
DEVELOPMENT 

GENERAL 
ENGINEERING AT 

RADIO COMPANY 
THE 

1'.:Yt:.:tn fifLh ypar. nn tl1t> 
anni\'er::'\ary <;f tlil' f1t1111<l­
ing o{ the General Badin 
Co1n11<c1n�·, we de"·ote the 
.l 1111t" iss11e of the /·,�lperi­
rrwfller to a description of 
sorne of our con1pany 
operations and rw rst>nuel. 
The ,.;11bject. d1ofwn fo1· 
this month is the Engi-
11et•1·i11� Ue11arlment. - i·Ls 
oq!at1i:1:aLion a11 d JH'r,.;on.-
1wl. iL,.; H<'l.ivities during 
the \\ar. and the po,.;l-wa1· 
produet,;; that ntay result 
from wa1·-tim.e clcvelop-
rnenls. 

e THE BUS INES S of the Gener-al Hadio 
Com.µany is producing and selling packaged 
engineering to solve industry's measure­
rnent probleins. Priinarily responsible Jor 

the degree of excellenC'e with whi ·h a Gen­
eral H.acho instrument doe its job is the 
develop1nent engineer. Given a measurt"­
men.t problen1, the engineer devises a solu -
tion in the form of eleclt"ical ei r�uit . , and 
with the cooperation of the n1eehanieal 
design engineer, put it in a package that 
can be inanuJactured and that can be con-
venien tly use(l. 

At the General Radio Con1pany, twenty-seven engine-crs are exdu­
sively engagecl in the de elop1nent and design of e leetron ic :instru1nents. 
Drafting, i n odel shop and seeretarial einployees boost the total of (le-

Ji'IGl"llE ]. Vic'\>\ of the LPchnieal librarv. 
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FIG RE 2. Functional diagram of engineering department organization. 

PERSONNEL 

EXECUTIVE 

Chief Engineer - Melville Eastham 
Assistant Chief Engineer - D. B. 

Sinclair 
Engineer in Charge of Drafting - L. M. 

Burgess 
Engineer in Charge of Frequency Meas­

uring Equipment Development-]. K. 
Clapp 

Engineer in Charge of Parts Design -
Melville Eastham 

Engineer in Charge of High-Frequency 
Development - Eduard Karplus 

Engineer in Charge of Standardization -

P. K. McElro 
Engineer in Charge of J\llea uring Equip­

ment Development - D. B. Sinclair 
Engineer in Charge of Audio-Frequency 

Development- H. I-I. ott 
Engineer in Charge of Experimental 

hop - H. W. Wilkins 

DESIGN 

Paul Hanson 
H. C. Liulej hn 

Gilbert Smiley 
F. W. \Villiams 

DE VELOPM ENT . 

A. G. Bousquet H. W. Lamson 
W. F. Byers S. R. Larson 
C. . Cady A. P. G. Peter on 
D. I-I. Chute D. A. Powers 
R. F. Field R. J. RupJenas 
E. E. Gross W. R. Saylor 
H. H. Hollis W. R. Thurston 

C. A. Woodward 

DEVELOPMENT COMMITTEE 

Chairman - Melville Eastham 
Vice-Chairman - D. B. Sinclair 

ecretary - Eduard Karplus 
P. K. McElroy H. H. Scett 

C. T. Burke* 
*Director of Planning 

DESIGN STANDARDS 
COMMITTEE 

Chairman - P. K. McElroy 
ecretary- L. M. Burgess 

H. C. Littlejohn F. W. illiams 
Gilbert Smiley H. S. Wilkins 

D. B. Sinclairt 
tDesignate from Development ommittee 
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velopment engineering personnel to ap­
proximately fifty, or one in every eight 
General Radio employees. These are the 
people who are responsible for designing 
the new instruments that will be avail­
able to you after war work i com­
p eted. 

