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INTRODUCTION 

n:,::::====::::::::::::=::;s->ATT mu t have been 

w 
watching hi teakettle at 
almo t the ame time that 
Franklin was :flying his 

kite. These two incidents illustrate 
:ather strikingly a difference which 
was present from the outset between 
th philosophies of steam engineer­
ing and electrical enginee1·ing. 

D velopment of team engineering 
was, until a late date, entirely em­
pirical and out ide of the scientific 
thought of the period. It was distinct­
ly a method of procedure h·om appli­
cation to theory. Nor could this type 
of development he a cribed to a 
complete lack of problems pressing 
for solution. In the 1840's Dicken 
app1·oached an Ohio steamboat voy­
age with a degree of tI·epidation 
which indicates that these craft en­
joyed an explo ive reputation in 
England at that time. Steam engineer­
ing as a science did not appear until 
many years after the steam engine 
was extensively adopted, and even 
. 1ow has not entirely shaken off the 
teakettle tradition. 

In Franklin's kite experiment we 
s e scientific curio ity eeking to in­
ve tigate the ph nomenon of light­

ning and to correlate it with other 
cientific information. By its very 

nature electrical engineering requires 
procedure from th ory to applica­
tion. No one ever observed an electric 
conductor being repelled by a mag­
netic field until Faraday set up the 

xperim nt. The electric motor could 
not po sibly have resulted from the 
intrusion of homely phenomena on a 

fire ide daydream. 
A corollary of the scientific method 

is a need of apparatus, and it is, there­
£ ore, not urpI"i ing to find Franklin 
importing L yden jars and similar 
apparatus at about the time of the 
kite experiment. As the electrical 
engineering art developed there grew 
up with it an increasing demand, first 
for experimental, and later for meas­
uring and testing equipment, until as 
early as the 1870 s commercial com­
panies were able to concent1·ate on 
electrical measuring equipment alone . 

With this background in the ol<ler 
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branches of electrical engineering it 
was natural that a need for measuring 
equipment would be felt early in the 
d velopment of frequencies used for 
communications. .t was with thi 
need in mind that Mr. Melville East­
ham organized the General Radio 
Company in 1915. The Company was 
founded with a distinct field in view. 
I t  wa de ired to reduce measuring 

method to practical commerciaJ 
forms of a type uitable for u e in 
everyday shop and commercial tests, 
-a field which may well be de­
scribed as tool making for the elec­
trical engineer. Thi issue of the 
E PERIMENTER presents a group of 
article which attempt to show some 
of the more important developments 
of the last twenty year . 

DEVELOPMENT OF RECEIVER TESTING EQUIPMENT 

W
HILE te ting method for com­
ponents and circuits were early 

development , the quantitative test­
ing of complete receivers is a com­
paratively recent growth. It must, in 
fact, have been a late as 1928 that 
the writer wa told in all seriousne 
by- the engin er of an important 
manufacturer that he believed it 
would be neces ary to buy a wave­
meter very soon because the plant 
was then running twenty-four hours 
a day, and it was difficult to find 
broadca t stations in operation dur­
ing the early hour of the morning in 
order to check dial preads. 

At thi period te t of complete re­
ceivers were u ually purely qualita­
tive. The individual components were 
checked and circuits were matched 
carefully for tracking, but the com­
pl t d receiver a a general rule re­
ceived only a Ii tening test. 

A principal reason for the delay in 
the development of receiver-measure­
ment methods which would permit a 
quantitative ratinu of the instrument 
wa a lack of agreement as to the form 
the rating hould tak . The problem 
was rather unusual in that the radio 

·eceiv r is a power convert r, but one 
whose power efficiency gives no clue 
to it performance. The problem was 
complica ed by the fact that the 
method of rating to be devised must 
not only be clear to the engine rs, but 
must be such as to provide a fair and 
intelligible means of comparison be­
tween receivers by a public entir ly 
unfamiliar with the a pects of the 
problem and even with the technical 
terms used. 

Scientific popularizers were esti­
mating receiver performance in terms 
of power expended by a fly crawling 
one foot up a window pane. While 
graphic, evaluation of receiver per­
£ ormance in fly power was in ufficient 
to inform the purchaser a to the 
satisfaction h might obtain from a 
purchased receiver. The advertising 
departments were more explicit and 
rated their r ceivers, optimistically, 
in terms of distances from which sig­
nal could be received. There was 
sound technical precede t for this, 

ince tel phone equipment had been 
rated in terms of mile of standard 
cable, hut the difficulties of defining a 
standard radio-tran mi ion medium 

www.americanradiohistory.com

www.americanradiohistory.com


JUNE, 1935 - VOL. X - No. 1 3 

pr vent d any tandardization on 
such a ha is. Fm·thermore the world 
wa too mall to o-ive proper play to 
the competitive adverti ing imagina­
tion. 

The confusion was finally re olved 
in the Standardization Report of the 
In titute of Radio Engineers pub­
li hed in preliminary form in May of 
1928. This report recognized the 
necessity of rating receivers in terms 
of thre characteristics- ensitivity, 
selectivity and :fidelity- and set up 

tandard method of procedure to 
tablish such values. 
M a urement of en itivity and 

electivity required the setting up of 
an ntirely new type of apparatus, 

ince it involved the measurement of 
radio-frequency voltages of the order 
of a few m icrovolts. An a pp roach to 
thi problem had been made by Eng­
lund, Friis, and others everal years 
earlier in connection with field­
str ngth urvey . The method con­
si ted of producing the radio-fr -
quency voltage at a level which was 
readily measured with a high degree 
of accuracy, and th n ubdividing the 
kno·wn voltage through a uitahl net­
work ufficiently to obtain the re­
quir d mall voltage which then al­
lowed the measuren1ents to he made 
by direct substitution. Obviously, the 
method i subject to the objection 
that the tandard low voltage can b 
no more accurate than the subdivid­
ing network. This objection underlie 
all receiver en Jt1v1ty mea urements 
at the present time. Network of 
quite different type incorporated into 
equipment of different manufacturers 
do, how ver, give fair agreem nt at 
voltages of a few microvolts, whence 
it may h reasonably assu1ned that 

Th fir t commercial Standa rd-Signal G ner­
ator, Gen ral Radio TYPE 403-A, November, 

1928 

the e value a1·e accurately known . 
The problem of signal-generator 

development were centered in the at­
tenuator. The General Radio Co1n­
pany elected the resi tance type of 

attenuator as the most promising ap­
proach to the probl m at hroadca t 
fr quen i s, and development was 
rapidly pushed ahead during 1928 on 
a ignal generator which would be 
suitable for the evaluation of receiver 
chara teristi s a defined by the ln-

titute of Radio Engineers' Standard . 
The TYPE 403-A Standard-Signal 

Generator wa de cribed in THE 

GE ERAL RADIO EXPERIME TER 111 

November, 1928. Thi in trument, de­
signed by Dr. Lewis Hull, wa , w 

believe, the fir t tandard- ignal gen­
erator to be commercially available, 
and it opened up an entirely new field 
of receiver measurements. 

The T PE 403-A Standard-Signal 
Generator consi t d of a radio-fre­
quency o cillator with an audio-fre­
quency modulator. The output of the 
o cillator wa impressed across a 
re istance attenuator, permitting the 
reduction of the output voltag to 
small valu and its adjustment over 
a wid range. 
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The increa ing u of other than 
broadca t fr quencie later di tated 
design changes in the earlier TYPE 

403-A Generator. Higher frequencie 

and lower output voltage , as well a 

n1ore seve1·e demand for accuracy, 
were training th po ibilitie of the 
or· ginal 403- d sign rath r er· ou 1 y. 

