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THE 
VARIAC TRANSFORMER 

• THE V A R I ACT RAN S FOR M E Rt an 
adaptation of the Variac principle to give 
vohage adjustment over lIa rrow ranges, is 
now available in fi ve stock models. T he 
latcst addition to this line is Type 80·C2, a 
220-vol t model. 

The Variac Transformer is built 011 a rectangular core, wilh multi­
layer windings on the longer two legs of the core. Two carbon brushes 
make contact with the outside layer on each leg. This s traight.line 
motion is translated into rotary motion by means of a stiff steel tape 
which winds on a shaft. A 320-degrcc rota tion of this shaft dri ves the 
brushes a long the entire length of tbe winding. These details of eon­
struction can be seen in the photogra ph of Figure l. 

Avai lable stock models wilh thcir characteristics are listed in thc 
table on page 2. fi gure 2 shows thc connections. Obviollsly, illlHlt alld 
outpu t connections for the - n and - C models ca n be reversed , that is. 

FICIJtll': L Tn'!': 70 "",I Tn'v.110 V,,~inc Traus(<lrlllcn. 
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GENERAL RADIO 2 

Type Iv~t' 
"" 70- \2 115 

70- 112 100- 125 
110·,\ 2 115 
110_112 90-130 
nO-C2 200-240 

a variable voltage ca n be obtained from 
a cOllslunl-voilage line. if desi red. 

\ l any other combi natiollS of input 
31ul OUI I)lII voltages are possible. The 
limitation on the design of special models 
is the ,arialioll iu output power which 
can be halldled by the core structure. 
This <lu8ntity, called " \'oriable IKH\!!r" 

for wa nt of a beller term, is the differ-

Om/wI 
Volt., Max. Currvll 

(>-I. 6 • 
11 5 2 • 

0-10 2. • 
li S 7.5 • 
22. 7.5 • 

encc bel \\ CCII t he (/Ower outputs at maxi­
mum and mi nimum oUlJmt ,·o ltagcs. 

The THIe 80 Core will handle 250 
watts of variable power, and the T) pe 
70 Core, 50 watts. Variac Trans formers 
designed 10 the cus tomer's specifica­
tions can be s upplied within these 
limits. Prices will gladl y be (I\lOled on 
req uesi. 

SPEC IFICATIONS 

lud R,tln& : 'l'VI'6 70 furniah~ 50 wIIII~ and 
T11'~ 00 ""1'1,1;('6 250 waltA of variable ro""", 
Currlnl : See uhle above. _All rlllin ~8 ne (or 
SO. 10 bO~yde service. 

NI · lud loss : ppro:o;imalely 5 "lIl1a for 
Tn'. 70; 10 "lilts for TYPE 80. 

Typ< 

70~1I2 

8O~'\2 

8O~ n2 

8II-C2 

Terminal s: Threaded le.minn' 8tutl~ wilh $01. 
dering I"g~. 
Di men sions: Tl' l'K 70. (Ienglh) 4~ l( (,,'i tlth ) 
3~ :< (heighl ) ,I inches: 1'l'P !l: 80, (length) 8}<2 
x ( .. ·jdlh) Hi It (height) 5!i inchee., over.all . 
Net We lrht: Tn'. 70, 4 I i l>onnd.: TYI'K 80. 
13Y. pollnd~ 

Codr 1V0000i Pri« 

8MBi'" 10.00 

lJ ... sso 10.00 

D~TO," 15.00 

H~TTY 15.00 

I!~KO" 15.00 

~ '.ode .. _ ""IliAC io "Iio~."" .. ,boo U. S. " .. " ... ()fIM:c. The "ARI"C io .... nur.~'u..,d ond"",," 
"mI ... U. S. P.'~n' %,OO9.0U. 
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1 2; II", OUlf'lI1 terminals 3 I. (Hieu) ('.f)'Uleclion~ for TYPE 70.82. TVI'I! OO. B2. alit! Tl'PE RO·C~. 

