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WHY AMPEREX

Another new AMPEREX
power tube for induction and
dielectric heating equipment

The new Amperex 233 is designed for use as a Class C
oscillator or amplifier for generating radio frequency power
at frequencies up to 30 megacycles. Two grid arms make neu-

tralization more convenient in the amplifier connection, and
also permit cooler operation of the grid when the tube is em- .
ployed at higher frequencies either in a self-excited oscillator or
power amplifier. As do all tubes designed and developed in our
laboratory, the 233 incorporates well-known '"Amperextras’ which
make for longer operating efficiency and lower operating costs. Write
for engineering data.

RAMPEREX

AMPEREX ELECTRONIC [ORPORATION

75 WASHINGTON STREET - + + +« «+ BROOKLYN T, N. Y.
Export Division: 13 E. 40th St., New York 16, N. Y., Cables: "Arlab"
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| We/ $-37
FM-AM

HE new Model S-37 FM-AM receiver is an outstanding for very hlgh frequency work

example of Hallicrafters pioneering work in the upper ,
regions l())f the spectrum. Covpering the frequencies between 130 to 2I0 Mc.

130 and 210 megacycles, the S-37 provides VHF perform-
ance which is in every way comparable to that of the finest
communications receivers operating in the medium and high
frequency bands. The average over-all sensitivity of the §-37
is approximately 5 microvolts. The image ratio of at least
1000 times is achieved through the use of two pre-selector
stages and an intermediate frequency of 16 megacycles. No
band switching is necessary and exceptional ease of tuning
is provided by mechanical band-spread with 2300 dial divi-
sions between 130 and 210 megacycles. The pre-loaded gear
train is completely enclosed and is equipped with a positive
stop at each end of the tuning range. Hermetically sealed
transformers and capacitors, moisture proof wiring, and
_extra heavy plating, all contribute to the long life and
reliability of the S-37 . . . the only commercially built
receiver covering this frequency range.

The amazing performance of the Model S-37 is largely
due to the RF section shown at right. It is mounted as a unit
on a brass plate V4 inch thick. The two type 954 RF ampli-
fiers and the type 954 mixer are placed in the heavy shields
which separate the stages. The type 955 oscillator is mounted
directly on its tuning condenser. Exceptional stability is
assured by the use of individually selected enclosed ball
bearings, extra-heavy end plates, and wide spacing in the
oscillator condenser—rigid mounting of all components—
and inductances of Vg inch copper tubing wound on poly-
styrene forms. All conducting parts are heavily silver plated.

Write for Catalog No. 36A, describing
Hallicrafters complete line of high
frequency receivers and transmitters.

hallicrafters rapio.

D TODAY! THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT » CHICAGO 16, U. § A

Awy

A

ey

1




2

For very high frequency work . . .~

Hallicrafters S-37 stands over and above
all. Providing both AM and FM recep-
tion on all frequencies from 130 to 210
Mc,, it covers a higher range than is avail-
able in any other commercially built re-
ceiver. The development is typical of the
ingenuity and resourcefulness that Halli-
crafters bring to the ever-new problems in
electronics and communications. Forward
looking technicians in these fields must
look to Hallicrafters for insttuments that
will chart the new directions.

... nallicrafters rabio

Buy a War
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THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.S.A.
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How can I convert
the level of a micro-
phone rated on the
basis of milliwatts
per bar to a level of

What new types of
special purpose mi-
crophones have been
developed for voice
and sound transmis-
'sion?

ers may be found in the.

More than an exposition of microphone types, the new Electro.
Voice Catalog provides a source of valuable information which
should be at the fingertips of every sound man. It contains a
simplified Reference Level Conversion Chart which marks the
first attempt in the history of the industry to standardize micro-
- phone ratings. Several pages are devoted to showing basic
operating principles of microphones ... offering a quide to the
proper selection of {ypes‘ for specific applications. And, of
“course, every microphohié’in the Electro-Voice line is com-

pletely described, from applications to specifications,

Reserve your copy of the new
Electro-Voice Catalog. Write today.




' These U.S. Navy Planes Carry
Collins Avtotune Transmitters

.
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The voice of thousands of Navy fliers

