I) eel F : Qulld· 
ratic IUld cubic distortion for rrequencies :l.oove 
1000 cycles and a dillerence frequency ~rellter 
U\lUl 100 cy(']es :l.te ellch less than 0.15% OIl 

• 
NORMAL output s.ud 11_ than 0 .5% on 
lIIGH outlJUt. 

(2) Sl\I PE: Tbeaquare root of the sum of the _ 
aquares of ~he qUMrlltic and cubic di~tortioll 
for" between 40 alld 300 cycles and/2 between 
1000 and 15,000 eyelet! is 1_ than 0.5% on 
NORMAL output IintllC118 than 3% 011 HlGH 
output.. 
A.C Hu ... , The a-I) hum iillet18 thlUl 0.1% of the 
oulput voltage. 
h,mlnol", TYPE 938 Binuing P0!3t3 on j,(Ulel. 
4·t,erminal /lOCket ill back. 
Moulll;lIg , 1 D-inch relay rack pauel with walnut 
end piecee. 
Pow ... Supplr' 105 to 125 v., 210 to 250 v., 50 t.o 
00 cycle!!. l ower coru!Umption t35 walta. 
Tu .... , 4-6SL7-GT 1- 5R4GY 

3-6SA7 I~Y~G 
2-6VG-OT 1-6SJ7 
2--6SN7·0T I- OD3/ VR-I50 
1-6..15 1-3-4 
I-{lH6 

A ......... I • ., Power oord, multipoint plug. 
Oth ... A ......... I •• lIoqulrod, For measurementEI of 
harmonic wid intermodulntiOIl distorUon the 
TYPE 7aG-A Wave Analyzer ill recommended 
!iii 11 detector. 
Dlmtll,lo .. " (Width) 19h It (height) 1 n~ It 
(depth) 14 1~i inche& overall. 
Ntt Wtlghl' 80 poundll. 

l'Y~:--_,,:--::_c-:,.-;:-::-:--,---______ ,cCc""'=cl=r'c'~d_r--::'P::"="',=_ 
1303·A J Two-SI'ilnal Audio GoII ... ot .... .................. I I.IEGt."T SlOSO.OD 

1."",-1 und" .... t..nw 0( u.. Radio Cor...,flilioll.:.t A-.:ner,,,,, 

TilE Geu erlfl i(mlio EXI' EIUM£lVTEIl is muiled lI'ithout dUirge ead. 
m onth to cugineerl1, scientis t s, t e dHI;c icuM, and others illteres ted 

rf! co,,,,,ulnicul. io 'l.~frc(IU ency ,ne(ls ure m CHI. (Ind con.trul prob/e,ns. 
Whe,. sending re(llles fS for subscripl.ion s (urd (lddress~cllUnge '''"'tices, 
pleuse s"pply til e follou;i"g i"for"wl i~tt: name, compuny (lddress, ' y p e 
uf bll si" esl1 r:o mp(lll.y is f.:tl goged in, (Itld title ur pfu il.iou. of iuciiviciulf/ . 

GENE RAl RADIO COMPANY 
2J5 MA SSAC HUSETTS AVENUE 

CAMBRIDGE 39 MA SSACHUSETTS 
T£LE PHO NE : TRowbrlcl,. 6·4400 

BRANCH ENGINEERING OFFICES 
II[W 'Olll •• NEW 'OU 

.. WEST nun 
Hl. - WOfl' j·Hn 

tOS AIIGHU H. tHlfO.II IA 
III' NOITH HWUO STun 

l£l. - HOII, .... , . IUI 

CHluao 5, ILLINOIS 
III SOGT" IIIICHI;U AHIIU 

TH.-WHI!' ! . JlII 

.. ,;::.~ ... 
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