General Radio engineers are special­
ists in the ·application of electronic 
principles to industrial and scientific 
measurements. Within the general field 
of electronics, many of the staff special­
ize in certain types of circuits and 
measurements, but all have a broad 
background of general engineering and 
scientific training. 

The organization of the department 
is outlined in Figure 2. For purposes of 
adm.inistration the engineering depart­
ment is divided into groups, classified 
by the major activity of the group 
personnel. Lines of classification, how­
ever, are not rigidly drawn, and it is 
not unusual to find engineers in the 
audio-frequency group, for instance, 
designing u-h-f equipment or the u-h-f 
group working on power-frequency ap­
paratus. 

Group leaders are responsible to the 
Chief Engineer and Assistant Chief 
Engineer. Overall administration of the 

FIGURE 3. The De· 
elopment Com­

mittee in session. 
Left to right. around 
the circle: C. T. 
Burke, H. H. Scott, 
P. K. McElr oy, 
Eduard Ka r p l u s , 

Melville Eastham, 
D. B. Sinclair 

JUNE, 1945 

department is the respon ibility of the 
Chief Engineer, who is guided, in ofar 
as deci ions on matters of development 
and design are concerned, by the Devel­
opment Committee and the Design 
Standards Committee. It is the func­
tion of the Development Committee to 
set general specifications for a new 
development and to pass on completed 
development before manufacture is 

tarted. The Design Standards Com­
mittee· concerns it elf with standard 
practice in mechanical de ign: parts, 
:finishes, structural details, etc. It is 
a sub-committee of the Development 
Committee. 

When new de elopments are sched­
uled, the leader in whose group the work 
is to be done is responsible for the gen­
eral guidance of the project within the 
original specifications laid down by the 
Development Committee. The com­
mittee reviews all current projects at 
frequent intervals, making such changes 
and improvements in the general speci­
fications as the progress of the develop­
ment warrants. 

The instrument takes form. first as a 
breadboard assembly and next as a 
working model built in the experimental 
shop from the design engineer's sketches. 
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This model is submitted to the Develop­
ment Committee, who suggest what­
ever changes seem advisable to improve 
its general acceptability and its adapt­
ability to established manufacturing 
methods. Upon approval by the De­
velopment Committee, detailed manu­
facturing drawings are made in the 
drafting group, and the instrument is 
ready for manufacture. Before quantity 
production is started, however, a single 
unit is built to check the drawings, and 
a test run of (usually) ten units is made 
to prove tools and to iron out any pro· 
duction difficulties. Upon successful com­
pletion of the trial production lot, the 
instrument is ready for quantity pro­
duction. 

In addition to the development of 
instruments, the engineering depart­
ment is responsib1e for the preparation 
of purchase specifications for parts and 
materials purchased from other manu­
facturers and for acceptance specifica­
tions on new material received. 

Facilities 

FIGURE 4. A meet­
ing of the Design 
S t a nd a r d s  Com­
mittee. Left to 
right: P. · K. Mc­
Elroy, L. M. Bur­
gess, H. S. ilkins, 
F. W. Williams, 
Gilbert Smiley, H. 
C. Littlejohn, D. 

B. Sincla ir. 

Working facilities in the Engineering 
Department have been arranged to 
afford a maximum of adaptability to 
the work of the department. The work­
ing space is a combined office and 
laboratory, with desk, telephone, and 
filing facilities, as well as the required 
laboratory bench space. Senior engi­
neers have, as a rule, individual offices; 
for junior engineers and assistants one 
office is shared by two people. There are 
in all nineteen such offices, all on the 
same floor, in addition to the depart­
mental facilities, which include the 
library, secretaries' office, conference 
room, measurements room, instrument 
room, frequenc standar l, and experi­
mental shop. 