THE CoLLINS ATC Autotune transmitter
isregulation equipment for most two-place-
and-larger types of Navy aircraft. Itis the
military successor of Collins airborne Auto-
tune transmitters which were adopted by
several of the great commercial airlines
years before the war. Since Japan struck,
the Navy has ordered many thousands.
In advanced design and rugged construc-
tion, today’s ATC reflects the lessons of
war learned in every quarter of the world.
It is a foretaste of the reliability and effi-
ciency to be expected of Collins by com-
mercial and private users after victory.
Collins Radio Company, Cedar Rapids,
Iowa; 11 West 42nd Street, New York
18, N. Y.
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Section Communications Managers of the A.R.R.L. Communications Department
Reports Invited. All amateurs, especially League members, are invited to report communications activities, training
plans, code classes, theory-discussion groups, civilian-defense building or planning each mid-month (16th of the month for
the last 30 days) direct to the SCM, the administrative official of ARRL elected by members in each Section whose address
is given below. Radio Club reports and Emergency Cotrdinator reports representing community organized work and plans
and progress are especially desired by SCMs for inclusion in QST. ARRL Field Organization appointments, with the
.exception of the Emergency Cotrdinator and Emergency Corps posts, are suspended for the present and no new appoint-
ments or cancellations, with the exception named, will be made. This is to permit full efforts of all in Emergency Corps plans.
o ) ATLANTIC DIVISION ,
Eastern Pennsylvania W3BES Jerry Ma 623 Crescent Ave. Glenside Gardens
Maryland-Delaware-District 9701 Monroc St.
of Columbia W3CIZ Hermann E. Hobbs Silver Springs I, O, Linden, Maryland
Southern New Jersey W3GCU Ray Tomlinson .._.. 623 E. Brown St. Trenton 10
Western New York wsMC William Bellor 186 Dorsey Rd. Rochester
Western Pennsylvania WS8CKO E. A. Krall 703 Broadway East McKeesport
CENTRAL DIVISION -
Ilinois WIONUX David E. Blake, II 4501 N. Malden St. Chicago 10
Indiana WIEG Herbert S. Brier 385 Johnson St. ary
Kentucky WOAR . Darrell A. Downard 116 N. Longworth \ve. Louisville 12
Maichigan - WSDPE Harold Bir R.F.D. 2, Box 22 Pontiac 2
Ohio WSMFP Carl F. Wiehe 122 St. Albert St. St. Bernard 17
Wisconsin WO9RH Emil Felber, Jr. 1625 N. 18th st. Milwaukee 5§
_ _ DAKOTA DIVISION,
North Dakota WOYVE E j’ulm "W. McBride 620 North Menio Ave. Sioux Falls, South Dakota
South Dakota WIOVY P'. H. Schultz 118 N. Yankton Ave. Picrre
Northern Minnesota WorUZ Ar_mond D. Brattland 2802 So. Western Los Angeles 7, Calif.
Southern Minnesuta WOYNQ Millard L. Bender 608 N. Huron Ave. Spring Valley
7777 S DELTA DIVISION
Arkansas WngE_D "Ed Beck _ 2503 Blsho > St. Little Rock
Louisiana WSDKR Eugcne‘H Treadaway P. O. B LaPlace
Mississippi ° WSHAV P. W. Clement 524 San Biloxi
Tennecssee W4SP James B. Witt R.F.D. 6, Shad) Dell Trail Knoxville
- _ HUDSON DIVISION_
Eastern New York W2HZL Ernest E. George 2044 Lexington I'arkway Schenectady 8
N. Y. C. & Long Island W2AZV IX. L. Baunach 102 Central Ave. Massapequa, L. I,
Northern New Jersey WwW2CQD Winfield G. Beck 617 Spruce St. Roselle
- IDWEST DIVISION,
owa slie B.Vennard 2712 Washington St. Burlington
Kansas WoAWL A. B. Unruh 1617 S. Seneca St. Wichita 12
Missouri W9I0UD Mrs. Letha A. Dangerfield Box 123 Butler
Nebraska ' W9FQB Arthur R. Gacth 6105 N. 37 St. - Omaha 11
i} __NEW ENGLAND DIVISION.
Connecticut WIKQY Edmund R. Fraser 48 Willow St. West Haven 16
Maine WI1AQL C. Brown . 379 No. Main St. Brewer
Eastern Massachusctts WIALP Frank L. Baker, Jr. 91 Atlantic St. North Quincy 71
Western Massachusctts WIJAH William J. Barreft 239 Columbia St. Adams
New Hampshire WIFTJ/4 Mrs. Dorothy W, E\'ans 1435 Snowden Ave, Memphis 7, Tennessce
Rhode Island WIHRC Clayton C. Gordon 70 Columbia Ave., Gaspee IPlateau, Providence S
Vermont WINLO Burtis W. Dean P. O. Box 81 Burlington
— NORTHWESTERN DIVISION,
Alaska KIGNN ames G, Sherry Homer
Idaho WIAVP on D. Oberbillig P. O. Box 486 Boise
Montana wicry Rex Roberts Box 1088 Glendive
Orecgon WIGNJ (arl Austin 1137 Federal Bend
‘Washington WITFWD O. U. Tatro 513 N. Central Olympia
— — PACIFIC DIVISION__
Hawaii ROETFE Franms T. Blatt 837 16Lh Ave. . Honolulu
Nevada W6CwW N. Arthur Sow1e Box 2025 Reno
Santa Clara Valley We6lUZ Earl F. Sanderson 600 Acacia Ave. San Bruno
East Bay W6TI Horace R. Greer 414 Fairmount Ave. Oakland 11
San Francnsco WG6RBQ William A. Ladley 200 Naylor St. San Francisco 12
Sacramento Valley WO6MDI Vincent N. Feldhausen 113 South Quincy St. McCloud
l’hxlmpmcs KAIGR George L. Rickard Box 849 Manila
San Joaquin Valley* W6BXB Edward H. Noack 811 West Magnolia St. Stockton
. ROANOKE DIVISION.
North Carolina WICYB W. J. Wortman P. O. Box 566 i Morganton
South Carolina W4BQE/ANG Ted Ferguson . 3422 Rosewood Drive Columbia 25
Virginia W3AKN Walter G. Walker N 217-51 St. Newport News
West Virginia WS8JRL Kenneth M. Zinn P. O. Box 132 Clarksburg
) o __ROCKY MOUNTAIN DIVISION
Colorado ~WOVGC H. F. Hek 2743 ulxan St. Denver 11
Utah-Wyoming WI7DIE John S. Duﬂ'y P.O. x 293" Medford, Oregon
B - SOUTHEASTERN DIVISION___ - _
Alabama WiGBV Lawrence J. Smyth 808 Wmona Ave. Montgomery
Eastern Florida w4Ir Robert B. Murphy 2S.W. Grapeland Blvd. Miami 33
Western Florida W4A XD Oscar Cederstrom 408 S, Pine St. Warrmgton
Georgia W4FD Ernest L. Morgan R.F.D. 2 Lyo
West [ndies (Cuba) CM20P Marijo de la Torre Escobar 110 (Altua) l{abana. Cuba
(Puerto Rico-Virgin Islands) K4KD Everett Mayer 24 Lindberg S Santurce, P'. R.
- —_SOUTHWESTERN DIVISION. ,
Los Angeles WoQVV " H.F. Wood . 429 So Fanrvnew Burbank
Arizona T WO6RWW Douglas Aitken 341 S. Mt. Vernun Ave.  DPrescott
San Dicgo W6CH\ Raiph H. Culbertson 7172 Eads st. La Jolla
_ o —________WEST GULF DIVISION
Northern Texas W5SALA Jack T. Moore 5712 Berkshxrc Lane Dallas 9
Oklahoma WSAYL Ed Oldfield . 2141 N.W. 35th st. Oklahoma City o
Southern Texas W5JC James B. Rives 1721 Kentucky Ave. San Antonio 1
New Mexico WSHJF J. G. Hancock 110 S. E. Nevada St Portales
i} _ . MARITIME DIVISION, —
Maritime VETDO A M. Crowell 69 Dublin St. Halifax, N.'S.
— . — ONTARIO DIVISION.
Ontario VE3EF Wing Commander c/o Canadian Bank of
Donald R. Gunn Commerce New Toronto, Ont,
e QUEBEC DIVISION_
Quebec VE2CO Licutenant L. G. Morris 211 Bolton St. Ottawa, Ont.
, — ___VANALTA DIVISION
Alberta , VEiGE C. % Jamieson 1 W. Riv Pl’sldl‘ l)rnc Drumbheller, Alta.
Brmsh Columbia VESDD C. O. 1. Sawyer 2634 West 31st A Vancouver
PRAIRIE DIVISION.
Manitoba VEL{AAW A. W. Morley 26 Lennox St. St. Vital
Saskatchewan VEiSY Arthur (.he;worth 1084 Redland Ave. Moose Jaw

*Officials appointed to act temporarily in the absence of a regular official.




Because they are built to take it
— built to do the job with a wide
margin of safety — Hammarlund
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THE AMERICAN
RADIO RELAY
LEAGUE,

INC.,

is a noncommercial association of radio amateurs, bonded
for the promotion of interest in amateur radio communica-

tion and experimentation, for the relaying of messages by

radio, for the advancement of the radic art and of the
public welfare, for the representation of the radio amateur

in legislative matters, and for the maintenance of frater-
nalism and a high standard of conduct.
It is an incorporated association without capital stock,

chartered under the laws of Connecticut. Its affairs are

_governed by a Board of Directors, eiected every two years

by the general membership. The officers are elected or

appointed by the Directors. The League is noncommer-
cial and no one commercially engaged in the manufacture,

sale or rental of radio apparatus is eligible to membership
on its board.

“Of, by and for the amateur,” it numbers within 1ts
ranks practically every worth-while amateur in the na-

tion and has a history of glorious achievement as the

standard-bhearer in amateur affaira.

Inquiries regarding membership are solicited. A bona

" fide interest in amateur radio is the only essential qualifi-

cation; ownership of a transmxttmg station and knowledge N
of the code are not prerequisite, although full voting mem-

bership is granted only to licensed amateurs.

All general correspondence should be addressed to the
Secretary at the administrative headquarters at West
Hartford, Connecticut.

Past Presidents
Hiram PErcY Maxmm, WIAW, 1914-1936
Eucene C. Woobrurr, WSCMP, 1936-1940

Officers
President. ...............GEORGE W. Baney, WIKH
Washington, D. C.
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General Counsel. . ................ ....PAUL M. SEGAL
1026 Woodward Building, Washington 5, D. C

*0On leave of absence. Address correspondence to the

Acting Communications Manager, Charles A. Service,
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Directors
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“IT SEEMS T0 US—"

ON BEING AN AMATEUR

WE wisH that the nontechnical press of

. the country could come to the realization that
the expression radio amateur is a term of art.
specifically defined in international treaty and
FCC regulations as comprising a particular
class of persons — ourselves — licensed by the
Commission to conduct a clearly defined type
of radio service. We wish they would stop talk-
ing about amateurs when they mean mere lis-
teners-in or other unlicensed classes of people
who don’t get paid for what they do in radio,
and would understand that an amateur in radio
is a person of demonstrated proficiency who
has been granted licenses to engage in two-way
communication over his own station because of
his personal interest in the technique of radio.
We have been particularly irked by this con-
fusion in the press in its reporting of the inter-
ception of the data on prisoners of war which
interlards enemy propaganda broadecasts. Gov-
ernment agencies monitor these broadcasts, sift
the data and notify the next-of-kin of these
reports. They render a satisfactory service and
the only necessary service. But numerous indi-
viduals engage in this activity, too, as a hobby
and in the hope of helping. There probably are
some licensed amateurs who do this, although
all the individuals we can remember being iden-
tified in the press articles we’ve read have been
SWLs, not hams. The practice is unnecessary
but is harmless in itself. ITowever, numerous
dirty rackets have arisen during this war, all
the way from the petty victimizing of service
men to bigtime ration-stamp counterfeiting.
One of the most despicable of these rackets is
the attempt to extort money from the families
of missing service men in return for the pris-
oner-of-war reports in the enemy broadcasts.
It is deplorable but it has happened. Govern-
ment agencies have promptly stopped the prac-
tice and from time to time have announced the
facts. The press, reporting the news, has all too
frequently fallen into the error of charging the
racket to hams, just because it was an “ama-
teur notification system,” not an official Gov-
ernment one. Your ARRL has been in touch
with press associations and individual news-
papers on each of these instances that has come
to knowledge. They are sorry when they know
the facts and generally they publish a correc-
tion, but frequently some damage has been
done our reputation. The fact is that these are

not hams. We have verified anew from FCC,
no later than this very morning, that 7CC has
never had a single report of a licensed amateur
engaging in this vile activity. Will you, brother
ham, help to spread this word where our repu-
tation is in doubt? And won’t you, Mr. Press,
stop saying ham or amateur when you don’t
mean us?

