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RESONANT TRANSFORMERS

_This high voltage application involved a min»
imum size requil For i com-

pactness, the final transformer produced has

o turns ratio of 115/5,800, but a voltage
ratio due to resonance of 115/10,000 V,

CONDENSER —~ PULSE WELDING
TRANSFORMER

This transformer is designed for a small pres
cise spot welding set. For this type of appli-
cation, design factors include High Q and
maximum surge power fransfer, The trans«
former shown is the equivalent of 100 VA
in size, but handles 1,000 VA pulses,

The UTC application engineering section is

150 VARICK STREET .

NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.,

VARIABLE AC SATURATED INDUCTOR

This inductor is part of a voltage sensitive
non-linear network. By adustment of the in-
ductor with a specific capacitor, peak non-
linearity can be adji d over a suk ial
range in voltage.

SPECIAL CONTROL TRANSFORMER

In this odd application, the requirements
were that the primary current go down with
increase in load current. In actual practice,
when normal load is placed on the secondary,
the primary current drops 50%.

available for your problem.

CABLES: “ARLAB"
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Amateurs will write
the exciting new story

of radio communications

The log books are opening up all over the world. Once
again the fascinating data on stations heard or worked
will be set down by amateur operators as they establish
new records in radio communications. The reopened log
books mark a new chapter in the development of radio.
Hallicrafters...as prime producers of amateur radio
equipment. .. will play a prominent part in the new chap-
ter. Hallicrafters high frequency transmitters and receivers
will provide the instruments that will outline the future
development of all radio science... especially in the VHF
and UHF fields. \m

3
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high frequency headquarters

Hallicrafters will shortly have a new home. Big, new headquartets for the further

development of high frequency communications equipment are under construc-
tion in the heart of Chicago’s great West Side industrial section.

Here, under the most advanced conditions, the science of radio will be brought
to new heights of perfection by Hallicrafters engineers. In this $600,000 modern
plant, the finest of its kind, all operations will be combined under one roof.
Straight flow production on one floor will assure constant economy and efficiency.

On this spot Hallicrafters engineers will apply their research techniques to the
most extreme problems in FM, television, and high frequency development work.
Here “the radio man’s radio” will continue to be turned out with strict attention
to the maintenance of custom built quality in each unit.

hallicrafters ranio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.5.A,
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% " THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT

PLWER QUIFUT-C1ASS C TELEGRAPHY

i

H y

EiMAl 4 250A PERFORMANCE DaTA
2y Povery w:\ PLANER OISR

umuim:v

NEW EIMAC 4-250A TETRODE

Heading a parade of sensational new tubes now in
production, the Eimac 4-250A Tewrode —introduced
several months ago —is already in great demand. It
may pay to check these performance tharactemm:ﬁ
Against your own requirements.

As can be seen by the chart above, the new Eimac
4-250A Tetrode will deliver 750 wartts outpur at fre-
quencies up to 70 Mc. with a driving power of only §
watts, At frequencies up 10 40 Mc. an output of 750 watts
may be obtained with a driving power of 3.5 wauts.

The grid-plate capacitance of 0.12 aufd. is extremely
low, allowing operation at high frequencies without

neurralization. Use of Eimac™
reduces both primary and secondary emission which ~

provides utmost stability.

X" process control grid

You are invited to supplement the information given
here with a technical bulletin on Eimac 4-250A Power
Tetrode. It contains an elaboration of the tube’s char-
acteristics and constant current curves. Send your name
and address and a copy will go 10 you by return mail.

b The Lid's Coming OF...

Wisteh yoser faverite trade forrnals
for anuprncements of other new
Eéneac tubes 10 be released this year,

CAUTION | Check seriol numbers
an Eimac tubes before you buy, Be
wmere you're getting newest types,
Losk for lgtest seriul numbers,

FOLLOW THE LEADERS 10

EITEL- McCULLOUGH, INC., 1084 Son Mates Avence, San Brens, Cobil.
Plasts locoted of: San Nrums, Colifornin ond Solt Leke City, tigh
Export Agents: Fraror & Honsen, 301 Clay 51, Son Froacises B, Colif, 1.5, A,

DRIVING FOWER-CLASS-( TELEGRAPHY

TYPE 4-250 A—-POWER TETRODE
ELECTRICAL CHARACTERISTICS
Filament: Thorioted ?unqi!tm

¥altoge - P 3.9 woits

Lweewnt . . . . . . . . 14.3 nemperes
Fiate Dissipation iMaaim} N 350 worty
Direst de C &

Gt&aivﬂmt . e e e e s . @33 sabd,

fapt . . . ., . . . 327 meld,

Dutgrt ., . P 4.5 astd,

Tromsanductance s Wlﬂmm
. Eaow 3000 v, Boz oo SO0 v ) 400D wmbos
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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 station activities 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 are also desired by SCMs for inclusion in QST. New ARRL Field
Organization appointments, with the exception of SEC, EC, OBS, and OO are not at present being made. See Operating

News,
ATLANTIC DIVIQION - -
Tastern Pennsylvania W3IBES Ferry Mathis 623 Crescent Ave, Glenside Gardens
Maryland-Delaware-District 9701 Monroe St.
of Columbia W3CizZ Hermann E. Hobbs Silver Springs P. O. Linden, Marytand
Southern New Jersey W3GC Ray Tomlinson 23 Brown St. Trenton 10
Western New York WwasUP Charles I. Otero 1158 Ridge Road, West Spencerport.
Western Pennsylvania WSNCJ R. R. Rosenberg 927 East 23rd St. Erie
GENTRAL DIVISION
1llinois WONUX David E. Blake, TI 4501 N. Malden St. Chicago 40
Indiana WIEG Herbert S, Brier 385 Johnson St. ary
Kentucky WIAR Darrell A, Downard 2077 Sherwood Ave. Louisville 5
Michigan WSDPE Harold C. Bird R.F 2, Box 228 Pontiac 2
io W8MFEP Carl E, erhe 122 St. Albert St. St. Bernard 17
Wisconsin 9RH Emil Felber, Jr. 1625 N. 18th St. Milwaukee 5
DAKOTA DIVISION.
North Dakota WOLEVE ~Raymond V. Barnett 406-17¢h St. Bismarck
South Dakota WIQVY P. H. Schultz 118 N. Yankton Ave. Pxerre
Northern Minnesota WIFUZ Armond D. Brattland erchmont Drive midji
Southern Minnesota WIYNQ Millard L. Bender 608 N. Huron Ave. Sprmg Va]ley
DELTA DIVISION
Arkansas W5SGED Ed Beck 2503 Blsh St. Little Rock
Louisiana WS5DKR Eugene H. Treadaway 0. li) LaPlace
Mississippi WSHAV lement 524 Sanmm
Tennessee W4SP ames B, Witt * R.F.D,6, Shady Dell Trail I\noxvﬂle
New York E HEDCS}ON DIVISION 2044 L P k - Sche dy 8§
Eastern New Yor 2021, rnest eorge exington Parkway chenectady
N. Y. C. & Long Island W2KD Charles Ham, Jr. 151 84tth amaica, L. ., 2
Northern New Jersey W2CQD Winfield G. Beck 617 bpruce St. oselle
IDWEST DIVISION_
owa T siie B.Vennard 2712 Waghington St. Burlington
Kansas 9AWP A, B. Unruh 1617 S. Seneca Wichita 12
Missouri WoOoUD Mrs. Letha A, Dangnrrc 1d 411 Moffett Ave. opiin
Nebraska WIFQB Arthur R, Gael 6105 N. 3 Omaha 11
NEW. EI\GLAND DIVISION
Connecticut \' dmund R, Frager 48 Willow St. W—st Haven 13
aine WI1AQL . C, Brown No. Main St.
Eastern Massachusetts W P Fraqk L. Baker, Jr. 91 Atlantic St. North Qumcy 71
Western Massachusetts WI1JAH William J. Barrett 239 Columbia St. Adam .
New Hampshire WIFTJ Mrs. Dorothy W. Evans P, 0. Box 312 Concord
Rhode Island WIHRC Clayton C. Gordon 76 Columbia Ave., Gaspee Plateau, Providence 5
Vermont WINLO Burtis W. Dean P. O. Box 81 Burlington
S — NORTHWESTERN DIVISION, .
Alaska KIGNN ames G. Sherry Homer
Idaho W7AVP on D. Oberbillig P. O. Box 486 Boise
Montana WICPY Rex Roberts Box 1083 Glendive
Oregon WA_GN! Carl Austin 1137 Federal Bend
‘Washington WIF O, U. Tatro 513 N. Central Olympia
_ ] PACIFIC DIVISION,
Hawail RGRLG Howard S. Simpson ells St. Waﬁuku Maud
Nevada W6CW N. Arthur Sowle Box 2025 Reno
Santa Clara Valley Wo6lUZ Earl F. Sanderson 600 Acacia Ave. San Bruno
East WG6TI Horace R. Greer . 414 Fairmount Ave, Oakland 11
San Francxsco GRBCi William A. Ladley 200 Naylor St. San Francisco 12
Sacramento Valley WO6MD Vincent N. FEldhausen 113 South Qnincy St. McCloud
Philippines KAIGR George L, Rickard x 84 Manila
San Joaquin Valley* W6BXB Edward H. Noack 811 West Magnolia St. Stockton
ROANOKE DIVISION.
North Carolina WACYER W. J. Wortman P. 0. Box 566 . Morganton
South Carolina W4B%E/ANG Ted Ferguson 3422 Rosewood Drive Columbia 25
Virginia W3AKN Walter G. Walker 217-51 St. Newport News
+ West Virginia WS8JRL Kenneth M. Zinn P. O. Box 132 Clarksburg
ROCKY MOUNTAIN DIVISION,
Colorado WOVGC T H. F. Hekel 743 8u11an St. Denver 11
Utah-Wyoming WG6LLH Victor Drabble Ogden, Utah
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Alabama WAGBV Lawrence J. Smyth 808 Winona A ntgomery
Eastern Florida 4TP Robert B. Murphy 3302 S W Grapeland Blvd. Mlaml. 33
Western Florida W4MS Lt. Edward J. Collins 1409 10th A Pensacola
Geor WA4FDJ Ernest L. Morgan Lyons

l
West Indxes (Cuba)
(P?xerto Rico-Virgin Islands)* K4KD

Everett Mayer

SOUTHWESTERN DIVISION

P, O. Box 1061

San Juan 5, P. R.