1"1),,1 ill "1Ipli~1 III Irrmillll18 3 I aod Ihe 011'1",1 allpellU at I 2. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



, 
3 EXPERIMENTER 

EXPERIMENTS 
OF 

IN THE PSYCHOLOGY 
HEARING 

• MANY GEN ERAL RADIO IN ­
S T RUM E N T S arc used by IlCople 
who are 1101 di rect I) ill'cr('s lcd III 

electrical measurements but who have 
found electrical inslrumcnts of sorne 
help in s lud}ing other phCllOIllCUtl . Ac­
cord ingly, .... u \ e analyzen are hough 1 by 
100ft drink Jll lI llu(aclu rers, tuning forks 
li re used by geologists, and stroLol>copes 
hu,'c been helpful in predic ting the 
effects of earthquakes on struct ures. 
Jnlo t!tis category of unusua l applica­
liolls falls the use of many of our instru ­
ments by the Depar tlllent of Psychology 
of Harv ard University. Under the direc· 
lion of Dr. S. S. Sle \'c lis of this depart. 
IllClI1 a nd Dr. Hallo\\ cll Da vis o f Ihe 

Medjcal School, a large nmoulil of re­
search has lieen done 011 lhe psychology 
ami pil rsiology of hearing. aud in this 
work e lectrical instrumeOls ba\-e pla}cJ 
a very imporlan t part. 

For maoy years it hilS been kllOwo 
lha t the pitch of SQmc pure tOiles seems 
to change slightly as Ibe int ensity of the 
(one is clulIlged , even though (he iUl' 
prel!6Cd frequency remains constant . 
Dc. Ste\ens has made a more thorough 
il1\ cstigalion of the suhjccthe (Iuality 
of pitch and i18 relatiou to the object ive 

F'GI..RI! L A('paratus "sed for meuuring lonal 
IIl1riLutee, A T YPIi: 508 ().K:illalor wa~ arranged 
with e;~ h:r"al OOll tl enBen I!oO that t .. o rreq ll~n­
del differing by 8'lIa ll k'lO" n amounl~ could loe 
Oi,llli lle.1. TI"'!le Iwo frequeucie$ .. 'crl) fcll, 
aileruall'ly, 10 .peaken near 11,1' oLser ,,\:(', urI_ 
The 'wi tching from one fr"luency to the other 
" ·U done aU10matically II I a ra te ol at.out 10 
ail ernuioull per minul\:. and in 8uch II IIlIlIIuer 
Ihlll the lonell wetf' allowe,1 to buifd "I' COlli­
I,"(ali vely >llo .. ly IiO a6 to eU ",inate "clicking" 
in t he ~peakeri. A e ... .IiLraled miuol,I>oue. 
placed in the fIOIIil .io l1 110f'll11111y occ:upiw by 
the right car of the oL&erver. wn .. &Cd 10 ob-

tain abeolule valu eJI, for the iuteu.iliCi u""!. 

Cre(IUency and inteusi t) of a tone. l ie 
hus a lso found that three olher s ubjcc. 
li\·e qualitics. those of loudness, ,·ol ulne, 
and density, may be used 10 describe a 
pure tone, and the rela tion of these to 
frC(IUencya lUl intclIsity hlls been studied . 
T o the laYlllan, loudness aud pitch lUca n 
definit e thiugs, but "olume and densily 
are less tan gi ble. 110v. evcr , if v.e think 
of il high tone v. e rca lize that it seem!! 
"smalr· ami "compact" as compared to 
a low looe. The idea of size correspouds 
10 "olull1e anil "compact uess" or "COil . 