All of th e factor 1 d to the aban­

donment of the TYPE 403-A d ign 

and the introduction of th T PE 603 

Tbe s cond step, TYPE 600-A Sundard-SignaJ 
Gen rator, for rapid m a ureme11t on b1·oad­
ca t recei er at eJected frequ nci , Augu t, 

193 

Signal G nerator early in 1932. n­

nounc m nt of the new instrument 

wa carri d in th May, 1932, i u of 
TH GEN 'RAL RADIO E� PERIMENTER.. 

The fundan1ental elem ents of th 

earli r ignal g n rator wer repeated 
with many refin m nt in de ign. In 

th attenuator e pe ially an entirely 
new typ of me hanical design was 
followed. 

During thi period a d velopm nt 

of the ultra h igh-£ requency hands 

in ilar to that arlier taking pla ill. 

the broadca t band wa in progr 

A d v lopm nt of the bands ettl d 
down to a con1m rcial basi , a n1 eans 

of evaluating rec iver perforn1ance 

simultaneous d veloprnent for servicing and 
testing o r a wid fr qu nc rang , the TYPE 
601-A Standard- ignal Genera·tor of Jul ,193] 

in them wa d mantled . Thi wa n1et 
in February, 1933, with the announ e­

ment of the TYPE 604-A Te t-Signal 
Gene1·ator. Thi in trun1 nt did not 
replace the TYPE 6 3, hut n1e1·ely up­

plemented it by overinu frequ ncy 
hand where th 603 could not po�-

"bly be u ed. It a r cognized that 
performance mea urem nt at ultra­
high frequencies could not have a 

high preci ion at the pre ent tate of 

th art and a rath r imp le and in x­

pen ive type of in trum nt wa , ther -
fore, dev lop d. Th familiar d ign 

pattern of mo dulated o cillator and 
attenuator wa , howev r, again fol-

The modern laboratory tandard, th Gen ral 
Radio TYPE 603-A Standard-Signal Gen rator 
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ow d. One important departure from 
previous practice wa requi1·ed. A 
conden er typ of attenuator wa 
found to give more ati factory ope1·a­
tion at fr quencies above 20 mega­
cycle than the resi tan e type us d 

in th earlier ignal generator , and 

thi type of network was uh tituted. 
While laboratory ineasurement 

1:echn' que wa being worked out, a 
parallel developm nt in factory in­

p ction and test method wa r -
quired in order that th h igh r tand­
ard of p rformanc ould be tran -

ated into actual p roduction perform­
ance. The testing and in p ction t­

up projected for th radio-rec iver 

plant of the Victor Company 1929) 
at Camden a probably ·the earlie t 

and certainly the mo t ambitious 
quality control et-up for that da . 

h re eiver wa broken down into 
i.·adio-f r qu nc and aud io-frequency 

ction�, and each portio n wa ub­
j cted to � hau tiv test which were, 
however, r due d to uch imple 
t.erm that un killed t ting p r onne 
could h trained to make the te ts 

v ry quickly. 
This test equ ip ment, de ign. d and 

built by G n ral Radio, provided for 
a on.'lpl t r pon.se te t of each re­
ceiver. The te t method w imple 
a1 d rapid, and a omparatively n.1.al 
number of t t panels wer required 
to handle the production chedule of 
2000 · ce'v rs per day. 

M asure1nent method for te t of 

receiver fidelity have be n graduallv 

dev loped until a very compl te val­
uation of th fr quency r pon e and 

ar1nonic di tortion of the entire re­
,e. ver or of component part can be 

made. One of the earli t fidelity t st­
ing in trume1 t wa th TYPE 355 

With a:n e e to t.he fut.ure, 1.h TYPE 604-B 
Test-SignaJ Gen.erat.orf rultra-high-frequen y 

work 

Tran former Te t Set w ich wa de­
igned for the measurement of indi­

vidual audio trans£ ormer . 
The d v lopment of vacuun1-tube 

o cillator for audio fr quenci s wa 
largely an outgrowth of the den.1and 
for better fidel ity reproduction. 

ud · o-frequ ncy vacuum-tube o il­
lator ar uch a labora ory common­
place that it i a y to for get that a 

ecently a ten y ar ago they were 
a comparat"v rarity. The fir t om­
mercial vacuu1n-tub audio-fr qu n y 

oscillator available for general lab­
oratory u in thi country wa the 
TYPE 377 pla d on th m.arke by 
G neral Radio Company in 1925. Pre­

v1ou to that tim u h make hift a 
phonic w 1 e driv n by variable­
sp ed motor were the only ourc of 

variable audio frequency ava "labl . 

The develop1nen.t and improvement 
of audio-frequency apparatus in­
duced a decided de and or o cilla­
tor ca able of fr quency variat"on 
over this range, and the beat-fre­
quency type of os illator offered the 
obv · ou ad an tag of ingle control for 
rapi d  adjustment over wide 1·ang 
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The TYPE 713 Beat-Frequency 0 -

c illator ju t being an nounced i s  tht 
culmination of a er1e of heat  o cil­
lator reach ing hack about e igh t 
y a r  . It i r markahl i n  th h igh 
voltage and power output for t h is typ 
of oscillator, as well a for an unu ual� 
1 fin wave£ orm. 

Fid lity and gain mea urem ent le<l 
into m any ramification of app aratu . 
A n  intere t i n  wav d i  tort ion-that  
is, h arnionic g neration-in tube and 
a m p lifier h as been a com p aratively 
rec nt developm n t .  The athode-ray 
o cillograp ha h en of great value 
in rou gh m easu rement of thi  k i n d  
hut t h e  TYPE 636 Wave An alyzer p ro­
d uce a complete a n d  accurate an aly­
sis of a distort d wav form showing 
harmonic of magnitude f ai.· too small 
to b detected in an o cillogi.·am. Th i 

--

The TYPE 377-B Low-Frequency Os i1l ator 
gen rate aud io a n d  carrier frequen ie up to 

e enty ki locycle 

in t rum nt I probably the m ost 
pecialized and h ighly developed i n  

ou1· lin , and well serve a s  a t a ngibl 
inon ument to our twenty year . 

A perfe t combin ation for audio-frequency measurements. On the left the newest hea t-fr 
quency oscillator Genera J Radio TYPE 713-A, and on "the right -ihe TYPE 636-A W a e n a lyzer 

for h armonic a n aly i 
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AL TERNA TING-CURRENT BRIDGES 

T
HE develop ment of bridge ir uit 
constitut s a part icularly good i l­

lustration of the working out of th 
objectives of the General Radio Com­
pany. At the time of th founding of 
the Company the fundamental bridge 
circuits w re w ll known. The Wheat-

tone Bridge w a , i n  fa t, first d -
cribed in 1833. Standardized com­

mercial bridges were, however, not 
extensively available at low pr · c . In 

fact, there eem to have been no 
A merican manufacturer of alternat­
ing-current brid ges at that period, al­
though Engli h and Continental firm 
were l" sti n g  them. 

The purpose of the General Radio 
Company wa to make co1nmercially 
available e tabli hed types of meas-

ring equip ment which would be 
m.an ufactured on a standard ized ha i 
applyin g, so far as po sible, ma -pro­
duction principles in thi field. The 
purpose was to place the burden of 

thought and planning on the de igner 

and manufacturer, leavin g  the u er of 
the equi pment free to devote his ful l  
attention to the main objective o f  hi 

inve tigation u n distracted b y  th ne­
ces ity of coddling his equip me t and 
to remove accurate laboratory and 
shop mea uring equipment from the 
luxury class. 