Los Angeles WﬁgVV" H.'F. Wood 429 So. Fairview Burbank
Arizona WORWW Douglas Aitken 341 5. Mt. Vernon Ave.  Prescott
San Diego WG6CHV Ralph H. Culbertson 7172 Eads St. La Jolla
. _ WEST GULF DIVISION
Northern Texas WSALA E;ICI( T. Moore 5712 Berkshire Lane Dailas 9
Oklahoma WSAYL field 141 N.W, 35th St. Oklahoma Cxty 6
Southern Texas WSIC James B Rives 1721 Kentucky Ave. San Antonio 1
New Mexico W5HJF J. G. Hancock 110 S, E. Nevada St. Portales
MARITIME DIVISION
Maritime - VEIDG K. M. Crowell 69 Dublin St. Malifax, N. 5.
e . . ONTARIO DIVISION
Ontario VE3EF Wing Commander c/0 Canadian Bank of
Donald R. Gunn Commerce New Toronto, Ont.
- _______QUEBEC DIVISION — _
Quebec - T VE2CO Lieutenant L. G. Morris 4114 Hingston Ave, Montreal 78, Que,
VANALTA DIVISION_ . _
Alberta VEAGE C. S, Jamieson 81 W, Riverside Drive  Drumbheller, Alta.
British Columbia VESDD C. O. 1. Sawyer 2634 West 31st Ave. Vancouver
_ _ ________PRAIRIE DIVISION__
Manitoba AW, Morley Lennox St. St. Vital
Saskatchewan VEASY . Arthur Chesworth 1084 Redland Ave. Moose Jaw
— o P M

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




MCELROY-#///SERIES

COMPLETE AUTOMATIC RADIO AND TELEGRAPH

TRANSMITTING AND RECEIVING EQUIPMENT

New designs, new features, new low prices. Immediate
delivery, in any quantity. Hlustrated catalog and tech-
nical manvals available in all commonly used languages.

McELROY TAPE PULLING HEAD
TPH-400

Admits tape from any an-
gle from the right; pre-
vents breakage; permits
tape to come from any
level on receiving table.

$45.00

McEI.ROY KEYING HEAD
HED-400

Complete with built-in po-
larized relay. Made with-
out a Star eel opening
in contact case; this as-
sures clean contacts.
$240.00

McEI.ROY INK RECORDER
REC-400

able of speeds up to
Swor ds per minute.
Tape holder, which is part
of equipment, may be at-
tached to right or back of
case. $195. Og

McELROY PHOTOTUBE KEYER
PTK-400

Delivers a tone code signal
to from 1 to 50 headphones
for operator training, and
runs at low or extremely

high speeds. $45.00

McELROY WHEATSTONE CODE TAPE PERFORATOR :
PFR-400

Designed to modern-
ize small stations, at
sea, ashore or on the
air. For 110-120
volts, AC or DC.
$95.00

_McELROY UNIVERSAL DRIVE
MSD-400

Permits rapid inter-
changea.blhty of key-

head and tape
pu ling head. Save
money on mainte-

nance and spares.
$195.00

McELROY RECORDER AMPLIFIER
MRD-400

Designed to drive
the Ink Recorder at
speeds to 300 words
per minute. Cabinet
or rack mounting.

$195.00

McEiroy engineers never copy, never
imitate. We create, design, build . . .
we are never satisfied with mediocrity.

' 82 BROOKLINE AVENUE

BOSTON, MASSACHUSETTS

MANUFACTURING
CORPORATION




’].-.‘HE evoruTioN of electronics will always remain a bright page in the history books
of sciente. And the record has been significantly brilliant during the past four years
when improvements and developments were advanced at a faster rate than normal.
With the ending of the war, there may be a few who do not feel the urgency to progress
at a similar pace . . . who will be willing to relax the rigid wartime standards. Or
there may be those who do not too accurately gauge the temper of the consumer, now
in a mood to anticipate only the best from an industry which has accomplished such
miracles in the past few years. '

Along with many other far-sighted producers, we here at Marion fully intend to main-
tain our wartime quality pattern, and to cooperate in every known way to provide
even better products for a peaceful world. We endorse the postwar standardization
program of the Army and Navy Electronics Standards Agency, and will continue to
manufacture all Marion electrical indicating instruments in conformity with JAN
specifications. Our customers have a right to expect nothing else.

It is important to note that continued adherence to the Electronics Standards Agency
program need not result in increased costs, either to the manufacturer or the consumer
... while it will definitely tesult in improved product performance wherever such
standardized components are used.

We, the manufacturers, engineers, consumers of electronics, are part of a vital, daring,
visionary industry. It is with this realization that we are faced with the responsibility
of deciding, at this time, whether we can relax, or whether we shouldn’t give as much
to a world at peace as we gave to 2 world ac war.

Your comments will be welcomed.

MARION ELECTRICAL INSTRUMENT (0. -

MANCHESTER, NEW HBAMPSHIRE

E£XPORY DIVISION 458 BRQADWAY + NEW YORK 13, N.Y. U5 A
CABLE ADDRESS MORHANEX
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“IT SEEMS T0 US—"

REBIRTH PAINS

HAT sPORT! After all these years of ham

silence the old gang is getting back, and

what a struggle it is! Nobody can remem-
ber his circuit diagram. The radio stores are mad-
houses and on Saturdays you have to stand in
line. Everybody’s mast is down and you can’t buy
any decent manila rope. You can spot the houses
where amateurs live by observing the rooftop
activity, as necks are risked to get that skyhook
a foot higher before winter sets in. What fun!

While we're waiting for “80, 40 and 20” to
come back to us we're & busy crew, with all these
other bands opening at the same time. The new
2-meter band has taken a bit of a beating in the
scramble to get going on 10, but actually the two
bands make an exceedingly neat combination for
“before and after,” it seems to us, The never-die
5-meter gang has been delighted to get going on
its old frequencies, postponing its reconversion
headaches until March, It’s 10 that has taken
most of the attention, because of the DX it of-
fered. And has it been swell to meet old friends
again!"We suppose you're in on the fun; if you
aren’t, you’re missing a lot, for actually the band
has been performing much better than anybody
hoped and the propagation predictions for coming
months are even more encouraging. The boys are
knocking them off right and left and we expect to
hear any minute of the first postwar WAC ap-
plication.

Most fellows will tell you that they found it a
bit more rugged to get going again than they had
expected. We certainly did. We’d been running a
WERS puddle-jumper during the war and since
August we’d had it fired up on 112 (if you can fire
up anything that pulls only 10 watts). But the
matter of 28 Me. called for the big rig that had
been sitting idle through the war, and doggone if
we could remember which end of it was which. It
used to eat out of our hand but now it just stood
there blandly smiling out of its motionless meters
and defying us to remember which knob was the
cathode tuner and what that extrs flipswitch was
for. We had to learn all over again the hard way,
getting the bugs out of each successive stage, re-
placing the parts that had gone wrong during the

war — until finally we had grid mils in the final
and amps in the feeders and we were in business
again. It was only after we’d worked from EA to
K6 that we discovered that one side of the V was
down — over in that swampy patch, too, of
course. There used to be an old Headquarters
smarterack that there’s no antenna so good as a
bad rhomboid, provided it’s bad enough. Maybe
the same thing applies to Vs, but we figure we're
going to have to fix it. Anyway, we like to think
how much better our signal is going to be after
we do.

Well, in the process of tuning up we had a nar-
row escape from getting bitten by the final tank,
just because we'd forgotten our wiring diagram.
And suddenly we knew what we wanted to talk
about on this page this month. It's safety.

* Men, amateur radio has always "had; its dan-
gerous side. But these old prewar rigs of ours are
likely to be particularly poisonous, and we want
to urge you to use the greatest care in getting
going again. Insulation has deteriorated and

(Concluded on page 98)
ALWAYS @
AL oA AL ek
v~ B =~
CABEFUL
* % *

(A) Kill all transmitter circuits com-
pletely before touching anything behind
the panel.

(B) Never wear *phones while working
on the transmitter.

(C) Never pull test arcs from trans-
mitter tank circuits.