The library., which i in charge of a 
full-time librarian, contains o er 1000 
volumes on general and specialized 
technical subjects and subscribes regu­
larly to some sixty journals and periodi­
cals. 
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In the measurements room, standards 
of resistance, inductance, capacitance 
and voltage are maintained, and stand ­

ard equipment is provided for the 
measurement of impedance over a fre­

quency range of 0 to 100 Mc. This equip­

ment is available for u e by engineer at 
a Jl times. One important fun tion of this 
laboratory is the determination of the 
electrical ·hara teri tics of new in u­
lating material and new circuit com­
ponents. As new types of capacitors, 

re istors, inductors and dielectri be­
come available, their properties are 
measured, and the re ults are made 
available to the development engineers 
for use in instrument design. 

The Engineering Departmen t is well 
eq uipped with General Radio instru­
ments. These, when not in use, are kept 
in an "nstrument room and are available 
to any engineer needing them. Individual 
laboratories are canvassed about once 
a week to pick up unused items for 
return, so that maximum usefulness can 

JUNE, 1945 

be obtained from the stock available. 
The in trument room is under the 
superv1s1on of a techn.cian, and all 
instruments are kept in repair and are 
periodically sent to the standardizing 
laboratory for recalibration and test. 

The primary standard of freq uency 
for the whole plant is located in the 
Engineering Department. It consists of 
four independent standard -frequency 
crystal oscillators, with means for inter­
c01nparing and recording their frequen­
cies. The output frequency is known at 
an times to better than one part in ten 
million . Frequency multiplying and 
dividing circuits provide hundreds of 
standard frequencies for u e in measure­
ment and calibration work. These are 
distributed through shielded lines to 
the engineering laboratories and to 
various production departments, where 
they are needed for calibration and test 
operations. 

The experimental shop produces the 
wide variety of special parts and assem-

FIG RE 5. A view of the EJ\..""Perim ntal Shop. The total hop personnel is twelve. In 1.he center 
foreground i K. A. Johnson, Foreman, who i also G neral Radio' senior employee. H. S. Wilkin , 

Engineer-in-Charge, is shown in the right foreground. 
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FIGURE 6. A. G. Bousquet of the High­
Frequency Group. who has designed a number 
of General Radio's signal generators, vacuum.­
tube voltmeters and power supplies, is shown 
here testing a preliminary model of a standard-

signal generator. 

blies needed in engineering development 
work and constructs the working models 
of new instruments after development 
is completed. The shop is equipped wit:b 
a variety of machines, capable of pre­
cision considerably greater than that 
required in a production shop. Personnel 
are selected for special skills and -include 
machinists, assembly men, and electrical 
technicians. 

Wartime Development 
E n g ·i n e e r i n g 

During the war, General Radio engi­
neers have been engaged in a variety of 
war projects. Many new instruments 
have been developed, among them a 
number of specialized types of signal 
generators, test o cillators, high-fre­
quency receivers, and frequency meters. 
No production by General Radio beyond 
a few·models of these items was possible, 
because our manufacturing facilities 
were completely engaged in the produc-

6 

tion of urgently needed standard items, 
for most of which deliveries were sched­
uled by the War Production Board. 
Millions of dollars worth of equipment, 
based on these designs was, however, 
built by other manufacturers. The de­
sign of much of this equipment stemmed 
from the butterfly circuit,* developed 
by General Radio, which made possib]e 
compact -tuning assemblies and sing1e­
dial control in u-h-f circuits. Developed 
under the direction of D. B. Sinclair, 
E. Karplus, and A. P. G. Peterson, all 
these items except the butterfly itself 
was lassi:fied :for security reasons, and 
descriptions cannot yet be published. 

Other one-of-a-kind items have been 
deve]oped for use in conjunction with 
development programs carried on by 
other organizations. In this group di­
rected by H. H. Scott, a total of eight­
een separate instruments, many of 
them for use in f-m systems, have been 
designed, constructed, and delivered for 
a single project, which is still secret. 

Considerable work has also been done, 
under the direcfion of J. K. Clapp, on 
the design and production of low­
frequency quartz bars to meet e treme 

*E. Karplus, "The Bnu:erfly Ci.-cnit." General Radio Ex­
perimenler, Vol. XIX, o. 5, 0 tobe.-, 1944. 

