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Our Cover 1s an dlustration of industry in ac tion · with a G-S 1703 Audiometer. This 

µ1cture is being re pea ted in many plants these days. The subject is un dergoing a hearing 

1es1 to de tec t any dev1<Jt1on from the normal response 

Inevitably, as time goes by, we awaken to 

the fact that our hearing is not as good as it 

used to be. If we are lucky, Nature will pro

ceed slowly. but surely. to steal this sense 

from us. If we are unlucky. Nature will re

ceive much help in hastening the process from 

the trappings of civilization - the noises of 

machinery, jet engines, rock and rol I, etc. The 

tragedy of the latter case lies in the insidious

ness by which we are consigned to that quiet

er world. 

Deafness was recognized in the practice of 

medicine from its inception but compara

tively little was known about how to meas

ure the loss until the early part of this cen

tury . In line with Lord Kelvin's axiom con

cerning measurement and knowledge, the 

medical profession has contributed much 

data since 1900 to establish degree and type 

of deafness in patients. These data were de

rived from the audiometer, an instrument 

which has become increasingly familiar as in

dustry has been alerted to one of its respon· 

sibilities - the wel l-being of the worker. 

In this issue. Rufus Grason. president of 

GR 's subsidiary, Grason-Stadler, describes 

the foundations of audiometry and the devel· 

opment of the audiometer. 

Audiometers can be complex or simple. as 

established by their applications in hearin g 

research or for clinical studies. But they are 

indispensable in this era of an alerted public 

and a benevolent judiciary, determined to 

prevent man from help ing Nature's relentless 

but slow progression toward an awesome, 

silent world. 

C. E. White 
Editor 

Another year draws to a close. Perhaps it 

has not been the best of years to many of u s  

but it i s  a pan o f  our lives. Looking forward 

optimistically, we at GR hope to share with 

our readers a Holiday Season fi l ied with hap
piness and a New Year of growth and pros

perity. 

SeJSon's Greetings' 
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Audiomet r i c  M ea sure m e nt: 

150 Yea rs of  Applied R e search 

One of the many considerations influencing the recent merger of Grason·Stadler with General Radio 

was the former's expertise in life-science instrumentation. Of particular interest was G-S's leadership 1n 

the de 19n and distri bution of acoustic and audiometric instrumentation-an area which significantly 

complements that occupied by GR's acoustic measurement devices. In the past year, Grason-Stadler has 

introduced two new major models, the G-S 1701 Diagnostic Audiometer and, more recently, the G·S 

1703 Recording Audiometer. Adding to an already extensive line, these models represent two extremes 

of a continuum of devices whose applications range from relatively simple automatic screening to highly 

sophisticated research. This article descri bes these two units, how they came to be and their significance 

in the audiometric field. 

WHAT IS AN AUDIOMETER? 

In simple terms, an audiometer is an electronic instrument 

u ed to measure an individual's hearing acuity. The simple t 

units perform thi function by providing to the listener (usu

ally through earphones) an audio signal (commonly a pure 

tone) of known in ten ity and frequency. Mor sophisticated 

instruments offer the li tener a variety of signals, pure tone , 

white noise, and speech, through a variety of output tran -

ducers earphone , bone vibrators, or loud peakers. These 

audiometers often will record, for everal frequencies, the 

intensity level at which the Ii tencr just hears the signal. 

The audiometer i u ually operated under the au pice of 

an audiologist, a profes ionaJly trained individual interested 

in the measurement of the hearing function, its relationship 

to normative data, its asses ment and, where appropriate, its 

treatment. As a formal discipline, the field of audiology plu 

the instrumentation that accompanies it is lightly more than 

20 years old. Both were precipitated during the post World 

War TI era when thousands of service personnel with varying 

degrees of hearing impairments returned to civilian status. 

Then, more than ever before, there was need for equipment, 

trained personnel, and accepted, proven techniques. 

ROOTS OF AUDIOMETRY 

The earliest attempt , in the beginning of the 19th cen

tury to establi. h techniques for the measurement of hearing 

involved little or no instrumentation a such. On the simplest 

level were live-voice tests, which typically required the tester 

to maintain a fixed-intensity speech level while varying the 

test distance until he could just be heard by the listener. 

Although this type of test yields some information regarding 

how an individual handles peech communication, it requires 

well-practiced testers, is ubject to great te t-retest varia

bility, and is, at be t, adequate only for screening purposes. 

Other early hearing tests involved the tuning fork, whose 

prongs vibrate when truck lightly, producing a pure fixed

frequency tone. The tuning fork provided a convenient 

means of generating a precisely repeatable fixed frequency 

even though it was a greater problem to control the sound 

level at the subject's ear with the tuning fork than with live 

speech. Moreover, it al o manifested the ability to transmit its 

signal by means other than air conduction, for, if its ba e is 
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G-S 1701 Audiometer 

placed in contact with any solid material - wood, metal, or 

the human skull it induces ympathelic vibrations in that 

material. This characteristic made the tuning fork uniquely 

suitable for early attempts to determine the anatomical site 

re ponsible for a given hearing loss. 

ormally, the vibrating fork would be held outside the 

ear, air serving as the initial conductive medium. If the tone 

generated were heard by the listener, it was only because the 

ear was "normal., and the tone had been transmitted success

fully through the entire auditory chain, including the outer, 
middle, and inner ears. If this te t were un 'Uccessful, the next 

tep might be to place the ba e of the vibrating fork behind 

the ear on the subject's mastoid bone, which serves as the 

initial condu tivc medium. For the tone generated by this 

process to be heard, it would only have to excite, by direct 

c o n d uctive vibrations, the inner-ear neural mechanisms 

through which acoustic stimuli are transmitted to the higher 

centers in the brain. ff this step successfully elicited a re

spon where air conduction had failed, it would seem to 

indicate some blockage or di.continuity in the outer or mid

dle ear. This mode of de term in ing any differential sensitivity 

to air-conduction and bone-conduction tests proved to be a 

viable diagnostic procedure. The basic technique pioneered 

with the tuning fork was subsequently refined and adopted as 
a standard procedure in the growing diagnostic repertoire. 
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EARLY INSTRUMENTS 

For many years the tuning fork and live-voice test served 
as the most sophisticated mean to measure human hearing. 
By the end of the J 9th 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 step removed from the tuning fork, in some cases 
containing that very device as their central component. In at 
least one instance, the tuning fork's oscillations were used to 
modulate an electrical circuit and to produce an alternating 
current in a secondary circuit. Part of this secondary circuit 
was a telephone receiver that reproduced the frequency of 
the vibrating fork at the listener's ear. This technique estab
lished a ignal source with repeatable frequency characteris
tics. Popularly called an "Acoumeter," this tuning fork 
audiometer served as the basic auditory-test instrument until 
the alternating-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 
l 920's, made electronic audiometers commercially feasible. 

By the early years of the 20th century, then, an electro
mechanical replacement had been found for the purely me
chanical tuning 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 ba e of the tuning fork, the diaphragm of a tele
phone receiver was replaced by a strip of metal to who e 
surface was attached a metal rod. This device, driven by the 
same auditory signal used in the air-conduction tests, could 
now erve as the vibration source. 

The electronic uccessor to the earlier live-voice speech 
testing came about gradually through the early years of the 
20th century. By 1927, the technique of recorded speech 
tests - implemented by a spring-wound phonograph - had 
reached a new peak of sophistication in the Western lectric 
4A Audiometer. This unit permitted individual subjects, or 
even entire classes of subject , 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 of WW 
II. The field was growing, however, and commercial audiom
eters appeared in increasing numbers on the market, although 
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Figure 1. 1 964 ISO th reshol d val ues for pu re to ne. Ea rphone 
re fe re nce based on meas ure men ts made on Na t i o nal Bu rea u 

of Stan dards 9-A cou pl e r  and Wes te rn Elect ric  705 ea rphone. 

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 limited number of frequencies, most of 
them the so-called "tuning-fork frequencies" of 128 Hz and 
its multiples. Output transducers generally included a variety 
of types of earphones and early renditions of the bone vibra
tor. An electric buzzer was included as a rough approx
imation of a masking source on many units, to "mask" or 
shield the ear not 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. 

INSTRUMENTATION IMPROVEMENT S  

I n  terms o f  the test equipment that had preceded them, 
the instruments described above reflected significant ad
vancements in both audiometry and general electronic tech
nology. The technology as a whole, however, was still in 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 organizations have been 
formed specifically to establi h, revise, and maintain such 
standards. 

One of the most important standards, worked out over the 
course of several years, specifies the "normal" threshold in
tensities of the most significant frequencies in the audible 
continuum. These so-called normal absolute threshold values 
were obtained by screening large segments of the population 
to locate individuals without obvious hearing abnormalitie , 
then by meticulous tests of these individuals' hearing. After 
further screening of the data, a statistical average was made 
and an absolu tc threshold value for each of several frequen
cies determined. Figure 1 shows the ISO pure-tone absolute 
threshold levels versus frequency. 

On modem audiogram forms, such as that from the G-S 
170 I (shown in Figure 2), an individual's hearing at several 
frequencies is plotted with reference to Hearing Threshold 
Level; 0 dB HTL is equivalent to the standard normal thresh
old values shown in Figure 1. 

The G-S 1701, like most other audiometers, changes the 
intensity of the output as the frequency is changed and auto· 
matically references the signal to the accepted threshold 
standards. A subject with hearing acuity more sensitive than 
normal will show a negative HTL. A subject whose hearing is 
less sensitive than normal will show a positive HTL, i.e., he 
will require a signal more intense than normal to hear the 
same frequency tone. 

Cal ibr ation 

The American ational Standards Institute, fnc. (ANSI) 
the ational Bureau of Standards, and other regulatory 
groups also have tried to establish tandard in the critical 
area of audiometer calibration. The output level of early audi
ometers, for example, was calibrated by the mea urement of 
voltage produced across the earphones. While such an ap
proach could accurately describe the adequacy of the signal 
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within the system, it took into account neither the likely 

non-uniformity of the earphone response nor the effect on 

that response of the volume, re onance, and impedance char

acteristics of the ear in to which the signal was directed. 