(D) Don’t shoot trouble in a transmit-
ter when tired or sleepy.

(E) When working on the transmitter,
avoid bodily contact with metal racks or
frames, radiators, damp floors or other
grounded objects.

(F) Keep one hand in your pocket.

(G) Develop your own safety tech~
nique. Take time to be careful.

.. %k Kk Kk
Death Is Permanent!




QRM —The Electronic Life Saver

How Enemy Radar was Foiled by Jamming

In Two Parts — Part I
BY PAUL ROBBIANO,* W8PEM

¢ Some one has observed that whenevera
new weapon of war is developed it is only
a matter of time before countermeas-
ures are devised to render it relatively
ineffective. So it was with radar in this
war. Radar countermeasure work, con-
centrated at the Radio Research Labora-
tory at Harvard, has led to the develop-
ment of equipment which has more im-
mediate application to communication
in the microwave field than anything
else so far disclosed. Here's a preview of
the probable ham microwave gear of the
future.

H18 I8 the story of radar countermeasures in

the war, a tale of the development and use of

equipment to search out, jam and deceive
the enemy’s radar systems. The part of the ham
in this vital activity was an essential one, for he
brought to the job a know-how and a feel for
tubes and circuits which no amount of high-
powered graduate study alone could have pro-
duced. Since over half of the technical research
staff which developed RCM (radar counter-
measures) apparatus at Harvard University's
Radio Research Laboratory was composed of
hams, or ex-hams, it is easy to realize the signifi-
cant contribution of amateur training to this
supersecret war activity. For the past three years
the engineers of this laboratory have made Cam-

* Radio Research Laboratory, 18 Divinity 8t., Cam-
bridge, Mass,

bridge, Massachusetts, the noisiest city, elec-
tronically ing, in the United States. This
electrical plague has dwarfed all previous amateur
efforts in the creation of QRM — but for once
with a useful end in view.

Before U. 8. entry into the war, some attention
had been given to radar countermeasures by the
Naval Research Laboratory and the Radiation
Laboratory at Massachusetts Institute of Tech-
nology. By the end of December, 1941, the U. 8.
Services, aware of the need of a greatly expanded
RCM program, formally requested the National
Defense Research Committee of the OSRD to
undertake a separate project in the field of radar
countermeasures. The project was originally as-
signed to Radiation Laboratory, but shortly
afterwards, it was found desirable to move it to
an entirely separate laboratory. This led to the
founding, early in 1942, of Radio Research
Laboratory, an entirely new and separate radar
countermeasures laboratory located at Harvard
University. Late in 1942 the Radio Research
Laboratory was placed under the supervision of

‘the newly formed Division 15 of NDRC.

Chosen to create and direct the organization
was Dr. Frederick E. Terman, then head of the
Department of Electrical Engineering at Stan-
ford University. Dr. Terman is well known
professionally to all radio engineers because of
his autborahxp of radlo engineering books, such as
“Radio ” and “The Radio Engi-
neers' Handbook,” " a8 well a8 many articles in
leading radio engineering periodicals. Not so
widely known is the fact that in his early days in

-

¥

The " Mandrel” jamming trans-
mmer, covering 85 to 135 Mec.,

was of the first jammers
developed at the Radio Research
Laboratory to go into mass pro-
duction. iately behind the
front panel is the r.f. power am-
plifier, which uses an 829 tube. The
next sections contain the
oscillator, modulator and power
supply.

]
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An amplifier unit using con-
tinuously-variable inductance
tuning to cover the range from 26
to 105 megacycles. Two HK.
257Bs are operated as Class-B
amplifiers to deliver 2 modulated
output of 150-200 wartts.
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radio Dr. Terman was well-known in amateur
circles, particularly on the west coast. His
amateur activities started back in 1913, and in
1916 he was issued the call 6FT. After the conclu-
sion of the World War in 1919, Dr. Terman was
issued the call 6AE, the fifth one issued in the 6th
call district after the war, and later he held the
eall 6XH jointly with Herbert Hoover, Jr., son of
the former president. Subsequent demands of his
work at Stanford University forced Dr. Terman
to give up his amateur activities. Fortunately,
however, his contributions to both amateur and
professional radio circles have continued both
directly and through the medium of his students.

One of the most secret of all the war enter-
prises, the Laboratory that Dr. Terman had been
chosen to direct was responsible for the develop-
ment of the greater part of all the radar counter-
measures equipment used by the U. S. armed
forces. Starting with a very small group, Radio
Research Laboratory became a vast establish-
ment employing at one time as many as 873
people and having an annual expenditure of
$5,000,000. Only about one-fourth of this number
were engineers and technicians, to be sure, but an
unusually high percentage of machinists and
draftsmen and other facilities personnel were
provided in order to give each researcher every
opportunity to turn out his maximum product.
What a ham paradise, with any amount of special
tubes and parts and almost unlimited test equip-
ment! But before diseussing the technical achieve-
ments of this group, let us review the problems
with which they were faced.

At the time that Radio Research Laboratory
was founded, little or nothing was known about
specific details concerning enemy radar equip-
ment. Information on countermeasures which

. the British had developed to neutralize this equip-
ment was likewise meager. It was mandatory
that this situation should be alleviated as soon as
possible in order to determine the course that
radar countermeasures research and develop-
ment should follow in the United States. The best
solution was to establish close liaison with British
vireles who had alreadv had operational experi-
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ence with radio and radar countermeasures. With
this in mind, Dr. Terman flew to England in
April, 1942, and obtained the vital information
which was to determine the immediate future of
Radio Research Laboratory's activities.

As a result of RCM liaison with the British,
reports from British sources and American ob-
servers began to come to the United States con-
cerning German radar equipment. At first the
information consisted primarily of that which
the British had managed to obtain with their
radar search equipment flown by the RAF and
by monitoring stations that had been set up
along the Northeast and Channel coasts of Eng-
land. Later this information was supplemented
by that obtained from eaptured enemy equip-
ment. Through this early intelligence work,
interested Allied personnel were able to gain an
idea of the magnitude of Germany's preparations
for a radar war. Continued investigation by
Allied scientists revealed that the Germans were
equipped with five major types of radar operating
at frequencies from 100 to 600 Mc. These were
being used for Early Warning (early detection
and plotting of planes), Coast Watching (plotting
movement of ships at sea), Aircraft Interception,
Anti-aircraft Gunfire Control, and Ground Con-
trol of Interceptors. Aircraft Interception, or Al
radar, was installed in German night fighter
planes to enable them to intercept night bombers.
Probably the most dangerous of the German
radars was the Small Wurzburg set which was
used to control anti-aircraft guns. The task facing
the Radio Research Laboratory in 1942 was to
devise equipment capable of neutralizing all of
the known German radar systems plus any that
might appear at higher frequencies at later dates.

The Problem

Many new technical problems faced the Radio
Research Laboratory in its development of radar
countermeasures equipment. Of the three fre-
quency ranges for Which equipment was required,
only the lowest (up to 200 Mec.) presented prob-
lems which could be met with standard tubes
and lumped-constant circuits. In the second

13



range, from 200 to 2000 Mec. it was necessary to
use linear tank circuits, coaxial tank ecircuits, or
the newly developed “butterfly” circuit in order
to obtain satisfactory performance. Furthermore,
there were no really good tubes for operation
above about 600 Me., although there had been a
number of experimental developments, For the
microwave region above 2000 Me. it was neces-
sary to develop the use of cavity resonators and
wave guides, Although all of these techniques
were already known, few of them had ever been
exploited from the points of view required in
countermeasures equipment, namely, wide-range
tunsbility and the development of large c.w.
power outputs. It was also necessary to devise
methods of obtaining wide-band modulation.
That all of these problems were solved for fre-
quencies up to the microwave region is clearly
shown by the success of the many developments
actually carried through into Semce procure-
ment.

Jamming transmitters were the most obvious
need of the RCM program; low frequency ones
were needed for operation agamst known enemy
early-warning sets, while jammers in the next
range of frequencies were required to counter
coast watching, searchlight control, gun-laying,
ground-controlled interception, and airborne in-
terception radar. Transmitters for both fre-
quency ranges were to be designed to meet two
basic requirements. First of all, each transmitter
should have the widest possible tuning range in
order that maximum versatility be realized from
each piece of equipment, thus reducing the
number of transmitters required to cover all
enemy radar frequencies. Standardization was
also important to expedite mass production of
RCM equipment once it was developed. The
second basic requirement was that the trans-
mitter have sufficient modulated power output
to provide an effective jamming signal while
maintaining the important properties of light
weight and compactness. Light weight and com-
pactness were important because almost all of the
jamming equipment was intended for airborne
installations, The problem of realizing the most
effective modulation for radar jamming proved
to be one whose solution came after much thought

and exploitation of techniques previously untried.
To begin with, it was desirable to have each
jamming signal cover as wide a bandwidth as
possible, something in the order of 5 Me. If such
a bandwidth could be achieved it would mean
that each jamming fransmitter might conceivably
jam several radar stations operating within sev-
eral megacycles of each other; mioreover, rela-
tively few such broad band transmitters would be
required if it were desired to jam an entire radar
band 50 or more megacycles wide. Such broad-
band characteristics are readily obtainable by
mechanical frequeney modulation of the carrier
at low sweep rates or by a combination of fre-
quency modulation and sine-wave amplitude
modulation; however, these types of modulation
did not prove as satisfactory for radar jamming
as wide-band amplified noise. Wide-band noise,
because of its complex electrical characteristies, is
not susceptible to anti-jamming techniques as
are the simpler types of modulstion. As a result,
when & noise-modulated jamming signal of suffi-
cient intensity is tuned to the same frequency as
the receiver of a radar system, the effect of the
jamming signal is to decrease the signal-to-noise
ratio to the point where the desired radar signal
is completely buried in the high noise level. On
the scope this interference appears in the form of
a random “grassy” pattern. This results in the
complete masking of the all-important radar
“pips.” If such thorough jamming occurs in a
radar set controlling flak batteries, for instance,
it means that unless the weather is clear enough
for effective optical ranging, the aiming of the
flak guns will border on pure guess work. Such
proved to be the case in bombing missions over
Germany. The possession of the “Mickey” radar
bombing aid, which the Germans never were able
to jam, permitted the U. S. Air Forces to bomb
through clouds while at the same time their air-
borne RCM gear was thoroughly jamming Ger-
man flak-control radar.