Marked emphasis is lent to the con­
trast between this conception an d the 
t hen current view by the practice of a 
I adin.g En gli h manufacturer of lab­
oratory equi pment. As a deliberate 
policy, parts and in trument were 
made non-stan dard, screws were s p­

ately cut on a crew-machine with 

differin g thread so that if any part 
were lost or broken the instrument 

would hav to be nt back to the 
manufacturer for hand-fi tt i ng of new 
parts. 

The bridges of the p riod were 
mo tly of the on ce fam iliar type di -
playing panel tudded with large, 
highly polished bra blocks, con nec­
tions bein g  made by the in rtion of 
tapered plug betw n the blo k , al­
t hough the d ial-decade type of bridge 
had been introduced and was avail-

Even decade-resistance boxes improve. The 
1atest TYPE 602 right is compl tely shielded, 
ha better witche , contacts, terminals, wir­
ing, and card construction than the older 

TYPE 102 left 

able i n  a d irect-current bridge ( the 

well-kn own TYPE K Te t Set) m an.u­
f actured b y  Leed and Northrup . 

Most of the bridges offered for 
measurement of inductors and capac­
itors operated on. pul ating rather 
than alternating current. A ha ic re­
qu 'rement for a sati factory bridge to 
operate at 1000 cycles or at higher 
audio frequenci i a typ of resis­
tance which can be used in the ratio 
arm without i nt ·oducing frequency 
errors. The earlier alternatin g-current 
bridges were of the slide-wire type us­
ing a straight resi tance wire with a 
slide1· as th ratio arm of the bridge. 
The Ayrton-P rry t pe of w indi n g, 
which i nonreact ive at au d io frequen-
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The TYPE 193 Decad Bridg , an interm diat 
tag in 1.he xlension of Lhe decad bridg 

Lo alternating-current mea urements 

c1e�, wa first int roduced in General 
Radio re istance boxe in our fam iliar 
TYPE 102. With thi typ of winding 

it wa po sible t o  b u ild up non­
r active re i t o r  of larue values, 
great ly xtending the po ibl rang 
and flexibility of b r i dges ov r t h  

lide-wire type. Thi wa very quickly 

followed by an im pedan e b ridge 
which consi t d of ratio arnl. and a 

pow r-f actor arm with provision for 

conn cting unknown and tandard . 

A redesign of t hi b ridge became the 

TYPE 193 with which many con1mer­

cial and educational laboratorie 

The TYPE 293 Uni er a J  Bridg ha a greater 
Hexibilit of arrangement of the arms a n d  t:he 

r.clos d-conta t construction 

were equipped. It gave way a few 

y ar ago to the TYPE 293, 
_
a b ridge 

of imilar gen eral haract ed t ic but 

so d signed that all  impedances 

w ould terminate o n  t he panel o that 

all  type of tandard h ri d g ir uit 

could be set up. 

Mea-u rement of power factor o f  

i n  ulating material w a  a n o t h  r of 

t he problem which wa approached 

in t he early y ar of t he Compan_. 

The TYPE 216 Bridge wa volved f r 

thi purpo e and ha been t he tand­

a ·d m ethod of preci e pow r-f a tor 

det rmination for Ill.any year . 

The refinement: of decade bridge J ead to pecialized impedance bridges of greater usefulne. 
in smaller fi ld-, s·1ch a t:h� TYPE 216 Cflpacity Bridge left. and the TYPE 650-A Impeda nce 

Bridge rig,ht 
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Particular 1nea uren1 nt problem 

hav called forth a number of bridg 

of p ial de ign to meet them. The 

have in lud d bridge for th dir ct 

m a urement of cap a itance for 

trimmin gang cond n er , and for 
mea ur m nt of 1 trol ti conden -

r . Th late t d v lopm nt of thi 

typ of in trum nt i th TYPE 650-A 
Impedanc- Bridge, whi h compri 

in a ingle unit bridge lement and 

. tandard for mea ur ment of indu -

tanc , ca1 acitance, and r 
-wide ranges. Thi in trument i th 

culmination of a long ff ort ·n th 

simplification of bridge m a urem nt . 

Th m asurement of vacuum-tube 

on tant neces itat d th d velop­

m nt of anoth r group of highly 

specializ d bridg s. The arly TYP 
361 wa n1ade ob ol te by the rapid 

v lopment of multi-elen1ent tub 

Th TYPE 561 Vacuurn Tub Bridge has ade­
quat ly ur i ed all tube de elopm nts sine 

it introduction in Ma , 1932 

beginning in 1930. The T P .561 
Vacuum-Tube Bridge, which uppl -

in nted it, wa d sign d with th 

obj t of providing for all possible 

tube d velopment for a long time to 

come. o far it ha ac 01npli hed thi�. 

Even th n w metal tub s can be tak-

n care of by mean of a i inpl 
adapt r. 

Whil 

r was 

hddge 

rapid and continuous prou­

made in the dev lopment of 
for all typ of 1000- ycle 

111 asurem nt , comm r ial apparatu 

for bridge m a ur ·1nent at radio fr -

Ten thousand m egohm on a bridg ! - L 
mean of th vacuum tub u ed in the TYPE 

544 M gohm Metet-

quenc1e proved a more difficult prob­

} m. Ju t a the Ayrton.-Perry r 1 -

tance-winding d velopm nt lear d 

the way to the 1000- ycle bridg , 

con1p n at d decad s ev ntually 1nade 

po ihl hr· dg for u at radio fre-
. In th r i tanc unit th 
idual indu tanc which the 

n10 t car ful d sjgn ould not lin1-

inat from the tandard t pe of card, 

i h Id on tant r ardle of dial t­

ting and an h liminat din a hridg 

· .ircuit ] a pr liminary halan e. 

The u e of th comp n at d aI· d , 

together with other r fin ment of 

bridge techniqu , made o ihl the 
TYP 516 Radio-Fr quency Brid g , 

which was announced in 1933. Prior 

to thi time bridg method had not 
h en developed to a point where they 
could be trust d at radio frequencies. 
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The T PE 516-C Radio -Fr qu n ·y Bridrr 
m a u1· impeda n dir ctly at fr qu ncie · 

up to 5 megacycle 

Substitution and voltam1n tcr meth­

od had persisted in thi high-fr -

quency region long aft r they had 

been abandoned el ewhere. 
The compensated re i tor al o made 

po ible the constru tion of a bridge 
TYPE 667) for another particularly 

difficult problem, th mea urement of 

a small inductance asso iat d with a 
comparatively large resistance. Thi 
1 char a t ristic of radio-£ requ n y 

mea ur d at audio frequen i 
It ough the commercial develop­

ment of bridge circuit briefly 
sketched here hav made availabl 

an extensiv line of r liable, easily 
operated equipm nt, th incr a ing­

ly evere requirements of industrial 

n1ea urement indicate that bridg dP­

v lopment n1u t b continuou ly car­
ried forward, and it is, in fact, at thi 

tin1e one of our most active program . 

The latest development in mea uring mall 
inductances, the TYPE 667-A Inductance 

Bridge, Jun , 1935 

FREQUENCY MEASURING INSTRUMENTS 

I
N 1915, the tandard frequency­

m a uring device was the tuned­

circuit wavem ter. The parallel-wire 
sy tems used by Hertz, Marconi, 

cher, and oth r had, with the in­

tro uction of longer and longer 

wavelengths, been di plac d by vari­

ou type of coi and conden er com­

bination , ithe1· or both el ment of 

which were adjustable. Gene ·al Radio 

ha brought ut ov r twenty different 

wav n1eter model , of which a few 

may b mentioned as of inter t here. 

One of the earliest was the TYPE 
105, brought out late in 1917, which 

included plug-in coils, buzzer, cry tal 
detector, and telephones. Provision 

also wa made for the u e of a thermo­
couple and galvanometer, or a neon 
tub a th re onance indicator. 