The mo t signfficant improvement in this area came when 

couplers and, later, artificial ears were introduced into the 

audiometric calibration process. Both these devices, made 

with known volume and material, serve as substitutes for the 

human ear. The earphone of the audiometer to be calibrated 

is tightly fitted to the mouth of the coupler or artificial ear. 

The sound-pressure level of the earphone signal, introduced 

at a fixed input level, can then be measured and read through 

a microphone contained in the cavity. 

Masking Sources 

The importance of a masking source lo mask, or block, 

transmission of the test ignal to the ear not under test was 

recognized in the l 920's, and early audiometers 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 noise, who e pectrum contains equal amounts of 

all audible frequencies, provides a more effective masking 

agent than the buzzer and continues to be used to the present 

day. White noise masks all frequencies equally, including that 

of the test signal, and with a minimum production of beats or 

harmonics. This major advantage of white noi e, however, is 

also it main disadvantage. Because the wrute-noise spectrum 

i so broad, it introduces to the ear not under test a much 

higher over-all energy level than is required to mask any given 
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he aring loss. 

pure tone. Ideally, most efficient masking would be accom

plished with a very narrow band of frequencies centered 

around the test tone, which would concentrate the available 

energy in the vicinity of that tone. 

As its latest approximation to an optimum masking signal, 

Grason-Stadler has incorporated into its 1701 Audiometer a 

variable narrow-band noise source whose bandwidth changes 
as a function of the frequency of the test tone. This variable 
bandwidth which permits efficient masking to take place at 
all frequencies, is unique to the G-S 1701 and stands out as 
one of its most important features. 

Speech Testing 

The disadvantages of live-voice tests have already been 
mentioned. It became apparent at a relatively early stage, 

however, that whatever the advances in sophistication of 
pure-tone audiometry, speech material could not be aban

doned entirely as an audiometric stimulus. ot only are there 

psychological advantages in tests with a speech stimulus, 

normally dealt with by average listeners, but there are certain 

common hearing disorders in which the subject manifests 

significantly less ability to understand speech than his pure

tone threshold would suggest. For these reasons, improved 

instrumentation and the standardization of testing materials 

were needed. 

A variety of speech materials has been developed specifi

cally for speech audiometry through the years. Much of the 
work originated at the Harvard Psychoacoustic Laboratory, 

the Bell Telephone Laboratories, and the Central Institute 

for the Deaf. Such material generally includes the equally 

tres ed (spondee) and phonetically balanced lists who e 
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Rufus L. Grason received a very practical introduction to the field 
of psychoacoustics and its instrumentation by first working in. and 
later assuming responsibility for. the electronics shop at the Har
vard Psychoacoustic Laboratory. His experience and training lead 
him in 1949 to form, with Steve Stadler, the Grason-Stadler 
Company. now a subsidiary of General Radio. As President and 
Director of Engineering, he has been intimately involved with design 
and development of the company's equipment, most recently the 
1701 and 1703 audiometers. In the early 1 960's . Mr_ Grason served 
as a member of the American Standards Association writing group 
whose recommendations for audiometers resulted in the ANSI 1969 
specifications. He is currently Secretary of a subcommittee of the 
International Electrotechnical Commission, preparing specifications 
for diagnostic and research audiometers. 

phonemic make-up roughly matches that of American col
loquial speech. This material is presented in standard speech 
tests either by an operator or through tape or phonograph 
inputs. 

Modem audiometers such as the G-S 170 l 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 te ts, 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 attenuator control. 

A second method of implementing speech tests i to pre
sent the recorded material by means of either a phonograph 
or a tape recorder_ To facilitate 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 excellent inter-clinic 
data comparisons. At the beginning of these records a 
I 000-Hz calibration tone is generally included, which can be 
used to en ure that different testers present sub equent test 
materials under more nearly comparable conditions_ 

Suprathreshold Tests 

One of the major disadvantages of.the earlier audiometers 
was their exclu ion of suprathreshold testing. Almost with
out exception, audiometers were u ed to determine the mini
mum audible in ten ity that could be detected by the Ii ten er, 
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i.e., his threshold. In recent years, a number of tests that use 
auditory stimuli well above normal threshold have been de
veloped which, when u ed as constituents of a multiple-test 
battery, become useful as aids in defining the anatomical site 
of the hearing impairment Two of the better-known tests 
include the Short Increment Sensitivity Index (SISI) and the 
Alternate Binaural Loudnes Balance (ABLB). 

In the SIS! test, the li tener hears a continuous tone pre
sented at a level approximately 20 dB above his threshold. 
Every 5 seconds, a 200-ms, I-dB increment i added to the 
pure tone. The percentage of increments heard is used to 
establish an evaluation score. 

The ABLB test provide information about the supra
threshold phenomenon of recruitment, i.e., the abnormally 
rapid increase in loudne a in ten ity is increased in patho

logic ears. This test, which postulate one normal ear, i pre
sented by al temating a pulsed tone between ears, its intensity 
in one ear controlled by the operator and that in the other 
ear controlled by the subject. The operator gradually in
creases the sound-pressure level in the one ear, and the sub
ject is reque ted to adjust the intensity in the other until it 
seems to match. The listener who perceives the tone to be 
growing louder at a faster rate in one ear than in the other 
generally exhibits some abnormality associated with the or
gan of Corti. 

Automatic Audiometers 

In the early years of electronic instrumentation, the audi
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 year , especially since WW II, an increasing num
ber of these functions have been automated. In addition to 
the obvious benefit of operational ease, such automation has 
re ulted in increased reliability by pre enting standard test 
sequences, free from operator intervention and the conse
quent possibility of error. On the automatic G-S 1701, for 
example standard tests that employ short auditory signal 
presentations are automatically timed_ The G-S 170 I also 
varies intensity and frequency parameters, and it records the 

u bject responses to these stimuli. The technique through 
which this is accomplished is generally referred to as the 
Bekesy technique, after Georg von Bekesy who developed the 
procedure in the 1940's. 

Bekesy's technique requires that the subject' threshold be 
recorded continuously at several test frequencie . While the 
test is being administered, a recording pen is moved along the 
horizontal axis of the audiogram form, on which frequency is 
plotted_ In the absence of a subject response, an automatic 
attenuator associated with the subject switch increases the 
sound level and imultaneously moves the recording pen 
down along the HTL (vertical) axis of the form. In the pres
ence of a subject response, the attenuator decreases the sound 
level and moves the recording pen up along the chart's vertical 
axi . The end re ult of thi procedure i that a record i made 
of the subject re ponses in the region between audibility and 
inaudibility. 
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THE GRASO ·STADLER AUDIOMETERS 

Grason-Stadler has been designing and manufacturing au
diometric equipment for more than 20 years. Its present line 
of audiometry-related instrumentation includes a speech au
diometer; a psychogalvanome ter, which utilizes conditioning 
technique to elicit a change in skin re istance as an indicator 
of auditory threshold; a group hearing aid, essentially an am
plifier used in group situation to communicate with the 
hard-of-hearing; and two audiometers - the G-S 1701 and 
1703. 

The G S 1701 Audiometer 

The G-S 1701 is a sophi ticated diagnostic audiometer 
used under the auspices of professional audiologists to meas
ure and assist in the evaluation of the hearing function. Since 
it is designed to be used in the diagnosis of hearing impair
ments - which requires the admini tration of whole bat
teries of related tests - the instrument is extremely versatile. 
Signal sources include pure-tone, white, narrow-band and 
speech noise, as well as microphone, phonograph, and tape 
recorder inputs. Output tran ducers include loudspeakers 
for sound-field tests, earphones for air conduction, and a 
bone vibrator for bone-conduction tests, all three advan
tageous for reasons mentioned above. Supra threshold tests 
such as SISI and ABLB are automated and can be imple
mented by changes of a few front-panel switches. 

Intensity output of both channel of the G-S 1701 is from 
- 15 dB to+ 115 dB HTL for mid-range pure tones. Timing for 
other tests can be implemented manually or automatically in 

a variety of switch- elected modes. To facilitate verbal com
m u n i c a t i o n  w i t h  the Ii t e n er b eing tested, a talk
forward/talk-back system with independent level controls is 
included with the G-S 170 l .  

Perhaps its most outstanding feature is the flexibility of its 
automatic control provisions. In addition to sweep-frequency 
Bekesy, it can present fixed-frequency Bekesy or automatic 
ABLB tests. Another distinctive feature is it variable ban<l
width masking source, the first such ma king ource to appear 
on a commercially available audiometer. 

The G-S 1703 Audiometer 

The G-S 1703 Recording Audiometer is much simpler and 
less sophisticated than the 170 I. 1 t ha been designed primar
ily for use in the early stages of a well-developed hearing 
program, to distinguish normal from hard-of-hearing indivi
duals. Although the G-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 
levels might adversely affect hearing. 

The existence of noise-induced hearing loss has been rec
ognized for a number of years; the first national conference 
on noise was held in 1952. Since then, numerous variables 
con tributing to noise-induced hearing Jo s have been deter
mined with some precision: over-all noi e level, composition 
of the no1 e, duration and distribution of exposure, and total 
time of exposure. These inquiries have led quite recently to a 

eries of Federal and State laws that specify permissible noise 
conditions and prescribe compensation for workers suffering 
hearing lo s due to occupational noise exposure. 
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In recognition of these possible effects of noise, more and 
more companie are establishing their own in-plant hearing 
test centers. When fully operational, the e facilities will be 
used to screen individuals before they enter the working en
vironment and at various time intervals during their occupa
tional careers. In thi manner, both the worker and the 
employer can be assured of mutual protection against the 
undesirable effects of noise pollution. 