Noise modulation for radar jammers was first
used by the British, who used a “noisy diode”
circuit as a source of noise. Since the initial noise
output was so low, an enormous amount of am-
plification was necessary to obtain a usable amount
of noise power. Later investigations carried on at
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A close-up view of the oscillator
section of the **Carpet 1" trans-
mitter, showing the "doorknob”
tubes in place, The sliding short-
ing bars are driven by the ded
shafts, in turn controlled by tun.
ing knobs on thefront panel. The
hlower motor at the left provides
forced-air cooling, This oscillator
operates over the range 470-720
Me., with outputs up to 6 watts.

A
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the Radio Research Laboratory showed that the
931 photo-electric tube was a good source of
electronic noise. Because of its very high amplili-
cation of electron “shot” effect, made possible
by its generous secondary emission characteristics,
the 931 had far greater output than the British
- scheme and proved to be readily adaptable for
use in the wide-band modulators used in radar
jamming transmitters. More recently, an even
better source of noise was found in the 6D4
miniature gas triode working in a magnetic field.
‘While a great amount of laboratory time was
being taken up in the development of transmitters
and modulation systems, development of radar
receivers was an equally important laboratory
activity. Receivers were given high priority from
the very beginning since they provided the best
means of maintaining a close watch on enemy
radar frequencies to check frequency distribution
of signals and to detect any new enemy radar
frequencies. To carry on such a radar monitoring
program effectively, it was necessary to cover
frequency ranges from the lowest commonly used
in radar work (30 Me.) to the highest permitted
by the state of the art. Effective use of these
transmitters and receivers required the develop-
ment of numerous antenns systems, some having
special characteristics such as broadband cover-
age, vertical, horizontal, or circular polarization,
and particular types of pattern. From the receiver
and antenna development at Radio Research
Laboratory evolved a series of direction-finding
(DF’ing) systems operating over a wide range of
frequencies. Installed in planes and ships, such
systems were responsible for the location and
neutralization of numerous dangerous . enemy
radar-controlled weapons. .
Another project involving a considerable
amount of laboratory effort was the program
undertaken at Radio Research Laboratory to
develop “confusion reflectors.” While these were
mechanically and electrically simple when com-
pared with the electronic jamming equipment

¥

Partly exploded view of a coaxial-line
oscillator covering 300 to 2700 megacycles
in two ranges. Immediately to the left of
the 2C39 lighthouse tube is the grid_con.
tact ring for operation from 300 to§1000
Mec. The three discs on the circumference
provide capacity feed-back between’; the
plate and cathode circuits. The grid con-
tact ring for 1000-2700 Me. is to the right
of the tube; it has three inductive loops to
provide feed-back for operation in this
range. The output is coupled to a eoaxial
line through the small condenser which is
part of the fitting to the right of the hous-
ing; the coupling can be varied by means
of the gear. The plate contact ring is shown
at the lower left.

2

January 1946

conceived at this laboratory, their effectiveness in
jamming enemy radar systems was considered
reason enough to devote some 2,000,000 pounds
of aluminum foil each month toward their
manufacture.

The most widely used of the “‘confusion reflec-
tors” consisted of simple strips of aluminum foil
code-named “window.” Each strip of “window”
was about an eighth of an inch wide and was cut
to be a half wave-length long for the frequency of
the radar band to be jammed. Operationally,
packages of “window”’ were tossed out of Allied
bombers as the target area was approached. As
each package dropped, it came apart and released
thousands of strips of aluminum foil. The ul-
timate result of dropping thousands of such
packages was the forming of clouds of “window”
which were capable of reflecting radar echoes.
Enemy radar operators were then faced with the
problem of distinguishing between clouds of these
reflectors and the bombers. This they ultimately
were able to accomplish with limited success by
judicious use of special anti-jamming devices;
however, once the Allies began to make use of
“window” in conjunction with large scale use of
electronic jamming transmitters, the resulting
predicament of enemy radar operators became
extremely difficult.

Transmitters

The development of practical radar jamming
transmitters for frequencies below 200 Me, did
not present the problems that were to be encoun-
tered for the higher-frequency transmitters since
a number of tubes were available which had al-
ready found use in amateur equipment and had
proved satisfactory for frequencies up to 200 Me.
As time went on, double beam-power tetrodes,
such as the 829 and 832 series, virtually became
the standard for low-power oscillators and ampli-
fiers for frequencies up to 200 Me. Tuning in this
frequency range was generally accomplished by
use of the familiar coil and condenser combina-




tion or else by a continuously variable inductance
working across tube and circuit capacities. With
the latter method of tuning, it was possible to
obtain a frequency tuning range of almost 4 to 1
(bhighest frequency four times the lowest fre-
quency). Electrically, these variable inductances
were no more than simple open-wire transmission
lines wound on a circular tube of good grade
Formica or Micalex, contact being made through
the use of silver-plated sliders or rollers.

A good example of equipment utilizing such
techniques was the earliest of the jamming trans-
mitters to go into large-scale production, code-
named ‘“Mandrel,” which covered a frequency
range of 85 to 135 Mec. by the use of two plug-in
coils. The 'r.f. section consisted of an 832 push-
pull oscillator driving a grid-modulated 829
push-pull r.f. amplifier to approximately 20 watts
output. This particular transmitter was designed
to jam low-frequency German early warning
radar. Variable inductances, or “rollo” coils as
they were called, were almost exclusively used in
high-power Class B r.f. amplifiers which were de-
veloped to amplify the modulated output of
‘“Mandrel” and other low-power jammers oper-
ating below 2256 Mec. Three such amplifiers cov-
ered the range from 30 to 225 Mec. with no plug-in
coils being used. Qutputs of over 180 watts were
realized in the vicinity of 100 Me. with efficiencies
in the neighborhood of 509%. All of this was ac-
complished with conventional Eimac 35TG’s and
Gammatron HK 257B%s. ]

Development of transmitters operating above
200 Me. proved to be a formidable problem since
in 1942 there were very few vacuum tubes capable
of operating with good efficiency and output at
higher frequencies. In fact, the only tubes that
showed immediate promise of being practical for
operation above 200 Me. in the early jamming
transmitters were the already available “door-
knob’’ tubes. From these tubes came the oscilla-
tor of the “Carpet 1” jamming transmitter which
tuned as high as 720 Mec. with outputs up to 6
watts. Basically, the oscillator circuit was a sim-
ple push-pull t.p.t.g. circuit using open-line tank
circuits, The efficiency of this oscillator was
greatly enhanced by completely enclosing the
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The “*Carpet 1V** tragsmitter,
capable of outputs up to 30 watts
over a frequency range of 350 to
1400 Mc. The coaxial-line oscil-
lator is in the foreground; visible
through the rectangular slot at
the right-hand end are the cooling
fins of the lighthonse tube. The
modulator occupies the section
in the background.
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oscillator in a shield box to prevent loss of output
power through stray radiation from the open
lines. (This, incidentally, is an important step
which was rarely ever followed in the average
pre-war ham rigs on 112 Me.) The lower fre-
quency limit of the “Carpet” I oscillator was
about 470 Me. This range was obtained merely by
the continuous tuning of the plate and grid lines
with appropriate antenns tuning adjustments.
While this procedure in itself sounds quite sim-
ple, there is no way of evaluating the time that
was taken in the development of “Carpet I” to
make such a relatively simple tuning procedure
possible! It is sometimes quite an accomplishment
to obtain oscillation at a single high frequency;
however, realizing stable oscillation over wide
tuning range is a far greater problem, largely be-
cause of the trouble caused by “loop resonance”
effects taking place on unused portions of the
open tuning lines. This trouble was cured by
properly designed filament chokes and proper
r.f. by-passing, but only after much experimenta-

“ tion. A transmitter of similar design with an out~

put of approximately 20 watts was used to cover
the range from 200 to 550 Me. Like “Carpet L,”
this transmitter, “Rug,” wused ‘“doorknob”
tubes; however, they were tubes designed for
lower-frequency work and were larger with ap-
propriately larger power capabilities.