cculralion" to densi ty. 
In s tudying these tou al qua lities dte 

apparatus shov. n in Figure 1 wa se t 
tip to preseut to an obscf\'cr, alternatcly. 
two toues differing slightly iu fr equency. 
All lhe appa ratus was kepI out side the 
8OUlld'proof room io whklt the obser, er 
sat, v. ith the exception of the spea kers. 
cali brated microphone. and a rhcos tllt 
which was used to control the iutensity 
of oue or lhe toues. This rheost.a t was 
adjusted uy the observer until the ," 0 

lones sounded equal in pitch, loudness, 
or any other quality v.'hich was bei ng 
iU\'Csliga tcd , The intensi ty of the s tand­
ani lone being koov.-n, Ihat of the 
second tone was recorded and die proc· 
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GENERAL RADIO 4 

css repealed. Several trials \\cre made 
at various intensity levels, and ditTerent 
ohservers were a lso used. 

Dy applyin g this procedure, isopbooic 
con tours are ohtai ned which represent 
equal loudncss, pilch, density,or vol ume. 
For exa mple, in Figure 2 the percentage 
frC(IUency change nceded 10 keep the 
pitch constant is ploued aga inst SOllnd 

pressure, and a famil y of curves is ob· 
tained wit h the sta ndard frC(I"CIlCY as a 
parameter. I f isophonic contours for the 
four subjective qualities (pilch, \·olume. 
densit),. and loud ness) are ploued on 
one scale (or a given freque ncy and in­
tensity level, the changes in these tonal 
a Llrihutcs ca used by give n changes in 
freque ncy and intensity cun be com· 
pared very easily. This is done in Figure 
3, which s.hows what change in the in· 
tensity of a tOile mus t be made in ordcr 
to compensate for a particular cha nge in 
frequency. wheuever it is desi red to bold 
auy oue of the subjective as})ects at a 
constant value. Dr. Slevens and his 
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colleagucs havc illlcrprclcd thcw results 
to mea n \'ariOliS things regarding tbe 
physiology of the ea r, and much of their 
work has been to correla te thesc results 
with the known facts regardiug the proc­
ess of hearing. Thus tbe partial tuni ng 
of the basilar membrane. the aetiva· 
t ion of the fibers ill the llud itory nerve, 
and similar phenomcna are being studied 
in thc light of the information prov ided 
by these cxperiments. 

For sOllie time it has been known tha t 
a sound stim ul ns gencrates an electric 
wa\'e iu the cochlea. Dr. Ste\,ens siJo\\ed 
tb at thjs effect is reversible. T hat is. he 
passed a lt erna ting current through the 
heads of several observers, aud they then 
experienced an auditory sensation. One 
electrode was strapped to Ihe arm and 
one was placed in a saline solut ion in the 
ea r. Severa l sets of measurements were 
made in order to determine the amount 
of energy req uired at different frequen. 
cies LO prod uce a tllreshold sensat ion of 
hearing and tben to producc a scnsation 
of shock. These threshold cun'es arc 
very similar to tLe curves (or normal 
hearing, as would IJe expecled. At 500 
cycles, for example, it l akes but 10 
decil.Jels abo\'e I Olicrowa tt to produce a 
sense of hearing, wbile at 12,000 cyc.les 
it lakes nea rly 30 decibels. At about 
125 eycles the two tbrcsholds meet, and 
then the sensa tion of bearing by this 
c1ec trieaJ stimulation becomes rallier 
strange. according to the reports or the 
ohservers. Pure toues were used in the 
measurements of the thresholds. but if 

FIGUlU! 2. Contour,; sho"';ng Ihe relal;on or 
I.itch to intensily. The rcr celli chang .. in fre­
ITuclley uL'CeiM!~ ry 10 k~'CI ' Ihe pitch (I f a given 
tone constanl in Ihe face of a &;"'-.0 chlln~e ;n 
in tcnsi ly ;8 II measnre of Ihe effect of in tcn. ily 
nl>Oll Ililch. The vertical scale wa~ so ch(I3Cn 
Ihat a contour wi lh posilive slope indica tes 
tha t pilch increueB wi l.l, ;nlcIlsily. Not .. that 
pite" decreaseil with in l cn~i ly hc10w 2000 "r 
3000eyde5, then ;nerea!leij 01 higher fre<.I'JCnl'ies. 