WE cAN'T be too surprised that such
confusion exists in the use of the word amateur,
since it not only has other legitimate applica-
tions but is one of the most misused words in
the English language anyway. But we get a
distinet shock when other people not only im-
properly employ amateur but ring in the syno-
nym kam. To us they mean the same thing but
when they’re incorrectly used in the first place,
ham becomes a second-power error of ghastly
effect. The result is nothing short of ludicrous
when the press, wishing to call an SWL an
amateur because he is not a professional, also
calls him a ham because he is an amateur. Imag-
ine an SWL being entitled to be called a ham!

But there’s that word again. Ham is now
practically barred by the Radio Society of
Great Britain as beneath the dignity of an ama-
teur. Well, we like it. We disagree with those
who think it implies a punk or lid and that it’s
derived in derision from ham actor. We won’t
agree, either, with the rather astounding defini-
tion contained in a book called the Dicttonary
of American Tramp and Underworld Slang.
You need a laugh today, don’t you? Well,
read this:

ham. A telegraph operator or radio amateur.
Abbreviation for hammer because the key oper-
ates with an up and down motion similar to a
hammer. Applied in a derogatory sense as an
amateur does not have a light and gentle touch
but hammers the key.

No, those things are not our story, you know.
The way we tell it, most of the language of
sports derived from Cockney English. Amateur
was h'amateur in Cockney, and when amateur
was abbreviated to am it naturally became
Ram or ham by direct transliteration. In our
estimation the words therefore mean precisely
the same thing, with amateur the formal term
and ham the affectionate diminutive. For
what it’s worth from us, we’re hams and proud
of it. The League, by the way, has suggested to




the staffs of the various American dictionaries
the desirability of defining ham as a synonym
for licensed radio amateur.

We are pleased, too, to.see the term coming
into use in other fields of activity. There have
been several references in the aviation press in
the past year or so to ham pilots, meaning ama-
teur or sportsmen pilots not flying for hire. And
the term ham photography seems to be coming
into a certain vogue, too. We consider they are
on the beam and they can have the use of the
term free from us.

WVE MIGHT as well take this opportunity
to unload another peeve about the recognition
of amateurs. The wartime solicitations of the
Civil Service, even during the period of most
desperate need for Government radio person-
nel, commonly took no account of amateur
training and bluntly stated that no credit
whatever would be allowed for amateur experi-
ence. In a way this was understandable, be-
cause the over-all personnel needs were so huge
that examinations were being abandoned and
applicants were being rated on their demon-
strable schooling and training and their record
‘of paid jobs successfully held. There are many
persons of high competency in radio whose only
experience has been as an amateur, but what
proof is there that a given individual has actu-
ally progressed beyond the knowledge required
for his initial license?; how can the amateur

establish that his personal work has qualified.

him to hold a Government job? .

The obvious answer is tests and examina-
tions, both written and in a practical way at
bench and key. Private industry did that, and
that was the method of the armed forces —
they could quickly tell whether a man had
what it took and they didn’t care where the

knowledge came from so long as he had it. Also
they quickly learned that if he had amateur
background he probably possessed resourceful-
ness and enterprise, on top of knowledge, that
made him doubly valuable. The Civil Service
had to find literally millions of applicants, in
many fields, and with rare exceptions it was
not feasible to explore their qualifications by
examinations that gave each candidate an
opportunity to prove his competency. Instead,
they apparently relied on the philosophy that
if a man were good enough to earn his living at
radio work, that proved something; while ama-
teur experience could not be credited because
there was no way to evaluate it. This is largely
understandable, we say — but what a pity it
ig! There are thousands upon thousands of li-
censed amateurs in radio work under Civil
Service appointments, and the bulk of them
probably got there because of skill originally
acquired as amateurs, but in most cases they
got acceptance only because they were also
able to point at paid radio experience as pro-
fessionals. During the time of greatest need,
the civilian Governmental services were denied
the aid of many additional thousands of per-
sons of comparable abilities because no mech-
anism could be devised to weigh and judge the
competency they had acquired purely as ama~
teurs. It ain’t right, McGee.

In many fields of activity, administrative
agencies are now reviewing their wartime ac-
tivities, studying how to do better next time,
possibly writing little memos to themselves for
future application. We suggest one: that the
Civil Service Commission study the possibili-
ties of making a more fruitful employment of
the talent of the simon-pure radio amateur in
time of national emergency.

K. B. W.

e R————

« SPLATTER «

OUR COVER
MicuTy little aid and absolutely no com-
fort is afforded the enemy by the unveiling of the
radio set pictured on the cover this month. Two
hundred and twenty-three pounds of fighting
radio equipment, the Army’s new Radio Set
SCR-506, means only bad news to our enemies
in the battle of communications.

FOOTNOTES

THREE new QST contributors are pre-
sented this month. The first on our list, George
W. Brooks, W1JNO (p. 25), has operated on
all bands from 112 Mec. down, starting his ham
activity in 1935. A graduate of Eastern Radio
Institute, Boston, he put in a couple of years as
chief engineer at the Laconia (N. H.) b.c. station,
WLNH. He then began a tour of duty with New
England Tel. and Tel. which took him to their
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station, WOTU, and then to W1XUJ, an experi-
mental f.m. station. W1JNO’s present assign-
ment is completely obscured by the smoke screen
of military security. ... Two old-timers are
on our roster this month, the first being George
Peterson, jr., W3IOV, who started ham-
ming as 3ANQ after the lifting of the ban follow-
ing World War I. In 1926 Peterson left the air
for nine years during which period he graduated
from Yale with an EE. (Ordinarily an EE doesn’t
take nine years to hatch, but he didn't tell us
what else took place in that time!) In 1935
Peterson returned to the air—in two ways—
as an amateur radio operator and as an amateur
flier. He combined his hobbies and, when CAP
was formed, he became Training Officer for
the First Group Pennsylvania CAP. Serving
now as CAP deputy communications officer
and president of the Aero Club of Pennsylvania,
Peterson realized a need for, and designed the 1.f.
equipment described in his current article (p. 40).
The regular job of W3IOV is that of plant engi-
neer in the J-P division of a company manufac-
(Continued on page 88)
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l'r was mid-afternoon of a spring day in
1942. One hundred and twenty miles south of San
Antonio, on the road from Laredo, a dusty

command car was hitting sixty under the heavy '

boot of its GI driver. The whip antenna on the
side swayed evenly in rhythm with its motion.

Meanwhile, parked in Alamo Heights outside
San Antonio, Bill Schwartz, W2AEL, idled away
the afternoon near the speaker of his BC-312
receiver. The test schedule for which he was wait-
ing still a couple of hours away, Bill relaxed in his
radio truck, gazing off into space.

Riding in the back seat of the speeding com-
mand car was Ed Raser, W3ZI, and the writer.
On the impulse to see if he could QSO W2AEL on
the “fly” and at an unscheduled time, W3ZIL
threw a switch. He slapped out a terse call on
the key strapped to his leg. Following the Army
call with a “BK,” he leaned back, listening.
There was a moment’s silence. Then from the
speaker came the answer. ‘“Are you in motion?”
queried W2AEL in San Antonio, surprised at this
unscheduled call. “ You bet we are!”’ replied W3ZI.