Following “Carpet I” and “Rug” came the
“Carpet I1I,” which was a transmitter designed
to jam German flak-control radars operating
from 460 to 585 Me, This transmitter used RCA
8012 tubes for the oscillator and had a nominal
output of 20 to 30 watts. Like “Carpet L,” this
piece of equipment found wide usage in the 8th
and 15th U. 8. Air Forces during the latter part of
the war against Germany.

Early in 1942, research work was started at
Radio Research Laboratory on concentrie line
oscillators which would tune up to 1000 Me. and
higher. This work has continued up to the present
time. In March, 1944, the first successful model
was being produced commercially for use in a new
jamming transmitter capable of tuning well above
1000 Mec. with outputs of about 30 watts. This
oscillator made use of a single ‘“lighthouse”

0ST for



«

One of several types of
tunable magnetrons op-
erating in the 2000-4000
Mec. range, capable of c.w.
outputs from 50 to 85
watts. These tubes, or
comparable types, may be
the amateur transmitting
tubes of the future in the
superhigh range.
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triode, the 3C22, which had been specially de-
signed by General Electric Company for concen-
trie line oscillators. Eleetrically, this oscillator
was relatively simple, the tuning being accom-
plished in the cathode and plate circuits; how-
ever, the care that had to be taken in the design
of the tube contacts and sliding contacts on the
tuning plungers more than made, up for the elec-
trical simplicity. A later version of this concen-
tric-line oscillator has recently been developed
with an improved type of tube, the 2C39, which
makes possible greater output at better efficiency.
This latest oscillator has a continuous tuning
range from 300 to 2700 Mec. Other types of oscilla~
tors have also been developed at Radio Research
Laboratory which are capable of average outputs
greater than one kilowatt at frequencies consider-
ably above 1000 Mec. This was possible through
the use of strapped-multi-cavity tunable mag-
netrons, developed by industrial laboratories
under contracts with NDRC, Division 15.
Undoubtedly the most spectacular develop-
ment to come out of Radio Research Laboratory
during its existence came about as a result of
British interestin December, 1942, in a superhigh-
power radar jamming system. It was thought
that such a jammer could be put to good use in
- Great Britain where it would be installed on the
English Northeast Coast, with the sole intention
of jamming the airborne radar sets carried by
German night fighter planes, which were at that
time accounting for many British night bombers.
To produce sufficient signal strength for effective
jamming over a 200-odd mile path leading into
Germany required an enormous amount of
power, even though the contemplated antenna
system provided a power gain of 180 to 1. About
the only tubes that gave any promise of generat-
ing the many kilowatts of r.f. that were required
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at frequencies from 400 to 600 Mc. were the so-
called ““ Resnatron” tubes. Research on this type
of tube was originally started at the University of
California. When the war came along, the NDRC
awarded a contract to Westinghouse Electric
Company to carry on further development and
eventual manpufacture of these tubes. As a result,
when British interest was shown in a high-power
jammer for operation in the 400- to 600-Me.
region, tubes were ready for trial. The design and
development of a suitable oscillator, along with
associated equipment which would handle the
terrific r.f. power expected, was up to a group of
engineers and physicists detailed to work on this
project at the Radio Research Laboratory. (With
an eye toward the parabolic antenna that was to
be used as radiator, this project was code-named
“Tuba.”) To begin with, average r.f. power out-
puts of 30 kilowatts or better were expected! This
meant the design of a suitable power supply
which would be capable of 100 kilowatts or more.
Moreover, the ‘“Resnatron” tubes were to un-
dergo continual pumping in order to maintain
their working vacuum, since there was no vac-
uum sealing in the tubes. The terrific powers in-
volved made g circulatory liquid cooling system
mandatory. Forty gallons of water per minute
were later found to be necessary. In addition to
problems concerning power supplies and vacuum

_ and water-cooling systems, there was the question

of coupling kilowatts of r.f. power from the
“Resnatron” oscillator to the antenna. After
some mishaps, this was successfully accomplished
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using a wave guide as the transmission medium.
Sinee the experimental laboratory oscillator was
located in the basement of Radio Research Labo-
ratory, r.f. power was piped up seven stories to a
parsbolic reflector antenna located on the roof of
the laboratory.

In spite of the many initial problems, the
“Tuba” boys had their monstrosity generating
unheard of high-frequency power by April of
1943. Subsequent tests showed the power output
to be consistently around 50 kilowatts into a
dummy load over a frequency range of 480 to 600
Me. The greatest output reached was 87 kilo-
wattis delivered into a dummy water load! At this
point it must be stressed that this power is average
c.w. power and is nol peak pulse power! The
modulation consisted of video noise which was
obtained by methods previously discussed. While
almost all of the generated r.f. power from
“Tuba” was successfully piped either into a
dummy load or to the antenna, there was usually
enough power floating around to cause some
amusing incidents. In one case, a visiting engineer
was being conducted on a tour of the “Tuba”
project when he suddenly found his necktie clip
becoming unduly hot. Unfortunately, his tie clip
happened to be of such a size as to resonate with
the ‘“Resnatron” oscillator frequency. On an-
other occasion while the oscillator was being
tuned, a harmless hacksaw hanging on a nearby
tool board suddenly came into loop resonance. In
a very short time it had melted into uselessness.

The construction of the ‘“Tuba’ equipment was

carried on under Lend-Lease arrangements
initiated by the British. In the early months of
1944, the original “Tuba” project went overseas
and was set up on the Northeast coast of Eng-
land. At the same time a contract was established,
under Division 15 of the NDRC, with the Delta
Star Electric Co. of Chicago for the construction
of two additional units which were delivered to
the British late in 1944; however, at that time the
German air force was already so depleted that the
jamming of German night-fighter radar sets had
lost its initial importance.

Although not having had much operational use,
the ““Resnatron” transmitter should undoubtedly
prove to be one of the revolutionary developments
of the war, inasmuch as the effective radiated
c.w. field strength from the parabolic reflector
antenna at Radio Research Laboratory was
probably greater than ever realized from any
other transmitter at any frequency. Normal r.f.
power output varied between 30 and 50 kilowatts
when operating into the antenna as load. The
gain from the parabolic antenna was about 600 to
1, giving a field strength equivalent to 24,000
kilowatts radiation from a simple half-wave dipole
antenna! The oscillator efficiency under such
conditions varied between 40 and 80 per cent,
depending on the details of modulation.

At present, further “Resnatron” research-and
development is being carried on at a well-known
radio company in the Midwest. Given a little
time to iron out some of the early difficulties such
as maintenance of vacuum pressure and of trans-
ferring generated power more efficiently to the
load, there is no telling what the ultimate power
output capabilities of the original *Tuba’ may
become. At least now it can be said that the days
of “flea power” above 300 Me. have ended.
(Part II of this article will appear in an early issue.)
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Resnatrons in the high-
power “Tuba” jamming
transmitter. Developing
85 kilowatts of c.w. power
at 400 to 600 megacycles,
these tubes are no midg-
ets! The piping in the
foreground is part of the
water-coolihg system.
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Duplex Phone on 5300 Megacycles

Frequency Modulated Klystron Transmii_‘ter and Receiver

BY REUBEN MERCHANT, * W2LFG and A. E. HARRISON, ** W6BMS

NEW TYPE of amateur communication be-
came available with the opening of the
superhigh frequencies to amateur use on
November 15. Listed as amateur bands are 2300
to 2450, 5250 to 5650, 10,000 to 10,500 and 21,000
to 22,000 megacycles. Before the war these fre-
quencies were seldom talked of in practical terms,
but now tubes and equipment are available
which make operation possible on these bands.
The system described here is one which was put
together to show that amateur communiecation in
the microwave region is feasible. Refinements

tron gun, a single cavity resonator which is the
complete radio-frequency circuit, and a reflector
electrode. The arrangement of these parts is
shown in Fig. 1.

The electron gun consists of a cathode K,
focusing ring G, and the anode plane. The cathode
is the source of electrons which are attracted to
the anode plane. The anode has an.open-grid
structure so that a beam of high-speed electrons
can continue along the tube and pass through the
resonator grids. The focusing ring acts as an elec-
tron lens and focuses the beam so that it passes

were left out and no at- REFLECTOR through the anode plane
tempt was made to con- ELECTRODE and past the resonator
struct compact trans- grids,
mitters or receivers. When the electrons
Rather, it was thought COAXIAL 1%'}’,'2& pass the resonator grids
that at this time the TERMINAL = their velocity is changed
principal interest is in = periodically by the radio-
the application of tech- = frequency voltage be-
niques used in the super- = tween the grids. After
high-frequency ranges. going through the grids
Two similar stations they continue toward
were built, each having TensiON the reflector electrode,
s transmitter and re- SPRING Sl some travelling faster
ceiver operiting contin- K than the average and
uously so that two-way some moving more slow-
duplex operation is pos-  ri EXIBLE REZS,’;‘,‘QWR ly. The beam is re-
gible and switching is DIAPHRAGM versed in direction by
unnecessary. Highly ANODE PLANE the reflector, which is
directive antennas elim- ELECTRON given a more negative
inate interference be- GUN voltage than the cath-

tween the transmitier
and receiver. Since the
two stations were built
in approximately the same form a description will
be given of only one.

Reflex Klystrons

The heart of both the transmitter and receiver
is the Sperry 2K43 reflex klystron. Its frequency
range as listed on the characteristics sheet is from
4200 to 5700 megacycles, so it very nicely fits the
5250-5650-Mec. band. Before proceeding further
it might be well to include a very brief description
of the reflex klystron and its operation.