-
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very poor wave -forms such as the 
fa miliar saw-tooth discharge wa ,'c are 
us~d, the lower limit of frequency is 
extended imlefiu itcl y. although there is 
no longer the sensa tion of a con · 
t inuous toue. 

Un fortUlHll ely, the toues heard under 
electrica l stimula tion a re greatly dis­
torted and do not sOUlltl pure. This fact 
was demonstra ted by sendin g the out­
put of a radio reee:ver through the 
obser"~rs. Mus ic and speech were 
recogniza ble a8 snch but coulrl not be 
umlerstood with any dcgrce of accurucy. 

Several hypotheses have been ad · 
vaoced to explai n the phcnomellon of 
heari ng by electrical s timula tion, bUl 
the one \'0 hicb bes t fi ts the fac ts ass umes 
Iha t the same elements ill Ihe ear which 
prod uce all electr ic wave io response to 

mechauical vibration, nlso procced to 
vibrale wheD subjected to an alternating 
e lectric field. It has becn suggested that 
in this respect the hair cells of t.he inner 
ear bebave in a manner analogous to 
tiny pie:to crysta ls. 

A Illost interesting ilwesti ga tioB wlliell 
is being carried on at the present t illle is 
the study of the distor t ion of pure tones 
produced by the car. lI a rmonics so 
produced are hea rd subjectively, but 
arc no1. easily measured or s tudied ill 
the human ear. By the usc of anim als, 
however, Or. Stel'cns and Dr. Da l' is 
ha"e succeeded in obt aining much in­
teresting informat ion. It has been 
fo und tha t the cocblea of tbe ca r pro­
duces an electrica l po tentia l which is 
very simi lar in form to Ihe sound im­
pressed On the ear,aud that thi8 potentia l 
is a very goo<l index of the sOlll1d energy 

FIGUI<K 3. l60rhonic contours rCI,reselll ;ng 
"([ OI al pitch. lou <i uci!I!, "0101 111 (:, lint! dcn,,;t\" of 

- IOlles referred to II stll .ullird lo ne o f 500 cydt'Ol 
anti 60 db. Zero fre<llu::ncy "" 500 cycle!!, a",1 
7.Cro int ensity - 60 db .. bovc the u",litory 

threshold. 

5 EXPERIMENTER 

wh ich reaches the cnd-organs of the 
aud itory mecha nism. 

Tones are produced by a 'l'YI'£ 713-H 
J]elll -rrequently Osci llator lhe ou tpu t 
of which is fed through an altcnua tor 
a od tue ll into a speaker box. J~ rom there. 
a rubber Luhe cond ucts the sound to t he 
ear itself. T he cochlear po ten tial is 
picked up by a \\ ick elect rode from I he 
round window_ These poten tia ls were 
then ampli fied and fell 1.0 a TYPE 636-A 
Wave Analyzer, an oscillograph, or a 
speaker. A calibra ted micro phone \'oas 
a lso used to measu re the absolull' in_ 
tensi ty leve ls at the car. 

When pure tones arc used for the 
s t imu li, a n analysis of the electr ical ou t­
put sho\\s that harmonics are intro­
duced when the intensity of the st im ulus 
reaches 40 or 50 decibels ahove the 
human threshold. At first the second 
aPr/Cars; then, as the le,-e l is increased 
s lill fnrt her, the third, fourth, and eveo 
Lhe fifth harmonics appear. As the 
h l1 rmonic content rises, t he fund amental 
OUlpu t Lapers ofT anJ reaches a rather 
constant vll lue by ti le t ime tbe s t imulus 
has reachcd 100 decibels ahov*! til(' 
threshold. 

