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Our Cover ,~ an Ill ustra llon o f ,nd U'l t ry , .... ;lCItOO .... th It G-S 1703 AudiorTetl" TIllS 
I,ItClure ,~ betng repealed ,n ITId ny pla .... l$ these da~ The subjec t IS u n(iE'rgOtOg a he,,,, ,,g 
I. 10 ON, d ,my (1evo" lIon from the nornlo)l .espon~e 

Inevitably, as lime goes by, we IIWlIkeo to 
the faCl that our hearing is noO t as good as il 
uSlld toO be. If we are lucky, Nature will proO
ceed slowly , but surely, toO steal this sense 
froOm us_ If we are unlucky. Nature will reo 
ceive much help in hastening the proOOII$S froOm 
the trapping$ of civilizat ion - the noises oOf 
machinery, jet engines, rock and rOil. etc. The 

tragedy oOf the lat lE' case lies in the insidious· 
ness by which we are consigned to that Quiet 
erworld. 

Deafness was recognized in the praclice oOf 
medicine froOm ils incePI'on bUI compara
tively lillie was known about how toO meas· 
ure the loss un til the early part of this cen· 
tury. In lone with Lord Kelv,n's axiom co .... · 
cerning measure'TlI:Int and knowledge. the 
medical professioOn has cot'ltfibuted much 
data since 1900 to establish degree and type 
of deafness in patients. These data were de

rived from the audiometer . a .... InSlfument 
which has becoOme ,ncreasingly familiar as ,n
dustry has been alertod to one of its respon· 
sibilities - the well·being oOf the worker 

In this issue, Rufus Grason, president 01 

GR's subsidiary, Grason,Sladle.-, describes 
the foOundations of audioOmetry and thedevel· 
opmen t of the aud,ometer 

AudlOlTMlters can be coOmplex or Simple. as 
established by their applications in heari .... g 
research or foOr cHnical studies. But thay are 
indis.pen$ilble in Ihis era of an alerted public 
and a benevoleot judiciary. delermined toO 
prevent man from helping Nalure's relentless 
but SloOW progression toOward an awesome, 
s,lent world 

C. E. White 
Editor 

A .... oOther year draws to a close. Perhaps ,I 
has nOI been the best of years 10 many 01 us 
but ,t " (I part 01 oOur lives_ loOoIdng forward 
optimistically. we al GR hope to share with 
our readf'fS II Holiday Season filled with haJ)
piness and a New Yea. of growlh and pros 
perity. 
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Audiometric Measurement : 

150 Years of Appl ied Research 

One of the mMV eDflloldlnol lOOS mfl lWOC1nl In. reant ..... fiIII . o f G. IISOfl-Stildle, WI th Gene,... R.t,o 
•• tIw forn.r's.xpertrse.n " ' e.sc:oenc. ,ns lru~Uotion . Of p_hc:ular trite""! won G.s·~ "~'P In 
the IInIgn .... d mstnb\l t,on of 1IC000$ tJc: and aud ,omet"c: ... strumenu'bon- .... _ •• tlleh SlgntftCMl tly 
~pIe,",l'Iti th.1 OCCUpied by G A', iICOUst." me.ure ...... ' dtov ,e:.s. In 1M.,., YO" Grmon·S~". h;l$ 
,ntroduc-d two new major models, the GoS 1101 O'asJ>ost.c Audlomet • • and, more recently. the GS 
1703 R..::oo-d mll AudIomete r. Add,ng to en a lready extenSIve h .... Ih_ models ,..prnonl two u t .. mes 
of • eonlmuum o f dBvlCft ~ epphc:a tions non lll from " '10 •• .,.1.,. Simp le ... 10mal.c $CtWlll nmv to h'~1y 
aoph l$lle-e.d ..... ch. This . rtlc" dIsc'; tJt. I~ lWO un Its, how th.y QnW to be .... d the ,r sollF'.foCIJnot 

If'! the .. d lOn'Wlrlc field . 

WHAT IS AN AUDIOMETER? 

In simple terms, an uudlOmeter is an electronic Iflstru men. 
used to measure an indiVldual's hearing acuIty. The simplest 
units perform this function by providing to the listener (usu
ally through earphones) an audio signal (commonly a pure 
tone) of known Intenslly and freque ncy_ More sophistica ted 
mstruments offer the hstener a varie ty ohignals, pure lones, 
wh ite noise, and speech, through a variety of o utput trans
ducers earphones, bone vibrators, or loudspeakers. These 
audiometers often will record , fo r several frequencies, the 
mtensily level at which the listener Just hears the signaL 

The audiometer IS usually operated under the auspices o f 
an audIOlogISt, a professionally tramed individual interested 
In the measuremen t of the hcaring funclion, 115 relationship 
to norma tive data, 115 assessment and, where appropria te,lts 
trea tment. As a formal discipline, Ihe field of audiology plus 
the instru mentation thai accompanies it u slightly more than 
20 years old 80th were precipitated dunng the posl World 
War 11 era when thousands of service personnel With varymg 
degrees of hearing impai rments retumed to ciVilian sta tus. 
Then, more than ever beforc, there was need forequipment, 
tramed personnel, and accep ted, proven techn iques. 

ROOTSOF AUDIOMETR Y 

The earhest a ttempts, m the beginni ng of the 191h cen
tury to establish techniques for the measuremen t of heanng 
Involved little or no ins trumen tation as such. On the simplest 
level were live-voice tests, which typically required the lester 
to main tam a fixed-mlensity speech level while varying the 
test distance until he could Just be heard by the listener 
Although th iS type of test yields some info rma tion regarding 
how an indiVIdual handlcsspceeh communica tion, 11 requires 
well-practiced testers, is subject to great test-retest varia
bility, and is, at best. adequate only for screen 109 pu rposes. 

Other early hearing tests mvolved the tumng fork, whose 
prongs vibrate when struck lightly, prodUCing a pure fixed
frequency tonc. The tuning fo rk proVlded a convenient 
means of genera ting a preciSely repeatable fixed frequency, 
eve n though II was a greater problem to con trol the sound 
level at the subject's car with the tuning fon: than with live 
speech. Moreover, It also mamfested the ability 10 transmit Its 
Signal by means other than air cond uction, for , If its base IS 
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placed In co ntact With any sohd matenal wood. metal, o r 
the human sk ull it mduces sym pathetic vibrations LO Iha t 
material. ThiS characteTlstlC made the lunmg fork uniquely 
SUi table for e:lrly attemp ts to deICTl11lne the anatomical Site 
responsible for a given he:lnng loss. 

No rmall y, the Ylbratmg fork would be held outside the 
ear, ai r servi ng as the Lnllial conduclive medIUm. If the tone 
ge nerated wen: heard by the Iistener,lI was on ly because the 
ear was "normal" and the tone had been transmitted success
fully through the en tm: :luditory Ch~LO, LO clu din g the outer, 
middle , and inner cars. I f thiS lest wen: unsuccessful, th e nex t 
step might be to place the base of the Vibrating fork bchlOd 
the car on the subject's mastoid bone, which serves as the 
inllJal conductive medium For the lone genera ted by thiS 
process 10 be heard , II would only have to excite, by direct 
conductive Vibrat ions, the mner-car neural mechanisms 
thro ugh whu:h acoost ic ~ tllnuli arc transmitted to the higher 
cen ters In the bram. If thi!> step successfully elicited a re
sponse where air condUCti on had failed, it wou ld seem to 
indicate some hlockage or discontinuity Ln the outer o r mid
dle e:l r. This mode of detcrminmga ny differe nt ial senSi tIVIty 
to ai r-conductlOn and bone-conduction test s proved to be a 
viable diagnostic procedure. The baSiC tcehnique pioneered 
wilh the tunmg fork was subseque ntl y relined and ad opted as 
a standard proced ure In the growmg diagnost Ic repertoire. 
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EA RLY INSTRUMENTS 

For many years the tuning fork and live-voice test served 
as the most sophislicated means to measure human hearing. 
By Ihe end of the 191h century, however, technology had 
advanced to a point where corollaries to these types of tests 
could be implemented by electro-mechanical instruments. 
The earliest instruments designed to test hearing were 
scarcely one slep removed from the tuning fork, in some cases 
containing that very device as their central component. In at 
least one IOstance, the luning fork's oscillations were used to 
modulate an electrical circuit and to produce an alternating 
current in a secondary circuit. Part of this secondary circui t 
was a telephone receiver that reproduced the frequency of 
the vibrating fork at the listener's ear. This technique estab
lished a Signal source with repeatable frequency charactens
tics_ Popularly called an "Acoumeter," this tuning fork 
audiometer served as the basic audnory-testlnstrument until 
the ailernating-current generator made possible the produc
tion of a signal with a wider frequency range than that of a 
tuning fork The availability of the vacuum tube, in the early 
1920's, made electronic audiometers commercially feasible. 

By the early years of the 20 lh century, then, an electro
mechanical replacement had been found for the purely me
chanicaltuning fork in air-conduction threshold tests, It was 
only a few years later that an electro-mechanical successor 
was found for the tuning fork in its second application-tests 
of bone-conduction hearing. To reproduce the effect of the 
VIbrating base of Ihe tuning fork, the diaphragm of a tele
phone receIver was replaced by a strip of metal to whose 
surface was attached a metal rod . This device, driven by the 
same auditory signal used in the air-conduction tests, could 
now serve as the vibration source. 