A reflex klystron. is a vacuum tube with the
radio frequency circuit built into the tube itself.
Three different sections of the tube will be con-
sidered separately in order to simplify the discus-
gion of its operation. These sections are an elec-

* Nassau, N. Y.
*% 175 Maple Ave., Rockville Centre, N. Y.
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Fig. 1 — Reflex klystron in cross-section

ode. When the beam
returns to the resonator
grids it is bunched by
the action of the velocity modulation. If the
bunches return in phase with the resonator volt-
age they will build up considerable r.f. power in
the cavity, and this power can be withdrawn
through the coaxial output line.

Since there is only a single circuit involved in a

e When amateur frequency allocations
in the microwave region were announced
some months ago, W2LGF and W6BMS
made up their minds to be the first to
establish communication on at least one
of them. And that is exactly what they
did =~ by opening the 5300-Mec. band on
November 15th. The equipment — sur-
prising in its simplicity ~= is described in
this article.
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reflex klystron oscillator, the frequency of oscilla-
tion will be determined primarily by the tuning of
the cavity resonator. However, the phase of the
returning bunches is controlled by the beam and
reflector voltages. Let us consider a case when
the beam voltage is constant and the reflector has
a slightly more negative voltage than the cathode.
The electrons will almost reach the reflector
before being turned back, and will return to the
resonator grids several cycles later. The phase of
the returned bunches will depend upon the time
the electrons spend in the reflection space. The
klystron will oscillate if this phase is correct.

If the reflector voltage is now made somewhat
more negative, the electrons will be reversed
sooner and the bunches might arrive 180° out of
phase with the resonator voltage. Oscillation
cannot occur under these conditions; in fact, the
beam does not even become bunched. When the
reflector voltage is made much more negative, the
returning bunches may arrive one complete cycle
earlier, and the phase will again be correct for
oscillation. This behavior explains the appearance
of “voltage modes” in the output of a klystron
oscillator. This simply means that varying the
reflector voltage will produce oscillation at vari~
ous points, known as the voltage modes, and the
output will drop off to zero between these points.
The way in which the output Varles is shown in
Fig. 2.

The same type of curve could be drawn for the
beam voltage with the reflector voltage held con-

2K43
HKLYSTROR
MADE INLSAS

The 2K43 reflex klystron used in the W2LGF-
W6BMS/2 5300-Me. communication. This tube is used
both as a transmitter and as a recciver Jocal oscillator.
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stant. The beam voltage is the voltage applied fo
the resonator body, which is positive with respect
to the cathode. It can be seen that the klystron is
unlike the ordinary oscillator where a continual
rise in applied potential causes a constant in-
crease in output.

Another important characteristic of reflex
klystrons should be mentioned before giving a
description of the system itself. The frequency of
oscillation is not determined exclusively by the

_resonator tuning but also by the beam and reflec-

R.F.OUTPUT

A
AR

REFLECTOR VOLTAGE (NEGATIVE WITH RESPECT TD CATHODE)

Fig. 2 — Qutput vs. reflector voltage characteristic
of a reflex klystron. At certain voltages the reflected
electrons are not properly bunched or in the right phase
to sustain oscillation, consequently the output is zero.

tor voltages. Changing the reflector voltage varies
the frequency by as much as one percent. This
characteristic is illustrated in Fig. 3 for a single
mode, but the effect occurs on all modes.

" It can be seen that amplitude modulation of the
output would cause a wide frequency variation of
several megacycles. The greatest degree of am-
plitude modulation also is obtained near the edge
of oscillation, where the output curve is steep, but
this region is rather unstable. However, if fre-
quency modulation is chosen, one can work well
away from the points where oscillation drops out
and at the same time be in the center of the curve
where the amplitude is most nearly constant. The
klystron, therefore, lends itself nicely to frequency
modulatnon, but is not very satlsfactory for
amplitude modulation.

Tuning is accomplished by varying the separa-
tion of the resonator grids. This is possible be-
cause a flexible diaphragm forms one side of the
resonator. As the distance between the grids is
increased the capacity between them is decreased
and the frequency increases. Screws are built in
for making adjustments. For very fine control,
which is a convenience rather than a necessity,
vernier tuners may be used.

The Transmitter

It might be thought that a transmitter operat-
ing at 5300 Mec. would have to be an elaborate
affair, but quite the opposite is true. The klystron
has all of its tuned circuits built in, in the form of
a resonator, so all that is necessary is a power
supply, modulator and radiator. If the reflector is
modulated, no modulation power is needed be-
cause the reflector operates at a negative poten-
tial and draws no current.
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Two types of modulation have been tried, one
at each station. The two methods, shown in Fig.
4, produce the same results and differ only in
their methods of isolating the microphone from
the high-voltage circuit. In each case an ordinary
carbon mike is connected across a small audio
transformer with a 1.5-volt battery in series.
Method 1 is straightforward and uses a trans-
former with high-voltage insulation directly in
the reflector lead. Method 2, using blocking con-
densers, was tried to show that transformers with
low-voltage insulation might be used. In each
case it was found advisable to put a resistor of a
few thousand ohms across, the secondary of the
transformer. This cuts down the audio voltage
developed and prevents overmodulation, and at
the same time stops noise pick-up in the modula-
tion circuit. With a low impedance in the reflector
lead the modulation may be applied anywhere
along the reflector line, but if a high impedance is
used it may be found necessary to hook in the
modulation at the reflector cap. The microphone
case should be grounded as a safety precaution.

£

/

FREQUENCY_

/11N

NEGATIVE REFLECTOR VOLTAGE

'

Fig. 3 — Generated frequency vs. reflector voltage.
The frequency curve is practically straight over a con-
siderable portion of its range, indicating the possibility
of linear frequency modulation.

The transmitters are operated with approxi-
mately 1000 volts and 50 milliamperes on the
beam. With this amount of power it is necessary
to cool the klystron, This is done by means of a
small blower which is mounted directly in front
of the transmitter klystron. The focusing ring is
run at cathode potential and reflectors at about
—150 to —400 volts. The heater of a 2K43
requires 6.3 volts at 1.3 amperes. With the poten-
tials listed approximately one watt output is
obtained.

Since variations in the beam and reflector
voltages can cause both amplitude and frequency
modulation it is advisable to have voltage-
regulated power supplies. The ripple must be a
small fraction of a volt. In this set-up a Sperry
SX-11 power supply is used for one of the trans-
mitters and an SX-121 supply for the other; these
units were used because they furnish a well-
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The transmitting klystron and its blower mounted on
the antenna support. The wave-guide starting scction is
not visible in this photograph, as it is on the other side
of the 2-by-4 support.

regulated source of beam voltage and reflector
voltage. Smaller power supplies with equally
good regulation were used for the receiver
klystrons. It is necessary to vary either the beam
or the reflector voltage to select the proper volt-
age mode. The power supply units used at these
stations have both voltages variable, but usually
the beam is set at a fixed value and the reflector
voltage is varied to bring the transmitter into
operation.

Power is fed from the klystrons to the parabolic
reflectors by means of 1- by 2-inch rectangular
wave guide. This size was chosen because it was
the smallest available size which would pass 5300
megacycles. The use of wave guides for transmis-
sion lines may be new to some readers, but at
these frequencies the guide is quite often used in
place of coaxial line. A wave guide acts as a high-

. pass filter and will transmit a signal so long as the

wavelength is less than the cut-off wavelength.
For the frequencies used in this system any wave
gulde 1.2 inches or wider is acceptable. The height

1.5 volts 1.5volts
High voltag: [ ‘
E msulatzon
Réflector Refl[gctor
voltage

K Reflector Reflector

voltage

METHOD 1 METHOD 2

Fig. 4 — Modulation circuits are simple, consisting
chiefly of a microphone and microphone transformer.
Method 2 gives d.c. isolation from the transmitter.
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of the wave guide determines the power-carrying
capacity of the line and since only low power is
used here this dimension is not eritical. The signal
is introduced by means of a simple wire probe
inserted in the wave guide as shown in Fig. 5.
Transmitter
Klystron

#h

R

Fig. 5 — The signal starting section consists of a
length of wave guide, closed at one end, excited by a
probe from the klystron oscillator. The open end of the

guide is directed at the center of the parabolic reflector
shown in the photograph.

For a short-range system it would be possible
to point the wave guide output at the receiver.
However, this produces a broad antennsa pattern
which is not very satisfactory for point~to-point
communication. In order to obtain a beam, the
wave guide output is placed at the focal point of a
80-inch aluminum parabola. Parabolas of this
type have been used extensively during the war
and it is hoped that they may be available to
amateurs a8 government surplus. No accurate
checks have been made as to the beam pattern
obtained but it appears that about a 10-degree
beam is produced. This gives considerable gain
and at the same time permits contact when the
stations are not oriented exactly right.

The Receiver

The receiver works on the heterodyre prin-
ciple. A signal differing from the received signal

by approximately 45 megacycles is generated at
the receiving station. These two signals are mixed
and the 45-Mec. signal obtained is then fed to a
standard frequency-modulation receiver for de-
tection. It does not matter whether the f.m. re-
ceiver tunes to the present standard of 45 mega-
cycles or to the future standard around 100
megacyeles, as the only difference is in the fre-
quency setting of the local oscillator. The re-
ceiver discriminator circuit has been altered
slightly so that a simple automatic frequency
control can be used to keep the separation be-
tween the local oscillator and the received signal
constant.