Qne interes ting fac t is t ha t afl er a 
le,·e\ of llbout 90 deci bels is reached the 
even IUlnuoll ics begin to filII off_ while 
the odd d im h s teadily. 
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STIMULU5 IN D B ABOve T HRESHOLD 

These phenomena give risc to 11 

hypothesis concerning the calise of the 
harmonics in the ear. Wilh small im­
pressed sound pressures the car has a 
Linear response, but , 8S the displacement 
of d m ear mechanism increases, firs t Olle 

portion of the mechanism ami then 
another reaches II limit beyond wbicb 
ll ooke's law docs 1IOl appl y and IIle 

"chnractcristic" cur ve of tbe ear is lion­
linear. If this Cline \\ cre exactly sym­
metrica l about the operating poinl , 110 
even harlllouiCij would be present . Since 
eveD harmonics were discovered, il is 
supposed that the constra ining lIIuscles 
of the middle ear impose ullsymmetrieal 
limilS 0 0 the amplitude or ,ibratiou. 
This poilll was experimenta ll y confirmed 
by chan ging the tension or the muscles 
of the middle ear lIud noticin g tbat the 
muoun lB or even harmonics wcre cor· 
respondingl}' a ffected . 

Some ,,'ork was also clone with COli) · 

billa tiou tones. 1''''0 )Jure tOIlCS d iffcring 
in rrequene} by se \'eral hundred cycles 
were introduced into the ear and the 
cochlear potential again aoalyzed. It 

was then found Lhal . ill addilion to tile 
harmonics of bolh lones, mauy com· 
bination tones " ere present, Tn one 
instance a total or sixty·six combination ......... 
tOiles wcre found in the OUIput of a cat's 
ear. Three of these were of Ihe &e\ enth 
order, while tell were of the sixth order. 
One interesting thi ng oocurrell when 
two lones were impressed simultane· 
ous ly: the harmonics of each were 
reduced appreciably Lelo,,' the level 
found ,.'hell onl}' one lone was used . 

1n addition 10 the in,'eli tigations out · 
liued in this lIrticle many more reo 
searches have been carried on in the 
past sc \'cral ycars in tbis fi eld . Further· 
more. it is cer tai n tha t more work will 
be donc in the fut ure to obtllin in · 
for mation which wi ll lead 1.0 au limier· 
s tanding of the nature of hearin g. It 
is still fa scinating to realize tha t the 
,'arioliS brancbes or science can co· 
operal e to prodm:e instruments and 
techniqueli which ,,·ilI allow better reo 
liultS to be obtained than when each 
branch works in its 0 ,"" tI " back yard ." 

- MAIITI~ A. G IUL\ N 
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TYPE 664 -A THERMO COUPLE-
A HIGH-FREQUENCY VOLTAGE STANDARD 

FIGVRII: I. Fron t, ie .... of the T YPE 6&1-,\ Ther. 
mocouple showing the $tandortl-voh age ter. 
minals. Tlw ci rcular 1.late mou nts in the IIhicid 

or on !lIf' panel of an r- f generator. 

• ABOUT A YEAR AGO all ex­

perimenta l thermocouple and resistor 
combination for the standardization of 
high-frequency ,'oltages was described 
in the E:rperimclltcr.* Since that time, 
scveral reques ts ha\e been received for 
similar devices, and , as a result , it has 
been decided to make a high-frequency 
thermovoltmeter elemcnt a\'ai lable as a 
stock item. 

Tbe pre\' iously described unit con­
sisted of a thermocouple and a standard 
resistor in series. bot h using O.4-mil 
nickel-a lloy ..... ire. The arrangement had 

*L 1:1. A,."inth.u, "A JI ;.It.~', ...... ""y Volt.le SI.~d.,J:· ,.:.-,_i ......... ,.J","'- 1937. 

the serious drawback that only about 
one-half volt could be sa fel y applied to 
the resistor unit . By using the hea ter of 
the thermocouple as the s tandard re­
sistor , this disadvantage can be over­
come. As will be pointed out latcr, the 
incrcased resistance does not introduce 
any error in the measurement. 