FIGURE 7. W. F. Byers (left) and S. R. Larson 
(right) of the Audio-Frequency Group conduct 

a test run on a finished model. 
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stability specifications in equipment of 
considerable urgency. After the engi­
neering work was completed , and a small 
quantity of bars produced to get the 
program. started, prod uction was turned 
over to other companies. 

In the field of frequency measurement, 
General Radio has for many years sup­
plied equipment for the ships of the 
U. S. Navy. Shortly before the war, new 
designs were completed, and the result­
ing equipment has been in continuous 
production since the start of the war. 
Through close engineering contact with 
the production process, uniform quality 
has been maintained and service diffi­
culties have been kep-t at a minimum.. 

War research and production in the 
aircraft, automotive, and ordnance 
fields have required large numbers of 
stroboscopes. In addition to our stand­
ard types, many of specialized design 
have been :needed. Although the de­
mand for these was limited, the need 
was urgent, and several small quantity 
lots have been made under the super­
vision of H. S. Wilkins. Two items of 
particular interest are the Microflash, 
for high-speed, single-exposure photo­
graphs, and the Power Stroboscope and 

FIGURE 9. W. R. Saylor, who specializes in 
sound and vibration measurement, testing an 

experimental vibration pickup. 

JUNE, 1945 

FIGURE 8. J. K. Clapp (right), in charge of the 
development of frequency-measuring equip­
ment, looks over a newly developed quartz bar 

with H. H. Hollis (left). 

continuous-film. camera for ultra-speed 
motion pictures. An interesting example 
of the use of the Microflash was de­
scribed in a recent Experimenter.* The 
high-speed movie equipment has been 
used for aircraft engine re earch, cavita­
tion studies, and a :nm:nher of other 
research programs in mechanics that 
had immediate application in the design 
of military equipment. 

Owing to our location, in pro ·imi-ty 
to the Radiation Laboratory of Massa­
chusetts Institute of Technology, the 
Radio Research Laboratory of Harvard 
University, and other NDRC organi­
zations, cooperation with these labora­
tories has been clo e. In a consulting 
capacity, the skill and experience of 
our engineers have been available to 
them constantly, in most cases with­
out charge. Special parts have been 
designed for them under the direction 
of H. S. Wilkins, and standard in tru-

*"Microflash Shows Flight Defects in Projectiles," Gen­
eral Radio Experimenter, ApciJ, 1945. 
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FIG RE 10. C. A. Woodward, of the Measure­
ment Group, with the prelii:ninary m.odel of a 

high-frequency voltmeter. 

ments have been modified to meet 
specialized requirements. 

Our chief engineer, Mel ille Eastham, 
was on leave of absence for some 
months, devoting all his tjme to the 
administration of a divi ion of the 
Radiation Laboratory. Dr. D. B. Sin­
clair, Assistant Chief Engineer, served 
part time as re ear h associate and 
consultant at the Radio Re ear h Laho­
rato1·y and was a technical observer for 
the AAF in the North African theater 
at AFHQ for a con iderahle period. 
Several other members of the staff are 
member of the NDRC or ha e served 
on NDRC sub- ommittee.s. 

Post-Wa r Development 

The accelerated research of wartime 
compresses into a short period advances 
that normally would reqmre several 
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times as long to a hieve. The experience 
gained by General Radio engineers 
through war work will be reflected in 
new and better instruments in the post­
war period. New developments in cir­
cuits, new and better circuit elements, 
new techniques of measurement, and 
new methods of constru tion are avail­
able and can be applied to the design of 
instruments to achieve levels of per­
formance, stability, and accuracy con­
siderably better than were possible 
before the war. 