The Kol ter Decremeter was one of 
the first commercial in tru1n nt 

fitted with a variable conden er hav­
ing pecially haped plate to obtain 
a desired relationship between fre­

quency (wavel n.gth and "cale read-
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till modern after fifteen years, the current 
demand for the TYPE 22 Precision Wave­
.meter pay tribute to tbe e eel I nc of the 

origin a I d ign 

1Ilg. With the widespread u of on-
tinuou wave transmitter , the de­
cremet r ha fal l e n  into di use. 

The TYPE 224 W avemeter was one 
of the fir t commercial models ( about 
1920) incorporating th features of 
prec1 ion variabl cond n. er con­
struction and worm drive. The worm· 

drive condenser had a scale of 2500 
readable division , an increase of ten 
time , or more, over contemporary 

model . 

The TYPE 574 Direct- Reading 
Wavemeter incorporated the novel 
arrangement of u ing plug-in coil , 
ea h carrying it direct-1·eading cali­
bration engraved on the coil form. 
The po sibility of making an erro1· in 
r ading is greatly reduced, since there 
is but one sea e in place of the u ual 
arrangement of several in dfrect­
reading multi-range in trum nts. 

Practically all of these earli r 1n-
trument were calibrated by refer­

ence to ome other in trument of the 
same or similar typ , who e calibra­
tion had b n in turn determined by 
r f rence to ome other in trument, 

and o on, ad infinitum. hat with 
the defect of d sign, error an i.ng 
f ro111 hi pm nt, auing t mperature 

hange , and o forth it i not urpr i -
ing that there wa a di appointing 

lack of ag1· em nt amonu variou in­
trunt nt . 

Early in th 1920' tandard fr -
qu n ies w re tran 111itted by th 
Bur au of tandards based on th ir 
tandard wav met r. uch tran mi -
ion had th great advantag of 

bringing the frequ n y standard, o 
to p ak, into th laboratory of the 
us r and, further, brought a con id­

erahle improvement in the uniforn1-
ity of re ult , ince worker in. many 
lo ation were able to make u of a 

ingle standard. 

It wa only when the standard 
wavemeter w-a replaced by o cillator 

of r latively high frequency stability, 
with m an for determining the fre­

quency directly in term of tim , that 
the preci ion of fr quency measure­
n1en t began to make rapid progre 

toward the high accuracies now po -
ible. 

The TYPE 574 Dire t-R ading Wa em t r 
combine accuracy with rapidity of s tting 

Thus the use of piezo-ele tric 
quartz cry tal for the fr quenc ta­

bilization of radio-£ requency o il­
lator in the early 1920 marks an 
im portant mil tone m frequ ncy 

m asurements. 
The fir t cornmercial piezo-electric 
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o c i l l a t o r  a p p  a r  d i n  1 924, k n own a 
th T Y PE 275.  T h i  i n  t ru m e n t  served 

a i t h  r- a l a b o r a to r y  t a n d a 1·d 01· a 
a frequency m on i tor.  I n  the l a t t  r 

cap acit y  i t  gave a t i  fac t o ry perforrn ­

a n c  d own t h rou gh t he d a y  of t h  0 

500-cycl t o l  r a n  e i n  broadca t in g .  
I n  t h i s  a rly work G n eral R a dio 
Con1p a n. y  furn i hed th :fii· t qu a rt z  
c rys t a l  t o  b e  u d i n  control l i n g  t h e  

fi· qu n cy of a broadca t t a t ion 
( W EAF, 1 923 and th fir t ry t al 
u s  d i n  c o m m  rci a l  r a d i o  t r a n  :n1 i t ter 
( RC A ,  1 92 3 ) . 

W i t h  dem a n d  for h i gh e r  accura­

ci , the h ortcom i n g  of th a rly 
pi ·zo-e l t ri c  o i l l at o 1· were over­

come b y  progr i ve i m p roveu1en t 

The e a rly TYPE 2 75 Pi zo- I tric 0 i U ator 
m a d  no pro isi n for temperatu re control of 

t he Quartz Pla te 

in t he u t t in g  of t h e  quartz p l a te , in 

t h  m ou n t i n g  a n d  i rcu i t  , a n d  i n  
tem perature cont rol.  A s  a re u l t  t h  
accuracy w a  i m p roved fro111 0 . l  7c. t o  
0.001 % , a n d  i m u lt a :neou ly t h  con­
ven ie nt i m provem nt o f  a - op r a t ion 
w a  in l u d e d .  

E a rl y exp e ri me n t al determ i n a t io n  
of f r  quency i n  ter m s  of t i m e  foreca t 

Th e TYPE 4 1 1 Synchronous Mo tor integrated 

app J i  d f uencies to gi e an ab o l u t  a J u a ­
tion i. n  t erm o f  t ... n d ard t i m e  

t h e  develo p m e n t of t h e  p ri m ar_ 
t a n d a rd of fre qu ncy.  In 1859 Fed­

der on u ed a rotat i ng m i rror · o 

p h o togr a p h  a p ark di ch a rge a n d  

p rove t h e  osc i ll at ory c h aracter of t h e  
disc h arge. B y  tim i n g  t h e  ro t a t io n  of 
t h  m frror, i n  term o f  a t u n in g  f 01·k, 
P i  r e w a  a ble t o  o b t a i n  a mea u r  
o f  t h  fr q u  n c y  o f  t h e  p a rk o i l l a­
t io n  , in 1 9 1 5 .  B y  p h otograp h in g  t h  

o c i l la t io n  o f  a n  oscillator o p e r a t i n g  
a t  a u bmult i p le of t h  fr q u e :n. c y  of 
a q u a rtz ry tal  o i llator and u pe r­
i m p osing a t i m i n g  record of p u l  e 

o b t a i n  d from a c h ronometer,  P i  ·c 

o b t a i n  d a m e a  u 1·e of t h e  f re quency 
i n  t ern'l of time ( a bout 1 92 3 )  bv 
coun t in g  t h  n u m b  r of y 1 I r 
u n it t " 1 n e  a n d  m u l t i p ly i n g  by t h  
number of t h e  h a r m o n i c  o f  t h  o il­
l a t or con t rolled by t h e  cry t a l .  

I n  1 9 1 9  A br a h am an d  B lock de­
scr i bed t he 'mu l t i vi b ra t o1·,' a t p 
of re laxat ion o c i ll at o r  h av i n g  a n  ou t ­

p u t  'rich i n  h a rmon ics." Thi device 
w as u ed t o  m u l t i p ly frequ n c i  s by 
h a rm o n ic m et h o  t o  obt a i n  low a n d  
medium r a d io frequencie from a n  
au d io-frequency t a n d a r d  o c i l l a t or, 

u c h  as a t u n i ng fork .  A l i t t le later� 
Dye incorporated uch a t a n d a rd i z-
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i n g  q u i p m e n t i n  a h t e 1·odyn fr -

q u e n cy n1 t r. La t e r  i t  w a  fou n d ·::­

t h at t h  m u l t i v i b ra t or 1 n t  i t  e lf 

p a r t ic u l a r l y  wel l t o  t he d iv i s i o n  of 

fr q u  ncie . T h a t  i , on t h  i n t ro d u c­

t i o n  o f  a v o l t a ge h·o n 1  a p i  zo- 1 c t r i c 

o i ll a l or, t h e  frequ n c y  of t he n 1 u l t i ­

v i b r a t or ou l d  he s t a b i l ized b y  t h e  

p i  zo- lect r i c  o c i l l a t or, v e n  t hou gh 

t he fr quency of t h e  p i  z o- e l  c t r i c  

o s c i l l a t or wa evera l t i n1 h i gher 
t h a n  t h  fu n d a m e n t a l  fr q u  n cy of 

t h  m u l t i v i b r a t or .  