Qne of the factors determin.ing the 
hi gh-frcquency limit is the inductance 
of the hea tcr, or, more precisely, the 
illduclnnce- to-resistance ratio. This ra tio 
can he reduced (l) by decreaBi ng the 
wire diameter nnd (2) by increasing the 
resistt,' ity of the material used (chang­
ing the length changes the inductance 
and the resis tance but docs not alter the 
ratio appreciably). A decrease in diam­
etcr lowers tbe po,",'er hand ling capaci ty, 

FICUfll:I 2. Rear '·je .... o f the then nocouple. 
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GENERAL RADIO 8 

so Ihal au increase in the rcs i ~ ti vi l y of 
Ihe hea ler mUlcria l is morc llcsirablc 
tban the other method. After U IIl1l11cri . 

('u l consillcra l ion of t hese \ l1riOll8 fac lors, 
a 3·m;1 carbon hea ler U" IOllg was 
d lO8c n. The carbon hea ler hns the dis­
ad v8 nw ge o f baving a bad ICII'I>cral ure 
cocnicicn l of resistance bU I, in Iiddilioll 
Lo it s other advantages, il is defin itely 
lion-magnetic whereas high.resis tance 
alloys are not entirely (rec from sus· 
picion in this respect. 

T he terminal and electrica l arra nge­
ment, sho\\ II in Figure 3, has certa in 
ohvious advan tages. When the couple 
is moun led in the case of a shielded 
genera tor , the input a nd output circuiu~ 

have pract ically zero mutua l reactance, 
8\oiding stray induced outpu t voltages. 
Since the \'ohage elemen t is direcdy 
across the output termiuals. t he voltage 
8e llsiti\'ity is independent o f the resis· 

t ive or ca paci ti\'c load ulld . ill part icular. 
of the capacitance between the outpUI 
lerm inals. Applying The\'eoin's Iheo· 
rem, this mell ns Ihll l the e ffecti\'e output 
impedance is zero. nil import ll nt prac · 
tical advantnge (or high.(re<lue ncy mens· 
urements. 

The Sli fe lilll it of out,pul \'oit'lge is 
II bou L 7 volts. Atlh is voh llge the hell ier 
resista nce is a pproxi mately 200 ohms. 
and tbe couple Olltput (t hrougl, 10 ohms) 
is approximately 'I milli volts. 

Since t.his stantiard is the best which 
we have fOUlUI, no indepe ndent check on 
its accurac~' is a\'a il llble. The computed 
error resulting fro m inlillcia nee is 1% at. 

700 :M c and 2% III 1000 Mc. Est imated 
bca(] capaci ta nce gi \'cS a n error of 1% 
aL 10,000 Me. !l1I11 skin effect is 1% at 
l6.000 \l c. - I.,. B. AnGUBIIIAU 

INSULATING BEAD 

COUPLE HEATER 

STANDARD OC 
VOL TAGE 

o c ~---o--p? 

AC 

FIGlII<" 3:1. "iring dill~ro", of (he 
Ih""n<><:<)I'I' I,,. 

FU:UHR Jh. Sk"uh .. howing the unn!;". 
ruen l uf Ih ~ clemen I ... 

S PECIFICATIONS 
Dimensions: Dj"mcler or ~h icld panel, :1 
inehetl: tlialllcl<"r of ,·ll_e. ~ illd"o;!; dq llh he· 
himl Illllle!, J{ jllch . 

Net Wei , hl : 7ounc<-'!I. 
Code Word : fANe,,­
Pr ice: 32.) .00. 

GE NERAL RADIO COMPA NY 
30 STATE STREET CAMBRIOGE A, MASSACH USETTS 

BRANCH ENGINEERING OFFICES 

n WEST ST REET. NEW YORK CITY 

1000 NORTH SEWARD STREET. LOS ANGELES, CALifORNIA 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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