While the C & R car bounced along at an un-
diminished pace, a perfect c¢.w. QSO was main-
tained on a frequency in the old 80-meter ham
band without once touching the receiver in the
new military radio set under test — the SCR-506.
No repeats, no tuning — good solid signals each
way. And when QRM set in on the mobile signal
the Alamo Heights station merely broke and
said, ““Shift to B.” W3ZI keyed “R,” flipped a
switch to the point marked ‘B’ — and the QSO
continued on a clear channel quite removed from
the original frequency.

* Assistant Editor, QST

May 1945
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“Radio et SCR-506"—A Biography

T1he History of the U. S. Army’s Highly Perfected New
Medinm-Range Mobile Radio Set

DAVID MIDDELTON,* W20EN

Later, in 1943, out on the dust-laden prairies
that surround Fort Riley, a command car ap-

peared to be wandering aimlessly around. In the

front seat were a cavalry test officer and a soldier
driver, while a civilian engineer in the back seat
operated the set. The GI chauffeur was disgusted.
All morning he had been hunting rough terrain
on which to bounce that transmitter hard enough
to make it break down. Now it was nearly chow
time, and still the set refused to give up despite
the terrific pounding,.

Finally the officer took the wheel, muttering
something about finishing off that damned set so
they can go back for lunch. The car lurched for-
ward, plunged down a hill, headed cross-country
and tried to hurdle a deep ditch. There was a
thunderous crash! The rear end failed to clear,
and the car smashed into the bank. The GI
jumped clear, but the radio operator found him-
self lying on top of his radio set and the dazed

This article is more than an account of
the development and extensive field test-
ing of a military radio set — more, even,
than a technical description of one of the
Signal Corps’ most modern items of
communications equipment. It is also a
record of the contribution by radio ama-
teurs to a notable military radio accom-~
plishment — and a personal experience
narrative, at that. For Assistant Editor
Middelton, during the hectic days of
’41-’43 an enginecr at the Signal Corps
Labs, was himself project engineer in
charge of the work on the SCR-506.
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officer climbed out painfully from the vehicle.
The rear end of the car was badly disabled — but
the radio set was still unhurt. If that C & R car
could have registered human emotion, it would
surely have looked chagrined. For the radio set,
the SCR-506, was not only undamaged but still
worked perfectly. Its voice soon was calling for
aid in pulling the car out of the ditch. Changed
within an hour to another car, the set lafer reached
out 1600 miles on c.w. in keeping an evening
schedule on 3610 ke. with Fort Monmouth.

These are but two incidents of the many that
occurred during the field testing of a new type of
radio set — the U. S. Army’s Radio Set SCR-506
— the fightingest high-powered vehicular-mobile
radio set in the world. Delivering up to one hun-
dred watts output in the frequency range from
2000 to 4500 ke., with instant selection of any one
of five completely pretuned frequencies, the 506
has been rightfully called the radio equivalent of
the Garand rifle.

Did you say “frequency shift’’? Never before
has there been such flexibility in a long-range
military radio set.

Imagine you are a World War II cavalryman
riding in an armored scout car bumping across
country on a reconnaissance mission. You are
’way out in front of your own front line. Beside
you in the rear seat is a 506. You top a rise —
ahead you spot a heavy enemy concentration,
apparently well camouflaged against air observa-
tion. Its presence must be reported at once! A
call must go through for ground-force action with
tank destroyers, swift-striking tanks, and men.
The word must reach back to the ‘‘bomber-
demand”’ group for tactical air support. There is
no time to relay the news; you must report it at
once to widely scattered command posts, far to
your rear —and on different nets. You turn
the switch and flash your message to one head-
quarters. While the acknowledgement is still
ringing in your ears you flip the switch again and
crash into another net with your important infor-
mation. You repeat this four — or even five —
times. For with you in that car you have the
equivalent of five complete transmitters tuned to
as many different frequencies, any one of which
is available at the flip of a single switch!

What sort of radio set can take that sort of
beating and still operate? What kind of a set can
stand modern vehicular warfare and still func-
tion smoothly and without breakdown? Where
did this set come from that can take the worst
punishment man can devise and still remain in-
tact, operating perfectly on preset frequencies in
spite of wide temperature variation, vibration
and mobile conditions?

The Project
This is the story of the SCR-506 — and the
radio amateurs who participated so importantly
in its design and development, its testing and pro-

These illustrations, taken from the Army’s training
film on the SCR-500, dramatically depict four of the
many types of fighting vehicles equipped with the 506.



duction. It’s a story that began long before Pearl
Harbor when the Armored Force, the Cavalry
and the civilian radio engineers at Fort Mon-
mouth Signal Laboratories realized that a com-
pletely new type of radio set was required.

What was needed was a streamlined frequency-
shifting transmitter plus an easily operated re-
ceiver, all compactly and sturdily built — a radio
set designed exclusively for vehicular operation in
modern mobile warfare.

Much of the planning and early development
of this new set was the work of Wm. S. Marks,
jr., chief of the Vehicular Radio section of the
Labs under the direction of Lt. Col. Roger B.
Colton ! and Major J. D. O’Connell.

In May, 1941, Quido Shultise, WONX, one of
the VR section radio engineers, turned over a set
of prints and a lot of engineering data on the new
set to the writer, then a Signal Corps civilian
radio engineer likewise working under Bill Marks.
Shultise had been closely allied with the develop-
ment of the new set before he transferred the
project to the writer.

Shortly thereafter we went to the Schenectady
plant of the General Electric Company to assist
in laboratory tests and, what was more important,
to meet the boys who had designed and built the
original test model and to see the set itself. There
we found a crew of highly trained engineers and
workmen, putting all they had learned in years
of professional and amateur radio experience into
its design and fabrication. They were resolved to
make it the best piece of vehicular radio equip-
ment that it was possible to build into the limited
space allotted. The electrical design and the
over-all coérdination was in the hands of L. H.
Lynn, ex-W9BTY, who combined his GE back-
ground with his ham experience to produce a set
that would meet military demands and yet in-
clude the worth-while features found desirable in
amateur practice — notably frequency stability,
flexibility, and maximum convenience and sim-
phclty of operation. The mechanical design en-
gineering was codrdinated by M. R. Johnson,
W2DSB — and his wizardry paid high dividends
in 506 operating performance.

Gathered around Lynn and Johnson was all
the enormous inventive and productive genius
of the entire General Electric organization, with
its vast cdllective resources.

The design engineers and fabricators put all
their skill and talent into the design and building
of this new type of equipment. Their enthusiasm
was reflected by every man and woman who had

1 The military rank of all officers mentioned is that held
at the time of these activities.

contact with what they called ‘‘the tank set.”
Lynn; Johnson; J. D. McLean, W2MSA; P. L.
Chamberlain, W8HAU-ex-W9DZY, from the
sales depart,ment Don Vroman, who did much
of the receiver design, and R. L. Downey, W2-
KFN, who designed the 506 v.f.0., nobly assisted
by many others had taken “mlht,ary characteris-
tics” (preliminary specifications) calling for ex-
tremely difficult requirements — especially those
concerning power output, form factor and space
limitations — and had come up with a radio set
such as the military world had never Seen.

The original AFII (Armored Force Type 2) set
was strictly a c.w. job capable of furnishing from
50 to 90 watts output into a 15-foot whip-type
vehicular antenna. An eight-tube superhetero-
dyne-type receiver with a built-in erystal cali-
brator, a quick frequency-shift transmitter (with
four preset and one variable frequency), together
with their complete power supplies (other than
the primary source) — all were contained in a
space measuring 14 X 14 X 34 inches. (Early
Armored Force plans placed the AFII set in the
small space available in the sponson of a light
tank.) Forced-air ventilated, shock-mounted, fool-
proof and almost crash proof, the equipment was
designed to stand up under what was then
thought to be the ultimate degree of punishment
in military vehicular operation — installation in
a tank.