While war projects lea e little time 
for thinking about post-war products, 
the trend of wartime deve]opment has 
made it possible to predict with con­
siderable accuracy what advances in 
the art will mean in terms of new peace­
time instruments. Circuits deve1oped 
for military equipment have obvious 
applications in industrial instruments. 
New parts and materials have shown 
t.he engineer how to get better overall 
performance from. a given circuit, or to 
extend the ranges over which acceptable 
performance can be maintained. New 
techniques of measurement lead to 
entirely new instrument , and improved 

FIGURE 11. C. . Cady, of the Audio-Frequency 

Group, checks -the distortion in a newly­
de loped oscillator. 
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methods of cons tr uction can mean more 
economical design , greater convenience 
of operation, easier maintenance, or 
longer life. 

In the field of broadcast monitoring 
equipment , for ins-tance, new models 
will be smaller, will require less r-f 
power, and will be easier to install and 
operate. Frequency monitors will oper­
ate directly from an amplitude-modu­
lated signal. The frequen y rang and 
sensitivity of di tortion meters will be 
increased. 

Improved tuned circuits, output sys­
tems, and dial dri es will make possible 
a considerable improvement i n  the 
accura y and reliability of stan.dard­
signal generators. Both a-m and f-m 
models are now planned and will collec­
tively cover frequencies from the low­
radio range to the u-f-h bands, a total 
frequency span of about 100,000:1. 
U -h-f models will use the new butterfly 
and cylinder-type tuning units. 

In instruments for voltage measure­
ment, the upper frequency limit will be 
extended for vacuum-tube types and a 
d-c voltage measuring feature in luded. 

JUNE, 194 5 

FIG- RE 12. R. F. Field (right) and D. A. 
Powers. with a machine for winding polystyrene 
capa it. r • a new type developed under Mr. 

Field's super ision. 

FIG RE 13. View of the Drafting Departmen't. 
The total personn 1 of this 

1 ven, in addi'tion to L. 
Engineer-in-Charge and 

Supervisor 

department is 
M. Burgess, 

C. Rohman.n, 
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FIGURE 14. E. E. Gross (left) and W. R. 
Thurston, of the High-Frequency Group, 
working on a u-h-f oscillator of the coaxial 

butterfly type. 

Smaller circuit elements, particularly 
vacuum tubes, and refinement of me­
chanical design, direct outgrowt:hs of war 
deveJopments, make it possible "to pro­
duce a probe of higher resonant; fre­
quency -than heret:ofore. Where high­
frequency performance is not important, 
sen.s1t1v1ty can be considerably in­
creased. Beyond the useful upper fre-

FIGURE 15. A. P. G. Peterson (right) and R. J. 
Ruplenas with an experimental u-h-f signal 

generator. 

1 0 

quency of vacuum-tube types, crystal 
rectifiers will be used. 

Both better con.st1·uction.al methods 
and circuit design are factors which will 
simplify some of the more complex 
inst:ruments. Frequency standards, in 
particular, will be smaller and more 
compact, while auxiliary frequency 
measuring equipment will be more flexi­
ble in application and more convenient 
to operate. 

Ranges of frequency measurement 
have of necessity been extended to 
higher frequencies during the war, and 
both wavemeters and heterodyne fre­
quency meters in compact, port:able 
models for the u-h-f and v-h-f ranges 
will be available for post-war use. 

Improvements in oscillators will in­
clude lower distortion, wider ranges, 
and higher power output. A douhle­
beat-type of instrument is also planned 
for use in the measurement of distor­
tion resulting from cross-modulation. 

Un.it construction. offers possibilities 
for inexpensive and flexible laboratory 
equipmen . Simple oscillators and am­
plifiers made to plug into a power supply 
unit will avoid unnecessary duplicat:ion 
of equipment and will be priced at a 
level within the reach of the smaller 
laboratories. 