The electronic successor to the earlier live-voice speech 
testmg came about gradually through the early years of the 
20lh century. By 1927. the leehnique of recorded speech 
tests Implemented by a spring-wound phonograph - had 
reachl!d a new peak of sophistication in the Western Electric 
4A Audiometer. ThiS unit permitted individual subjects, or 
even entue classes of subjects, to be given speech threshold 
tests. 

Few really significant audiometric developments took 
place in the 30's and early 40's, prior to the outbreak ofWW 
II. The field was growing. however, and commercial audlom
I!ters appeared in increasing numbers on the marke t, although 
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Figure 1 T964 JSO Ihresholdvalue!i for pure lone . Earphone 
reference based on measuremenl$ made on Nallooltl Buteau 

of Slandilrds g-A coupler and We!ilern Electric 70Seafphon •. 

their main characteristics were really quite simIlar. They 
were, without exception, vacuum-tube based, Several were 
equipped with sweep-frequency oscillators, though the ma
jority provided only a hmited number of frequencies , mOST of 
them the so-called "tuning.fork frequencies" of 128 liz and 
ItS multiples. Output I ransducers generally included a variety 
of types of earphones and early renditIons of the bone vibra
tor. An electric buzzer was included as II rough approx
imation of a masking source o n many units, to "m3sk" or 
shield the ear nOI under test from signals conveyed by air or 
bone from the ear under test, Intensity was usually specified 
in terms of decibels of attenuation for each frequency used. 

INSTRUMENTATI ON IMPROVEMENTS 

In terms of the test equipmen t that had preceded them, 
the instruments described above reflected significant ad
vancements in both audiome try and general elect ronic tech
nology . The tech nology as a whole, however, wasstiU 10 rela
tive infancy. 

Standards 

When audiometers first were commerCially manufactured, 
there were no accepted standards to specify either "normal" 
thresholds, acceptable signal parameters, or test techniques. 
Over the years, however, many orga mzations have been 
formed specific:lIly to establish, revise , and maintain such 
standards. 

One of the most important standards, worked out over the 
course of sc\'Cral years, speCifies the "norma'" threshold m
tensilles of the most significant frequencies'in the audible 
continuum. These so-called normal absolute threshold values 
were obtained by screening large segmen ts of the population 
to locate individuals without obvious hearing abnormalJlies, 
then by meticulous tests of these individuals' hearing. After 
further screening of the data, a statistical avcrage was made 
and an absolute threshold value for each of scveral frequen
cies determined. Figure I shows the ISO pure-tone absolute 
threshold levels versus frequency. 

On modem audiogranl forms, such as thai from Ihe C-S 
1701 (shown in Figure 2), an Individual's hearing at several 
frequencies is plotted with rderence to Hearing Threshold 
LeveL 0 dB IITL IS equivalen t to the standard normal thresh
old values shown In Figurl! I 

The C-S 1701 , like most other audiometers, changes the 
inlensi ty of the output 015 Ihe frequency is changed and auto
mallcally references the signal to the accepted Ihreshold 
standards. A subJcct wllh hearing aCUity more sensltlvc than 
normal will show a negative l iTL. A subje ct whose heanngis 
less sensitive than normal will show a posillve HTL , I.C., he 
will require a signal more Intense than normal to hear the 
same frequency tone. 

CalIbration 

The American National Standards In sti tute , Inc. (AI\S I) 
the National Bure,ill of Standards, and other regulatory 
groups also have tried to est:lblish sland:lrds in the critical 
are3 o r audiometer calibra tlon. The ou tput level of early audi
ometers, for example, was calibrated by the measurement of 
voltage produced across the earphones. While ~uch an ap
proach could accurately dcscnhc the adequacy of the SIgnal 
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within the system, II look into account neither the likely 
non-uniform ity of the earphone response nor the effect on 
that response o f the volume, resonance, and impedance char
acteristics of Ihe ear into which the signal was directed. 

The most significant improvement in this area came when 
couplers and, later, artificial ears were Introduced into the 
audIOmetric calibra tion process. BOlh these devices, made 
wilh known volume and material, serve as substitutes for Lhe 
human ear. The earphone of the audiometer to be calibrated 
is lIght ly fitt ed to the mouth of the coupler or artificial ear. 
The sound-pressu re level of Ihe earphone signal, introduced 
al a fixed input level, can then be measured and read th rough 
a microphone con tained in the cavity. 

MaskingSou rces 

The importance o f a masking source to mask, or block . 
tl'1lnsnnssion of the test signal to the car not under test was 
recogn ized lfl the I 920's, and early lIudiometers contained an 
ordinary electrical buzzer specifically for this purpose. It 
soon became apparent that the precise nature of the masking 
agent - especially its frequency spectrum - significantly 
affected the pure-tone threshold being measured. 

White nolSe, whose spectru m con tams equal amounts of 
all audible frequencies, provides a more effective masking 
agen t than the buzzer and continues to be used to th e prese nt 
day. White noise musks all frequencies e(IUally, including th at 
of the test signal, and wilh a minimum production of beats o r 
harmonics. This major advantage of white noise, however, is 
also its main disadvantage. Because the wnlle-noisespectru m 
is so broad, 11 mtroduces to the ear no t under test a much 
higher over-all cnergy level than 15 requi red to mask any given 
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F,gure 2. G.s 1701 audiogram, 
IUunnlling possible inner~.r 
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pure tone. Ideally, most efficient masking would be accom
plished with a very narrow band o f freq uencies cen tered 
around the test tone, which would concentrate the available 
energy in the vicinity of that tone. 

As its latest approximation 10 an optimum masking signaJ, 
Grason-$Iadler has lflcorporated mto I ts 1701 Audiometer a 
variable narrow-band noise sou rce whose bandwidth changes 
as a fun ction of the frequency of the test tone. This variable 
bandwid th, whIch permits e ffici en t masking 10 take place at 
aU frequ enCIes, IS unique to the G-$ 1701 and stands ou l as 
one of its most important features . 

Speech Testing 

The d15advantages of live-voice tests have already been 
mentioned. It became apparent at a relat ively early stage, 
however, that whatever the advances in sophistica tion o f 
pure-tone audiometry, speech material could not be aban
doned enti rely as an audio me tric st1mulus. Not only arc therc 
psychological advantages in tests wilh a speech stimulus, 
normally dealt wi th by average lis teners, but there are certain 
common hcaring di.~orders in which the subject manifests 
signifi cantly less ability 10 understand speech than hiS pure
tone threshold would suggesl. Fo r these reasons, improved 
instrumentation and the s tandard iza tion o f lesting matcmls 
were needed. 

A varie ty of speech ma terials has heen developed specifi
cally for speech aud10metry through the years. Mu ch of the 
wo rk originated at Ihe Harvard Psychoacoustic Laboratory. 
Ihe Bell Telephone Laborato ries, and the Central Instilute 
for the Deaf. Such material gcnerall y includes the equally 
sl ressed (spondee) and phonetically balanced IJs ts whose 
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RufuS l Gta,Ql'l received a very practical Introduction to the field 
of psvchoac;ousti« and IU instrumentation by firS! working in,and 
later as.sumil'l9 res!X)I'Isibilily for, the electronics shop It the Her 
_d Psvch0lC0U5tic Laboratory Hi, ellP8!'lence IncI !rlining tead 
him in 1949 10 form, with St ..... Stadl .... 1he Grl50n-St.:llet 
ComJ»nv. now I ""bsidiary of Generll Radio, ~ President Ind 
DireclO1" ot Engineering, he Nq been intimatetv involved with desigo 
end deYelepmerll of the company's equipment, mo,l reoentlv the 
1701 end 1703 audlomf!tars. In the_Iv 1960'5, Mr. Gnnon 1Itved 
11$ I rnembeI' ot the American S1bnderds As"oclation writing group 
whose recom~tion$ for audiometer, resulted in the ANSI 1969 
,,*ifications, He is currenliV Secretary of • subcommittee of the 
International Electrotechnical Commission, preparif'lg specifications 
lor diagnostic and rll$e3rch .... diometers. 

phonemic make-up roughly matches that of American col
loquial speech, This material is p~nted tn standard speech 
tests either by an operator or through tape or phonograph 
tnputs, 

Modern audiometers such as the G-S 1701 include a VU 
meter that can be switched into the circuit to calibrate the 
input sIgnal, either the speaker's vOIce or a recorded (tape or 
phonograph) input. To deliver a fixed-intensity speech signal 
to the subject in live-voice tests, the operator need only speak 
into the microphone and control the intensity of his speech 
WIth the aid of the monitor VU meter, Precisely repeatable 
Intensity increments or decrements can then be made by a 
simple adjustment of the attenuatorcontrol. 

A second method of implementing speech tests is to pre
scnt Ih(' recorded material by means of either a phonograph 
or I tape re<:order. To facilitat(' such an approach. most of the 
standard word lists are now provided by audiometer manu
facturers on records, which have the advantage of providing a 
uniform speaking voice; this permits exceUent inter-clinic 
data comparisons. At the beginning of these records a 
I OOO-lIz calibration tone is generally included, which can be 
used to ensure that different testers prtscnt subsequent lest 
malenals under more nearly comparable conditions. 