But before the first working model of this set
was delivered, the Air Corps dropped a ‘“block-
buster” right into the AFII works! The airmen,
with whom the Armored Force maintained liaison
for “bomber-demand’ and other services, an-
nounced that they must have voice signals from
the ground for use by non-c.w.-trained pilot-
operators.

Imagine, if you can, the problem confronting
the boys doing the engineering and planning of
the 506! Here was a box of tubes, switches, coils,
a couple of dynamotors —not to mention lots
of other gadgets, such as an elaborate gear-train
— all crammed into a framework already full to
overflowing. And now there was an unequivocal
demand for the addition of a modulator and
voice operation. What were the engineers to do?
Grid modulation would take little space, but
would the Armored Force accept a voice carrier
with one-quarter the c.w. power output? They
said they would, gladly; so far as they were con-
cerned for they did not need voice anyway. The
Air Corps agreed, too, with a stipulation: “If it
works okay, we'll take it.”” So grid-bias modula-~
tion was installed, space being made by rearrang-
ing some of the components.

Left — A typical 506 installation in a jeep (Truck, !{ ton, 4 X 4). Right — Installation in a half-track (M2).




Field Trials — Armored Force

Field trials of the service test models began in
mid-summer of 1941. Within a few minutes
after the first set wasreceived at Fort Monmouth,
we had it installed in a GI truck. Accompanied
by interested Army personnel, we soon were work-
ing with a Laboratories’ base station manned by
Web. Woolfe, W2MWW.

The tests begun that afternoon continued, in
one form or another, for almost three years,
taking these sets and a brass-pounding crew into
all parts of continental United States and to a
few other spots which cannot now be named.
Service — and, later, production — models of the
506 were tested in every kind of weather over
all types of terrain and in all manner of vehicular
and fixed installations. This almost continual
handling proved that the SCR-506 had what was
required — unyielding electrical and mechanical
stability and with unfaltering high performance
under the severest field conditions.

After the preliminary trial-runs were made,
elaborate screen-room and laboratory tests were
conducted on the models, to determine if the
electrical and mechanical qualities of the equip-
ment met the military characteristics.. Partici-
pating in the various phases of the laboratory
‘tests were A. H. Ross, W20DF-ex-W3TA; J.
Kravetz, W20EF-ex-W3BMG; E. Black, W2ESO
and L. H. Craig, W20IZ.

The first formal acceptance tests were con-
ducted for the Armored Force Board by a test
crew consisting of J. J. Kelleher, W2DSV; Wm.
Schwartz, W2AEL; J. H. Durrer (no license), and
the writer, under the official direction of Capt.
F. F. Urhane, an ex-K7, at Fort Knox. We made
tank and half-track installations, and exhaustive
(and exhausting) performance and operational
tests were carried out over widely varied terrain
simulating typical Armored Force conditions.
Just for the record, let us state here that operating

a 506 in a roaring M3 tank being driven over
rough, winding back-country Kentucky roads by
a wild-eyed mountaineer GI comes strictly under
the classification of an ‘“‘occupational hazard.”
“Throw me a crash-helmet!” was the first order
on each run—and 7o fooling!

A highly specialized installation technique
(called the ‘“Brooklyn bend and squat’ method
in honor of its originator, W2AEL) was developed
whereby a heavy brute of a radio set could be
squeezed through a hole half as large into an
inaccessible spot in a small tank already filled
to overflowing with machine guns, “ammo,”
and other radio sets and interphones — not to
mention the tank crew, their bulky helmets,
jackets, miscellaneous feet in GI shoes, and a
few odd canteens.

During one of the early Fort Knox runs, an
event of historic military and amateur importance
was duly recorded in the official report. On
August 20, 1941, the operator of a 506 in an
M3ALI scout car operating on 3540 ke. contacted
amateur radio station W80UX in Chillicothe,
Ohio. W80UX reported that the signal strength
was fine, but that it sounded like someone was
“moving around in the shack.” He was almost
correct, at that — except for the fact that the
shack was moving around with the set. It happened
that we were going at a good clip along some not-
too-smooth Kentucky roads at the time, but
since we couldn’t very well explain where or
what we were doing we had to let W8OUX figure
it out for himself.

Field Trials — Air Force

In the fall of 1941 came the voice tests for the
Air Corps. Officially, these tests were satisfactory
to all concerned. But the writer — who hitherto
was a dyed-in-the-wool c.w. man — had a strictly
personal beef. Here’s what happened when a
c.w. man got mixed up with a microphone! We

Left — Right side view of the BC-652 receiver. The top chassis contains the calibrator and receiver power supply.
The bottom chassis holds the r.f., i.f. and a.f. components. Center — Top view showing the dynamotor, power supply
and calibrator components. The dynamotor is fastened by four clips, rubber mounted to eliminate vibration. Dyna-
motor connections are made by a plug located adjacent to the rear binding posts. Battery connections may be made
to these two posts when the receiver is serviced permitting operation without the mounting base. At the top are
located, left to right, the crystal, the oscillator tube and the two multivibrator tubes. Right — Left side view of the

receiver. The plugs at the rear center of the chassis make all connections to

the receiver, except antenna and output,

when the receiver is in place on Mounting Base FT-253. A fan in the end-bell of the dynamotor draws air through a
glass-wool filter in the receiver case. This air, circulated through the receiver, is exhausted through :u‘wlher filter.




Fig. 1 — Circuit diagram of the crystal calibrator built into the BC-652 receiver. A DC-24 crystal is shown con-
nected to pins 3 and 7. A jumper, located inside the metal tube shell protecting the crystal, connects pins 5 and 6,
thus completing the circuit and grounding the junction of C1 and Ca. C: is adjusted to set the operating frequency
exactly on a harmonic of 200 kc. When an FT-241 type crystal is used, it is plugged into Nos. 1 and 3.of the socket.
C1 and Cz are then in series from grid to plate of the 6K8. (i is then adjusted for maximum capacity. The DC-24

crystals used are similar to types generally available.

Ci — 50-pufd. variable.

Ca — 225-upfd. silvered mica.

Cs, Cy, Cs — 0.006-.fd. mica.

Ce — 250-pfd. silvered mica.

Cz, Cg — 100-xxfd. mica.

Cop — 10-ppfd. mica.

Ci0 — 5-ppfd. mica. )

Cu, Cia, Ciz — 400-uufd. silvered
mica.

Ri — 1 megohm, !5 watt.

Rz — 10,000 megohms, 14 watt.

Ra — 330 ohms, 14 watt.

R4 — 15,000 ohms, 15 watt.

Rs, Rs, Ru1 — 39,000 ohms, 1 watt.

Re, R7, Ro, Riz — 15,000-obm vari-
able, ganged.

Ri12 — 51,000 ohms, 1 watt.

L1, Lz — Permeability-tuned in-
ductance coil.

S1,S2 — S.p.s.t. switch.

were ordered out to Fort Knox’s Godman Field
to be ready to test with two planes that would
fly down from somewhere up north. This was our
big chance, there must be 7o slip up! A listening
watch was to be maintained on a certain fre-
quency, and the planes would call us. That, at
least, was the plan. As happens too often to exact
plans, however, something went haywire. The
writer guarded the assigned frequency for four
hours — in a tank with its engine running (to
maintain battery voltage) — listening for a call.
At the end of that time we were informed, by

12 SR? Fig. 2 — The basic
2wopET-tarAF 4 (Cs circuit of the auto-
matic noise limiter

in the BC-652.

b eves AR Gy, Cs, Cs— 0.006-
| ufd. mica.
+8 Ry Cg — 200-xpfd. mica.

12Cc8 Rl - 109,000 ohms,
2n0 I.F ~NOISE LIMITER 14

c watt.
— 4 - Rz — 330 ohms, 1%
3 watt.
:Rs Rz — 5.6 megohms,
N 14 watt.
3l = " R4 — 680,000 ohms,
14 watt,
R, [ c, Rs — 330,000 ohms,
]: 14 watt.
A4 1 Re — 1000 ohms, 14
= = watt.

messenger, that the planes had flown over at
15,000 feet, sighted us, called us once on another
(and different) frequency, and then went off into
the “wild blue yonder” leaving us — literally —
stewing in our own juice! It has been alleged that
the writer blew his safety valve wide open when
he finally crawled out of that Armorcd Force
Turkish bath still clutching a microphone! But
even the combined heat of the Kentucky sun, the
idling engine and a boiling-hot operator hadn’t
phased the 506! It had forced-air ventilation —
even if the boys in the tank did not!

