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A SIMPLIFIED SYSTEM OF WAVE 
ANALYSIS FOR PRODUCTION TESTING 

IN T HIS ISS U E 
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• ALTHOUGH DESIGNED principally 
for measuring distortion and noise in broad­
cast systems, the TYPE 1932-A DistortiOIl 
and Noise Meter has also been found to 
be an indisi>cnsuble laboratory tool for 
making Quickly and accurately any adjust,.. 
mont that affect.s the distortion, hum, or 
noise output of communications nppnrntu8. 

Properly used, this instrument provides a rapid, visual, complete, and 
continUOIlS analysis of the undesirable by-producta appearing in the 
output of such equipment. 

In tile General Radio Standardizing Laboratory, the TVI'!'.: 1932-A 
is lIsed for testing audio 06Cillators, amplifiers, l)Ower supplie:s, and, in 
conjuuction with suitablc demodulating equipment.,' signal gencmtors 
of all frequencies. 1t is also used as a voltage indicator ill nLtenua.tor 
and filter measurements, as a null indicator for audio-frequcncy bridge 
work , and as It frequcncy meter. Because of its reliability and it.s ease of 
operation, it has, whercver applicable, completely supplanted other 
types of wl\ve analyzing equipment. 
'The TnOl 1931· ... ~Iod .. latioll Moter t...-d from .$ 10 GO lIIoeP"7d ... the TT"" 874-\'K \'olu""ler 
lIe<1iB~r Vi .... a oimple ~ 6h~r at "UF and UIfF . 
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GENERAL RADIO EX' ERIMENTER , 

C.R.O 

SIGNAL SOURCE TYPE 1932-A 

UNDER TEST 

~ 
V H 

r 
~ 

fillu'e 2. Tett S .. .,p for VI.uo! Wo .. e ....,<111' •• (lop .. ;"wl. 

The p.c>cedu •• I. <I. folk>wt: Selllle "gn<ll Jou.ce '<I <lny f.equency in lIIe ,ong. of .sO cycle. 10 15Idlc>cycl •• , 
ond 10 <lny O\tIpu' willi," lIIe .ong. of 1.5 10 100 ,,0111, calib,o le lIIe Type 1932·", ",ing ill 100 K£l Input," 
<ldiud lIIe CRO gain (onllol. 10 IIi". <I 1,1 Uilolou, POlle'n (0 dloOonoll'ne <II m<l.1 Irequenci •• h cut in the null 
nelw.,..k <II III. Type 1932 ..... <lnd adlu,'" '0 .limlna,.lIIe fundamenlol frequ.ncy componen' of lIIe ,lglloI , •• , ,h. pUlh·bullO/\ ollenuo''''' 10 g,"e on on-Kol. m.,.r Indicotion. Th. d illClf"llon and noI •• by.p.odlKll 01 "' • 
• iOn<l1 willllQw b. p •••• III.d g,aphicolly on the CRO in a fo,m thaI can .eodily be onolyzed, 01 well 01 beillg 
num •• icolly lummed up by lIIe pOllel me' .r of the Typ. 1932·"'. 

~The 600-0bm ; npu~ i • • brid"nl l tnOllfOOJl.er) input. intended for bro.Wcaet ~ On ,>rnlP"'lII Ii ....... It .hould b& u~ n"'r ... hen. bo.l.o~ '''pUt if! '""Ulred. ItIt it , eotn<U oomewhat th~ Ir""u~"oy.nd d~tnrtioD "'''&eo! the irl&lrUment. 
Ie .. ,,01 a ... a:cAi1fl/ ""-.. f", 800-0/ .. " "'.,.". •. 

The TYPE 1932-A Distortioo aDd 
Noise Mctcr consists of a high-gain am­
pli6er with an fi-C intcrstage coupling 
unit that balances to a sharp null, a cali­
brated attenuator for adjusting the scnsi­
tivity, and a vacuum-tube voltmeter. 
The null network, which is continuously 
adjust.able in frequency, eliminates the 
fundamenta l of the audio-frequency 
signal , and the distortion products that 
remain fire indicated on the panel meter. 
The null network is switched out of the 
circuit for noise !lnd hum measurements, 
so that the instrument operates as a 
highly sensitive voltmeter. 

When the null network is tuned to 
the fundamental frequency of a signal 
in the frequency range of 50 cycles to 
15 kilocycles, the meter indicates the 
folal value of all by-products present: 
harmonics, hum, and noise. Tho simple 
expedient, however, of connecting an 
oscilloscope to plot these by-products 
versus lhe total input 8igual enables 

the user to recognize, to evaluate, and, if ~ 
nccessnl'y, to correct for whatever distor-
tion or noise components happen to pre­
dominate. The only special skill required 
of the operator is the ability to recognize 
a few simple Lissajous patterns. 