Discriminator Cs

i

Fig. 6 — Modlﬁed discriminator circuit for automatic
frequency control of the local-oscillator klystron. Con-
stants are discussed in the text.

70 Audio
3

vvvvvv

Klystron
Neon  Rellector

The way the a.f.c. is hooked up is shown in
Fig. 6. The reflector supply is tied directly to one
cathode of the discriminator while the reflector is
tied to the other through an RC filter. Any d.c.
voltage which the receiver impresses on the re-
sistances Ry and Rj is added to the applied re-
flector voltage. If the transmitter ?requency
varies, the difference frequency between the local
oscillator and the transmitter is no longer
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correct and a voltage is immediately de-
veloped across resistors By and Ra. This
voltage is added to the reflector voltage;
if the voltage is negative it will increase
the frequency as shown in Fig. 3. Pro-
vided the polarity of the cathode con-
nections is correct the local oscillator will
be brought back to the proper frequency.
Tests have shown that the receiver will
keep locked in with a received signal
which has drifted as much as 10 mega-
cyeles from its original setting. If the
polarity of the connections to the cathode
isincorrect it will be immediately evident,
because the receiver will detune the local
oscillator whenever a signal is received.
One of the receivers has a three-position
switch which will give either polarity or
will disconnect the a.f.c. entirely.

W6BMS and W2LGF (holding the micro-
phoune) with one of the 5300-megacycle sta-
tions hurriedly assembled to open the band on
November 15th. The transmitter, with a
blower for cooling the klystron, is mounted in
front of the upper “dish.” The receiver local
oscillator and mixer similarly are mounted in
front of the lower parabolic reflector.
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local
Oscillator

keceigz.i
Siyna/

45Mc. signal *
to réceiver

Fig. 7— The r.f. mixer circuit, built in a section of
1. by 2-inch wave guide. Local oscillator voltage is
injected by means of the probe shown at the top. The
45.Me, if. signal is taken from the crystal detector
through a coaxial line to the standard f.m. receiver.

Since the cathodes of the discriminator are now
at a high potential with respect to ground, certain
isolation features have been incorporated. An
additional heater transformer has been put in for
the discriminator to isolate it from the other
heaters in the receiver. The voltage rating of con-
‘denser C; connected between the windings of the
discriminator if, has been increased to 1500
volts. Condenser Cy has been put in the cathode
ground return and condenser Cj installed in the
sudio lead. Rg and Cj keep any of the audio signal
from reaching the reflector. The use of the neon
tube from the reflector to the reflector supply is
common practice when a high impedance is in-
serted in the refl.ctor lead. In case the reflector
should draw current for any reason it prevents
excessive voltage from being developed across
Ry, Ry and R,

The tuning-eye circuit has been disconnected
because the diseriminator is now operated con-
siderably above ground. A microammeter in-
serted in the grid lead of the limiter tube acts as a
tuning indicator.

In order to obtain the
difference signal between
the local oscillator and
the received signal, a
crystal mixer of the type
shown in Fig. 7 is used.
This is built in 1- by 2-
inch wave guide in much
the same form as the
transmitter starting sec-
tion. The open end of
the wave guide is located
at the foeal point of the
receiver parabola. The
local oscillator signal is
fed into the guide by
means of a wire probe.
Near the closed end of
the guide a crystal is in-

o

;

S

An f.m. receiver (used as
the i.f. in reception) and
two power supplies con-
stitute the main body of
the equipment. All of the
r.f. circuits are mounted in
the radiators.
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serted. Type 1N23 crystals are used, but other
cartridge-type crystals of the IN series would
be satisfactory. The actual mixing oceurs in this
crystal. The difference signal is fed by means of
8 coaxial line to the input of the f.m. receiver.
This difference signal is approximately 45 mega-
cycles and contains the frequency modulation
which is on the carrier of the received signal.
From this point on the system is similar in opera-
tion to any ordinary f.m. receiver.

The local oscillator is run at about 500 volts
and 20 milliamperes and no cooling is necessary.

Operation

One accessory needed with thissystem is a wave-
meter in order to be sure that both the transmit-

Calibrated

plunger
Wavetrap
D.c. RF
Outpiit Input
Crystal
Detector

Fig. 8 — Essentials of the coaxial wavemeter used for
5300-Mec. work. The calibrated plunger does not make
contact with the sleeve, but the large capacitanee be-
tween these two elements is an effective short-circuit.
The rectified output of the crystal detector is fed toa d.c.
micro- or milliammeter used as a resonance indicator.

ter and the local oscillator are on frequency.
Various methods may be used for determining the




frequency but perhaps the most convenient for
this application is the quarter-wave concentric
line resonator. This is a wavemeter which uses a
cavity with a plunger inserted coaxially in it as
shown in Fig. 8.

R.F. is fed through a coupling loop on one side
of the cavity while a crystal detector is connected
to a coupling loop on the opposite side. A milli-
ammeter is connected across the output of the
crystal detector, When the plunger is moved to
the position corresponding to the input frequency,
r.f. will feed into the output loop and a reading
will be obtained on the crystal meter. The trap
shown in the top section of the wavemeter stops
r.f. leakage along the plunger, which might other-
wise act as a coaxial line and conduct the energy
out of the cavity. ’

The wavemeters used in conjunction with the
system described are Sperry MK, C-27 wave-
meters, which use a micrometer screw to move
the tuning plunger. The scale of the micrometer is
calibrated in terms of frequency. The plunger is
moved until a reading is obtained, then the fre-
quency is read from a calibration chart. Differ-
ence frequencies can be measured within two
megacycles with this type of wavemeter. To use
the wavemeter, a quarter-wave probe (length
14 inch) is attached to the input line of the wave-
meter. The probe is held directly in front of the
wave guide to measure the local oscillator fre-
quency, but it should be held somewhat farther
away to prevent damage to the detector erystal
when measuring the frequency of the transmitter
because of the higher power.

First contacts were made at 7:46 p.M. on the
evening of November 15, 1945, The two stations
were set up on roofs with W2LGF operating in
Garden City, New York, and W6BMS/2 operat~
ing in Great Neck, New York, which is about five
miles away. This is almost a line-of-sight path,
with the signal cutting through the tree tops.
W2LGF operated on a frequency of 5390 mega-
cycles while W6BMS was on 5280 megacycles.
Several QSO’s have been held since, lasting as
long as two hours at a time, During this time the
a.f.c. stayed locked in continuously except when
tests were made to determine characteristics of
the system or when someone stepped in front of a
parabola. Quality is as good as is usually obtained
with a_carbon microphone. A small amount of
hum has been noticed on the earriers but this has
been traced to vibration caused by the blowers.
This can be corrected by mounting the blowers on
rubber shock mounts, although the hum is not
gtrong enough to be bothersome

It should again be pointed out that the equip-
ment was put together in a hurry to open up the
5300-megacycle band. The methods diseussed do
not represent the ultimate in microwave com-
munication but rather are presented to start the
ball rolling on a new phase of amateur radio.
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WWYV Schedules

STANDARD-FREQUENCY transmissions are
made available as a public service by the National
Bureau of Standards over its standard-frequency
station, WWYV, on the following schedules and
frequencies:;

2.5 Me. — 7:00 p.M. to 9:00 a.m. EST (0000
to 1400 GMT).
5.0 Mc. — Continuously, day and night.
10.0 Mec. — Continuously, day and night.
- 15.0 Mec. — Continuously, day and night.

The 10- and 15-Me. radio, frequencies are
modulated simultaneously at accurate audio fre-
quencies of 440 and 4000 cycles. 5 Me. carries
both audio frequencies during the daytime but
only 440 cycles from 7:00 p.M. to 7:00 A.m., EST,
while 2.5 Me. carries only the 440-cycle modula/-
tion. A 0.005-second pulse may be heard as a
faint tick every second, except the 59th second of
each minute. These pulses may be used for accu-
rate time signals, and their one-second spacing
provides an accurate time interval for physical
measurements. .

The audio frequencies are interrupted precisely
on the hour and each five minutes thereafter,
resuming after an interval of precisely one min-
ute. This one-minute interval is provided to give
the station announcement and to afford an in-
terval for the checking of radio-frequency meas-
urements free from the presence of the audio
frequencies, The announcement is the station
call (WWYV) sent in code, except at the hour and
half hour, when it is given by voice.

The accuracy of all the frequencies, radio and
audio, as transmitted, is better than a part in
10,000,000, Transmission effects in the medium
may result in slight fluctuations in the audio
frequencies as received at a particular place; the
average frequency received, however, is as accu-
rate as that transmitted. The time interval marked
by the pulse every second is accurate to 0.00001
second. The 1-minute, 6-minute and 5-minute
intervals, synchronized with the second pulses
and marked by the beginning and ending of
the periods when the audio frequencies are off,
are accurate to a part in 10,000,000,

Of the frequencies mentioned above, the lowest
provides service to short distances and the high-

- est to great distances. In general, reliable recep-

tion is possible at all times throughout the United
States and the North Atlantic Ocean, and fair
reception over most of the world.