Two more amateurs entered the 506 scene dur-
ing those ground-air tests, Capt. Webster N.

Soules, WODCM, and Lt. Larry Boyts, W9TDM-
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W5GEU, participated actively from both ground
and air. W9DCM even did some of the operating
in the planes. Extra-curricular work was done
using W9TDM'’s ham rig as a base station, re-
sulting in useful additional range and operating
data. During this time another amateur station,
WODGA, Evansville, Ind., was worked on 3900
kc. using voice from an M2 half-track near Fort
Knox. Army calls were used, of course, with no
locations given. We’ve often wondered what the
gang thought of the infrequent appearances in
the ham bands of those queer Army calls during
this brief period during which amateurs could
legally communicate with Army stations.

Then came Pearl Harbor. Shortly afterward
other communication equipment was under test
by us at Fort Knox and a new 506 was taken
down for use in this work. En route back home,
the truck in which the set was installed was
side-swiped and ditched. The truck was reduced
to junk. When Johnny Cox crawled out of the
wreckage his first thought was of his shiny new
506. Cox found the set dangling by the battery
leads, but when he turned it on it worked per-
fectly; except for a dent in the transmitter frame-
work, it had suffered no damage whatsoever.

. This unfortunate happening proved one thing

— the set was practically crash-proof!

Riding the Range With the TDs

_In the spring of 1942 two 506s, converted for
narrow-band frequency modulation, were taken
to Camp Hood in Texas for tests by the Tank
Destroyer Board. The test crew consisted of
Schwartz, W2AEL; Frederick Taylor, W1HCU;
Ed Raser, W3ZI, and the writer, under the
general supervision of Lt. O. D. Perkins, ex-
W7MH. We ran through the exhaustive TD tests
under the official direction of Capt. Ben Adams,
W4EV-W4APU,

These tests made military radio history. The
5068 proceeded to run up records in all depart-
ments in a series of road and cross-country runs

involving operation under the extremely varied
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Left — Rear view of the BC-653 transmitter chassis. The two 814 amplifier tubes are located directly behind the
final tank coil. The upper portion of the 807 buffer tube is shown protruding from its shielded compartment. The
tunable position buffer condenser is visible at the right, with the preset buffer condensers showing directly above.
The oscillator components, well shielded, are inside the lower compartment. The transmitter is built in a strong
hollow steel tubing framework. The plugs shown at the lower center of the chassis make all the connections to the
transmitter when it is in place on the mounting base. The three small devices on the back of the chassis receive pro-
jecting hooks on the base, thus relieving the plugs from any mechanical strain. Right — Top view of the chassis,
Starting at the left — Buffer preset tuning condensers, buffer coils, oscillator tube, gear train, antenna loading coil,
keying relay, voltage regulator tubes and the modulator tube. Directly behind these tubes are the 12-24-volt links.
The wide turned-over metal lip on the front of the transmitter provides adequate protection for the dials and controls.

conditions of rain, mud, sun and dust to be found
in the wide open spaces about Camp Hood.

One morning W4EV asked, “How far do you
think you can work with the 506?” That was
definitely a leading question. So, armed with a
gas card and accompanied by two heavy-footed
GI drivers and a student GI operator for addi-
tional ballast, W3ZI and the writer embarked on
an epic journey in & C & R car. The expedition
reached Corpus Christi by late afternoon, despite
frequent halts for schedules involving W1HCU
at Temple and W2AEL at San Antonio. Moving
westward past the town of Alice we kept our last
evening schedule under the brilliant light of the
Texas stars. Our f.m. signals, with a 15-foot whip,
were R5-S5 on 4200 ke. so we called it a night
and arranged for a schedule the next noon.

That contact found{us parked in the native
quarter of Laredo, with signals still R5, S5 on
voice and a perfect QSO. Only the failure of our

attempt to cross the international bridge into
Mexico forestalled ripening plans for continuing
the expedition into Central America. Anyway,
the GIs had heavy dates back in Temple that
night — and it was already noon. (For the bene-
fit of you stay-at-homes we record here that we
were in Temple in time for those GI dates. One
native is said to have remarked to his little son
as we passed, ‘“No, José, that was not a P-38. That
was merely a 506, flying very low!/"” W3ZI re-
ported, after catching his breath when we landed
(sic) in Temple, that he’d counted three times
when all four wheels were on the ground at once.)

But that rugged trip paid off in additional
performance data, and the Tank Destroyers,
advised by W4EV, adopted the set.

And so it went, tests and experiments — and
then more tests. . . . Two-way QSOs with
WIHCU and W3ZI pounding brass in sub-zero

(Continued on page 84)

,
Co Ly

3

s -}‘-5---

lele

-Cc

+210V  +4S0V. —=C +SCREEN +1000V,

Fig. 3 — Diagram of the basic circuit used in the BC-653 transmitter. No switching circuits are shown. The
antenna network is made complete by the addition of the equivalent antenna resistance, R, and capacity, C.

C’— Capacity of antenna, lead-in
and mast base to ground.

C1 — 4-28-uufd. variable.

Ca — 280-pufd. variable.

C3 — 6-45-upfd. variable.

Cy — 70-ppfd. 750-volt mica.

Cs — 28-uufd. temperature-com-
) pensating condenser

Ce —'500-pufd. 5000-volt mica.
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Cz, Co, Ci0, C13 — 0.005-4xfd. mica.
Cs — 0.002-fd. 1000-volt mica.
Ci1 — 170-ppfd. variable.

Ci12 — 3-9-pufd. mica trimmer.

Ci¢ — 40-ppfd. 600-volt mica.

C1s, C16 — 0.005-4fd. mica.

C17 — 33-upfd. variable.

Ci8 — 45-pupfd. ceramic padder.
Ci19 — 200-uufd. 1000-volt mica.

R — Antenna resistance.

Ri1, Rs, Rs — 22,000 obms, 2 watts.
Ra — 8000 ohms, 4 watts. .

R¢— 390 ohms, 2 watts.

Re — 6000 ohms, 20 watts.

Rz — 4000 ohms, 4 watts.

L: — Oscillator coil.

L2 — Buffer coil.

Ls — Amplifier coil.
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Fig. 4 — Complete diagram of Transmitter BC-653 and Mounting Base FT-253. Operational switch shown in
OFF position and frequency selector switch shown in position D. Links are connected for 12-volt operation. The
meter switch, consisting of Sg and So, ganged, measures the 814’ filament voltage, the buffer and the final ampli-
fier plate current, respectively. When the circuit of Ry2 and Rys is completed by the closing of the key in Js or
by operating the switch on the microphone in Js, the movable contacts (shown connected by dotted line) operate.
These contacts are shown in the RECEIV'E position, and the antenna is connected to the receiver.

C1 — 200 uufd. 1000-volt mica.

Ca — 4-28-pufd. variable.

Cs, Cs, C7, Cy, C11 — 280-uufd.
variable,

Cq¢ — 6-45-ppfd. variable. )

Ces, Cs, Ci0, Cia, Css— 25-uufd.
mica,

Ciz —28 puupfd. temperature-com-
pensating condenser.

C14 — 70 ppfd. 250-volt mica.

Cis — 500 ppfd. 5000-volt mica.

Ci6, Cs¢ — 0.005-.fd. paper.