The G-S 1703 is a pure-tone audiometer with an intensity 
range of - 10 dB to 90 dB llTL. It is extremely simple to 
operate, having only three operator pushbuttons - Start, 
Stop, and Hold. Included as an integral part of the unit is a 
recorder that makes a permanent recC'fd of subject responses, 
first for the left and then for the right ear. At each of the 
seven discrete frequencies presented, the subject's threshold 
is determined and recorded via a modified Bekesy technique. 

The G-S 1703 has at least two unique features not incor
porated in other unit currently available. First, the subject
controlled intensity changes at a variable rate, rapidly at the 
start of each test frequency, then more slowly as threshold is 
approached. This technique means that less time is spent get
ting to the threshold region at each frequency and more time 
is spent defining the th re hold precisely. This, in tum, means 
greater rete t reliability and a more meaningful audiogram. 

Second, the G-S 1703 automatically initiates a check of 
threshold at I k l lz at the end of each lest. This value, when 
compared to the previous threshold value of l kl lz, gives the 
operator an immediate indication of the validity of the test. 

CONCLUS ION S 

These distinctive features of the G- J 703, added to its 
ease of operation and its reliability of de ign, should give it, 
like its more sophisticated an teccden t, the G-S 170 I, a long 
and healthy life in a world which increasingly requires preci ·e 
information about the human hearing function. In conjunc
tion with GR's growing line of in trument for sound meas
urement, these two units and their companion provide one 
of the most comprehensive single source for audiometric 
and l:lcoustic equipment. 

-R. L. Grason 

The a uthor acknowledges, with gratitude, the work performed by 

Carol W. Hetzel in assembl i ng and coordinating much of the material 
in this article. 

For Further Information· 
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Jerger, J ., Modem Developments in Audiology, Academic Press, 1963 
Newby. H. A . Audiology: Principles and Practices, Appleton-Cen
tury·Crof ts. 1964 
Watson, L. A. and Tolan, T . . Hearing Tests & Hearing lnstrumen ts, 
Williams & Wilkins, 1949. 

Condensed specifications for the G-S 1701 and 1703 Audiometers 
appear elsewhere in this issue. 

Catalog 
Number 

1701-9700 

1701 9710 
1701·9720 

17039700 

Oe.c.r•JJtion 
1701 Manual Diagnostic Audiometer-, 

117/234 V !>Oto 60 HT 
1701 Automatic 01agnost1c Audiometer, 

11 \ 50 1 60 H. 
7111 V 50 1n bO Hz 

1703 Recording Audiometer 
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A BIG LITTLE-BROTHER PREAMPLIFIER 

G R  1 560·P42 P rea mpli fi er 

The GR 1560-P42 Preamplifier is a 

bridge between most test microphones 

(ceramic or condenser) or ceramic 

transducers and the GR analyzers and 

sound-level meter . It is similar to the 

GR 1560-P40 unit but incorporates sev

eral improvements in its de ign. 

Some Details 

The -P42 unit is of mailer physical 

s ize (I /2-inc h diameter by 6-inch 

l e n g th); incorporates switch-selected 

polarizing voltages, derived from an in

ternal 65-kHz (approximate) oscillator, 

for condenser microphones; and has 

larger output current. Its three-wire 

output transmission system has a epa

rate ignal ground and a shield that does 

not carry signal current, thereby re

ducing hum pickup. 

The standard front-end connection 

i s  r eadily a daptable to most test

measuremen t condenser and ceramic 

microphones. The input connection i 

guarded by a signal-driven shield which 

reduces capacitive loading for low-ca

pacitance microphones. Provision has 

been made, a an integral part of the 

preamplifier output jack (Figure 1) for 

insert-voltage calibrations, typically re

quired for laboratory standard micro-

GRl�60-�42 r-----------------� 

phones such as the W 640AA, and for 

remote checks of systems. 
The preamplifier class AB output 

stage can provide up to 10 mA peak and 

> l V rms to feed full audio-range sig

nals through cables a long as one mile; 

with no signal it draws less than 1 mA 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 IO 

(20 dB). The FET input-stage de ign 
provides diode protection against input 

surge . 

Connection between the preampli

fier and transducers i by means of the 

accepted 0.460-60 thread, to fit present 

condenser microphone 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' sound analyzers and 

sound-level meters. For use with other 

instruments or for long cable runs, the 

GR l 560-P62 Power Supply will pro

vide the required power. The power 

upply includes iCad batterie , charg

ing circuitry, an automatic low battery

voltage sensor to prevent excessive dis

charge, load-current limiting, and re-

L.--, .. , >--------........._- OUTPUT ----"'" 
__ _._....__ I SERT ---.... 

f----lf----o--__, GROUND 1--�� SHIELD 
I 

I '----'-----....l : 
.... _________________ J 

Figu r e  1 .  Sch ema tic of 3-wire and i nsert-volta ge con n ection s in -P42 prea mpl i fi er. 

1 -in. mi crophon e 

1 /2-in . micr oph on e  

1 /4-in .  microph on e 

1 /8·in. microphone 

mote-switch control capability to tum 

off the power. 

Other Necessities 

Since no single type of microphone 

sati fie all test require men ts, GR has 

made available as set a group of micro

phone to supplement the preamplifier 

unit. The I-inch ceramic and I /2-inch 

condenser microphones are useful for 

m e a  u r e ments of low or moderate 

sound-pressure level at normal audio 

frequencies. The 1/2-, I /4-, and I /8-

i nch con den er microphones are re

quired when measurements are made at 

high sou nd-pressure 
'

1evels or high 

frequencies. Each set include all neces

sary adaptors to mate microphone, pre

amplifier, and GR 1562 Sound-Level 

Calibrator. In addition, an adaptor is a

vailable to mate the -P42 unit and stand

ard I-inch condenser microphones uch 

as the We tern Electric 640AA; another 

adaptor is supplied to mate to Switch

c raft-type A3 audio-type connectors. 

The GR 1560-9580 Tripod accom

modate both the -P4 2 and -P40 pream

plifiers, the GR 1560-P5 microphone, 

and all sound and vibration instruments 

having a I /4-20 threaded tripod mount. 

Development of the G R  1 560·P42 was b y  
E .  R. Marten ey. 

Complete detai Is of the GR 1560-P42 Pre· 
amplifier, microphones, and ada ptors a re a· 
vailable in GR Ca talog U. 

Ca1alog 
Number Descr i ption 

--1560·= 954=2-+::1:=56""().f':-=-: 4-':-2'='p,,..=.-"'m:.:.:p::::lif.:..io-r--I 
15609531 
1560·9532 1560·9533 1560·9534 
15609535 1560·95 

Ceramic Microphone Set 
1-inch 

Concktnser Microphone Sets 
1/2 inch 
1/2 inch 
1(4 inch 
1(4 inch 
1/8 inch 

Turn To Page 19 To Learn About Reduction Of Wind Noises 

8 GENERAL RA010 Expe ri menter 

www.americanradiohistory.com

www.americanradiohistory.com


Th e G re e ks H ad A "Wo rd "  F o r  It S t roboscope 

A coined word of deep i mpact i n  the field of i l l u mination, 

deri ved from strobos ( whirl ing) and skopeo ( I  look at) 

Years ago m a n  discovered that t h e  e y e  could perceive 
rapidly moving objects by observing them only in termittent
ly, as through a lit in a whirling opaque disc. similar "mi
raculous" phenomenon familiar to early western-movie fans 
was commonly termed "wagon-wheel effect" an d was due to 
the harmonic relationship between the information-sampling 
( ca mera-framing) rate an d the rotational rates o f  the thou
sands of wagon wheels that thundered across the silver screen. 
Bu t i t  took the introduction of Dr. Harold Edgerton' elec
tronic troboscope 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
duce d by the many improved general-purpo e instru ments 
introduced over the years provide the ultimate in motion
stopping capability to observe visually, to measure the speed 
of, or to photograph even ts and objects that would otherwise 
be but a bl ur. 

The Bear C or porati on 's portable aut omobi le 

wheel -ba lan cin g ma ch ine in corporates 

G R 1 54  2 s trobos cope. 

P h otograph courtesy of 

B e a r  Corporation, Rock I sland, I l l i n o i s .  

OCTO B E R / DE C E M B E R 1 970 

Customer requests in dicated a n eed fo r several ad ditions 
to the G R  trobe lin e  such as the G R  1 5 40 S trobolu me® 

electronic strobo cope, J which produces ex trem ely high light 
output, and the G R  1 54 1  Mul tiflash Generator,2 an acces
sory for photographic ap plications. ew, less-ex pensive light 
generators also were requested for "single-use " applications 
that demand less ver atile light source , such as a simple basic 
stroboscope designed only to "freeze" motion for visual 
study. One answer to the e need is the GR 1 542 Electronic 
Stroboscope. 

Small But Mi�ty 

Sim plicity in itself, the GR l 542 is a small,  rugged, inex
pensive and simple-to-operate stroboscope that puts the 
magic of frozen motion at your fin gertips. I ts stable wide
range oscillator produces teady stopped- or slow-mo tion 
images. 

M ost stroboscopes produce an image that appears to the 
operator to decre ase in brightness as the-. fla h rate is de
cre ase d. Usually this undesirable situation is overcome by 
switching additional capacitors into the discharge circuit at 
reduced oscillator frequencies. The GR 1 54 2,  however, u e a 
novel elect ronic circuit to provide an e sen tially constant su b-

1 Miller, C. E . ,  "Detailed Viewing in Ambient Brightness, "  GR Experi· 
men ter, September/October 1 969. 

2 Miller, C. E.,  and Rogers, W .  F., " ew S h oes for an Old Workhorse, "  
GR Experimenter, July /Sep I em ber I 970. 
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C. E .  M i l ler was graduated from Yale Univer
sity in 1 960 w i t h  a B.  E ng . degree and re

ce ived his MS degree from Massach usetts 
I nst itute of Technology in 1 966. He joi ned 
General Radio in 1 960 and i s  an engi neer in 

the C om ponent and Network Test ing G roup. 