Supra thnlshold Tesb 

One of the m-.ior disadvantages of,the earlier audiometers 
was theIr exclusion of suprathreshold testing. Almost with
out exception, audiometers wert used to determine the rmni
mum audible Intensity that could be detected by the listener, 
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i.e., his threshold. In rtcent years, a number of tests that use 
auditory stimuli well above normal threshold have been de
veloped which, when used as constituents of a multiple-test 
battery, become usefu l as aids In defining the anatomical site 
of the hearing impairment. Two of the better-k nown tests 
include the Short Incrtment Sensitivity Index (S ISI) and the 
Alternate Binaural Loudness Balance (A BLB). 

In the SIS! test, the listener hears a con tinuous tone prt
sented at a level approxImately 20 dB above his threshold, 
Every 5 seconds, a 200-ms, l-dB Increment is added to the 
pure tone, The percentage of increments heard is used to 
estabhsh an evaluatJon score, 

The ABLB test provides information about the supra
threshold phenomenon of recruitment, i.e., the abnormally 
rapid increase in loudness as intenSity is Increased In patho
logic ears. Thjs test, which postulates one normal ear, is pre
sented by alternating a pulsed tone between cars, its intensity 
in one ear controlled by the operator and that in the other 
ear controlled by the subjed The operator gradually in

creases the sound-pressure level in the one ear, and the sub
ject is requested to adjust the Intcnsity in the other untt! it 
seems to match. The listener who perceIves the lone 10 be 
growing louder at a faster rate in one ear than in the Olher 
generally exhibits somc abnormality associated with the or
gan of Corti. 

Automatic Audiome ters 

In the early years of electroniC IOstrumentation, the 3udi
ometer was manually operated Intensity.and frequency 
changes_ and any timing of signal duratIon, were imple
mented by the operator. The responses of the subject, usually 
a verbal ''yes'- or "no" or a hand signal, were also manually 
recorded by the operator. 

In recent years, especially since WW 11_ an increasing num
ber of these functions have been automated. In addition to 
the obvious benefit of operational case, such automation has 
resulted 10 increased reliability by presenting standard test 
sequences, free from operator intervention and the conse
quent possibility of error. On the automa tic G-S 1701, for 
example, standard tests that employ short auditory signal 
presentations are automatically timed. The G-S 1701 also 
varies intensity and frequency parameters, and it records the 
subject responses to these stimulI. The technique through 
which thiS is accomph!>hed IS generally referred to as Ihe 
Bekesy technique, after Georg von Bekesy who developed the 
procedure tn the I 940-s. 

Bekesy's technique requires that the sUbJect's threshold be 
recorded continuously at scveral test frequencies. While the 
test is being admInistered, a recording pen is moved along the 
horizontal axis of the audiogram form, on which frequrncy is 
plotted, In the abscnce of a subject response, an automatic 
attenuator IIssociated with the ~ubject switch increases the 
sound level and simultaneously moves the recordtng pen 
down along the BTL (vertical) axiS or the form. In the pres
ence of a subject response, the attenuator decreases the sound 
level and moves the recordtng pen up along the charfs vertical 
aXIS. The end result of this prcxedun: is that a record is made 
of the subject responses In the region between audibility and 
inaUdIbility. 
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THE GRASON·STADLER AUDIOMETERS 

Grason-Stadler has been design ing and man ufactu ring au
diomet ric equipment fo r more than 20 years, lis present li ne 
of audiometry-related instrumenta tion includes a speech au
diometer; a psychogalvanometer, which utilizes condit ioning 
techntque.<; to elicit a change in skin resistance asan mdica tor 
of auditory threshold , a group hearing aid, essentially an am
plifier used in group situations to communicate with the 
hard-of-hearing ; and two audiometers - the G-S 170 1 and 
1703_ 

The G-S 1701 Audiometer 

The C-S 1101 is a sophisticated diagnostic aud iome ter 
used under the auspices of professional audiologIsts to meas
ure and assISt in the evaluation of the heanng fu nction_ Stnce 
It IS designed to be used in the diagnosis of hearing impair
ments - which requires the administration of whole blll 
teries of related tests the Instrument is extremely versatile_ 
Signal sources include pure-tone, while, narrow-band and 
speech noise, as well as microphone, phonograph, and tape 
recorder inputs. Output transducers include loudspeakers 
for sound-field tests, earphones for alT conduction. and a 
bone Vibrator for bone-conductlOn tests, all three advan
tageous for reasons mentioned above_ Suprathreshold tes ts 
such as SISI and AB LB are lIutomated lind can be imple
mented by changes of a few front-panel SWltches_ 

Intensity output of both channels of the C-S 170 I is from 
t5 dB to +115 dB IITl for mid-range pure tones. Timing for 

other tests can be implemented manually orlutomat ically in 
a variety of switch-selected modes. To facilita te \'erbal com
munication With the listener bems tested, a talk
forward/talk-b:H:k system with Independent level controls is 
included with the C-S 1701 . 

Perhaps its most outstanding feature IS the flexibility of its 
automatic control provisions_ In additIOn to sweep-frequency 
Btk~sy, it can present fixed-frequency Bckesy or automatic 
ABlB tests_ Another distinctive feature IS liS variable band
width masking source, the first such masking source to appear 
on a commercially available audiometer. 

Tke G-5 1703 Audlome~ 

The C-S 1703 Recording Audiometer is much simpler and 
less soprusticated than the 1701_ lt hasheen designed pnmar
L1y for usc In the early stages of a well-developed hearing 
program, 10 dIStinguish normal from hard-of-hearing indivi
duals. Although the C-S 1703 Will be used for a variety of 
applications. It will undoubtedly find wide-spread use in in
dustrial and business situatIOns where high ambient-noise 
!c\'e!s might adversely dffect heanng. 

The existence of nO~-Induced hcanng loss has been rec
op-mud for a numbcrofyears~ the first national conference 
on noi~e was hcld in 195:;1. Since then , numerous variables 
con tributing to nOise-induced hearing loss have been deter
nllned with some preCISlon~ over-aU noise level, composi tion 
of the noise. duration and distnbutlon of exposure, and total 
time of exposure. TheSe: inquiries have led qUIte recently toa 
series of Federal and State laws that speCify permissible noise 
conl.litlOns and prescribe compensallon fOl workers suffering 
heanng loss due to occupational noise exposure_ 

OCTOBER/DECEMBER 1970 

In recogn ition of these pOSSible effects of noise, more and 
more compames arc establishing theI r own in-plan t heanng 
test centers. When fully opera tional, these facil ities will be 
used to screen individuals before they en ter the working en
vi ronmen t and at various time Intervals during their occupa
tional careers. In this manner, both the worker and the 
employer can be assured of mu tual protection against the 
undeSirable effects of nOIse pollutlon_ 

The C-S 1703 is a pure-tone aud iometer with an mtensity 
range of - 10 dB to 90 dB IITL It IS extremely simple to 
operate, having only threl' operator pushbultons - Start, 
Stop, and lIold. Included as an Integral part of the unit is 3 

recorder that makes a permanent reeNd of subject responses, 
firs t for the left and then for the right ear. At each of the 
seven discrete frequencies presented, Ihe subject's th reshold 
is determmed and recorded via a modified Bckesy techmque_ 

T he C-S 1703 has at least two unictue fea tures not incor
porated in other UOits currently ava ilable. First, the subJect
controlled intensity changes at a vaTLable rate , rapidly at the 
start of each test frequency. then more slowly as threshold is 

approached. This technique means t hat less ti me is spcn t get
ting to the threshold regIOn at each frequency and more time 
is spen t defimng the threshold precisely. ThiS, In tum, means 
greater retest reliability and a more meaningful audiogram. 

Second. the C-S 1703 automatically initiates a check of 
threshold at I kllz al the end of eJch test. This value, when 
compared to the previous thn'~hold value of I kllz, gives the 
operator an immediate Indie.uion of the validity of the test, 

CONCLUS IONS 

These distinct ive feature~ of the C-S 1703, added to lis 
ease of operation and Its reliability of dc~ign. should give It. 
like its more sophisticated antecedent, the C-S 170 I, a long 
and healthy life in a world which IncTl'asmgly requires pre .. ise 
mrormatlon about the human hcanng fun ction . In conJunc
tion wllh GR's growmg hne of mstruments for sound mcols
urement. these t .... o Units dnli IheIT cOmpaOlons provide one 
of the most I.:omrrehenslvt' ~Lnl;k sourct:~ for audiometric 
and acouSILC \'(!uipmcnt 

- R. L(jrason 

The author acknowledges, Wllh gratitude, the work performed by 

Cafol W. Helle' ,n xsembl.ng and coordmalmg much of 1M male"al 
10 th.sart,Cle. 
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A BIG LITTLE-BROTH ER PREAMPLIFIER 

• 

GR 156Q.f'42 Preamplifier 

The GR 1560-1'42 Preamplifier is a 
bridge between most test microphones 
( ceramic or tondc nser) or ceramic 
transducers lind the GR analyzers and 
sound·level meters. It is similar to the 
GR 1 560-P40 unll but incorporates sev
eral improvements In its design . 