C17, C1s, C19, Cao, Cay, Csz — 0.005-

. 1000-volt mica.
Cas — 170-upfd. variable.
Ca2¢ — 3-9-ppfd. mica trimmer.
Cas, Cae, Car — 180-pufd. variable.
Cas — 500 pufd. 1000-volt mica.
Ca9 — 40 pufd. 600-volt mica.
Cso, Css, Cs7 — 0.005-ufd. paper.
Cai1, Cas — 0.005-,fd. mica.
Cas — 0.02-pfd. 600-volt mica.
Cse, Ca7 — 45-pufd. ceramic padder.
Css, Cso, Ci0, Ca1, Ciz — 33-ppfd.
variable.
Cus, Ci6 — 0.05-ufd. 400-volt paper.
Cu, Ci7 — 1.0-pfd. 1200-volt.
Cis — 0.025-pfd. 400-volt paper.
Cus — 1.0-ufd. 500-volt Pyranol.
Cug, Cs1, Cs4, Co5 — 25-ufd. 50-volt
electrolytic.
Cso — 100-pfd. 500-volt mica.
Csa — 1.0-ufd. 600-volt paper.
Csz — 0,015-ufd. 2500-volt mica.
Css — 0.1-pfd. 1200-volt Dykanol.
Csg — 25-upfd. variable.
Ri1, R4, Ro — 22,000 ohms, 2 watts,
Ra — 4700 ohms, 1 watt.

Rs — 8000 ohms, 4 watts,
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Rs, Rio, R10 — 5 ohms, 5 watts.

Re — 15 ohms, 8 watts.

R7 — 390 ohms, 2 watts.

Rs — 7 ohms, 20 watts.

Ri1, Rag — 160 ohms, 1 watt.

Ri2 — 25 ohms, 8 watts.

Riz — 2400 ohms, 1 watt.

Rus — 15 obms, 4 watt.

Ris — 4000 ohms, 4 watts.

Rie, Ris — 3-ohm, wire-wound
variable, ganged.

Ri7 — 39 ohms, 2 watts.

Ra2p — 7500 ohms, 2 watts.

Ra1 — 18,000 ohms, 12 watts.

Ro2 — 2000 ohms, 20 watts.

R2g — 430 ohms, 2 watts.

Ra24 — 0.33 megohms, 14 watt.

Ra2s — 200 ohms.

Rz6 — 4.7 ohms, 1 watt.

Ra7, Rso — 5000 ohms, 25 watts.

Ras, R29 — 3150 ohms, 25 watts.

Rsa1 — 2500 ohms, 25 watts.

Raz — 225 ohms.

Ra¢— 56,000 ohms, 2 watts.

Ras — 16 ohms, 20 watts.

Rag — 6000 ohms, 20 watts.

Ry1 — Dynamotor relay.

Rys, Rys —Keying relay.

S1, Sz — Oscillator coil selector
switch.

Sa, Ss— Oscillator tuning con-
denser selector switch.

Ss, S10, S11, S14, S24, S25 — Connect-
ing links, for either 12- or
24-volt operation.

Se — Buffer coil selector switch.

S7 — Buffer plate condenser selec-
tor switch.

S8, So — Meter switches, ganged.

S12 — Amplifier tuning condenser
. selector switch.

Sis — Amplifier coil selector switch.

S1s, Ste, S17, S18, S20 — Operational
switch. Positions: OFF,
CALIBRATE,CW {,CW
FULL, VOICE.

Si9 — Interlock in operational
switch, to open primary
circuit of Rya and Rya.

S21, Sa2, S2z3 — Interlock switches;
fuse compartment door,
buffer coil-link door and
amplifier coil door.

Ti1 — Modulation transformer.

T2 — Microphone transformer.

F1, F2 — 0.5-ampere, 1000-volt fuse.

Fs, F4 — 10-ampere fuse.

Fs — 70-ampere primary line fuse.

L1 — Oscillator coil, 1.f. band.

L2 — Oscillator coil, h.f. band

L3 — Buffer coil, .f. band.

Ls — Buffer coil, h.f. band.

Ls — Amplifier coil.

Le — Antenna loading coil.

L7 — Microphone filter choke.

Ls, Lo — Dynamotor line choke.

Lio — Line filter choke.

J1,J2 — Dynamotor terminal jacks.

Js — Receiver terminal jacks.

J¢ — Transmitter terminal jacks.

Js — Microphone jack for plug
PL-68

Js — Key jack for plug PL-55.
P1,P2— Dynamotor terminal plugs.
'3 — Transmitter terminal plugs.
RFCi, RFC2, RFCs, RFC4, RFCs,
RFCes — Radio frequency
RFC¢ — R.F. Choke.
RFC7 — Antenna drain «.f. choke,
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A Search for V.F.0. Stability

Some Pointers on Reducing Frequency Drift in Transmitter Oscillators

BY CLAUDE L. ROBINSON,* WEKJV

AL of the electron-coupled or variable-
frequency oscillators tried to date by the writer
have had one common failing, frequency drift as a
result of the expansion of the tube elements caused
by heat from plate dissipation. If the oscillator
is made inoperative during receiving periods, the
plate cools and the temperature within the tube
envelope drops, causing the frequency to drift
back to its previous value. Take the case of the
v.f.o. described on page 14 of March, 1941, QST'.t
The plate input is 3 ma. at 150 volts. This sounds
very conservative, yet I measured a temperature
rise of 10 degrees Fahrenheit near the top of the
tube envelope within 5 minutes after applying
plate power. The envelope previously had been
allowed to come to a stable temperature by leav-
ing the filament voltage on for an hour. This rise
in plate heat was responsible for a drift of at least
150 cycles at 3.5 Mc. At 14 Me. the drift would
have been 600 cycles. This is not, too bad; in fact,
it compares favorably with the best of other v.f.o.
units. Of course, the drift with c.w. operation,
where the oscillator is keyed, is less because of the
intermittent application of plate power. The
above-mentioned oscillator is a splendid one,
very straight-forward and easy to adjust. I like
it better than any other I have tried thus far,
even preferring it to the e.c.o. since it eliminates
a couple of tube elements. The e.c.o. circuit re-
quires adjustment of screen voltage and feed-back
to get decent keying characteristics.

I had what I thought was a pretty good average
e.c.o. in operation before the war. Having a little
time for experimenting, I found out just how

* 2345 N, McCall Ave., 8elma, Calif.
1 Goodman, “ A Gang-Tuned V.F.O," QST Mar. 41,p. 14.

Panel view of W6KJV’s v.f.0. exciter. The main tun-
ing dial operates C1 and C, setting the frequency and
tuning the 1852 plate circuit to resonance. The small
knob to the left controls the oscillator trimmer, Ca,
while the one to the right is for Cig, the output-stage
tank condenser.
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awful that unit actually was from the standpoint.
of frequency stability. The mechanical construc-
tion wasn't too bad but, from what I have learned,
I know I can do a better job when the proper
materials are available once more.

Preliminary Tests

The Perrine * version of the e.c.o0. was the-last
tried before we were taken off the air. The line-up
consisted of a 6SK7 oscillator, keyed in the screen
lead, a 6V6 Class-A amplifier and a 6L6 output
doubler. The measurements referred to in the
following were started one minute after turning
on the filaments, the key in the screen lead of the
oscillator being left open except while checking
frequency in the 3.5-Mec. band. A crystal fre-
quency standard set to WWYV, was used to check
the v.f.o. The S meter on the receiver gave a
visual check of the beat much closer than could
be distinguished by ear.

When the Perrine unit first was checked, it took
eight hours for the unit to approach drift stabil-
ity; in this period of time the drift was 2400 cy-
cles. After removing all voltage-dropping resis- .
tors, a period of six hours was required for the
unit to settle down, while drift was reduced to
1800 cycles. I then removed the 200-uufd. variable
padding condenser from the oscillator tank, re-
placing it with a fixed zero-temperature-coeffi-
cient condenser. This time the unit reached
stability in three hours and the drift was reduced
to 750 cycles. Thinking that the filament current
through the winding at the bottom of the oscilla~
tor coil might be responsible for some of the drift,
I'moved the connection directly to the ﬁla.ment
lug on the tube socket. Stability was reached
in two and a half hours and the drift was reduced
to 550 cycles as a result. When the unit reached
stability, I closed the key for ten minutes and a
further drift of 100 cycles, following the increase
in heat within the tube, was observed.