The advances made over the past 
several years in our understanding of 
the nature of dielectrics have indicated 
that measurements should be made over 
wide ranges of frequency in order to 
predict accurately the electrical prop­
erties of insulating materials. Conse-

, 

quently, wide-range bridges will be 
available for "the measurement of dielec­
tric constan"t and dissipation factor. 
An.other new instrument for insulation 
-testing is a high-voltage, direct-reading 
megohm-meter for taking current-time 
curves. 
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FIGURE 16. H. W. Lamson makes a few check 
rneasuremeuts on his newly-developed m.agnetic 

test set. 

In the v-h-f and u-h-f bands, trans­
mission lines are now widely used for 
impedance, voltage, power, and attenu­
ation measurements. One drawback to 
their use has been that a given length of 
line is usable over only a narrow range of 
frequency. A set of coaxial connectors is 
under development, which will permit 
t:he necessary line elements for any given 
frequency to he assembled quickly and 
conveniently. 

FIGURE 17. D. H. Chute, in charge of the 
measurements room, balances a precision capac­

itance bridge. 

JUNE, 1945 �· 

Other new standard parts will include 
variable air condensers, rheostat­
poten.tiometers of improved linearity 
and accuracy, and a completely new line 
of ariacs. New core materials and im­
proved mechanical and electrical de ign 
have produced a Variac that is smaller, 
more efficient, m.or rugged, and ea ier 
to service. 

The in reasing use of radio-active 
tracer isotopes, produced in the cydo­
tron, for analyzing chemical, physio­
Jogi al and metallurgical processes has 
produced a need for various types of 
counters. One projected new instrument 
is a counting-rate meter for use with a 
Geiger-Muller counter tube. 

New and improved stroboscopes wilJ 
result from. war designs, for both visual 
and photographic use. Among the possi­
ble new features are higher-intensity 
lamps, shorter flash duration, and 
higher repetition rates. 

In broad outline, these are some of
°
t:he 

general improvements t:hat can be ex­
pected in post-war instruments. Designs 
must await the completion. of war en­
gineering work, and production., the 
release of materials. 

FIGU�E 18. Paul Hanson of the Design G .roup 
exain.l.Il s a model of a new wire wound variable 

resistor. 
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VOL UME XX 

e T H I S I S S U E of the Experi1nenter 
i Volutne ,.. .,. , Number 1, and marks 
the .-tart of the twentie th y ar of ontin­
uou.-, publication. Volume I, Numb r 1 
wa - a four-page 9- x 12-inch paper and 
wa- dat d June 1926. At that time, an 
important part of the General Radio 
Company' bu iness wa th manufac­
ture f part for home-built radio re -

iv rn. although a considerable line of 
aboratory measuring in trument wa 

al o produced. Article of inte ·e t to the 
amat ur and hom ex perimenter "\ er 

publish d, therefor 
iderable amount 

material. 

, a well a a on­
of more technical 

A �ea uring quipment b came th 
predominant part of our bu ine , nearl_ 
all of th articles in the Experi1nenter 
wer dire ted to te hnical men. In 19:...9, 
beginning with Volume IV, umber 1, 
the present 6- x 9-in h, 8-page format 
was adopted . 

The pre nt ir ulation is approxi­
mately 24,000 copie , of which 20,000 
go to the nited tates and Canada. 

T
HE General Radio EXPERIMENTEI� is nta,iled -withou·t charge each 1nonth 

to engineers, cienti ts, techni ian , and oth er intere ted in conun un i­

cation-frequency measuremen t and con"trol problent s . When sendinu 

reque ts for subscrip"tion and addre - hange notices, please supply the 

following infonnation: name company address, type of business compan ' 

i en naged in, and title or posi tion of individual. 

GEN E RAL R AD I 0 C O M PANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TROWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 

NEW YORK 6, NEW YORK 

90 WEST STREET 

TEl.-WORTH 2-5837 

L 0 SIA N GEL ES 3 8, CAL IF 0 R NI A 

10 0 0 N 0 R T H S E W A R D S T R E E T 
TEL. -HOLLYWOOD 6321 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

T E L .- W A B A S H 3 8 2 0 
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