H e  i s  a member of I E E E , AOA and AT1 and 
holds a patent  for a constant offset frequen
cy-generating device to produce slow-motion 

images. 

j e ctive i m age brightne s over a wide speed ran ge wi thout 

witching, resulting in gre ater operation al simplicity and 

lower over-all co t !  

I n  e du cation , the G R  1 54 2  is well suited to studen t u e in 

ex peri ments that dem onstrate the p rinciples of stroboscopy 

and h armon i c  m o tions. I n dustri al uses for the G R  1 542 
abound in develop men t ,  te t ,  and m a in tenance areas. Careful 

electrical and me chanical design a ure that this h a n d-held 

in t ru me n t  w ill perform fai t hfully under severe i ndustrial en

VlrOn mental  conditions. 
A particularly interesting appl ication involves the use of a 

slightly m odified G R  1 542 in a new-type automobile wheel

balancing mach ine ( Figure I) inve n ted by Bear anufactur

ing Corporation of Rock Island, I l l inoi - long t h e  fore m ost 
manufacturer of a u t om otive brake and wheel align me n t  

equipmen t in t h e  USA.  The s troboscope i s  a n  es en tial com
pon e n t  in the "Tela balancer." With t h is m a chine the opera tor 

quickly makes e x tremely accurate balances of wheels wi t h  al l  

part , including t he hubcaps, in place and a t  road speeds of 

1 20 m p h ! Bear chose to u e the CR 1 54 2  for the cri t ic2l  

iliu m  in a tor in the Tela balancer because of i ts high, relatively-

con tant  light out pu t ,  oscil lator tabi l ity,  and ease of adjust

m e n t  - i mp ortant  fact ors t o  the operator oft e n  working 

rapidly in area of high a m bient il lumin a tion . High reliability 

is also a prim e  require ment as t he Tela balancer must function 

day after day. The stroboscope package provides the rather 

unique advantage that the en tire trobe is bol ted into the 

Tel a balan cer as a comp le t e l y  e n c lose d c om p on e n t .  In the 

eve n t  service is re quire d ,  the u er i m pl y  u n bol ts an d ea ily 

rem ove the stroboscope and ret u rn s  it t o  his distributor for 

an exch an ge unit .  

Some Background 

Realization of the GR 1 54 2  involved an unu ual degree of 

cooperation amon g  the in dustrial design, mechan ical, and 

elect rical e n gineers.  The package was t o  be compact, neat in 

a p pe a rance,  and the c on t rols conven ie n t  t o  operate.  I t  is 

phy ically rugged and thermally and elec t rically compatible 

with t h e  high-perform a n ce strobe "in nards," assuring opera

tor safety a n d  fow cost. The e c ri te ri a  were m e t  by use of a 

variety of t ough plastics an d a n ovel ,  s y m m e t rical "clam

she l l "  inj ection-molded case,  a mazingl y  resi tan t to physical 

abuse. 

A single-range uncal ibrated oscillator provides flashing 

rates from a p proxi mately 1 8 0 to 3 8 00 flashes-per-mi n u te ,  or 

a speed ratio of a p proxi m a tely 2 0  t o  I. S ta bil ity of the oscil

l ator is of pri me i m p ortance to produce steady, stopped. er 

slow-m ot i on i mages. Accuracy o f  calibration, of course , is 

not a factor since the instru m e n t  is  not i n te n d e d  for speed 

measurements.  A five-tu m continuous con trol p rovides ver

nier action for mooth speed adju st m e n t  t l"J.rough out the 
oscil lator range , a n d  motions to above 5 0 ,000 rpm m ay be 

viewed by u e of h arm on ics.  

User response indicates the GR 1 54 2  provides good per

for mance a n d  a truly econ omical capa bili t y  to "stop" high

speed m ot ions for visual study or an alysis. 

- . E. Miller 

The GR 1 54 2  was designed by the author;  W. A .  Montague and P . A .  
d'Entremont contri b uted to the mechan i cal and i n dust rial desi gns 
respect i ve l y .  

Flash Rate: � 1 80 to 3800 flasties Df:'r rnrniste 1 3  t '3 flas.hes per �ond ) .  cont inuously 
d1ustabl by uncalibrated 5-turn cootro1 

Flash Durati on :  ::::::::: 5 ,,..� at 63 fps . =::: 2!J µsat ) fps 
Beam Angie: :=::: 400 at ha f 1ntens1ty poi "ts 
Power: 1 0tl to 1 2� V . 50 to 60 HL 9W 
Mechamea l :  Molded olostic; (:d'SC' w th f c.P v1�1e to JH l'1 1 l.Jm p , h 1gh brightnf'"S.S reflector 
standafd 0 25-20 l hrPNdcd hole for lr+pott rrn.>1.H l l i nq O I M t NSIONS lw x h "" d) 4 2 " 
2 16 x 7 57 m f 107 ' 5tl x 1 9 1  mml Wfl( 1 1 1 1 8 lb (0 8 <g) net ;> lb {O 9 kg) Sh•ODln'J 

Catalog 
_N_u;...m_be;.;:._' --�-----�D..:;;cscri pt1on 

1 542·9700 
1 530-9400 

1542 E lactronic Stroboscope 
Aepl.cement St..-obotron Flash Lamp 

Info rm at ion 
R etr ieva l 

An article edi ted by L. J. Chamberl a i n , E xecutive Vice-President 

of Ti me/Data (a G R  company ) .  presents the subject of t i me�eries 

anal ysis in comparatively simple terms and i l l ustrati ons. I t  i s  enti t l ed 

"A Si mple Discussion of Time-Ser i es Analysis" and is available to 

any reader who woul d  li ke a single copy . Add ress y o u r  request to 

the Editor - GR Experimenter, Genera l Radio Co . ,  Conco rd,  Mass . 

0 1 742.  

1 0  GEN ERAL RA010 Experi m e nter 

www.americanradiohistory.com

www.americanradiohistory.com


EXTRA I 

S ta b i l i ty 1n  S ta nd a rd C a pa c i to rs , 

P rec is ion i n  C a pa c ita n c e  M e asu rem ents 

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

stable over the years, the accuracy of the calibrations, Figure 
1 ,  shows an inclination to plu nge into the region where the 
uncertain tie are less than a part per million. The ational 
Bureau of Standards has led the way with improved capac
itors and measurements. We have followed them, not only 
with interest but with some new in truments1 de igned to 
bring to other laboratories the increasing accuracy of N BS 
calibrations. 

The new GR 1 408 l 0- and l 00-p F reference-standard 
capacitors with the proven mechanical and electrical stability 
of a fused-silica dielectric have been constructed to provide 
higher accuracy in the transfer and storage of the unit of 
capacitance. The new GR 1 6 1 6  transformer-ratio-arm bridge 
has also been built to meet the need for improved precision in 
the intcrcomparison of these standards and for high accuracy 
in the calibration and measure ment  of a wide range of other 

1 A benaim, 0. and Hersh,  J .  F., " N ew Fused-Silica-Dielectric I 0- and 
I 00-pF C a pacitors and a System for Their Mea ureme n t , "  IEEE 
Transactions on lnsrrumen tation and)\lfeasurement, November, 1 9 7 0 .  

' ,_ u <t a: ::J u u " 
z 0 
;:::: <t a: m 
-' " u 
... 0 
.... 
" 
-' 

GR !>09 i o " "  

1 930 1 940 1970 
INT RODUCTION DATE 

Fi gure 1 .  G R  standard-capacitor 
calibration-accuracy i mprovement with t i  me . 

OCTO BE R /DECE M BE R 1 970 

1621 6 

GR 1 408 standard, with temperature-controlled ai r bat h .  

capacitors. This bridge provides ex tended ranges of capaci

tance and conductance and extended sensitivity, particularly 
when use d  with  the complementary new R 1 23 8  phase
sensitive detector and G R  1 3 1 6 power oscil l ator. The bridge , 
detector, and scilla tor assembly (GR 1 62 l ) is of value not 
only in the calibrat ion of stand a rds but also in the investiga
tion of the dielectric properties of materi als,  th rough meas
urements of small cap acitances and conductances and of  
very small  changes in these quantities. 

F U S E D-SI L I CA CAPAC I TO R S  
G R  1 408 R E F E R E N C E  STA N DA R D  CAPAC I TO R S  
The fun damen tal d esign of t h e  new I 0- and I 00-pF stand

ards is bas d upon the development at  N BS by Cutkosky and 
Lee2 of a 1 0-pF capaci tor  w i t h  time stabi l i ty and small varia
tions due to voltage ch ange or shock, whi ch permit calibra
tion to parts in 1 07 .  The dielectric material used for such 
stability is a special grade o f  fused silica. rt has the further 
advantages of low losses and low frequency dependence of its 
dielectric con tant in  the audio frequency range. 

GR Design 
The two main considerations in the design of the fuscd

silica capaci tors were t he manner of applying the  electrodes 
to the substrate and the manner of sup porting the capaci t or 

2 Cu tkosky , R. D. a n d  Lee, L . H . ,  .. I mproved Ten- Picofarad rused
Silica Dielectric Capaci t o r , "  NBS Joumal of R esearch, Vol. 6 9C, 
J u l y - e ptember, 1 96 5 .  

1 1  
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Sl'"INQ-lO.t.0[0 
SUP�OftTS 

Figure 2. Substrate thickness 
is the only difference between 1 0- and 1 00-pF units.  

in its cell. I t  became ap paren t very quickly that the gap be

tween these electrodes was critical . [ t  had to be well defined 

and free o f  isolated particles of metal that could be attracted 

t o  the plated gua rd or electrodes by electrostatic forces, 

which woul d  cause a depen dence of t he capacitan ce upon the 

voltage applied. The geometry o f  the s upport in the vicinity 

of the gap is the principal factor in the design o f  the cell as the 

direct capacitance is not completely within the fu sed silica 

but include capacit ance fro m  the top face of one ele c trode 

through the gap to t he other electrode. 