Th TYPE 4 11 Syn c h ro n ou - o t o r  

C lock w a  brought o u t  " n  1 926 a n d  

a n  a rl y  m o d e l  w a  u e d  b y  M a rri­

o n t i n  hi  work w it h  t h  pr c i.  i o n  
t u n i n g  fo rk t a n d a r d  a t  t he Be l l  

L a bo ra t or i e  . 

Th le ment of th p ri l n ary f re­

qu n y t a n  d rd w "Te b y  n o w  at 

h a n d : Th piez o-elect r ic o i l l a t o r  of 

h ig h  f re q u e n c y  t a b i l i t y a t h e t a n d ­

a rd ;  t he m u l t i v i b ra t o r  a s  a f re q u  n cy 

d i v i d e r, t o  b r i n g  t h e r a d i o  f r  qu.en y 

t a n d ard d o wn t o  f r  qu n i e  u i t ­

a l  I for u i n  y n c h ro n ou m o t or of 
the i m p u l se t yp , and th yn c h ro­

n o u  - m o t or clock for cou n t in g  t h  

n u m b  r o f  o c i l l a t i on e x  u t  d b y  

t h e p iezo-elec t ric o c i l l a t o r  i n  a g i ve n  

t i n 1  i n t e rv a l. 

T h  fi r  t co 1 u m e rc i a l  p r i m a r . fr -

q u e n c y  t a n d ar d  w a  t h  C LA s C-2 1 - H  

b ro u g h t  o u t b y  G neral R a d i o  Con1-

p a n y  in 1 92 8 .  Th i l a l  0 1· a t ory fr -

q u e n c y  t a n d a rd h a d a n  a cu racy of 

on p a rt in a m i ll i o n  (0.0001 per 

n t  fu rn i hed h u n d r  d of t an d ­

a rd f r  que n  i e  t h ro u gh ou t  t h e  r a d io­
f r  q u  ncy p t ru m  for m a ur m. n t  

* " U n i v  er. a l  fi'requency l 5 n d a rd i z a t i o n  f ro m  a inr;d e­
Frequency ource . "  J .  K. C l a p p .  J o u r n a l  of t he Op ical 
, ociet of m e� i ca a nd Re iew of Scien: i fic In l ru m c n l s .  
J uJ y  1 92 7 .  

t . .  Preci ion Det e rm i n at i on o f  F.-e:i ae n c y . "  J .  W .  H o r ­
t o n a n d  '\ . . 'l a rrison, Proc. I R . E  . . Fe b r a a r  , 1 928. 

The final d e  elop m e n t , Lb Pri m ar tand a rd 

f Frequ n y, a curat t w i t h i n  5 part rn 
1 0  m i l l ion left, and i t  a u x i l iary fr quen 

m a uri n g  eq uipm n t ,  right 

u e, a n d  p rovi ded m e a n  for 0 1 n p ar­

i n g  t h e  t i n1e o f  t h  c r y  t al on t ro l l  d 
clock w i t h  t i m e  s i gn a l  t o  w i t h i n  0.01 

co n d .  L a t e r  m od e l  y i  l d  a n  ac-

·u racy o f  a f p a r t  i n  t n m i l l i o n .  

I n t  rp o l a t ion in t 1·u m e n t  fo r n.1 a c  � 

u r i n g  f reque n ci I n  ter m  f h a r­

n1011 1 c  u p p li d by t he p r i 1n a ry 

t a n d a rd hav b en d v lop d ,  by 

in an of w h i c h  f re q u en c i  f rom a 

f w k i lo ycle t o  ev r a l  i n egacy I 

a n  b n 1 e a  u r  d w i t h  a n  a ccurac.  of 

a fe w p a r t  i n  one m i l l io n .  

Eq u i p m  n t  of t h i  t vp e  h a  b n 

i d  l y  u d i n  gov r n m e n t  a n d  0 1 n ­

n 1 e rc i a l  s rvice a l l  o · t he wor l d .  

t i n g  a p p l i  a t i o n  , i n  ad d it io n  

t o  t h e  n or m a l  u e s  f o r  fre q ue n cy 

m e a  u re m e n t  , h av b n. " n  t h  m e a -

u r  n1 n. t of bu l le t  velo i t iec t h  

m e a  u re n1 en t  of v l oc i t y  of l ig h t ,  a n d  

a s  p re c i se t a n d a rd o f  t i m e.  
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EL ECTRICAL MEASUREMENTS IN T HE RAD I O  

BROADCASTING ST A TION 

I
T is i gni ficant t ha t  the t wo portions 
of t h  radio ind u t ry which are 

mo t importan t f rom t h  econom i c  

tandpo in t  ( rad io broad a tin g and 

radio r c iv r manuf a t ure hav 
been responsible for a major p ortion 

of t h e  technical adva n ce and in t ru­
m nt d ign in comm. unication-fre­
quen y mea ureme n t  during t he la t 

ten year . Th radio broadcastin g i n ­
d u  t ry, in par t i  u lar, affords a n  o ut-

t andin g  xamp l of t h  ay i which 
techn i al d velopm n t  are condi­
tioned and even farced by economi c  

factor . 
The op ration of a modern 1·adio 

broadcasti n g  station invo lve , as a 
iuatt r of routine, t h e m a urement of 
many el t rical quantitie such as 

audio-frequency a nd carrier pow r 
1 v l , fr quen y modulation 1 vel 

no ise lev l and harmonic distortion, 

a we l l  as t h e  m a u rement of all 

opera ting voltag and cu rrent in 

vacuum tube c ircu i t  . The desi g n  of 
equipmen t  for broad a tin g  tat ion 

u e ha tended alway toward auto-
nat i c  or direct-reading inst rumen ts 

which require a minimum of at t en­
t ion on t h e  part of t h  operator. 

The t wo major as et of a radio 
b roadcastin g t ation a re i t  ope ra t in g  

licen which is granted by govern­
n1en tal authori ty, and i t  coverage, 

t hat is, t he num ber of Ii t en.er which 

i t  can reach . To retain t h e  former and 

to increa e t he lat t r a re the t wo 

fac t o r  which mean t he most, econo m ­
ically, t o  the tat ion .  

Th grant in g  of an o p erat " ng Ii-

c n e t o  t he broadca ting tation I 

conti ngen t u p on the o b  ervanc oI 
certain rule and r gulat ion � govern­

ing frequency, output level, q uali t y  
of outpu t ,  and o p  ra ting p roced ure 

pecified ( i n  t his coun t ry )  b the 

F ede ral Communi cation C o n1mi -
ion. Op erating wit hin t hes pe i :fied 

li1nits, particularly a t  a p e  i:fi d 
car rier power level, t h  station which 

can o p erate wit h  t he highest perc n t­

ag n1odulation, t he minim um d i  tor­
t ion, and the be t radiating system is 

t h e  one which, in term of mon tary 
return, make t h e  best succe a a 
go1ng concern . 