Using the same chassis set-up as was used for
the Perrine e.c.o. I changed over to the v.f.o.
described in March, 1941, QST'. The only changes
made in the original circuit were to use an 802 in
place of the 6L6, because of its greater stability
and the fact that neutralization was not needed,
to replace C: with a 150-pufd. tuning condenser,
and C; with a 10-ppfd. trimmer and the balance
of the capacity with fixed zero-temperature-coeffi-
cient condensers. When the unit was checked, it
was found that stability was reached in forty-five
minutes. The key was closed for ten minutes. A

2 Perrine, “An Answer to the E.C.O. Problem,” QST,

September, 1939, p. 14.
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150-cycle drift caused by plate dissipation was
observed over and above the 350-cycle warm-up
drift. I wasn’t satisfied with this state of affairs,
so I decided to see what I could do about it. When
I reduced the plate power input the frequency
drift from plate heat became lower and lower
until it was negligible. Now I am using a 2214-volt
“B” battery and the plate current to the oscilla-
tor is only 0.4 ma. giving a power input of 0.009
watt! I had to wind a few more turns on the grid
coil to increase the feed-back.

In order to maintain sufficient driving power to
the 802, I installed a Class-A amplifier immedi-
ately following the oscillator, using a 6SK7 for
that purpose. This stage is a worth-while addition
for reasons which I will comment upon later. The
grid current of the 802 was now 0.5 ma. using
220,000-ohm grid resistor and a 1000-ohm cathode-
biasing resistor. Wishing to raise the driving
power to the 802 to get better efficiency from this
stage, I installed an 1853 in the Class-A stage and
replaced the 6V6 with an 1852, Lo and behold!
The grid current with a 50,000-ohm grid resistor
and 1000-ohm cathode resistor now read 2 ma.!

A new test was run on the unit after these
changes. Stability again was reached in 45 min-
utes and the drift was 350 cycles. The key was
closed for a period of 15 minutes and at the end
of this period no additional drift was observed.
In fact, the S-meter needle was swinging back and
forth giving visual indication of the beat between
the frequency standard and oscillator signals.
What could be better?

I feel that I have gone as far as I can at this
time with the problem of frequency stability,

One of the problems in the design of a
v.f.0. for transmitter frequency control
is that of combatting the effects of tem-
perature change upon frequency. In
this article W6KJV recounts some ex-
perimental work which has resulted in
the design of an exciter unit of improved
stability.

that is, with the materials to which I am now
restricted. After the war we shall be able to obtain
better materials than we had before. Intelligent
use of them plus never skimping on the quality
of parts in the oscillator circuit should give us
very stable frequency control.

The use of a small-size 2214-volt ‘“B”’ battery
allows its inclusion in the shield box with the oscil-
lator. The problem of voltage regulation is solved,
the key can be placed in the negative lead which
will give a better keying characteristic than
cathode keying, the life of the battery should be
very close to its shelf life, and the arrangement
permits a ‘““cold” key. The battery I am using is
over a year old and is still going strong. Appears
pretty attractive, doesn’t it?

The plate tank of the 1852 purposely is manu-
ally tuned, instead of being gang-tuned with the
oscillator. The tuning of this stage can be off-set
to one side of resonance while the grid tank circuit
of the driven stage is detuned to the other side of
resonance. Thus, the whole 7-Me¢. band can be
covered without retuning either of these tanks.
The maximum drop in grid current any place in
the band is one milliampere.

Fig. 1 — Circuit diagram of the low-drift v.f.o.

Rio

o o
+i1sov. +300V.

RCVR. 0SC.
GRID LEAK €JS

RFC g,

Cas L‘”"J
:l: _l: l_ag% Caq

C1 — 150.uufd. variable,

Cz2 — 10-uufd. variable.

Cg — 400-uufd. zero-temp.-coefli-
cient fixed.

C4, C7, Cs, Cy, C1s, Ci2, Cis, C17,
Cis, C20, C21, C23, C25—
0.01..fd. paper.

Cs — 250-pufd. zero-temp.-coeffi-
cient fixed.

Ca, Ci10, C156 — 100-pufd. mica.

Ci3, Cu4, C19 — 50-pufd. variable.

Ca2g — 0.02-pfd. paper.
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Ca¢ — 0.006-p£d. micalor paper.

R1, Rs — 50,000 ohms.

Rz, R¢, Ro — 150,000 ohms.

Rs, Rs — 500 ohms.

R7 — 1000 obms.

Rs — 5 megohms.

Rio — Receiver oscillator grid leak.

Ly — 26 turns No. 24 s.c.c. close-
wound for 1750-2000 ke.

Lg — 17 turns No. 28 enam. close-
wound, spaced He-inch be-
low L.

Lg"™— 37 turns No. 24 d.s.c. close-
wound, tapped at 10 turns
from plate end (for 3500

c.).

L: — 38 turns No. 20 enam., close-
wound, tapped at 20 turns
from plate end for 3500-
7000 ke,

Ls — 4 turns No. 24 s.c.c.

RFC —2,5-mbh. r.f. choke.

T1, Ts — Audio transformer.

B — 22.5-volt “B” battery.
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Having adjusted the feed-back ac-
cording to the foregoing paragraph, you
are now ready to take measures to re-
duce the clicks. For a keying choke try
the primary or secondary winding of an
audio transformer in series with the key-
ing lead. The primary proved to be just
right in my case. The signal on “make”’
should be solid and rather hard but
with no trace of click. For the click at
“break,” try values of fixed condensers
varying between 0.01 and 0.1 pfd. right
across the key contacts. One of these
values should be just right, giving a
signal with a smooth break and no dis-
cernible tail. A couple of 2.5-mh. r.f.
chokes in series with the key leads right

The rear view of the v.f.0. exciter shows the two shielded com-
partments, close to the panel, containing the oscillator and 1852
tuned circuits. The tubes are mounted externally to provide ven-
tilation., The 6J5 oscillator tube and the 1853 Class-A buffer tube
are to the right and the 1852 and 807 are at the center. The tube
at the left is in the 6J7 audio-oscillator keying 'monitor which had
not been completed at the time the photographs were taken. The
807 tank coil is contained in the shielding can which is to the left.

Because of the isolation provided by the preced-
ing stages, the 802 plate circuit can be tuned
through resonance without affecting the fre-
quency of the oscillator. Try that on your unit!

For tuning, I use an HRO PW-0 dial-drive
unit. The 3.5-Mc. band is spread from 10 to 495
degrees on the dial, the 7-Mc. band covers 150
degrees and the 14-Mc. band 100 divisions, so
there is plenty of bandspread.

Adjusting Feed-back

In making the coil for the oscillator, space the
plate and grid coils about }{g-inch and use the
same number of turns in each winding. Then
remove one turn at a time from the grid end of the
grid coil so as not to change the coil spacing.
Check the keying characteristics on the 14-Me.
band. Be sure to check the keying at both high-
and low-frequency ends of the band because the
keying may seem perfect at the low-frequency
end of the band while the feed-back may be a
little too great and cause a ‘““‘yoop’’ at the high-
frequency end. Turns should be removed until the
keying is good over the entire band. Now check
for ‘‘squegging.” If no frequencies outside the
fundamental, harmonics and images are found
you are all okay. If you do run into ‘‘squegging,”
reduce the turns until it stops. The idea is to use
a lot of feed-back so that the oscillator will slide
into oscillation easily at voltages as low as three
of four volts, thus improving the keying charac-
. teristics. As a check, I reduced turns on the grid
coil to 11 and spaced it Y8-inch from the plate coil;
the circuit would not oscillate with 2214 volts.

To check the keying, disconnect the oscillator
from the Class-A stage. Clip a length of wire onto
the grid blocking condenser feeding the Class-A
grid to insure getting a signal of sufficient inten-
sity for proper checking. In my case it was neces-
sary to connect the wire directly to the antenna
post of the receiver to get an S6 signal on 14 Me.
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at the key may prove useful also. If you
are using a “bug’ key, press the dot
lever and, if a series of very weak clicks
is heard, connect a small fixed condenser
of 0.01 ufd. or so across the stationary
dot-contact adjusting screw and the
tension-adjusting screw on the frame
__ which adjusts the tension against which
the dot lever works. Evidently the connections
from the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>