Figure 2 shows the configuration of the electrodes and the 

supporting cell. In the G R  de ign t he electrodes and guard are 

in the ame plane on each face, a n d  photo-e tchin g  techniques 

can be used both to generate t he gaps and to adjust the capaci

tance by changing the area o f  an electrode. Fortu nately, 

microelectronic techniques are available at GR for the depo

sition of electrodes and the generation o f  gaps. These tech

niques have proven more pre d ictable and reliable than any 

grinding or masking techniqu inve tigated. Since the elec
trode area are not equal and the capacitance is defined 
mostly by the area o f  the smaller electrode, only one gap i 
now crucial. 

Figure 4. 1 00-pF and 1 0-p F 

substrate elements. 

1'71..> 

t. �1200 
"' 
v 
" :! 
� 800 
.. u 
� 
.., � 400 .. x u 

lril'OVI G BACK 

01STA CE d BETWEEN SUBSTRATE ANO 8ACK - lNCH 
1611 7 

Figure 3_ Effect upon capacitance 
of changes in  back-svbstrate separation . 

The substrate is held between spring-loaded supports 

which are shaped so that, even if t he substrate moves, the 

guard in the vicinity o f  the ga p stay the ame. As the distance 

between the plane of the gap and the holder above it  changes 

so does the direct capacitance. Figure 3 shows the magn itude 

of t his effect. I t  appears from thi graph that i t  is "un healthy " 

to have t he guard too clo e to the gap b u t ,  a the distance 

become greater than about 70 mil , the position o f  the guard 

is less critical_ We t ake advan tage of the last 3 00 ppm of 

change to provide for motion of the guard in the cell as a final 

capacitance adjustme n t .  

Construction 
'· 

Figure 4 show two coated and e tched capacitor sub

strates. The coating consists o f  0. 0005 inch o f  p u re gold_ 

Both the thin su bstrate (0_030 inch thick) for I 00 pF and the 

thick one (0 .300 inch thick ) for 1 0  pF have a diameter of 

2. 7 27 inches. The eleme n t  i placed in a brass holder, and the 

capacitance is adjusted to ± 1 00 ppm o f  nomi n al values. on

t act to the electrodes is made through gold-coated phosphor

bronze springs. Figure 5 hows the holder ready to be placed 

in a stainle s-steel con tainer, and also shows the assembled 

and scaled cell.  This container is welded shut,  evacuated, 

Figure 5. Capacitor brass holder 
and assembled and sealed cel l .  

F igure 6 .  Oil -bath 
version of G R  1 408 capaci tor . 
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Figure 7. Air-bath 
version of G R  1 408 capacitor. 

b ak e d ,  back-filled with dry n i t rogen ,  and seale d ;  connections 
to the capaci tor are m ade via gla s-to-metal feed th rough . 

The dielectric constant of fused ilica has a tem perature 
coe fficient of approxima tely l 0 p p m /° . To m a ke meaning
ful measu reme n t at a level of a part in 1 07 ,  one has to know 
the am bient temperature to within O. O l ° C. Thi can be ac
complished in an oil bat h ;  Figu re 6 shows the oil-bath version 
of the capacitor. The GR 874 connectors, gold p lated for 
lower con tact resistance, are installed six in ches above the 
capacitor to allow connection above the oil level . The n or
mally sim ple measurement of this capacitor in an adequate oil 
bath is, however, complicated by the additional preci ion 
apparatu required to make the accurate temperature meas
u rements needed to define the capacitance value. or that 
reason , an air bath was developed which can provide one or 
t wo capacit ors with their own environ men t  and, therefore, 
eliminate temperature measuremen ts except in the case of 
highest accuracy. The air bath, Figure 7, is thermostatically 
con t rolled at a nominal 3 0° . The bath has a long-term stabil
i ty of 0. 0 1 ° ; it change by less than 0. 0 I ° C for a 6° C change 
in a m bient te m perature .  Te mperature con t rol is by a 1 2-volt 
system ;  bat teries can be used during t ransportation.  

Performance 

valuation of the fused-silica capaci tors was difficult be
cause sta ndard and measuring equip m e n t  capable of t he re
quire d  accuracy and resolution were not available. We devel
oped thi  equipment con curren tly with t he capacitors.  

We found the voltage dependence of a fu ed- il ica capac
itor to be a good indicator of i ts quality, and it  is the first te t 
made on all new unit . The capacit ance change h as to be le 
than a part in I 08 when the voltage applied is changed from 
S O to l S O V .  

Frequency dependence a n d  dis i pation factor are directly 
re lated to the dielect ric and were evaluated by comparison 
with two type of air capacitor . Our tests showed the fre
quen cy dependence to be a few p pm between l and 1 0  k H z ;  
t he dissipation factor was also a few p p m  a t  l kHz. Measu re
men t  accuracy was 3 to 4 ppm. 

The e ffects of mechanical and thermal shocks were inve -
ligated.  Oil -bath versions were dro p pe d  at diffe ren t angles: 
the capac itance did not change by m ore than a part in 1 0  7 .  

OCTOBE R /DE CE M BE R  1 970 

Some I 00-p assem blies showed more shock sensitivity ( I  
p p m ), attributed t o  bowing of the thin ubstrate. The capac
itors were also cycled between 0 and 5 0° and the hysterisi 
effect was less than 4 ppm ; the cause of this change is ques
tionable bu t could be due to temperature-mea u re me n t  un
certainties of our oil bath.  

As for long-term sta bility , i t  could o n ly be checked in di
rectly. The difference between two capacitor in an air bath 
did not change by m ore than one part i n  1 07 during a one
year observation period. 

GR 162 1 

PR ECISION CAPAC I TANCE-MEASU R E M E N T  SYSTEM 
One consequence of the i m p roved q uality of the new 

capacitors is that both the test required to demonst ra te their 
tability and the calibration to be made i n  their ultim a te u e 

as standards require more preci ion than that to be fou n d  in 
the measure men t sy tern of our labora tory and, indeed, of 
most laboratorie . We met thi need by developing the GR 

1 6 2 1  Preci ion apacitance-Measure me n t  System ( igure 8). 
The y tern is comprised of the GR 1 6 1 6  Precision apaci
tance Bridge, 1 3 1 6  Oscillat or, and 1 23 Detector. A specific 
design o bj ective of this ystem was to provide preci ion in 
intercomparison mea u re m e n t  of ou r new capacitors to 
parts in 1 os near I kHz. An equally i m p ortan t de ign objec
tive was to provide direct readings with high accuracy in 
m e a  u re me n t  of a wide range of capacitance and conduc
tance at audio frequencies. 

c 

'· s . 

Figure 8. G R  Precision Capacitance-Measurement System. 
Top to bottom :  1 31 6  Oscillator, 1 238 Detector, 

1 61 6  Precis ion Capacitance Bridge 

1 3  
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EXT MULT I PL I E R  
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Figure 9. G R 1 61 6 bri dge : Basic ci rcuits .  

G R  1 6 1 6  Precision Capacitance Bridge 

The new bridge ( Figure 9) uses the familiar t ransforrner
ratio-arm bridge circuit . 3  Greater p recision through higher 
applied voltages - 1 SO volts at 1 kHz - is obtained by use of  a 
three-winding, 200-tums-per-winding toroidal transformer. 

The bridge has twelve decades of capacitance provided by 
twelve internal standard capacitors ranging from 1 00 n F  to l 
aF ,  and by the eleven taps on the transformer winding that 
give decade steps from l 0 through 0 to - I . The three highest 
value capacitors can be di connected in sequence when not 
needed, with a consequent reduction in detector shunt
capacitance l oading and increase in bridge sensitivity . For the 
stability required in precision intercomparisons, the eigh t  
highest value capacitance standards are sufficient ly insulated 
thermally to provide a t ime constant of at least six hours, for 
changes in the ambient temperature 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 resistors ( l 0 kS1, l 00 kS1, and I 
MS1) and two carbon-film resistors � 1 0  MS1 and 1 00 M S1) .  

3 Hersh, J .  F . ,  "Accuracy,  Precision, and Convenience for Capacitance 
M e a s u r e m e n t s , "  The General Radio Experimenter, August
Septe rn ber, 1 962. 
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Some operational features are : 

• Capacitance measurement range l O µF to 0. 1 aF 
( 1 0-5 to i o- 1 9 F). 

• Limits of capacitance measurement errors range from I 0 
ppm ( 1 nF,  l 00 p F ,  I 0 p F  stan dards) to 5 0  ppm from l k Hz 
to below l OO Hz,  measured at 2 3° ± 1 °C .  
• Conductance measurernen t range - I 03  t o  1 0-10  µmhos. 
• Limit of con ductance measurement error is  0 . 1 % of read
ing at 1 kHz ,  over most of the range. 
• Gold-plated G R874 coaxial connectors for low and repeat
able contact resistance ; G R 900® connector for coaxial 
capacitance measurements. 
• Terminals avai lable for external-standard use.  

GR 1 238 Detector and 1 31 6  Osc i l l ator 

The output of the G R  1 6 1 6  bri dge is only a few hun
dre dths of a microvolt when the input to the bridge is 1 00 
vol ts an d the unbalance is a part in 1 08 of 1 0  p F .  The new 
detector developed to extract this small signal from noise , at 
the high i mpedance level o f  the b ri dge output, is a combina
tion of a high-impedance, low-noise p reamplifier, a tuned 
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a m p lifier with 1 30-dB gain ,  and two pha e- e n  i t ive detector 
circuits. The input i m pe dance is that of 1 Gfl in parallel with 
20 p F ;  the noise voltage at 1 kHz with a source i m p edan ce 
equivale n t  to the output i mpedance of the bridge in the me as
ure me n t  of 10 p F ,  i .e . ,  1 00 Mn in parallel  with 500 p , is 
about 30 n V per root Hz. 

A resu me of operating features of the osci l lator an d detec
tor include s : 

• De tector input is protected by diodes to the ful le t extent 
of the oscillator's output of 1 50 vol ts. 