One of the p ri mary rule p rescribed 
by the Federal Communications Com­
mi ion deal with the maint enance 
of the operatin g frequency of t h  

t ran mitter within certain specifi d 
limi t . The regulations hav been 

r ponsihle for the developmen t of 
t h  p resent technique of f requ n y 

m onitorin g  i n  b roadcastin g  stations, 
culminatin g in t he vi ual-typ , direct­
reading, f requency monitor. The 

constant narrowing of f requency tol-

rances in the tandard broad a t -

T Y P E  375 Station Piezo-El ctric 0 ci l l ator, 
th broadcast·  tation freq u  ncy monitor of 

1926 
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frequency band ha re ulted from the 
contin ually incr asing number of 
broadca t in g  station . With only a 
few stat ion i t  is n o t  of pri mary 
im portance wh t her or not the tran. -
mit t e r  f r  q u  ncy wand ers ov r a 
c on siderable range. A the n umber of 
s tations increa e , until on tation i 
operating on. each ava ila ble channel, 

o m e  type of cry tal frequency m oni­
t o r  is required t o  prevent s tation. on 

a dj a cen t channel s  fro1.n  interfering.  
A s  t he indust ry develo p still further, 

sever al tation operate on a ingl 
channel, and the t o lerances are 
narro we d to the p oint where a di­

rect-re a d i n g narrow ran g  indicato r  

Visual i n dicati on o f  freq uenc devi at.ion 
a rrived in 1932 in t. b e  TYPE 58 1 Freq uen y ­

Dev i a t ion M eter 

1 r quired, t o  prevent hetero dyne 
interference. 

Other govern m en t  rules deal with 
such factor as p o wer output, percent­

a ge m odulati on , and harm onic dis tor-

The CLA 730 -A T r a n  m i ssion M onitoring 

As e:rub ly , i n trod uced J a nuary, 1935 pernrits 
rap i d  rou t i ne measu rement of mod ulation, 

distor tion, and carri r noi e 

tion. The m easure ent of outpu t 
p ower, in one m thod a t  1 a t, in­
volv a know ledge of the con tant 
of the ant nna y t m .  In the m ea -
u r  men.ts of t he con tant , p a rt icu­

lar l y  the re istanc , older method 
have b en u ed for ome time. The 
n d for portable and direct-read ing 
e q uip ment, howe ver, has been an im­

p ortan t  fa t or in the develo p m ent of 
the radio-frequency bridge and vari­
ous t ype of specialized m a urin g 
s t u ing su bst i t u tion n1et h o d s .  

T h  r gulation which deal with 
percentage m o dulation. pecify only a 
lower l imit for the maxim u m  m o d u ­

lat ion. level which t he tran. m i t ter 
shall be capable o f  deliverin g .  H ere, 
however, th station cov rage can be 

m a t erially increa ed if a h igh per­

cen t a ge m o d u l a t ion i po " bl e with­
out mat erially i n.creasing harmonic 
dist ortion . L a bo ra tory ins t ruments 
for the m asurem n t  of percent a ge 

m o d u lation and har onic dis t ortion 
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were dcv l oped and u ed i n  m os t  

broad as t i n g tat ions. W ith the i11 -
cre a s 1 n g  d m a n d  f o r  h i gh-qual ity 

t r an s m is ion, h owever, auto1nat ic and 
direct-rea · n g  qu i p m  n t h ca m e  nec­
essary, a nd i n  t rument. of t h typ 

shown on p a ge 15 rep re en.t the lat­

e t dev lop m e1 t · n  t h i  part i u l a r  
fiel d .  W i t h  e quip n'lent currently avail­
a ble, it i p o s  i ble to m ak e  a co m p let e  

h e c k  o n  t h  quality of t h e  output o f  
a i·a d i o  t ra n � m i t ter, con ist i n g  of 
mea sur · 1nen t of mod u lat i n leve l, 

hanno n i  di t rtion ,  and noise ev 1, 
in a f w n'lin utes . In ad d i tion, the out-

The TYPE 457 M d u l a ti n M e·ter giv l a bo ­
r a tor m easur m eu-t of percen t age modu l at i on 

o n  posi L i v e  or nega t i v  peaks 

p u t  level can be con t i n uou ly mo n i­

tor d, givi n g  t h  o p  rator a t  a glan c ., 
a on1p lete c h  c o n  t h  o p e ra ti o n  o f  
h i  t ra n s m i tter a t  all tim 

In trument for the mea ureme:n t 

of t he quality of t h e  outp ut of a radio 
tra:n m i t t  r, w h i le howing t h e  o per­

at i n g  condition ,  mu t, of cour e, he 

s u p p le m e n t  d by adj u  tm n t  a n d  
m a ure m e n t  ' n  th e va · ou p o rt ion 

of t he t ra nsm i tt  r it  e l f  in order o 

loc a t e  an d e li m  · n a t e  ou rce of i m­
prop r o p r a t io n .  T h a t  ection of t h  

t ra nsm i t ter w h ich h a  rece ived the 

mo t a t t e ntion i t he auclio-f requency 

The TYP E 536 D istor t io n - F ac tor Meter mea -
u r  th 400 -cycl di st.orti o n  i n  a n  a u d i o -

frequenc s stem 

portion, cons1 ti n g  of m ic r o ph o ne 

p ickups and amplifiers, sp ech in p ut 

e qui p men t , a n d  peech a m p l ifi r . 
To m m 1 m 1ze d istort io n  in t h e  

audio-fr que ncy y tem ,  i t  i n e  e -

ary t hat t he a udio-£ requency power 
leve he con t inuou ly monit ore d a t  
various p o i n t  i n  t h  y t m . T h  de­

n1 and for m ode1· a t  ly- p r iced an d com ­
pact direct-reading i n  t rum ent wa 
an i m port a n t factor in t h e  dev lop­
m e nt of t he cop per-oxide-re ti fier 

t y p  o f  p ower-level i n d ic a t or w h i ch 
i n o w  a l m o  t u ni versa lly used i n  t h e  
b 1·oadca t i ng and oun d m otion p ic­

t u re i nd u t rie . 

i nce t h e  begi nni n g of com m e rc ial 

·radio broadcastin g, Ge nera R a d i o  
ha u p p li e d  a lar ge port io n  of th 

1neasuri n g t ools of t h e  hroadca t sta­
t io n  engi n er. O n e  or 1nor Gen ral 

The TYPE 586 Pow r - Le e l  In.di a t  r program 
monitor the audio-frequ ency l veJ fed t;o t. h 

tran m i t t  r 
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R a d io i n  t rum e n t , r a n gi n g  f rou1 t h e  

i n  xpen iv m i  rop h on m ixer c o n ­

t ro l  t o  t h  d i re t - re a d i n g  t r a n  m i  i o n  

n1 o n i t o ri n g  qu i p me n t ,  a re i n  u to­

d a y i n  p ra c t i c a l ly a l l  t he b ro a d  a t i n g  

t a t io n  of t h e U n i t  d t a t . M a n y  o f  

-t h e  e ] n  t ru m e n t  h ave b n d i  t i n  t 

a d v a n c  i n  t h  t ch n i qu e  o f  a - c  e l  c -

t ri c a l  mea u r  i n  n t  b u t  i t  i t o  t h  

b r o a d c a  t i n g  i n d u  t ry, a t h e o r j g i n a­

t o r  of t he d ni. a n d  for t h e a p p l i  a t i on 

of t h  a d va n t a g  of d i re t -r e a d i n g i n-

t ru n'l n t  t o  p r  c i  i o n  m t hod o f  

m ea u re n 1e n t ,  t h a t  t h e r a d i o  a rt o -w e  

m uc h  o f  i t  p rogr in t h e pa t 

d a d . 

W HO'S W HO 

W
HY a l l  t h · rev1 w o f  t h  a rt o f  

e l  t r i c a l  m a u re1n n t in t he 

:fiel d of a u d io a nd r a d i o  f r  q u e n c i  ? 
T h e  p u r p o  i t o  p o i n t  ou t t h at ,  new 

a t h i  fi I d  i s ,  t h e  Gen ral  R a d i o 

Co m p a n y  i o n  f t he o l d  t m -

a n ie i n  i t . O n  J u n fou r t  e n. t h  w 

0 1 n p le t e  t he co n d  d a d  of o u r  

x i  t en c  . 