Some Details 

The ·1'42 unit is of smllkr physical 
s ize (1/2·inch diameter by 6-im:h 
length). Incorporates swilch-sclected 
polanz.ing voltages, derived (rom an in
ternal 65·kHz (approltimale)oscillalor. 
for condenser microphones . and has 
larger output current Its three-wire 
output transmiSSion system has a sepa
Tale signal ground and ashu~:ld that does 
nOI carry sIgnal current, thereby re
ducing hum pIckup. 

The standard front-end connection 
is readily adaptable to most test
measurement condenser and ceramic 
mi crophones_ The Input connection is 
gua rded by a signal-driven sh ield , which 
redu ces capacitive loading for low-ca
pacItan ce microphones. Provision has 
been made. as an Integral part of the 
preamplifie r outpu t Jack (Figure I), for 
insert-voltage calibrations. typically re
quired for laboratory standard micro-

phones such as the WE 640AA, and for 
remote checks of systems. 

The preamplifier class AB output 
stage can provide up to lOrnA peak and 
> I V rms to feed full audio-range sig
nals through cables as long as one mile; 
with no signal it draws less than I rnA at 
+15 V. when used with ceramIC micro
phones. thereby promoting longer sup
ply battery life. Gain of the ·P42 is 
switch-selected as unity (0 dB) or x 10 
(20 dB). The FET inpul-stage desIgn 
provides diode proteClion against Input 
surges. 

Connection between the preampli
fier and transducers IS by means of the 
accepted 0.460-60 thread , to fit present 
condenser microphones and their adap
tors. Most other microphones and accel· 
erometers are connected by use of sim
ple GR adaptors. 

Power for the -P42 unit is available 
from most of GR's sound analyzers and 
sound-level me ters. For use with other 
instruments or for long cable runs, the 
GR 1560-P62 Power Supply Will pro
vide the required power. The power 
supply includes NiCad balleries, charg
ing circuitry, an automatic low batlery
voltage sensor to prevent excessive dIS' 
cha rge. load-cu rrenl limiting. and reo 

____ _ I!'~;':'"!-----. 

• "I~~, j'~=:r,:'§-~t::' E ===::;-" 
__ ': :IOo'UD 
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Fog" ... 1 Schoetnl l oC o f 3 __ rll and ;nsert ·voItage conneetlons In ·P42 preampli fo er . 

, . 
l";n . n'IICfophone 

1/2'11'1. rncrophol'le 

1/4'11'1 . microphone 

-'" 
1/8'11'1. microphone 

mote-swilch cont rol capability to !Um 
off the power. 

Other Necessities 

Since no single type of microphone 
sa llsfies all tcst requirements, GR has 
made avai lable as sets a group of micro
phones to supplement the preamplifier 
unit . The I·inch ceramic and 1/2-inch 
condenser microphones are useful for 
mea s urements of low or moderate 
sound·pressure levels al normal audio 
frequencies. The 1/ 2-, 1/4-. and 1/8-
inch condenser microphones ate re
qUIred .... hen measurefl\ents are made at 
high so und-pressure levels or high 
frequen cies. Each set includes all neces
sary adaptors to mate microphone. pre
amplifier. and GR 1562 Sound-Level 
Calibrator. In add Ilion, an ada pi or is a
vaIlable to mate the -P42 unit and stand
ard I-in ch condenser microphonessuch 
as the Western Electric640AA.another 
adaptor is supplied to male to Switch
c raft-type A3 aud io-type connectors. 

The GR 1560-9580 Tripod accom
modates both the -1'42 and -P4Q pream
plifiers. the GR l560-P5 microphone, 
and all sound and Vibration instruments 
having a 1/4-20 threaded tripod mount. 

OewlD!Jment 01 the GR 1560-P42 was by 
E. R. Marlenev. 

Complele delalls 01 the GR 1560-P42 Pre
amoliloer. microphones. and adaptors are JI • 
~1I,lable in GR Catalog U. 
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The Greeks Had A "Word" For It Stroboscope 

A coined word of deep impact in the field of illumination, 
derived from strobos (whirling) and skopeo (I look at) 

Years ago man discovered that the eye could perceive 
rapidly moving objects by observing them on ly intermillen l
Iy, as through a slit in a whIrling opaque disc. A similar "mi
raculous" phenomenon familiar to early western-movie fans 
was commonly termed "wagon-wheel effect" and was due 10 
the harmonic ~Iationship between the infonna lion-sampling 
(camera-framing) rate and the ro tatiOnal Tates of the thou
sands of wagon wheels that thundered across the silver screen. 
But It took the Inuoduclion of Dr. l!arold Edgerton's elec
tronic stroboscope by General Radio Company some 38 
years ago to bridge the gap between a novelty principle and a 
widely·useful tool. Intense microsecond flashes of light pro
duced by the many Improved general-purpose instruments 
introduced over the years provide the ultimate in motion
stopping capability to observe visually, to measure the speed 
of, or to photograph events and objects that would otherwise 
be but a blur. 

The Beer CorporatIon'. POrtable .u tomobole 
.....neel-oalanClng machIne incorporates 
GR 1542mobo$eope. 

PhOl09"l>h CO<Irt"V 0 1 

B."Coroorlllon. Roo;" ''',nd. IIlInoil 
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Customer requests indicated a need for several addI tions 
to the GR strobe li ne such as the G R 1540 St robolume® 
electron ic stroboscope, ' which produces ex tremely high light 
output, and the GR 1541 Multiflash Generator,] an acces
sory for photogrnphic applications. New, less-expensive light 
generators also were requested for "single-use" applica tions 
that demand less versatile light sources, such as a simple basic 
stroboscope designed only to "freeze" motion for visual 
study. One answer to these needs is the GR 1542 f1ectronic 
Stroboscope. 

Small Bu t Mi Itt tv 

SLmphcily in Itself. the GR 1542 is a small, rugged, inex
pensive and simple-to-oper3te stroboscope that puts the 
magic of frozen motIon at your fingertips . i ts stable wide
range oscillator produces steady stopped- or slow-motion 
Images. 

Most st roboscopes produce an image th at appears to the 
operator to decrease in brightness as the- flash rate is de
creased. Usually this undesirable situation IS overcome by 
switching additional capacitors into the discha rge circuit at 
reduced oscillator frequencies. The GR 1542, however, uses a 
novel electronic circuit to provide an essentially constant sub-

I Mi ller, C. I·., "O.,tal1ed Vie,,;n,;n Ambienl Ilri,h lnes:5." GR l!'}(Pf!ri. 
mtn.tr, s.,p tembt"r/OClOlJer 1969. 

lMiller. C. ,.:., and Koaers. W. F., "NtwSh~ fOT In Old WorkhOfH." 
GR Experlmtnltr. July /September 1970 
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C. E. Miller WM 91i1duated from Vale Univer
sity in 1960 with a B. EI\g. degree and re
ceived his MS degree from M8S$OChusetts 
Institute of Technology In 1966. He toined 
General Radio in 1960 and is an engineer in 
the ComponefH and Network TestingGroup. 
He IS a member 01 'EEE , AOA and AT! and 
holds a patent lo r a const!lllt offset lreaueo
cy-generaling device 10 produce siow-motion ,-

Ject1ve Image brighlness over I wide speed range wi thoul 
swilchina, result ina In greater operational simplicity and 
lower over-all cost' 

In edu cat10n , the GR 154'2 15 well suited to student use in 
uperimenls that demonstrate the princ1ples of stroboscopy 
and harmonic motions_ Industrial uses for the GR 1542 
abound in development, test, and maintenance areas. Careful 
eleclrical and mechanical design assure that this hand-held 
instnlment will perform faithfully under severe induslrial en
vironmental conditions. 

A particularly interesting application involves the use of a 
slightly modified GR 1542 in a new-type automobile wheel
balancing machine (Figure I) lOvented by Bear ManufaclUr
ing Corporation of Rock Island, IIhnois - long the foremost 
manufacturer o f aut o motive brake and wheel alignment 
equipment in the USA . The s troboscope is an essential com-
ponen I in the "Tela balancer. .. With tillS machine the opera lor 
quickly makes extremely accurate balances of wheels with all 
parIS, lOcluding the hubcaps, in place and at road speeds of 
120 mph! Bear chose 10 u~ the GR 1542 for the cnlicli 
ill um lO alor in the Telabalan cer because ofits lugh. relatively-

constanl lighl outpu t, oscillator stabil ity, and ease of adJust· 
ment - important factors to the operator often working 
rapidly 10 areas of high ambient illumination . High reliability 
is also a prime requirement as the Telaba lancer must function 
day after day, The stroboscope package provides the rather 
unique advantage that the entire s trobe is bolted into the 
Telabalancer as a completely enclosed component. In the 
even t service is reqUlred, the user simply unbolts and easily 
removes the s troboscope and returns it to his distributor for 
an e"change umt. 