• M atched decade switches tune the detector and set the 
oscil lator fre quency over the range 1 0  Hz to 100 k Hz .  

• A l i ne-fre quency notch filler is  available in t h e  detector, 
plus a choice of l inear or com pressed me ter response. 

• Detector ban dwidth is n a rrowed by adju t men l of the in te
grat ion t ime constant from 0. 1 to 1 0  econds, to reduce 
noise . 

• B ridge balance is speeded by the pre cnce of de tector panel 
meter that display magnitude of the un balance ignal plus 
the in-phase and quadrature components. The two phase 
meters can be made to re pon d to capacitance and conduc
tance independently by adjustment of phase relationships. 
The phase reference volt ages can be rotated from 0 to 360° to 
achieve any phase condition. 

• The oscil lator provides two 90° -displaced fixed-voltage 
re fere nce signals to the phase sensitive detectors .  

• Oscillator ou tput is readily con t rolled a n d  monitored by a 
5-position range switch, vern ier control , an d panel meter. 

• Osci llator signal distortion is ty pical ly less than 0.3% with 
loads ranging from short to open circuit.  

• Amplifier output and me ter outpu ts are available on the 
rear panel.  

CON C L USION 

The new reference stan dard 1 0- and 1 00-pF capacitors, 
together with the new measure ment sy tern, make it  easy for 
standards laboratories to i m prove their accuracy in the trans
fer and storage of t he u n i t  of capacitance. The new m e asure
ment y te m will al o provide good direct-reading accu racy, 
lo 1 0 ppm unde r  l i m i ted con ditions, i n  the calibration o f  a 
wid e  range of capacitors from I 0 µF to much less than a 
picofarad, at audio fre q uencies. From our experience eight 
years ago with t he i n troduction o f  new tandards ( G R  1404 
capacitor ) and a new measure m e n t  syste m ( G R  1620), we 
can make two p rediction s :  ( t )  Although this e x te nded resolu
tion will  solve some measurem e n t  problems, it  wi]I also reveal 

ome new ones when we try to make the sixth, seven th,  or 
eighth figure significant. ( 2) Al though we have provided more 
resolu tion in the ystem than most of us need today we know 
you will  be a king for m ore resolu tion tomorrow. 

- D .  Abenaim 
J.  F. Hersh 

Condensed specif ications for the G R  1 408 Reference Standard 
Capacitor and the G R  1 62 1  Precision Capacitance-Measurement 
System appear elsewhere in this issue. 
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D. Abenaim fright) graduated f rom George Washi ngton University in 
1 965 ( BSE E )  and received t he MSE E  degree i n  1 967 from GWU . He 

joined GR i n  1 965 as a development engineer, principa l ly concerned 

with standards and precision measurements. Duri ng a leave of absence 
in 1 967,  Dan was at the National Bureau of Standards, work ing w ith 

transportable voltage standards and fused-si l ica capacitors. He is a 
member of Tau Beta Pi and I E E E .  

J .  F .  Hersh {left) graduated from Oberl in  Col lege with the A B  degree 
( 1 94 1 )  and went on to Harvard U n iversity for h is MA in Physics and 

PhD in  Applied Physics ( 1 942 and 1957 ) .  His doctorate work was in 

the f ie ld of electromechan ical transducers. John's experience has in

volved work at Harvard's Underwater Sound Laboratory and teachi ng 

physics at Wellesley Col lege. He j o i ned G R  i n  1 957 as a devel opment 

engi neer but shared t ime with the National Bureau of Standards that 

year, invol ved in  bridge and capacitance research. His work si nce has 

been with i nd ucta nee and capaci t anc bridges and the development of 
improved standards and techniques. He is  a member of I E E E ,  Phi 

Beta Kappa, and Sigma X i .  

Catalog 
Number 

1621-9701 
1 62 1-9702 

161 6-9700 
1616·9701 

1 3 1 6·9700 
1 3 1 6·9701 

1238-9700 
1238-9701 

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

1408-970 1  
1408·9704 

Description 

1 62 1  Precision Capacitance
M ea s u r e me n t  System 

Bench Model 
Rack Model 

1 6 1 6 Precision Capacitance Bridge 

Bench Model 
Rac k M odel 

1 31 6  Osei I la tor 

Bench Model 
Rack M odel 

1 238 Detector 

Bench Model 
Rack M odel 

Reference Sta n d a rd Capacito r, 
a i r  bath 

1 408, 1 0  pF 
1 408, 1 0 1 10 pF 
1 408, 100 p F  
1 408, 1 0 0 /  1 0 0  p F  
1 408, 10/ 1 0 0  pF 

Refe rence Standard Ca pacitor, 
o i l  bath 

1 40 8-A, 10 pF 
1 408-B, 100 pF 
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G R  Ref lectom ete r 
N ow H as Versat i le 
1 - 1 8  G Hz R F  U n it 

G R  1 641 Sweep Frequency Reflectome"ter 
with the 1 8-GHz R F  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 set-up time and effort for measuring components 
that h ave differing band-center frequencies are greatly re
duced. Second the equipment cost is lower when one high
dire ctivity directional-coupler assembly can be employed in 
place of a number of octave-band couplers (in this case, 
about five ). 

It is, furthermore, advan tageous to h ave the best possible 
directivity in a network-analyzer directional coupler because 
it means making a direct measuremen t  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. 

The GR 1 64 1 -9603 RF Unit comes closer to meeting these 
an d other require ments t han any of its predeces ors. 

A R eview of the System 

T h e  c omplete G R  1 64 1  Sweep-Frequency Reflecto
rneter,1 a type of network analyzer, has dis tin ct features that 
make it ideal for the measurement of microwave compo
nents. I ts original concept was to p rovide the simplest, eas
iest-to-use instru ment for measu re ment of the magnitude 
only of reflection coefficient ( return loss or SWR) and trans
mission coefficient ( insertion loss) of networks or microwave 
devices. lf there is no need to measu re the p hase of these 
parameters, then considerable simplification of the set-up 
and operation of the measuring instrument results. The earli
er GR 1 64 1  offers this simplification with the result that,after 
a imp le initial level-set adjustmen t, the instrument is com
pletely calibrated and ready for u e. The adjustmen t  is stable ; 
there is no percep tible drift. This approach necessitates the 
inclusion of all the directional-coupler "plu mbing" within 
the package, an d this alone offers an advantage to the user. He 
is not re quired to gather up a hodge-podge of couplers, detec
tors, and cables to make up a measurement system. 

Some users, however, may p refer not to be bound by this 
concept. The fact is that the individual main-frame and plug
in units of the G R  164 1 can be operated in other measu re
ment systems. I n  particular the new G R  164 1 -9603 R F  Unit, 
which covers t he frequency range frqm I to 1 8  GHz, can be 
used in any network-analyzer to take advantage of the excep-

1 MacKenzie, T. E . ,  ct al , "The N ew Swee p-Frequency Reflec
tometer, " GR Experimenter, March-April 1 9 69. 

1 6  

tional directivity , the wide bandwidth,  a n d  the 1 8-GHz oper
ating frequency of this unique reflection-measuring device. 

Alternately, the G R  1 64 1  M ain  Frame and Indicator may 
be employed with whatever plumbing the user choose . In 
fact, if transmi sion or insertion-loss measure men ts only are 
required, this plum bing is nothing more than attenuator pads 
and a detector. An exam ple is the G R  1 64 1 -P3 Transfer De
tector. With this unit, in ertion loss as high as 60 dB can be 
measured_ 

The N ew 1 - 1 8  G H z  RF Unit 

The 1 64 1 -9603 RF Unit contains a newly-developed di
rectional coupler that has unusually good directivity over a 
wide band. This coupler has directivity performance com
parable to the best octave-ban d couplers. Also, the reflection 
coefficien t or SWR looking back into the U N K N OW termi
nals is quite low. Both these characteristics contribute to 
accuracy, a u bject discu ed below. The directivity is illus
trated in Figure I in terms of both dB directivity and residual 
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S W R ;  the equivalen t-source-match S W R  is illustrated in 
Figure 2. The U K OW connector is an I EE E  S tandard 
No. 2 8 7 ,  GPC-7 mm. The instru m e n t  may be converted easily 
to N, S M A ,  T C and other popular connectors by mean of 
preci ion adaptors. 

The rf- unit block diagram is given in igure 3. One of the 
two iden tical directional couplers is used to sam ple the source 
sign al and normalize it by leveling, so that the incident wave 
to the U K OWN is main tained constan t .  The tracking of · 
the two couplers is i mportant for thi  . An envelope or "vid
eo" detector i e mployed to provide the leveling signal. The 

seco n d  coupler is used lo measure the reflection from the 
device under test connected to the GPC-7 mm con nector. The 
reflected signal is de tected in a se cond envelope detector in 
fron t of which is installed a low-SWR, con tan t-attenuation, 
I 0-d B attenuator. This attenuator provides a n  imp roved 
match not achievable with broad-band diode detectors. 

The detectors are affixed by means of GPC-7mm connec
tors an d can be removed for other applications. 

The cou piers have a nominal cou piing value of 1 9  d B ,  ± I  
d B  approximately, fro m 4 to l 8 G Hz.  A t 3 GHz the coupling 
is 2 1 . 5 d B ,  at 2 G H z  it is 2 5 . 5  d B ,  and at l GHz it is 3 2  d B .  

The 1 - 1 8  G H z  Transfer Detector 

The G R  1 64 1 -P3 Transfer Detector is a well-matched en
velope-detector assem bly com p rising a 1 0-dB attenuator and 

a diode detector. The at tenuator is e m p loyed to improve the 

match to the diode detector. With the GR 1 64 1  indicator 
sy tern the asse m bly has a sensitivity of -6 5  d B m .  The SWR 

spe cifi cation is 1 . 02 + 0.005 fG H z ·  
Accu racy 

Although accuracy was described in detail on page 8 of the 
refere nced Experimenter, a brief qualitative discussion is in 
order. 