ANALYSIS OF WAVE FORMS 

The Lissajous pattern appearing 011 

the eRO will contain two components, 
the one st.ationary, the other in motion. 
The stationary component comprises the 
disWrtion, stationary because of the 
synch ronism between x-a.xis and y-axis 
signals; the moving component com­
prises UIC noise (usually hum), moving 
because a non-synchronous or mndom 
relationship e.xists.' In Do givcn noise­
distortion test, therefore, u glance Itt the 
eRO pattern immediately resolves the 
problem into either one of distortion or 
one of noise. ~ 

'r" ~ .pedal ~ .. h~re the,i.l!inel It .... lf i. derived f,o'n. 
a nd hanno";",,lIy r~IM~ 10, Iboo po" .... Ir""ueBey. "" 
t\i. l;nct;on bel ...... D b ...... Bn(l dirtnttio", .,..n. oJ """" .... 
be made. 
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Assume the problem is one of distor­

tioo. Since this test procedure is limited 
to communications equipmenL, or rather 
to nominally sine-wave signals, the only 
harmonics that need be considered are 
the seeond and the third. The only 
Lissajous patterns, therefore, that enter 
into the analysis of the distortion, regard­
[eB8 of the fundamental frequency in­
t1olved, arc the simple 2:1 pattern, the 
simple 3;1 patlem, and various com­
binations of the two in which, generally, 
one or the other will predominate. Hence 
the principal skill required of one who 
uses this method of analysis is to be able 
to discern whether the Lissajous patLern 
is primarily 2:1 or 3:1. Having deter­
mined this (at a glance), he will know 

JUL Y, 1953 

what corrective action to take-whether 
to shift an operating pointor bias (second 
harmonic), or to replace Ii component 
with limited dynamic range (third bar· 
monic). Furthermore, the tolal effect of 
any such action will appear immedi· 
ately. Typical distortion patterns are 
illustrated in Figure 3. 

When the problem is primari ly one of 
noise, the moving part of the pattern 
will be larger than tbe stationary part 
(see Figure 3). Where noise (hum) ad­
justment.s are provided, they can be 
set to minimize this componeot. Should 
analysis of the noise be desired, the 
horizontal axis of the eRO can be 
switched to the powcr frequency to 
"SLOP" the hum components (see F igure 

Figure 3. Typicol di. lo" ;"" ond hum polle .n •. ln eoch co.e me pollem on me left i. produced wlm power.Une. 
freq"ency l ynchronil o lion, me pollern on the rlghl wim lignol.freq" .. ncy .ynch.onilotion. 

(1) 5 kc fundamentsl 
Seoond harmonic 5 times third 
Negligible hum 

(2) [, ke fundnmcntul 
Second and third barlflolliCll about equal 
Hum (second hnrll\onic) about 10% of totul 

(3) 5 kc fundamentsl 
Third harmonic 10 tiffillll 8eCond 
Negligible hum 

(4) Linc--frcquency hllffi predominant 
Distortion same as in (2) above 
This pattern was produced by introducing 

line voltflge into the grid circuit of the 
oscillator under test 

Figure 3 (amtinued on. page 4) 
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OENEIlAl IlAOIO EXPEIlIMENTEIl • 
3). If in a given problem both distortion 
and hum are appreciable factors, both 
horizontal axes can be supplied simul­
taneously by means of an electronic 
switch. 

Thus a single setup, with one quick 
adjustment, supplies all the information 
required to adjust bias controls, drive 
controls, B+ voltages, hum-bucking con­
trols, and any other variables that may 
affect the linearity and bum-<:ontent of 
the equipment under test. The effects 

of sueh adjustments are monitored in­
stantiy, continuously, and completely. "'" 
From the standpoint of speed as well as 
of thoroughness and accuracy, the sys-
tem leaves little to be desired. 

A serious limitation can occur when 
one attempts to measure very low values 
of distortion and noise, unless the normal 
test procedure is modified. The resid­
ual distortion and hum of the distortion 
meter itself can be as high as 0.1% on 
some ranges, if operated in the normal 

Figure 3 (conUnued) 

(5) I kc fundllmentl\l 
Power supply ripple predominates because 

plate voltage regulator is not functioning 
properly. Total distortion is 1.5%; third 
harmonic is twice seeond. Relative hum 
amplitudes are· 

Frequency 

~-1-'~-~I~ Amplitude 100 100 60 80 

(6) 1 kc fundamental 
Second hllnnollic 8 times third 
Negligible hum 

(7) 1 kc fundamental 
Second harmonic 12 time8 third 
Negligible bum 

300 

5(1 

(8) SeCQnu hurmonic 2 limes third, plus higber­
order harmonice 

(9) J kc fWldllmental 
All hum a.nd dL~tortion producta about 

equal. This is the output of a TYPE 
J30I-A Low-DiM.ortion Oseillator fit -. 
optimum adjustment. 