Some BackgrouMi 

Realization of the GR 1542 Involved an unusual degree of 
cooperation among the Industrial design, mechanical. and 
electrical engweers. The puckalle was to be compact, neat In 

appear-mce. and the controls conven ient to operate. [t is 
physically rugged and thermally and eleclrically compatible 
with the high-performance strobe "innards," assuring oper~
tor safety and low cost. These criteria were met by use of a 
variety of tough plasHcs and a novel. symmetrical "clam
shell" injection-molded case, amazingly resistant 10 physical 
abuse. 

A single'range IIncalibrated oscilla tor provides flashing 
rates from appro",mately 180 to 3800 flashes·pe r-minute . or 
a speed ratio o f approximately 20 to I. StabililY of the oscil
lator is of prime importance to produce s teady. stopped. or 
slow·motion imag{'5. Accuracy o f calibration , of course , is 
not a fa ctor since the IOstrument is not intended for speed 
measurements. A five-tu m l:onllOuo us control provides ver
nier action for smooth speed adjustment Iltroughoul the 
oscillator range , and motIOns to above 50,000 rpm may be 
viewed by use of harm onics. 

User response indicat es the GR 1542 provides good per
formance and II truly econo nucal capability to "stop" high
speed mot ions for visual study or analYSIS, 

C. E. Miller 

ThfI GR 1542 was des,!!"ed by the aUlhor; W. A. Montague and P. A 
d'Enlremonl conlrlbuled 10 the mechanical and industrial des.!!"s 
respect.vely. 
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Information 
Retrieval 

Art .rt,cte ed.ted by L. J . Chamber',,". Execullve V,ce·Pres.deot 
of Time/Data iii GA company I, presents the subJeCI 01 t,me-sefle5 
analysii on comparah'III!Iy SImple letms and .Uunraltons II .s en titled 
" A Simple DISCUSSIon 01 Ttme·Sefies Artalvi 's" and IS av.oIabie 10 
any reader who would like. Single copy . Address your request 10 
Ihe Editor - GR EKPfN;n'IInfer. General Rad.o Co .. Concord . Mass. 
01742. 
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EXTRA! 

Stability In Standard Capacitors, 
Precision in Capac itance Measurements 

OUf standard capacitors do change with time. 
Even though these capacitors have remained satisfactorily 

stable over the years. the accuracy of the calibration s, Figure 
J, shows an inclination to plunge into the region where the 
uncertainties are less than a part per million. The National 
Bure:1U of Standards has led the way with improved capac
itors and measurements. We have followed them, not only 
with interest but with some new instruments l designed to 
bri ng to other laboratories the increasing accuracy o f NBS 
cal ibrations. 

The new G R 1408 to.. and IOo.pF reference·standard 
capacitors with the proven mechanical and clCClriC31 stability 
of II fused-silica dielectric have been constructed to provide 
higher accuracy in the transfer and s lorage of the unit o f 
capacitance. The new GR 1616 t ransforme r-ratio-arm bridge 
has also been built to mee t the need fo r improved precision in 
the intercomparison of these stan dards and for high accuracy 
in the calibra tion and measurement of a wide range of o ther 

I AbeJlaim, D. and Herst!. J . F., "New I-ll$ed·Silica·Oielec tric 16- and 
IOO·pF Capaeltors and. SYJlem fo r Thdr Measurement," Ieee 

TlTlnSQctlon$ on In$trumentutiOlI and Mea.JU.-cment. November, 1910. 

. , 
INT~OIlOtno .. OATE 

fjgure 1. GR Slandard<apacilor 
calibral,on-accuracy ,rnprowmenl wllh lime. 
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10001'10. 
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-
GR 1408 standard, With ternperature-cOfllrolled 0101 balh. 

capacitors. This bridge provides ell tended ranges of capaci
tance and conductance and extended sensitivity, particul:lTly 
when used wi th the complemen tary new GR 1238 phase· 
sensit ive detector and G R 1316 power oscillator. The bridge. 
detector, and oscillator assembly (GR 162 1) is of value nOI 
only in the calibration of standards but also in the investiga· 
tion o f the dteleclnc properties of materials. through meas· 
urements of small capaci tances and cond uctances and of 
very small changes in these quantities. 

FUSED·SI UCA CAPACITORS 
GR 1408 REFERENCE STANDARD CAPAC ITORS 

The fundamental design of the new IO-and IOo-pFstand· 
ards is based upon the development at NBS by CUlkosky and 
Lee2 of a \O-pF capacitor with time stability and small varia· 
tions due to vohage chang!! or shock. which permit calibra· 
tion to parts in 10". The die\cctric material used for sucb 
stability is a special grade of fused silica. It has the funller 
advantages of low losses and low frequency dependence of its 
dielectric constant in the audio frequency range, 

GR Design 

The two main considera t ions III the design of th e fuscd
silica capaci tors were the manner of applying the electrodes 
to the subst rate and the ll1Jnncr of supporting the capacitor 

2CUlkosky. R. /). and Lee. L.1t .. "Im pro~ .. d Ten l'i co r.rad I· used · 
Sil ica Dielec tric CapaCit or." NBS JOllnlul of ReJ>eaN;li. Vol 69C. 
Jll ly·s.,pl"mb~ r , 1965. 
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Figu~ 2. SoJbstrate thickness 
IS the only difference between ' o-~d l()()-pF Unitt. 

in its cell. It became apparent very quickly that the gap be

tween these electrodes was critical. It had to be well defined 
and free of isolated particles of metal that could be attracted 
to the plated guard or electrodes by electrostatic forces, 
which would cause a dependence of the capacitance upon the 
voltage applied. The geometry of the support in the vicinity 
of the gap is the principal factor m the design of the cell as the 
direct capacitance is not completely within the fused silica 
but mcludes capacitance from the top face of one electrode 
through the gap to the other electrode. 

Figure 2 shows the configuration of the electrodes and the 
supporting ceU. In the GR design the electrodes and guard are 
in the same plane on each face, and photQ-etching techniques 
can be used both to generate the gaps and to adjust the capaci
tance by changing the area of an electrode. Fortunately, 
microelectronic techniques are ayailable at GR for the dep~ 
silion of electrodes and the generation of gaps. These tech
niques have provcn more predictable and reliable than any 
grinding or masking technique in ... cstlgated. Since the elec
trode areas are not equal and the capacitance is defined 
mostly by the area of the smaller electrode, only one gap is 
now cmda!. 

F,gure 4 1 OO·pf 8nd to-pf 
subur8tf1 element$. 

• 
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, 
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figure 3 . Effect Upot'I CBP8CItam;e 
of changes on back~ubstr8T1.penttion. 

The substrate IS held between spnng-Ioaded supports 
which are shaped so thai. even if the substrate moyes, the 
gu:ud 10 the VIcinity of the gap stays the same. As the dIstance 
between the plane of the gap and the holder above it changes 
so does the direct capacitance_ Figure 3 shows the magnitudc 
of lhiscffect.lt appears from this graph that it is "unhealthy" 
to ha ... e the guard too dose to the gap but, as the distance 
becomes greater than about 70 mils, the position of the guard 
is less critical. We take advantage of the last 300 ppm of 
change to proyidc for mouon of the guard 10 the cell as a final 
capacitance adjustment, 

Construction 

Figure 4 shows two coated and etched capacitor sub
strates. The coating consists of 0,0005 lOch of pure gold. 
Both the thin substrate (0.030 lOch thick) for 100 pF and the 
thick one (0.300 Inch thick) for 10 pF have a diameter of 
2.727 inches. The element is placed in a brass holder,and the 
capacitance IS adjusted to ± I 00 ppm of nominal values, Con
tact to the electrodes is made through gold-coated phosphor
bronze springs. Figure 5 shows the holder ready to be placed 
10 a stainless-steel container, and also shows the assembled 
and sealed cell This contamer IS welded shut. evacuated, 

• 

Figure 5. CiJpacotOl' brass holder 
.nd assembled and sealed cell. 

F'gure 6. OIl-bath 
"",,-,,,on of CiA 1408 capacllor 
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F'"u~ 1. Air-ooth 
.. monof GR 1408capac!tOf>. 

baked, back-filled with dry mtrogen, and sealed; connections 
to the capacitor are made via glass-to-melal feedt hroug.hs. 

The dielectnc constant of fused sllica has Ilemperatu~ 
coefficient of approximately 10 ppmf'e To make meaning
ful measuremen ts al a level of a part In 10 ' , o ne has to know 
the ambient temperature 10 within a.oloe This can be ac
com pllshed in an oil bath, Figu re 6 shows the oil-bath version 
of the capacitor. The GR874- connectors, gold plated for 
lower contact resiStance, 3re mstalled si.1( inches above the 
capacitor 10 allow connection above the 011 level. The nor
mally simple measurement of this capacitor In an adequate Oil 
bath is, however, complicated by the addllional precision 
apparatus required to make the accurate temperature meas
urements needed to define the capacitance value. For that 
reason, an air bath was developed which can provide one or 
two capacitors With thetr own environment and, therefore, 
ehmmate temperature measurements except m the case of 
highest accuracy. rhe air bath, Figure 7, is thennostaticaUy 
controlled II a nom mal 30°C The bath has a long-term stabil
ity of o,oloe; it changes by less than O.OI°e for a 6°C change 
in ambient temperatu re. Tempe rature con trol is by a 12-'0'011 
system; ba tteries can be used du ring transportation. 