The ignificance of the dire ctivity , Figure 1 ,  and the 
source match, Figure 2 ,  are illustrated in the followi n g  ex-
prcssion : 

RF 
INPUT 

( N )  

RETURN· LOSS 

OETECTOR 

LEVELING � DETECTOR 

LEVELING 
OUTPUT 

(BNC) 

10-dB 
MATCH I NG 

ATTENUATOR 

Figure 3 .  

Block diagram o f  rt-unit .  

MEASURING 

COUPLER 
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Figure 4 . R F-uni t  accuracy . 
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John Zorzy received his BS-Physics degree from George Washi ngton 
University in 1 948 and his MS from Tufts Col lege in 1 950. H i s  
early experience was direct l y  related to design and development o f  
rada r .  antennas. and microwave devices. H e  joined G R  in  1 960 and 
present ly is G roup Leader of the Microwave G roup. Joh n is a mem
ber of I E E E .  Sigma X i .  S igma Pi Sigma.  and serves as Chai rman of 
the E I A/NCTA Task G roup on 75U Precision Coaxial Connectors. 
He is a member also of the IEEE Subcommittee on Precision 
Con nectors , of J DEC Committee JS-9 .  and of the Department of 
Commerce Joint I ndustry R esearch Committee for Standardization 
of M i niature Precision Coaxial  Connectors. 

where : 

ri = Reflection coefficient i ndicated by tli:e 1 64 1  system . 
k = ormalized frequency response of the 1 64 1  sy tern . 
r x = True ,  u nknown reflection coefficient. 
r 0 = Residual "directivity " reflection coefficient (Figure I ) . 

rs = Reflection coefficient looking into coupler ( Figure 2 ) .  

When t h e  U K OWN h as l o w  SWR ( r  x = <  0. I ), the signifi
cant term is the directivity , r 0 .  When the U K NOWN has 

m oderate or high SWR, the significant terms are kr x and 

kr5r x 2 .  I n  this latter case, the specifications sh own i n  Figure 
4 are e x p ressed as a percent of r x for sim p l icity . 

-J.  Zorzy 

Complete specifications for the G R  1 64 1  are in the supplement to G R  
Catalog U ,  t o  be distr ibuted short ly.  

Bench Mode Is 

1 641 Sweep-Frequency Reflectometer 
20 MHz to 1.S GHz 1641-9702 
20 MHz to 7 GHz 1641-9701 
20 MHz to 18 GHz• 1641-9704 
20 MHz to 18 GHz 1641-9705 
500 M H z  to 7 GHz 1641-9703 
500 MHz to 1 8  GHz 1641-9706 
l GHz to 18 GHz 1641-9707 

Rack Models 

1 64 1 -9 7 1 2  
1641-97 1 1  
1641-97 14 
1641-97 1 5  
1 64 1 -97 1 3  
1 641-97 1 6  
1 641-97 1 7  

1 64 1 -Z Sweep-Frequency Reflectom eter, with d i splay oscil loscope 
20 MHz to 1 . 5  GHz 1641-9902 1 64 1 -99 1 2  
20 MHz t o  7 GHz 1641-9901 1641-9 9 1 1  
20 MHz to 1 8  GHz* 
20 MHz to 1 8  GHz 
500 M H z  to 7 GHz 1641-9903 1641-9913 
500 MHz to 18 GHz 
1 GHz to 1 8  GHz 

Transfer Detectors, inc l uded (where a ppropriate) w i th 1641 
a n d  1641-Z; not i n c l uded with R F  U n its p u rc hased separately 
20 MHz to 7 GHz 1641-9606 
1 GHz to 18 GHz 164 1 -9604 

RF U n its, to fi l l  pa rtia l ly eq u i p ped models 
20 MHz to 1 .5 GHz 
5 0 0  M H z  to 7 GHz 
1 GHz to 1 8  GHz 

1 641-9605 Accessory Kit 

• I ncludes all  three R F  Units 

1 64 1 -9601 
1 64 1 ·9602 
1641-9603 
1 64 1 -9605 
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EXPAN S I O N  I N  T H E  
RES ISTOR FAM I LY 

The family of standard resistors de

signed by GR has been increased by two 

more mem bers in the GR l 440 series. 

These are the 0. 0 1 -n and the 0. 1 -n 
resistors. 

Principal uses for 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 omewhat different from re

sistors of higher values in the 1 440 

Manu al- remote model . 

Automated testing is a must for ef

ficient high-volume production . If man

ually operated electronic instrumen ts 

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 or 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 sensitivi ty, over-load 

characteristics, and selectivity 

• for open- or closed-loop leveling of 

sources responding to a preset program 

or a detector with suitable analog/digi-
tal conversion. • 

Note that signal sources often have pro

vision for frequency programming but 

1 8  

series. Previously, use was made o f  the 

card-type wire-wound technique. The 

new resistors are made up of a low
inductance meander-cut sheet element 

of well-aged Manganin, * connected to 

gold-plated copper terminals. 

• Registered trademark of Driver-Harris Co. 

S O LID -STATE. 

When completed, the resistors are 

adjusted, with relation to the nominal 

value, to 0. 1 %  (0. 0 1  Q.) and 0. 05% (0 . l 
Q.) respectively. Both units are oil filled 

a n d  s ealed into oil-filled, diallylph

thalate boxes for long-term stability 

and mechanical �rotection. 

Devel o pment of these resist o rs was by W. 
J.  B ast anieL 

Complete specifications for the GR 1 440 
0 . 1-n and 0.01-n resistors are in the supple
ment to GR Catalog U, to be distributed 
shortly. 

Catalog 
Number Oescr-ipt.iori 

1440.9671 1440 Standard Resistor, 0.01 ohm 
1440.9681 1440 Standard Resistor, 0.1 ohm 

P R O G RA M MABLE ATTEN UATO RS 

• 
Re mote only model . • 

remote level setting is limited or un

available. 

Calibrated attenuators now available 

are almost all electromechanically pro

grammed. Relays, reed switches, and 

turrets of coaxial pads operated by 

motors or solenoids are in use. With this 
approach, excellent results in terms of 

accuracy, SW R ,  and broad coverage can 

be obtained, bu t switching time suffers 

and there are definite limits to operat

ing life. 

Figu re  1 . Progra mming pulse t ri gge rs trace of 
attenu ation transition fro m 0 d B  to 40 d B  at 
30 M Hz. Horizont al sca le : 1 ms/cm. Vertic al 
sca le:  1 0 dB/cm. 

hese are severe restrictions which 

would rule out ap plications in highly 

repetitive production testing or high

speed systems. The GR 1 45 2  Attenua

tor was designed specifically for these 

requirements. Since it is all solid state, it 

is fast and not subj ect to the usual per

formance-Life limitations. One-dB steps 

from 1 to 80 dB are produced by highly 

stable resistive pads of 40, 20,  1 0 dB 

and 8 ,  4,  2 ,  1 d B .  These T and 7T-pads, 

together with the rf diodes performing 
the switching function, are assembled 

into pseudo-coaxial structures. Switch

ing time is dependent largely on the 

decoupling networks; with a lower fre
quency Limit of I 0 kHz it is less than 0.5 
ms. Operating frequencies are 1 0  k Hz to 

SOO MHz. 

As the choice of pad values suggests, 

r e m o t e  selection uses BCD coding. 

ogic level are compatible with com

mon IC logic systems. Negative true 

logic con trols attenuation values (all in

puts "high" corresponds to 0 dB rela

tive attenuation ). 

The GR 1 45 2  is available i n  two ver

sions. One model, for remote operation, 
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is n ot packaged in an instrumen t case to 

s ave money and space. The second 

model offers both manual and remote 

operation (when the dials are set to the 

"R" position) .  

Figure l shows a transition in attenu

ation from 0 dB to 40 dB , at 30 MHz. A 

spectru m  analyzer was used as the de-

tector ( wi th uitably wide bandwi d th 

and not scanning frequency) ·  the hori

zont al sweep is triggered by the switch

ing signal applied t o  the attenuator. 
Development of the GR 1 452 was by G. H. 

Lohrer. 

Complete specificati011s for the GR 1 452 
are avai lable in the supplement to Catalog U,  
to be distributed short l y .  

-

C.talog 
Number 

1 452-9700 
1 452-9701 
1452-9702 

Descri pdon 

other 
new 
products 

1452 Pr09rammable Attenuator 
Manual-Remote Bench Model 
Manual-Remote Rack Model 
Remote-Only Model 

0480-9722 Adaptor Set, to rack· 
mount manua1·remote model 

W I N D S C RE E N S  FOR  
M I CROPH O N E S 

The GR windscreens for I -inch di

ameter microphones ( 1 5 6 0-95 2 1 )  and 

l / 2 - i n c h  d i a m e t e r  m i c r o p h o n e s  

( 1 560-95 2 2 )  have been added t o  the 

ever-growing list of small accessories de

signed to make the lot of the ound

measure ment engineer a little ea ier. 

The two new windscreens are fabri

cated of reticulated polyurethane foa m .  

They are especially helpfu l  if o n e  m u  t 

m a k e  noise measurements outdoors 

when winds are of low velocity ( 3 0  mph 

or lower). Wind-generated noise is at

ten uated by a factor of 20 d B  or more. 

A C O U NTER I M P R OVES 
The G R  1 1 92-B Cou n ter is another 

an wer from GR to consumer requests 

for economical instrumentation. It in

corporates higher frequency response 

( 50 M Hz) than its predecessor, the 

I I 92-A,  without relaxing sensitivity 

specifications. With type-acceptance by 

the FCC as an a-m frequency monitor 

a n d  as a monitor for fm and vhf

television broadcasts the 1 1 92-B ( plu 

the 1 1 57-B Scaler for approved opera

tion to 2 1 6  M Hz and to 500 M H z  for 

normal tests) is available to broad

casters for use as a frequency monitor. 