F i v  yea r a go on t h  occa i o n  of 

t h  cele b r a t i o n  o f  o u r  fi f  t n t h  b i r t h ­
d ay e d v o t  d a n  i u o f  T H E  
G E  ERAL R A D IO EXPE R I M E NTER t o  de-

c r i b i n g  t h  h i  t ory of t h  C o m p a n y  

a n d  t o  p o rt rayi n g  b y  o r d  a n d  b .  p i c­

t u re o m  of t h  p e r  o n n  1 -w ho m a k e  

u p  t h  o rga n iz a t i o n .  W h  n rece n t ly 

w con t m p l a t  d r p e a t i n g  t h i  p ro-

d u re, our p r i n te r  look d ov :i- t h e 

p i c t u re of o u r  t a ff  a h o w n  i n  t h a t 

i u of five yea r  a go a n d  r m a rk d 

'' 'Ihe d e p re i o n  cert a i n l y  h a  l e ft i t  

n 'l a rk o n  o me o f  you ! ' o g r  a t  w a  

t h  h o  k t o  t h o  e of u s  w h o  h ave b e  n 

Jl r i d i n g  o u rselve o n  r t a 1 n 1 n g  ou r 

y o ut h f u l n  t h a t  w dec i d e d  i t  m i gh t  

b b e t t r n o t  t o  let  o u r re a d e r  ee 

h o w  o l d  a n d  de r p i t  w h a d beco m . 

Con q u  n t l_, , t he 1 93 5  d i t ion of 

'" W ho' W h o  at Ge n r a l  R a d i o  ' fo l ­

o w  t h  t ra d it i o n al fo r m  of u ch p u b­

l i cat i o n  a n d  c o n t a i n  n o  p i c t u r  
B c a u  e w e  a re fu n d a me n t al lv a n  n -

g i n ee r i n g  org a n i z a t io n ,  a n d  becau e 

t he EXPERIME TER reader a r  l a ro-e ly 

n g i n  r , o u r  word p o r t r a i t  w · l l  b 
l i m i te d  p r i n c i p a l l y  t o  m e n1 b r of 

t h e  n gin e r i n g  grou p .  

W e  a r  m t h a r  p y  t o  t a t  t h a t  a l l  

of t ho e I i  t e d  i n  t h  i u e  of fiv y a r  

a go a re s t " l l  l i v i n g a n d ,  w i t h  t h  x­

c p t i  n of J .  W .  Ho rt n ,  are s t i ll w i t h 

u . J\1. r .  H o rt on h a  g i v  n u p  h i  

u t i ve w o rk t o  d v h · t i n1 u -

a rc h  a n d  i n o w  a r e a r c h  

a t  t h  M a  a hu t t  I n  t i­

t u t  Tech n o  o gy d o i n g  a n 1 0  t 

p ro 1 n i  i n g  I i e  e of w o rk i n  t h  fi e l d  

o f  b i o- p h ys i c  , o n  w h i c h  p 1·0 ] 1 m t h i  

C m p a n y  i o-o p e r a t i n g. 

W a r  a l  o g ad t o  a y  t h a t  I n u t  

. J o h n  o n  t h  fi r  t m p lo y  o f  t h  

C o 1 u p a n y  i t il l  w it h  u . 

A lt h o u gh t h  C o m p a ny h a  n o  

d fi n i t  u n  m p loym n t  p l a n ,  i t  h a  

lo n g  h ad u h a p ro b le1n i n  m i n d  i n  

t he m a i n t  n a n  e o f  r e rv w h ic h 

h av n 1 a d e  i t  p o  i b l  d u r i n g  t h e  p a  t 
five y a t o  k e p  t he n t i re organiz a­

t i o n  t ge t h  r.  O n l y  for a b rief p r i od 

o f  t i 1n e d i d t h  e m p lo m n t  h o u r  

d ro p  t o  6 0  j{ f o r m a l ,  a n d , -c p t  

for a f w w o rk r t ak n o n  in 1 929 
no e m p l o yee wa d ro p p d b cau e of 

dec l i n i n g b u  i n  

The offic r ·em a 1 n  u n c h a n ge d .  
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1 8  THE GEN E R A L  RADIO EXPERIM ENTER 

H enry . Shaw cont inue as C h a i rman 

o( the Boa rd of D i rector . Although 

h e  doe . not t ake p art in the act iv 
det ai l s  of manag ment, Mr. h aw i 

a t  the Company offi everal day 
ea h week and, in addition to m a i n ­

t a ini n g  a k n int re t in a ppara tu 

d v lopment, pa rticul arly i n  the field 

of ultra-high fr quen.cie , h a  t hrough 

his personal gen ro i ty m ade po -

si ble the e t a bli hment of a fund 

ava i l a b le for t he general welfare of 

mployee and t heir families. 
Th Gen ral R adio Con1pany ow 

i t  very exi ten.Ce t o  i t  P re ident, 

Melvi lle E a  t h am. I t  wa he who 
found d it, and it i h who ha led 

it th rough the varied trans i t ions of 

t he p a  t twenty year . o more apt 

d cription of his duties can be found 
t h an by rep ating w h a t  was w r itten 

f h im five yea r  ago : " His activitie 

. . . , however, are not properly de-

c1· i b  d hy his title, for he · s r a rely 

found a t  h is p re id ntia l  desk. H i  

int re t a re almo t exclu ively in en­
gine r"ng work, and h may u ually 

be found ·n h is resear h l a boratory, 
xcept during th umm r, when h 

t ake a long vacation, g nerally on the 

Pac i fi  Coast or in Europe. ' Tha t  the 

rem ark of t he printer may not be 

t aken too seriou ly, let i t  be recorded 
h re tha t  both t he Ch airman of the 

Board and th P re ident h ave j ust ar­

rived at that ripe old age of h a l f  a 

c ntury. 

n h a rge of all manufacturing and 

plant operations I Vi e-Pre ident 
E. H. ocke. On h i m  i placed all 

b l ame when deliveri ar low, and 

h i  good work i too asily for gott en 

when t he Comm rcial Depa rtmen t 

find i t  elf ov r to ked. Sevent en 

yea rs of a ocia t ion w i t h  the C om- ,_.,,..,.,_ 

p any, fif t  en of w hich h ave b en in 

charg of manufacturi n g, hav , how-
ever, don much to recon ile him to 
the m a l l  amount of h Ip and of ap­

preciation h m ay ever expe t fro1n 
tho e re pon i b le for cu tomer con-

tact . 
Like Me r . haw and Lo k , I-I .  B .  

R ichinond ,  t h e  Company's Trea u r  r, 

j oined Mr. E a  t ham when t h  y a r  
of the Company were t ill being 

counted on th finger of on h and. 

I t  em to be a h ab i t  of officer of t he 

General Radio Com pany, regardle 
of tit le, to be clo l y  a oci a t ed with 

engineering, thu Mr. Richmond, in 

add i t ion to h is u ual dut ie a Trea -

urer, watche over tho e ph ase o f  

engin ring per t a ining directly to 
cu tomer r l ationship , which in our 

organiz ation, i ju t a long way of 

saying ale . 

Bef or a p p a ra t u  

t u1·ed i t  m u  t b 

can b m anuf ac­

d igned . f t  r 

agreement a m ong a conf rence group, 
a t  which pe i fic a t ion and other im­

portant limiting factor , including 

p rob a b le price, are agreed u pon the 
developm nt and actual d i gn a r  
carried out b y  an engine ring group 

known as Develop ment Engin ering. 