Performance 

Fvaluation of the fused-silica capaclto!"! was difficult be
cause standards and measunng equipment capable of the re
quired accuracy and resolutIOn were not available. We devel
oped thiS equipment concurrently wllh the capaci tors. 

We found the voltage dependence of a fused-silica capac
Itor to be a good mdicatorof its quality. and it is th e first test 
made on all new unlls. The capacitance change has to be less 
than a part In 10' when the voltage applied is changed from 
SOto ISOV. 

Frequency dependence and dissipation factor are directly 
related to the dielectric and were evalua ted by comparison 
With two types of air capacitors. Our tests showed the fre· 
quency dependencr to be a few ppm be tween I and 10kHz, 
Ihe dlsslpallon factor was also a few ppm at I kllz. Measure
ment accuracy was 3 t04 ppm. 

The effects of mechanical and thermal shocks were lOves
tl&/lted Oil-bath versIOns were dropped at differen t angles 
the capacitance dId not change by more than a part m 10". 

OCTOBER/DECEMBER t970 

Some lOO-pF assemblies showed more shock sensitivlly (I 
ppm), attnbuted to bowing of the thin substrate. The capac
itors were also cycled between 0 and 50°C and the hysterisis 
effect was less than 4 ppm. the cause of this change is ques
tionable but could be due to temperature-measurement un
certainties o f our 0 11 bath. 

As for lo ng-term stability, It cou ld o nly be checked mdt
rectly. The differen ce between two capacitors m an air bath 
did not change by more than one part in 10' during a one
yellrobservation period. 

GR 1621 
PRECISION CAPACITANCE-MEASUREMENT SYSTEM 

One consequence of the improved quality of the new 
ca paci tors is thai both the tests requlred to demonstrate their 
stability and the calibrations to be made in their ultimate use 
as standards reqUire more precision than that to be found 10 

the measurement systems of our laboratory and, indeed, o f 
most laboratories. We met this need by developing the GR 
1621 PrecisIOn CapaCitance-Measureme nt System (Figure 8). 
The system tS comprised of the GR 1616 Precision Capaci
tance Bridge, 1316 Oscillator, and 1238 Detector. A specific 
deSign objective of this system was to provide preciSion m 
IOtercompanson measurements of ou r new ca pacitors to 
parts in 108 near 1 kllz. An equall y Important design obJec
tive was to provide direct readings with high accuracy In 

measurements of a wide range of capacitance and conduc
lance at audio frequencies. 

Figure 8. GR PreallQn CapaoalanCfl·Mea$urelTlllnt Svstem. 
Top to bottom. 13t6 05collatot, 1238 Detector, 

, 6t 6 Preco"on C8~tanCfl Bt,dge 
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GR 1616 Precision Capacitance Bridge 

The new bridge (Figure 9) uses the fam iliar transformer
ratio-arm bridge circuit.] Greater precisio n through higher 
applied voltages I SO volts at I kHz - is obtained by use of a 
three-winding, 200-turns-per-winding toroidal transformer. 

The bridge has twelve decades of capacitance provided by 
twelve internal standard capacitors ranging fro m 100 nF to I 
aF, and by the eleven taps on the tra nsforme r winding that 
give decade steps from 10 th rough a to-I. The three highest 
value capacitors can be disconnected In sequence when nOI 
needed , With a consequent reduction in detector shunt· 
capacitance loadmg and increase in bridge sensitivity. For the 
stability requITed In precision Intercomparisons, the eight 
highest value ca pacitance standards are sufficiently insulated 
thermally to provide a time constant ofat least six hours. for 
changes in the ambien t tempe rature of the bridge. 

Losses In the unknown capacitors are balanced by conduc
tance decades, by use of five internal conductance standards 

three metal-film precision resis tors (10 kn, 100 kn. and I 
Mn) and two carbon·fiIm resistors (10 Mn and 100 Mn). 

]Henh, J . F., "Accuracy, l'reelSion, and Convenience for Capacilance 
Measurtmenll," The Ge"e'lIl Rlldlo ~x~rimenrer, AUIUS!' 
September. t 962. 
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Some operational featureS:lfe 

• Capacitance measurement range 10,uF to 0.1 aF 
( lO's to 10.19 F). 

• Limits of capaci tance measurement errors range from 10 
ppm ( I nF, 100 pF, 10 pF standards) to 50 ppm from I k if? 
10 below 100 lIz , measured ilt n° ± laC. 

• Conductance measurement range 10l to 10.10 pmhos. 

• Limit of conductance measurement error is 0.1 % of read· 
inga t I k ilt, over most of the range. 

• Gold·plated GR874 coaxial connectors for low and repeat· 
able con tact resIstance. GR900'" connector for coax ial 
capacitance measuremen15. 

• Termmals available for e!ICternal·standard usc. 

GR 1238 Detector and 1316 OSCillator 

The output of the GR 1616 bridge is only a few hun· 
dredths of a microvolt when the mput to the bridge is 100 
volts and the unbalance is a part in 108 of 10 pF The new 
detector developed to extract thIS small signal from noise, al 
the high impedance level or the bridge ou tput, is a combina
tion of a high·"lIpedan ce. lo"-·noise preamplifier, a tuned 
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amplifier with 130-d B gain , and two phase-sensitive detector 
circuits. The input impedance is that of I Gn in parallel with 
:20 pF ; the noise vohage al I kllz with a source impedance 
equivalent to the output impedance o f the bridge in the meas
urement of 10 pF , i.e., 100 Mn in parallel with 500 pF, is 
about 30 n V per root Hz. 

A resu me of operating features of the oscillator and detec
tor includes: 

• Detecto r input IS protected by diodes to the fullest extent 
of the oscillator's output of 150 volt s. 

• Matched decade switches tune the detector and set the 
oscillator frequency overt he range 10 I-Jz to 100 k Hz. 

• A line-frequen cy notch filt er is available in the detector, 
plus a cho ice of linear or compressed meter response . 

• Detector bandwidth is narro wed by adju stment of the inte· 
gra tion time constant fro m 0. \ to JO seconds, to redu ce 
noise. 

• Bridge balance is speeded by the presence of detector pan el 
me ters th at display magnitude o f the unbalance signal plus 
the in-phase and quadrature components. The two phase 
meters can be made to respond to capacit ance and conduc
tan ce independently by adjustment o f ph ase rel3tionships. 
The phase reference voh ages ean be rotated fr om 0 to 3600 to 
ach ieve any phase condition. 

• The oscillator provides two 90
0 
-displaced fixed-voltage 

re ference signals to the ph ase sensitive detecto rs. 

• Oscillator output is readil y control1ed and mo nit o red by II 
5-posi tion ra nge switch , vernier control, and panel meter. 

• Oscill ator sign al dis tortion is typically less than 0 .3% with 
loads Tanging fro m sho rt to o pen circuit . 

• Amplifier output and meter outputs arc available on the 
rear panel. 

CONCLUS ION 

The new reference standard 10- and J Oo-pF capaci tors, 
together with the new measurement system, make it easy for 
standards laborato ries to improve their accuracy in the trans
fer an d s torage of Ihe unit o f capacitan ce. The new measure· 
me nt syste m will also provide good direct-reading accuracy. 
to 10 ppm under limited conditions. in the calibration o f a 
wide range of capacitors fro m 10 pF to mu ch less Ihan a 
picofarad, at audio frequencies. Fro m our experience eight 
yea rs ago with the introduction of new standards (GR 1404 
capaci tors) and a new measurement system (GR 1620) . we 
can make t wo predictio ns: ( I) Although this ex tended resolu
tion will solve some measurement problems, it will also reveal 
some new ones when we t ry to make the sixth, seventh . or 
eighth fi gure significant. ( 2) Although we have provided mo re 
resolu tion in the system than most ofus need today , we know 
you wi ll be aski ng fo r more resolution to morrow. 

D. Abenaim 
1. P. Hersh 

Condensed SPeCifications fO( the GR 1408 Reference Standard 
c;;,pacitor and the GR 1621 Precision Capacimnce·lv'.aa$Ufement 
System appear elsewhere in this issue 

OCTOBER/DECEMBER 1970 

. ....... .... .. 

D. Abenaim (right) gfaduated from George Washington UniverSity in 
1965 tBSEE) and received the MSEE degroo in 1967 from GWU He 
joined GR in 1965 as a development engineer. principally conCCfned 
wi th standards and precision measure men IS. During a lea~ of absence 
in 1967, Dan was a t the Nat ional Bure3U of Standards. working with 
transpot table voltage s tandards and fused-si lica capacitors. He is a 
rmmberofTau Beta Pi and IEEE 

J. F. Hersh lIefr) graduated Irom Oberlin College Wi th the ABdegree 
(194 1) and went on to Harvard University 10( his MA in Physics and 
PhD in Applied Physics (1942 and 1957) His doctofllte wor\:. was in 
the field 01 electromechanical transducers. John's experience has in· 
volved work at Harvard's Underwater Sound Labora tory and teaching 
physics at Wellesley College. He joined GR in 1957 as a dellClopmcnt 
engineer but shared time with the National Bureau of Standards that 
year, involved in bridge and capacitance researCh . His WO(\:. since has 
been with inductance and capaci tarloCC Ilridgesand the development 01 
improved stardards and \eo::hniQucs. He is II member o f IEEE, Phi 
Beta Kapp8, and Sigma Xi 

Cil l al", 
Num~. 