Obviously, we have no wish to re

strict the use of our counter to the 

broadca t industry. Any reader interest

e d  i n  reading frequency, frequency 

ratios, t ime intervals, single and multi

ple periods, and many other electrical 

phe nomena for which the electronic 

counte r  is suited, should refer to the a -

ticle 1 that introduced the 1 1 92-A to 

1 Bentzen, S., "The Counter Pu nch , "  GR Ex
perimen ter, J uly /August 1 969.  
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Figure 1 .  E f fect of 
1 560-9521 Windscreen on 

response of 1 560-PS 
Ceramic Microphone. 

Hz 

The e windscreens should prove to 

be useful also in industrial area that 

may be oily or dusty. The use of a poly

urethane win dscreen will protect the 

microphone diaphragm and has only a 

very small effect on the microphone fre

quency response and sensitivity . As the 

windscreen becomes soiled it can easily 

be removed, washed, and reused. 

in Figure l for the G R  1 5 60-95 2 1  wind

screen. Loss is essentially 0 dB below 3 

k H z ,  then rise to about 2 dB at 1 2  k H z .  

Development of  the 111/i ndscreens was by 
E .  E .  Gross, Jr .  

The effect on the microphone sensi

tivity and frequency response is shown 

Cat11tog 
No. 

1 560·9521 
1 560-9522 

0 4 3 4 8 9 6  

Description 

Windscreen. 4 per pac 
1 -inch diamctef 
%-inch diameter 

Experimen ter readers. Many fe atures of 

the 1 1 92 counters are explained there 

in detail. 

men ts; options are 5-, 6-, or 7-digit read

out . Buffere d data-output versions are 

available for e ach of the digit options. 

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

Development of the G R  1 1 92-B was by S .  
Bentze n .  

Complete specifications f o r  t h e  G R  1 1 92-B Counter are in the 
supp lement to G R  Catalog U .  to be d istributed short ly.  

1 1 92-B Cou nter ( 5 0  M H z) Bench Models 
5-digit readout 
6-digit readout 
7-digit readout 

1 1 92-Z C ou nte r (500 M H z with scaler) Bench Models 
5·digit readout 
6-digit readout 
7-digit readout 

Relay-rack mounting for 1 1 92-B or 1 1 92-Z 
Option 2 BCD Data Output for 1 192-B or 1 1 92-Z 

1 1 58-9600 Probe, Tektronix P6006 (010-0127-000) 
not sold separately 

1 9  
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General Radio 
*Concord, Massachusetts 0 1 7 4 2  

6 1 7  300-4400 

ALBUQU E R Q U E  5 05  265- 1 097 D E T R O I T  800 62 1 -8 1 05 * N EW YOR IK ( N Y )  2 1 2  964-2722 
ANCHORAGE 907 279-5741 E R I E  4 1 2  327-7200 (NJ) 201 943-3 1 40 
ATLANTA 800 638-0833 G R E E NSBORO 800 638-0833 P H I LAD E LP H I A  2 1 5  646-8030 
BOLTON 6 1 7  7 79-5562 G ROTON 203 445-8445 PITTSB U R G H  4 1 2  327-7200 
BOSTON 6 1 7  646-0550 HARTFORD 203 658-2496 ROCH ESTE R 3 1 5  454-9323 
B U R BAN K 7 1 4  540-9830 HOUSTON 7 1 3  464-5 1 1 2  SAN D I EGO 7 1 4  540-9830 

* C H I CAGO 3 1 2  992-0800 HUNTSV I L L E  800 38-0833 *SAN F R A N C I SCO 4 1 5  948-8233 
C L E V E LA N D  800 62 1 -8 1 05 I N D IANAPO L I S  800 62 1 -8 1 05 SEATTLE 206 747-9 1 90 
COCOA BEACH 800 638-0833 LONG I S LA N D  2 1 2  964-2722 SYR ACUSE 3 1 5  454-9323 

*DAL LAS 2 1 4  637-2240 * LOS ANG E L ES 7 1 4  540 9830 *WAS H I NGTON, 
DAYTON 800 62 1 -8 1 05 BALT I MOR E 301 88 1 -5333 

INTERNATIONAL DIVISION CO NCORD, MASSACHUSETTS 0 1 742, USA 

*ARGENTINE 
and PARAGUAY 
Coasin S.A. 
Buenos Air.,., Tel. 52 -3185 

*AUSTR A L I A  
Warburton Funk1 l ndu1tri&S 

Ptv. Ltd 
Sydney , Tel. 648 1 71 1 
Melbourne, Tai, 69.01 51 
8ri1bane. Tel. 5 1 .51 2 1  
Adelaida, Tel. 56.7333 

ECUADOR 
Suminlstros Tecnfcos Ltd&. 
Guayaq u i l ,  Tel. 5 1 2-4 1 9  

HQNG KONG and MACAU 
Gifman & Co. Ltd. 
Hong Kong, B.c.c .. Tel. 2210 1 1  

INOIA 
Motwene Private Limited 
Bombay, Tel. 252337. Calcutta, 
Lucknow, Kanpur, New Delhi. 
Banoelore. Medr-as 

PAKISTAN 
Pak Land Corporation 
Karachi, Tel. 47231 5 

PERU 
l mportaclones v 

RepresentaciOnes 
Electronicas S. A. 

Lima. Tel. 272076 

PHILIPPI NES 
T. J. Wolff & Company 
Mekati. Rizal, Tel. 89·-34-86 

SINGAPORE *BRAZI L 
Ambrlex S.A. *JAPAN Vanguard Company 

Singapore, Tai. 94695 Rio de Janeiro, Tel. 242-7990 Sit. Paulo, Tel. 52 7806 

*CANADA 
General Radio C n8da Limi ted 
Toronto, Tel. (41 6) 252-3395 
Ottawa 

CHI L E  
Coasln Chile Ltda. 
Santiago, Tel . 39-6 7 1 3  

COLOMBIA 
Manuel Trujltlo 

Ven•oa• e Hljo, Lrde. 
Bogota 2, 0. E., Tel. 320679 

Mldorlya Electric Co., Ltd. 
Tokyo, Tel. 561 ·8851 

TAIWAN 
KOREA Heighten Trading Co., Ltd. 

M-C I nternational Teipel , Tel. 5 1 8:324 

�=�:.�i;.:�ls;�'.o1;i�i ( 4 1 5 )  397- 1 455 
THA I LAND 
G .  Simon Radio C o . ,  Ltd. 

MALAYSIA Bangk o k ,  Tel. 30991-3 

Vanguard Company 
Kuala Lumpu r, Tel. 882 1 3  

•ME X I CO 
Eleetronica F re-din, S. A. 
Mexico. 10 0. F . . Tel. 20-89-4.8 

N E W  ZEALAND 
W & K. Mc Lean Limited 
Auckland, Te1. 587-0:39 
Wellington, Tel. 555·869 

UR UGUAY 
Coesin Uruguev1 S.A. 
Montevideo, Tel. 9 79 78 

VENEZUELA 
Coesfn C. A. 
Carac.as. Tel. 7 2  96 3 7  

* G E N ERAL RADIO COMPANY (OVERSEAS) 
P.O. Box 1 24, CH-8034, ZUrlch, Switzerland, Tel. 47 70 20 

AUSTRIA F I N LAND ISRAEL REPU B L I C  OF SOUTH 

Olpl. I ng. Peter Merchetti I nto 0/Y Eestronics Ltd. A F R ICA 

Wion, Tel.  57 82 30 Helsinki, Tel.  1 1  1 2 3  Tel Aviv, T o i .  44 04 66 Auoclated Elac-troni« ( P ty . )  Ltd. 

01TALY 
Johannesburg, Tel. 724-5396 

BELGIUM • F RANCE General Radio Ital ia!! S.p.A. SPAIN Gl"oenpol·Belgique S. A. General Radio F rance Milano, Toi. 29' 31 29 
BruKelles. Tel. 02/25 16 36 Paris, TeL 355 75 46 � Lyon Hfspano Electronic.a S. A. 

Madrid, Tel. 233.16.01 LEBANON 

DEMOCRATIC REPUBLIC Projects 
•GERMANY SWE DEN O F  THE CONGO Beirut, Tel. 24 1 200 

General A dfo Gmb� Flrma Johan Lagercranu KB Oesco de Schulthess Mi.inch en , Tel. 40 18 1 7  N E T H E R LANDS ZUrich, Tel. 25 44 50 Hamburg, Tel. 45 06 56 
Solna. Tel. 08/83 07 90 

Groenpol I ndusi-riele 
Verkoop N. V .  SWITZERLAND DENMARK GREECE Amsterdam, Toi.  020/64/474 

SEMCO A/S Soyfter & Co. A. G .  
Marios Oalloggio Ztirich, Toi. 25 54 1 1  Glostr-vp, Tel. 45 2 1  22 

Representations NORWAY 
Gust.av A. Ring A/S Athens. Tel.  71 O 669 
O•lo, Tel.  46 68 90 •UNITED K I NGDOM EASTERN EUROPE 

Gen ra l Radio Company General Radio Company I RAN PORTUGAL ( U . K . )  L i m i ted (Overseas) 
Tel. 47 70 20 Berk eh Co. Ltd. Casa Serras Bourne End, Bucki nghamshire 

Tehran, Tel. 62 82 94 Lisboa Tel. 22 567 

E I R E  
EASTERN COUNTRIES Generel Rttdlo Comp.any 

(Overseas), Tel. 47 70 20 INCLUDING YUGOSLAVIA 
Gen•ral Radio Company G o  tee 

( U . K . )  Limited, Tel. 22567 Wien, Aus1ria 

• Reoair services :ere eveileble at these offices. 

Grason-Stadler 
. 

Time/Data 
A GR COMPANY A GR COMPANY 

56 Winthrop Strfft, Concord, Massachusetts 0 1 742 490 San Anton1o R oad, Palo Alto California 94306 
Tel. 6 1 7 / 369·3787 • 643·5162 Tel. 4 1 5  I 327-8322 
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