Total noise and distortion ILt this frequenrv 
was 0.05%. -

I 
\ 
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, 
manner. Hence, in evaluating distor­
tion and hum in the order of .5% or 
less, the user cu n be misled ss to both 
the quantity and the nature of the uo­
desired signal by-products. !\leans are 
provided 011 the distortion and noise 
meter, however, both to determine the 
magnitude or the residual voltages and 
lO make them negl igible as a factor io 
measurement.!:! or .1% or less.' 

Residual hu m (in the distortion­
moasuring circuit.) cnuses II. residual 
meter indication when no in pu t. signa l 
is present , and is lherclorc casily rctog­
nized. It. is most. pronounced 0 11 the 
lowcst frequency range and on t.he lowest 
(most. sclis ili\'c) altcnufLlor posit.i on. An 
udjustment is l)ro\,jded to minimize it, 
but it is sti ll an important factor in 
making tloisc-d istortion mcrumrements 
of the order of . 1% or less. To minimize 
error in analyzi ng the hum content of 
such s ignals, the hum should be evalu­
ated at n. signal frequency above 150 
cycles, if possible, and with t.he 1'yl'E 
1932-A calibrated a t its normal (1.5 
volte) inpuL levcl. 111 any evcnt, whell­
ever the distortion pattern exhibits a 
high hum content., the input signa l 
should be disconnected momentarily to 
determine whether che hum is residual 
or is t\ signlll by-produC't. 

Residual distortion c:m be virtually 
eliminated simply by operating at a sig­
nallevel 10 db below the I.b-volt normal 
input. In practice, th is consists merely 
of using a diffcrent attenuato!' setting 
from that normlllly used, and il. COrre­
sponding met.er scale. All General Radio 
TYPE 1301-A Low-Distortion Oscilla.tors 
(rated at not more than .1% tolal distor­
tion and noisc) are tested by t.his methCH.1. 

J U LY . ' 9.53 

A further limitation must. be consid­
ered when measurements ure attempted 
in the presence of r-f voltages, as in 
demodulated carrier signals, beatrfre­
queuey oscillator outpu!.S, and the like. 
No provision fOr radio-frequency filter­
ing is made in the T n 'E t932-A, and 
such filtering , if necessary, must be in­
serted ahead of the input. 'rhe S8JDC 

considerations apply as for any high­
gain audio-frequency am plifier. 

S OME EXAMPLES OF 
USES OF VI SUAl ANALYSIS 

A typical example of the usefulncsg 
of this system of wa.ve fLllalysis is the 
labomtory odjustmeuL of the TYPE 

1302-A (R-C) Oscillator. In this instru­
ment ninetccn variables must be gel 
correctly to gi\'e the desired operating 
condi Lions at nil frequencies. To adjust 
them by conventional methods at one 
t ime required a grca.t deal of painstaking, 
point-bY-I>oint analysis of circuit be­
havior. When the test procedure was 
modified to employ the visual-analysis 
system dC8llribcd above. iL wus quickly 
learned that all information oecessa.ry 
to make thc adjustments aPI>cu roo on 
the CRO distortion pattern at certain 
sct lings of the panel controls, and thaI 
adjustment s opt im ized by eye (visUt~1 
analysis) , m'cn withouL regard to th(' 
numencal valucs involved, always re­
sulted in a level of perionnance that was 
well within specifications. Curren tly , 
using tills method, the average test time 
on this instrument is half wh:lt it fol'­
merly was. 

Even in the design and development 
field, this sys tem has proved valuable. 
A recently developed audio oscillatol' 
incorporat.ed a push-pull output circui t 
supplied by a direct-cou pled driver. 
Conventional methods I)f wave analysis 
indicated that the circuit., as first set up, 
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Figur. 4. EI.m.n/lI.Y ''''.'''"I;e ei.cuit dillG'lI'" lIf the d,.Io.ti.", lind nol •• me ' e •. 

would develop, at bc!;t, almost .5% dis­
tortion at rated output. Examination 
of the distortion by-producta by visual 
a.naiysis, however, indicated that some­
thing was wrOJ)g; to achieve minimum 
distortion required an abnormal, seri­
ously unbalanced bias in the push-pull 
stage. Upon furlher investigation, a. cir­
cuit error was located and corrected. 
The revised circuit developed rated out­
put with greater efficiency and with less 
than hnlf the distorlion ol'igin:J.Uy pres­
cnt. The conventional wave analysis 
had, of course, correctly metl.Sured the 
distortion of the original circuit, but had 
failed to indicate optimum circuit ccmdi­
l ionlf. 

SO MUCH INFORMATION , 
SO FAST! 