1621-9 701 
1621·9702 

1616·9700 
1616·9701 

1316·9700 
1316·9701 

1238·9700 
1238·9701 

1408·9700 
1408-9702 
140a·9703 
1408·9705 
1408·9706 

1408-9701 
1408·9704 

OeKflptlG~ 

1621 PreCIs ion Cap.e,lanee
Mnsuremenl S~stem 

Bencn MOdel 
Rack MOdel 

1616 Pre CIsion Capaerlanu Bridge 
Bench Model 
Rack Model 

1316 Oscillator 
Bench Model 
Rack Model 

12380elector 
Bench Model 
Rack Model 

Rele.ence Sl. ndard CapacItor. 
0,. bath 

1408,10 pF 
1408, 10/ 10 pF 
140a, 100 pF 
140a, 100/ 100 pF 
1408, 10i 100 pf 

Refe.ence Standard CapaCItor, 
oil 001" 

140B·A, 10 pF 
140B·8 , 100 pF 
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GR Reflectometer 
Now Has Versat ile 
1-18 GHz RF Unit 

G R 1641 Sweep FreQOeOCV Reflectometer 
with the 18-GHz RF Unit. 

There are definite advantages in providing the facility for 
measuring the reflection (SWR) and transmission properties 
of networks over the widest possible frequency bandwidth. 
First , the sct-up time and effort for measuring componenls 
that have differing band-ccnter frequencies are greatly re
duced. Second, the equipmen t cost is lower when one high
directivity direclionaJ-coupler assembly can be employed in 
place of a number of octave-band couplers (in this case, 
about five) . 

II is, furthermore, advantageous to have the best possible 
directivity in a network-analyzer directional cou pler because 
it means making a direct measurement without the need for 
computer correction. An accurate, continuous sweep-fre
quency measurement can be performed in contradistinction 
to the step-frequency measurement required for computer
correction. 

TheGR J 641·9603 RF Unit comes closer to meeting these 
and other requiremen ts than any of its predecessors. 

A Review of the System 

The complete GR 1641 Sweep-Frequency Renecto
meter,1 a type of network analyzer, has dis tinct features that 
make it ideal for the measurement of microwave compo
nents. It s original concept was to provide the simplest, eas· 
iest-to-use instrument for measurement of the magnitude 
only of reflection coefficient ( return loss or SWR) and trans· 
mission coefficient (insertion loss) of networks or microwave 
devices. If there is no need to measure the phase of these 
parameters, then considerable simplification of the sc i-up 
and o peration of Ihe measuring instrument resu lts. The earli
er G R 1641 offers this Simplification with the resu lt that,after 
a simp le initial level-set adjustment , the instrument is com
pletely calibrated and ready for use. The adjustment is s table; 
there is no percep tible drift. This approach necessitates the 
inclusion of all the directional-coupler "plumbing" within 
the package, and this alone offcrs an advantage to the user. He 
IS not required to gather up a hodge-podge of couplers, detec
tors, and cables to make upa measurement syskm. 

Some users, however, may prefer not to be bound by this 
concept. The fact is that the individual main-frame and plug
in units of the GR 164\ can be operated in other measure
ment systems. In particular thenewG R 164 1-9603 RF Unit , 
which covers the frequency range frqm I to 18 Gllz, can be 
used in any network-analyzer to lake advan tage of the excep-

1 MacKenne. T. F., u al . "The New Sweep-Frequency Renee· 
lomeler."GR Ex~rimcnru. March·A pril 1969. 
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tional directivity , the wide bandwidth, and the 18-GHz oper
ating frequency of this unique renection-measuring device. 

AJternately, the GR 1641 Main Fl1Ime and Indicator may 
be employed with whatever plumbing the user chooses. In 
facl, if transmission or insertion-loss measurements only are 
required, this plumbing is nothing more than allenuator pads 
and a detector. An example is the GR 1641-P3 Transfer Dc
tector. With this unit , insertion loss as high as 60 d8 can be 
measured. 

The New 1-18 GHz RF Un it 

The 1641-9603 RF Unit contains a newly-developed di
rectional coupler thaI has unusually good directivity over a 
wide band. This coupler has directivity perfonnance com
parable to the best octave-band couplers. Also,the reflection 
coefficient or SWR look ing back into the UN~NOWN temu
nals is quite low. 80th these characteristics contribute to 
accuracy, a subject discussed below. The directivity is illus
trated in Figure I in terms of both dB directivity and residual 
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SWR; the equlvalent-source-match SWR is illustrated in 
Figure 2. The UNKNOWN con nector is an IEEE Standard 
No. 287, GPC·7mm. The instrument may be converted easily 
to N, SMA, TNC and other popular connectors by means of 
precisIOn adaptors. 

The rf-un it block diagram is given in Figure 3. One oflhe 
two identical directional couplers is used to sample the source 
signal and normalize it by levchng, so that the incident wave 
to the UNKNOWN is maintained constant. The tracking of 
the two couplers is important for this. An envelope or "vid· 
eo" detector is employed 10 provide the leveling signal. The 
secon d coupler is used to measure the reflection from the 
device under test connected to the GPC·7mm connector. The 
reflected signal is detected in :I second envelope detector in 
front of wlUch is installed a 10w·SWR.constant·attenuatio n, 
l~d B attenuator. This attenuator provides an improved 
match nol achievable with broad·band diode detec lors. 

The detectors are affixed by means of GPC·7mrn connec· 
tors and can be removed for other applications. 

The couplers have a nominal coupling value of 19 dB, ± I 
dB approxima tely. from 4 to 18G Hz. At3 Glh the couphng 
is 21.S dB, at 2 Gll z it is 25.5 dB, an d at 1 GHz It is 32 dB. 

The 1·18 GHz Transfer Detector 

The GR 1641·P3 Trnnsfer Detecto r i5 a well·matched en· 
velope-<ietector assembly conlprislng a I ().dB attenuator and 
:I diode detector. The att enuator is employed to improve the 
match to the diode detector. Wi th the GR 164 1 indicator 
system the assembly has a sensi tivity of 65 dBm. The SWR 
specification is 1.02 + 0.005 IG H z· 

Accuracy 

Although accuracy was described 10 detail on page 8 of the 
referenced Expenmenter, a brief qualitative discussion is in 
order. 

The significance of the directivity, Figure I , and the 
source match, Figure 2, are illustrated in the follOwing ex· 
pression: 
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Figure 3. 
Block diagram of rf-uni t. 
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FIgure 4 . RF-unll accuracy. 
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John Zony received his BS-Phvsics degree from George WashinglOfl 
UniverSIty in 1948 and his MS from Tufts College in 1950 H,s 
early experience was directly related to design and deveiopmenl of 
radar. anumr'lB!l, and microwave devices He loined GA in 1960 and 
P!'E!$efltly IS Group leader of the Microwave Group John is a memo 
ber of IEEE, Sigma Xi, Sigma Pi Sigma. and serves as ChairmllO 01 
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Commerce JOint Industry Research CommIttee fOl" Standard,zation 
of MinIature Precision COIIxlal COflnettOl"S. 

where: 

rj :: Renectlon coe ffi cien t indicated by ute 1641 system. 
k = Normalized frequency response of the 1641 system. 
r.x "" True, unknown reflectIOn coefficient. 
r 0 ::;: Residual "directivlty" renec lion coefficien t (Figure I). 
rs : Rencction coeffiCient looking int o coupler (Figure 2). 

When the UNKNOWN has 10 ..... SWR (fit ::!«O. I), the sign ifi· 
cant term is the direcllvity. 1'0' When the UNKNOWN has 
moderate or high SWR, the significan t terms are kr It and 
kr,r It 1. In thIS lallercase, the speci fi calionsshown in Figu re 
4 are expressed as II percent of f/i for simplicity . 

- J. Zony 

Complete SOIlI.:ifications for lhe GR 1641 are In the supplemenllo GA 
Catatog U. to bedislfibulecl shotlly_ 

lenell Mod,ls 
164 t Sweep·frequene, Aen,elomlter 

20 MHZ 10 1.5 GHz 16419702 1641·9712 
20 MHz 10 7 GHz 1641·9701 1641·91]1 
20 MHz to 18 GHZ ' 1641·9704 1641·9714 
20 MHz 10 18 GHz 1641·9705 1641-9715 
500 MHZ to 7 GHz 1641·\1703 1641·9713 
500 MHz 10 18 CHz 1641·9706 1641·9716 
1 GHz to 18 GHz 1641·9707 1641·9117 

164t ·Z SWUP.freQuencr Reflee lometer, w.lh d'lpla~ olt:illost:ope 
20 MHz 10 1.5 GHZ 1641-9902 1641·9912 
20 MHz 10 7 GHz 1641-9901 1641·9911 
20 MHZ to 18 GHz' _ _ 
20MHzlol8GHz _ _ 
500 MHz to 7 GHz 1641-9903 1641·9913 
500 MHZIO 18 CHz - -
lGHztol8GHz - -

Transfer Oetectors , Ineluded (where apprQpriate) w.th 1641 
and 164I-l: nOI ,neluded w.lh AF Until pu.ehned ~p;!Ir .. lel~ 
20 MHz 107 GHz 1641·9606 
1 GH z to 18 GHz 1641·9604 

RF Units , to rHI part.ally eQu.pped models 
20 MHz to 1.5 GHZ 
SOO MHz 10 7 GHI 
1 GHz to 18 GHz 

t641 ·96O$ Aennory ",.t 
• 1~ludu III U"" Rf Units 

1641·\1601 
16419602 
1641·\1603 
1641·9605 

" 
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EXPANSION IN THE 
RESISTOR FAMILY 

The family of standard resistors de
signed by G R has been increased by two 
more members in the GR 1440 series. 
These are the O.OI-n and the O.I-n 
resistors. 