Thi group is h aded by lYir.  E a  t ­

h am, a i t d by Eduard Ka rplu , 

who receiv d hi Dipl. Eng. from 

the Techni ch Hoch chule, at  Vi n­

na.  The work ca rried o n  b y  t h  v a r 1 -

ou en gin er in t h i  group i too 

varied to a t t  m p t  to give any det ail  

of their specific activiti . I t  p rhap 

is sufficient to tate that most of t h  

new item l ist d in our newly pub­

li hed Cat alog H are t he product of 
t he enginee r in t hi group, which 
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·includ : L .  B .  rguim bau, .B ., Har­
vard ; A .  G. Bousquet, B . E .E . ,  Tuft ; 

J .  D. Crawford, . B ., Ma sachusett  
In t itute of Technology ; H .  W. L a m -

on S.B . ., M assachu etts Institute of 
T ch nology, A . M . , Harvard ; and 
W. . Tutt le, Ph.D . •  H arvard . 

Oft  nt imes a s t and ard i tem i the 
re ult of work which origi nated in 
connect ion with some cu tomer prob­
lem . For thi reason a con iderable 
number of our in tru m n t s  h ave been 
deve lop d by m ember of a econd 
en gineering grou p, known a t he Gen­
eral E n gi eri ng D p artmen t .  hi le 
t hi group is  under t he ge neral  d irec­
t ion of Mr. Richmond., it administra­
t ion is a tively carried out by C.  T. 
B urke, S.M., M a  achus tts  Insti t u te 
of Technology, whose title is t h a t  
of Engineering Manager . As m an y  
EXPERIME TER readers k now mem­
be - of thi group t hrough person al  

on.tact or  t hrough correspon dence, i t  
seems appropriate t o  note the p ar­
t icular function of the variou en.­
gin er within thi  group .  

A .  E. Thie e n ,  B . E ., J ohns Hop­
kin , i t he engineer in charge of 
Gov rnmen.t act iviti es a nd, in gen­
eral quanti ty  pecial- p ro b l  m item . 
H , too, ha upervised t he develop­
ment of ome items that h a  e found 
their way into th catalog. 

R. F.  Field, A . M  . ., Brown and Har­
vard, is familiar to m any EXPERI­
M E  TER r aders for hi work in bridg 
m asurement and allied subject . 
N ar ly all the new bridge a n d  a o­
ci ated equipment appearin g  in our 
recen t catalog h ave been develop d 
un der Mr. Field's dir ction. 

No one at  General Radio can think 
of frequen standardiz ation without 

th i nk i n g  of it  i n  t r ms of J .  K. C la p p ,  
. M  . ., M a  a c h u  ett In t itute of Tech­

n ology . er con id rabl umber 
of the broad a t t a tions in the Un ited 

t a tes h ave f requency-monitorin g 
equ ipment develo p d by him, and i t  
is  t h e  boa t o f  th Company that t h e  

un never o n  Mr. Clapp'  p ri-
m a ry-fr qu n cy t an dard , o world­
wid i their di tributio n . 

How mu h i it  goin g t o  co t ?  That 
a n  wer usua lly comes from P.  K. Mc­
E lroy, A . M.,  H arvard. Nearly a l l 
i m of special  m anufacture and 
ch a nges from st a n d ard design h ave 
th ir co t estimat d by Mr. McE lroy. 
To h i m  al o fall  the lot of dir c t ing 
the final  en.gin ring des · g of  uch 
of Mr. Thiessen's pecial con t ract 
work. 

If it mu t be made in a h urry, i t  
goe t o  H .  S .  i lkin , S .B., M a  a bu-

tts  Institute of Tech nology, a n d  h i  
model hop . Not o n ly does Mr. Wil­
k ins h andl individual cu tome p rob-
1 m , but nearly a ll our ow n fir t 

mod 1 a re produced in h is grou p . 
Who publi  h t he EXPERIMK TER ?  

C .  E .  Worthen, S . B ., M assachu etts  
In t itute of Techn ology, and h do 
a whol lot of  oth r things, t oo, that  
m ake it  e asier for Gen ·al  Rad " o  cu -
tomer to know what we m ak and, 
after a purcha e, how to m ake t h  ap­
p aratus work. 

If  your name i not correctly Ii ted 
in our m ail "ng fi les, blame J .  M. Clay­

ton of Cornell. If you d o  not l ike our 
advert i  emen t t l l  Mr. Clayton, b -

c au h i re p on ihle for the p rep­
aration. of mo t of th m as well .  

J oining our t a ff  only a yea r  ago i 
Frank L. Tuck r B . S., Univers i t y  of 
Texas ; M.B.A. ,  H arvard B usines 
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chool.  Nl r. Tucker devote his  t ime 
to a s t a tistical analysis of all costs, 

. devoting p a rticular a ttention to t ho .e 
p ert aining to all  forms of  engineering 
in ord r that  they may be properly 
allocated t o  t h  ir re pective in tru­
ment . 

J u  t a year ago i t  seemed advisable 
t o  h ave a New York engineeTing office 
to assist  our metro poli t an customers 
in the olu tion of technical p roblems 
involving our quipmen t .  For this im­
portant post M .  T .  Smit h, S.M., 
M a  sachusetts. In t itute of Techn ol­
ogy, was selected, and he i already 

familiar to m any General Radio 
friends in the New York district . 

O thers in the General Engineering 
Dep artment who are devo ting t heir 
t ime to hel ping customers in t heir en­
gineering proble:ms and who also are 
watching out for m t hods of improv­
i n g  our product are H. H .  Scott, S.M . ., 
Massachu ett Institute of Technol­
ogy ; W. G. Webster, S.M.,  M assachu­
setts Institute of Technology ; and 
F. Ireland, A.B ., Harvard. 

Also u nder the n ominal up ervi ion 
of M r .  R ichmond but actively and 
ably administered b y  its chief, C .  E. 
Hills, J r. ,  B.E.E., Northeastern ,  with 
title of Commercial Manager, i the 
Commercial Dep artment .  From the 
cu tom.er ' viewpoint this is one of our 
most importa n t  groups, because here 
t akes place the handling of all orders 
a n d  the accounting associated with 
them . Directly handling the orders is  
H. P. Hokanson, a n d when excha n ge 

or servicing is necessary this work 
come to the attention of H .  H .  Dawes. 

The accuracy of the accounts i.s the 
1· spon i bility of A. W. Lufkin . 

This Comp any h a s  . long t aken 
great p ride in the p a cking of its  ap­
p aratus for shipment.  This work h as 

been ably directed for more t h an 
three quarters of the Comp any's exist­
ence by F. W. Beck. 

Associated with Mr. Locke on p ro­
duction p roblem s  is  a comp etent staff, 
some of whom, too, h ave l ikewi e re­
ceived an e n g ineering training. The 
n atur of th ir work is, however, o 
i nterrelated that it  will not be de­
t a iled h ere . 

L abor turnover continues to he 
very small. In spite of t he fact t hat 
d urin g the p ast year there was an in­
crea e in employment of 14o/o from 
the average level of the p receding 
four years, 81 % of the ntire organi­
zation h ave been with the Company 
over five yea rs .  In fact, 41 o/o h ave over 
ten year of service to their credit.  

The Comp a ny has been operating 
un der the Scientific App aratus M ak­
ers' Code, but its own cond itions re­
garding hour and rates of p ay had 
long anticipated code requirements. 
In fact, a five-day week with full p ay 
o n  holidays, and with t ime-and-one­
half p ay for overtime, has been i n  

fo rce f o r  nearly sixteen years. Every 
employee who has  been with the Com­
p any one year receives two weeks' 
vacation with p ay each SU.DJ.mer. Free 
medical consulting service and aid in 
the event of unusual illness are also 
provided. The employees h ave t heir 
own Mutual Benefit As ociation and 
operate their o'vn Credit Union . 

�� 

G E N E R A L  R A D I O  C O M PA N Y  
3 0  St:al:e St:reet: Cam brid g e  A, Massach uset:ts 
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