To sum up, therefore: 
The TYPE 1932-A Distortion and 

Noise Meter, wheo used in conjunction 
with a CRO 80 connected as to plot it.s 
output versus its input, supplies the 

following useful information concerning 
a. nominaUy sinusoidal signal supplied "'"" 
to it: 

l. An approximately rlllll summation 
of the distortion nnd noise by-products 
of the signal, in per cent or in db below 
some reference. 

2. A distinction between distortion 
and noise, immediately apparent to the 
eye. 

3. A distinction bol.ween second har­
monic and third harmonic distortion 
when one or the other predominates. 
Only two basic Lissajous patterns apply. 

4. An indication of optimum condi­
tions, whenever adjustments are made 
that affect distortion or noise. 

When the x-axis of tbeCROis switched 
to a voltage of line frequency, further 
information is supplied regarding the 
hum component... present. If the x-axis 
switching is done conti nuously, as with 
an electronic switch, ull of the above "'" 
information is supplied instantly und 
continuously, as adjustments liTe made. 
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While precise numerical values of amount. of information is adequate for 
,,-. these various frequency components are the purposes at. hand, as, for instance, 

not defined, their relative magnitudes are in production testing, the system leaves 
accurately portrayed. Wherever this li ttle to be desired . 

- W . P. BUUCK 

VARIAC CONTRO L O F HEATERS 
The Variac'll autotransformer offers perature in ovens and baths, and is par­

a convenient means of con trolling the ticularly useful where an adjustable 
input to electrical heaters. The Variac thermostat is used to obtain successive 
circuit shown here can be used in auto- temperature settings. 
matic control to maintain constant tem-

2 
I 

I$; ~ u I .. ~ THERMOSTAZ:W <l 

I~ ~ L INE 0: RELAY 
~ I:=: 3 

10 + + 
LINE OR 
BATTERY 

MISCELLAN Y 
Papers - By H arold B. Richmond, 
Chairman of the Board, General Radio 
Company: " Incentives as Ii Tool of 
:\Ianagement," at the May 7 meeting of 
tbe Professional Group on Engineering 
Management, Washington, D . G, Sec­
tion, Institute of Radio Engineers; and 

"Patents and Licenses," at. the Elec· 
tronies Group Meeting, Scientific Ap. 
paratus Makers' Association, White 
Sulphur Springs, West Virginia, 1\·la.r 25. 
Since neither of these papers has been 
prepared for publication, copies are not 
available for distribution . 
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GE NER A L RADIO E X PERIMENTEJI; • 
GENERAL RADIO AT WESCON 1953 

Ceneml Radio products IViII be on 
displny ill Booths 913 and 914 at the 
Western Electronic SholV find Conven­
tioll to be held ill the Civic Audit.orium, 
San Francisco, August 19, 20 and 21. 

Among the General Radio instrll­
ments sholVn will be: 

7'ype 1117-.4 Unit Pu1~ Generalor -
a small, compact, inexpensive generator 
of pulses, with rise time as short as 0.Q.5 
microsecond and repetition rates be­
tIVccn 30 and 100,000 cps. 

7'!J1H3 IOOO-P7 Bawnced Modulaior ­
a crystal-diode modulator designed to 
operate on the output of standard-signal 
gcnerators to produce 100% amplitude 
modulation without incidental fre­
quency modulation. Carrier frequency 
range is GO to 2500 megacycles, a lld 
modulating frequencies up to 20 mega-. 
cycles can be used. Pulse modulation 

can also be applied, with rise times as 
shon as 0.02 microsecond . 

Limit bridges for mcnsuring d-c re­
sistance alld for compMing resistors, 
capacitors, :l.nd inductors at audio-fre­
quencies. 

Sound-·m.eCl$urillU equipment - Ii com­
plete line of sound-level meters, ana­
lyzers, and accessories for the measure­
ment of noise and oiher sounds. 
Ty~ /6OB-B U-fl-P Admittance Meter, 

with a. full li ne of accessories, set up to 
measure telc\'ision transmitting all­
tennas. 

Variact> auJ.clransjQN1W1"S with General 
Uadio's new Du ratrak contact surface 
that stands up under punishing over­
loads - an outstllnding development 
that makes the variable autotrans­
former as durable Il.8 II. fixed-ratio 
transformer. 

SUMMER CLOSING 

Vocation - During the week! of July 
27 and August 3 roost of our employees 
will be vacationing. Mllllufacturing de­
partmen ts will be closed, a nd other de­
partments will be manned by a skeleton 
stall. Every effort will be made to take 

care of urgent business, but repairs can­
not be made, except in hardship cases. 
Our Service Department requests that 
shipments of material to be repaired be 
scheduled either io reach us weB before 
this period or delayed until afterward. 
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