Principal uses fo r the new resistors 
are in calibrations of low-impedance 
systems, for use in substitution meas
urements, and as laboratory or produc
tion standards. Construction of the new 
resistors is somewhat different from re
sistors of higher val ues in the 1440 

!! 
Manual-remote model. 

Automated testing is a must for ef
ficient high-volume production. Ifman
ually operated electronic instruments 
are involved, they have to be designed 
so that controls can be set and changed 
remotely by suitable electrical signals, 
often under computer control. Cali
brated programmable attenuators are 
useful for a variety of tasks 

• to extend and/or program the dy
namic range of other test equipment 
such as analog or digital meters, level 
sensors, oscilloscopes, wave o r spec
trum analyzers, and counters 

• as gain or loss standards for measure
ments using insertion techniques 

• for level setting of signal sources for 
receiver testing of sensitivity, ove r-load 
characteristics, and sclectivity 

• fo r open- or closed-loop leveling o f 
sources responding to a preset program 
or a detector with suitable analogJdigi-
tal conversion. 

. 
Note that signal sources often have pro
vision fo r frequency programming but 

18 

series. Previously, use was made of the 
card-type wire-wound technique. The 
new resistors are made up of a low
inductance meander-cut sheet clement 
of well-aged Manganin,- connected to 
gold-plated copper terminals. 
• Regis lered trademark of Driver-Harris Co. 

SOLIO-STATE. 

When completed, the resistors arc 
adjusted, with relation to the nominal 
value, to 0. 1% (0.0 1 n) and 0 .05%(0 .1 
n) respectively. Both units are oil filled 
and sealed into oil-fitted , diatlylph
thala te boxes for long-term stability 
and mechanical protection. 

Development of these l1!$istors was by W. 
J. Bastanier. 

Complete specifications far too GR 1440 
a.l·n and O.O t -n resistDf'S are in the supple
ment to GR Catalog U, to be distriOOIOO 
shortly . 

144{1.987 1 144QS_ A ......... 0.01 oI>m 
144Q.9681 144Q S __ A ......... 0 .1 "" ... 

PROGRAMMABLE ATTEN UATORS 

• • -
Remote only model. • 

remote level sell ing is li mi ted o r un
available. 

Calibrated allenuators now available 
are almost atl e lectro mechanicall y pro
grammed. Relays, reed switches, and 
turrets of coax ial pads operated by 
motors o r solenoids are in usc. With this 
approach , excellent results in terms of 
accuracy, SWR , and broad coverage can 
be obtained, but switching time suffers 
and there are definite limits to operat
inglife. 

Figure 1 . Programming pulse triggcr1lrac:e of 
at tenuation transition from 0 dB to 40 dBal 
30 MHz. Horizontal scala: 1 ms /em. Ve.-tical 
scala: 10dB/em. 

These are severe res tric tions which 
would rule out applications in highly 
repetitive production testing o r high
speed systems. The G R 1452 Attenua
tor wa~ designed speci fi cally for these 
req uiremen ts. Since it is all solid state , it 
is fast and not subject to the usual per
formance-life limitat ions. One-dB steps 
from I 10 80dB are produced by highly 
sta ble res istive pads o f 40, 20, J 0 d B 
and 8, 4, 2, J dB. These T and 'II'-pads, 
together with the rf diodes perfonning 
the switching func tion, are assembled 
into pseudo-coaxial structures. Switch
ing time is dependent largely on the 
decoupling networks; with a lower fre
quency limi t of 10 kllz it is less than 0.5 
ms. Operating frequencies are 10kHz to 
500 MHz. 

As the choice of pad values suggests, 
remote selection uses BCD coding. 
Logic levels are compatible with com
mon IC logic systems. Nega tive true 
logic con trois attenuation values (all in
puts "high" corresponds to 0 dB rela
tive attenuation). 

The G R 1452 is avai lable in twover
sions. One model, for re mo l'eopcration, 
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is not packaged in I n inslrumen t case to 
save money and space. The second 
mode l offers both manual and remote 
operation (when the dials are set 10 the 
"R" position). 

Figure I shows I transilion in attenu
ation from 0 dB 1040 d B,at 30 MHz. A 
spectrum analyzer was used as the de· 

tector (with suitably wide band width 
and not scanning frequency): the hori
zonl alsweep is triggered by the switch
ing signal applied to Ihe attenuator. 

[)eo.oelopmen l of lhe GR 1452 _by G. H. 
lohr1lT. 

Complete speeifications for the GA 1452 
are IllIiIilabie in the supplemenl 10 CatllJOV U, 
to bedisttibuted shortlV. 

Co ...... - --

WINOSCREENS FOR 
MICROPHONES 

The GR windscreens for I-inch di
ameter microphones ( 1560-952 1) and 
1/2-inch diameter mic rophones 
(J 560-9522) have b~n added 10 the 
ever·growing list of small accessories de
signed 10 make the lot of the sound
measurement engineer a little easier. 
The two new windscreens are fabri
cated of reticulated polyure thane foam. 
They are especially helpful if one must 
make nOISC measurements outdoors 
when Winds are of low velocity (30 mph 
or lower). Wind-generated noISe is at
tenuated by a factor of 20 dB or more. 

A COUNTER IMPROVES 
The GR I 192·B Counter is another 

answer from GR to consumer requests 
for economical instru mentation. It in
corporates higher Crequency response 
(50 M liz) than its predecessor, the 
I I 92-A, without relaxing sensitivity 
specificatio ns. With type-acceptance by 
the FCC as an a-m frequency mom tor 
and as a monitor Cor fm and vhf· 
television broadcasts, the 1192-B (plus 
the 11 57-B Scaler for approved opera
tion to 216 Ml-lz and to 500 MHz Cor 
nonnal tcsts) IS available to broad
casters for use as a frequency monitor. 

Obviously, we have no wish to re
strict the use oC our counter to the 
broadcast industry. Any reader interesl· 
ed in reading Crequency, frequency 
ratios, time intervals, smgle and mulll
pie periods, and many other electrical 
phenomena for which the electronic 
counter is suited, should refer to the ar
ticle l that introduced the 1192-A to 

I lknl nn. S., "The Counler PunCh," GR Ex
~rime",er. J u IY/AuIU" 1969. 

OCTOBER/DECEMBER 1970 

Figure 1. Effect o f 
1560-9521 Windscreen on 

rlI5POO$e of 1560-PS 
Ceramic Microphone. ". 
These windscreens shou ld prove to 

be useful also in industrial areas that 
may be oily o r dusty. The use of a poly
urethane windscreen will protec t the 
microphone diaphragm and has only a 
very smaiJ effect on the microphone fre
quency response and sensitivity. As the 
windscreen becomes soiled it can eaSily 
be removed, washed, and reused. 

in Figure I for the GR 1560-952 1 wind
screen. Loss is essentially 0 dB below 3 
kHz, then rises to about 2 d B at 12 kHz. 

OeYlllopmant 01 the .... ndscreens was by 

The effect on the microphone sensI
tivity and frequency response is shown 

E. E. Gross. Jr . 

0434896 

-
Experimenter readers. Many features oC 
the 1192 coun teD are explained there 
in detail. 

ments; options are 5-, 6-, or 7-digit read
out. Buffered data-outpu t versions are 
available for each of the digit options. 

As in the previous model, data dis
plays can be varied to suit tes t require-

Oevelopmem 01 the GA 1192·B WitS bV S. 
BenlZen . 

Complete specif"lCIIlions for lhe GR 1192·8 Coomer are in tho 
supplement 10 GR Catalog U. to bedistributod shortiV. 

1192·8 COllnt.r t50 MHz) Bench MocI4Ill 
s.d.,;t rudout 
&-di,.1 teadool 
7-dI,itre~ 

11 !l2·Z COllnter(500 MHz •• Ih IJealer) 6..,ch Models 
$-d"il rudoul 
&-d1,.1 rudOUI 
7-di,.1 readoul 

ReJ.IIYflIck mounlin, lor 1192·6 or 1I92·Z 
Opt.on 2 BCO ~tll Output lor 1192·8 or 1I92·Z 

11 58·9600 Probe, TeklrQn,x ~ 1010-0127-(00) 
not sold separately 
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