Information on how to receive and utilize the
service is given in the Bureau's Letter Circular,
“Methods of Using Standard Fregquencies Broad-
cast by Radio,” obtainable on request. The Bureau
or special applications of the service. Corre-
spondence should be addressed to the Director,
National Bureau of Standards, Washington, D. C.
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Christmas, 1944

A heart-warming yarn involving a combination af the Amateur
and the Christmas Spirit in far-off Hollandia

BY S/SGT. R. H. NEWKIRK,* W9BRD

camaraderie that exists in the hobby of

amateur radio results in so many unexpected
and coincidental meetings between good friends,
who have previously never seen each other, as to
make such happenstance fairly commonplace.
But I boast a tale in which time, place and cir-
cumstance combined to cause a similar occurrence
to be most extraordinary.

The Liberty ship El Segundo Ruiz Belvis lay at
anchor in the murky waters of Humboldt Bay,
New Guinea, on a tepid, tropical night in ’44. In
the absence of the moon, the Dipper and the
Southern Cross scintillated bewitchingly. On the
shore, the lights of the army base of Hollandia
burned steadily in contrast to the varipowered
signal blinkers which intermittently pierced the
opaque darkness throughout the harbor. The
latter were visual communication between ships
and shore plus an admixture of ship-to-ship
chatter, official and otherwise. There was an
underlying tense tinge to the atmosphere and the
stillness was broken only by the occasional clank
of ship gear and the sharp staccato of the Belvis’
blinker shutters as the signalman transacted port
business with the powerful land station.

This was rendezvous. Our Liberty, with scores
of army personnel aboard, had here become a unit
in the formation of a huge convoy. Crammed into
holds, on hatches and into every available nook
and cranny of the steel deck, we were Leyte-
bound. Stifled, sweaty and hungry on our two
meals per day, we wore out deck after deck of
pinochle cards and read every available piece of
literature over and over again. It was almost a
month since we had left Sansapor, scene of our
last operation. We were exuberant in the knowl-
edge that we were soon to leave New Guinea.

Christmas was but a few days away and we had
had no mail for weeks. Men leaned languidly on
the rail and thought of home while others dreamed
of the same in their cramped quarters. The cir-
cumstances certainly made this Yuletide one to
be long remembered. Nevertheless, all that would
feature this day for us would be a possible piece of
priceless turkey added to the usual dehydrated
viands. Just another dragging equatorial day to
be piled atop hundreds just like it.

It was ten o’clock. I was wide awake; only my
eyes were tired. Presently, I found myself de-
tachedly reading the blinkers which poked their

*APO 74, ¢/o PM, San Francisco, Calif,
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IN A wartime world the singular and exclusive

focused fingers indiscriminately about the bay.
My quarters, in the cab of a 399, were on the port
rail amiuships and afforded a good view across
the water. I became absorbed in various bits of
chatter between nearby vessels. It struck me that
QRM was quite heavy tonight —a sort of an
optical 80 meters. I saw one of the lights sign off
with a “73.” This was interesting as among the
host of merchant marine signalmen, hams are
spread pretty thinly. I seized my M-1 torch and
focused an insipid beam in the direction of that
ship. I sent CQ CQ CQ K. A ham call sign is a
cumbersome thing to handle with a blinker. Fur-
thermore, I had no faith in the DX powers of my
3-volt fiashlight bulb. I was therefore elated when
a bright interrogatory sign beamed forth, aimed
obviously in my direction. Contact! True, it was
far outside the hambands, but band divisions
in the microwave region are indefinite anyway.

I was still dubious as to whether my man was
an amateur. Rather than complicate matters im-
mediately, at this speed of 8 words per minute, I
began in the language of the layman: HELLO
PALWHERE YOU FROM? K. Back in an agree-
ably rhythmic style came: R TULSA OKLA
NAME IS HAL K. The given name and place
struck a subconscious responsive inner chord
vaguely. Next, I blinked: GE HAL IM ROD
FROM CHGO K. There was a pause. He re-
oriented his beam to compensate for tidal drift
and then startled me with: W9BRD DE WS5EGA
K.

The night quickly took on an exhilarant aspect
as we lapsed into ham vernacular, spiced with
many Morse slaps on the back. Hal Franks was
no other than an old c.w. crony of mine. We had
heckled each other on 80, 40 and 20 a countless
number of times in the prewar days. In memory
I was hearing again that beautiful swing and
TOX sledge-hammer signal off his three-element
rotary. We discovered mutual ham friends and
we exchanged much welcome information and
recounted bygone days. He was quite amazed to
learn that I was behind a mere GI flashlight
(with low batteries at that). The QSO continued
far into the night — the next and the next.

We seemed destined to rot in our anchorage.
The convoy movement was postponed from day
to day. However, this Christmas season took
on a much different aspect for me as arrange-
ments were made and, at 0900 Christmas Day,

v » (Concluded on page 102)



A New F.M. Detector Circuit

Ratio Detector Makes Limiting Unnecessary in F.M., Receivers

N THE ordinary fm. discriminator eircuit,
I shown in simplified form in Fig. 1, a properly-
centered unmodulated carrier results in the
appearance of equal rectified voltages across R
and Ri Bince these voltages have opposite
polarity with respect to the mid-connection be-
tween the two resistors the voltage across the
outputb terminals is zero.

When the carrier frequency deviates under
modulation the r.f. voltage applied to one diode
increases while the voltage applied to the second
diode decreases.! As an illustration, suppose that
the carrier alone develops a d.c. voltage of 10
volts in each load resistor, the voltage in R:
being positive and that in R, negative with
respect to ground. Then if the carrier deviates in
such a way that the voltage applied to diode No.
1 increases and that applied to No. 2 decreases,
the rectified voltage in R may increase to 415
volts while that in s decreases to —5 volts. The
output voltage is now 410 volts, the difference
between the two.

Now, to take another case, suppose the carrier
strength is such that under no-modulation condi-
tions 20 volts appears across each load resistor.
The same frequency deviation as in the first case
now will cause the rectified output voltage to rise
to 430 volts in R; and to decrease to —10 volts
in Ra. The output voltage is now +20 volts for
the same frequency deviation. In other words, the
discriminator is sensitive to amplitude changes
except when those changes occur exactly at the
center of the discriminator characteristic, At that
point, of course, the output voltage is zero re-
gardless of the amplitude of the r.f., voltage,
within the limits of linearity and balance in the
particular set-up.

As is well known, a discriminator will respond
quite nicely to an amplitude-modulated carrier
when the recetver is detuned so that the carrier is
not centered. This characteristic makes it neces-
sary to use limiting ahead of the discriminator
in an f.m. receiver, to wash out the amplitude
variations which otherwise would appear in the
rectified output. If an f.m. detector could be
made unresponsive to amplitude changes the full
benefits of f.m. reception could be obtained
without the necessity for limiting, and the large
amount of r.f. and if. gain required for good
limiter operation would not be needed.

! The method by which theae voltage shifts come about is
described in The Radio Amateur’s Handbook, in the chapter
on Receiver Principles and Design.

2 711 Fifth Ave., New York. The information presented

here is taken from Report LB-845, * Ratioc Detectors for
F,M. Receivers,” by permission. b
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The Ratio Detector

A practical f.m. detector having-these charac-
teristics has been developed by the RCA Labora-
tories, Industry Service Division.? It is based on
the idea of dividing a fixed d.c. voltage into two
parts having a ratio which is equal to the ratio of
the amplitudes of the two if. voltages that are
applied to the separate diodes in the ordinary dis-
criminator circuit. In the examples above, this
ratio increased from 1:1 with an unmodulated
carrier to 3:1 with frequency deviation in one
direction. Note that the ratio was the same in
both examples — 15/5 in the first and 30/10 in
the second — although the differing amplitudes
gave rise to an output signal twice as large in the
second case as in the first. If the detector re-
sponds only to a change in this ratio, the signal
amplitudes may vary over a wide range, in the
practical case, without causing a change in the
output voltage. In other words, the detector will
respond to f.m. but not to a.m.
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Fig. 1 — Elementary discriminator circuit.

The operating principles can be explained with
the help of Fig. 2, an elementary form of ratio
detector. In this circuit a battery supplies the
fixed d.c. voltage, E. The polarity of the battery
voltage is such that the two diodes are non-con-
ducting in the absence of an if. signal. Under
these conditions, the two'voltages E; and Ej will
be equal (if the two condensers have equal ca-
pacitances) and there will be no difference of po-
tential between points A and B, the latter being
a center-tap on the battery.

When if. signals of equal amplitudes are ap-
plied to the two diodes, current will flow around
the loop formed by the battery and the diodes
but there will still be no difference of potential
between A and B. However, if the if. voltage
applied to one diode — the upper one, say —is
greater than that applied to the lower one, E;
will increase and Fs will decrease, the ratio of E;
to Ea becoming the same as the ratio of the two
i.f. voltages. But the total voltage, E, is still the
same. The situation is quite comparable to that
which would exist should two similar rectifier
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power supplies be connected in series with a bat-
tery as a load; if the primary voltage on either or
both is changed the proportion of the total
voltage that each supplies changes correspond-
ingly, but the fofal voltage could not change,
assuming that internal resistance of the battery is
negligible.
A Practical Circuit

The elementary circuit of Fig. 2 would not be
entirely satisfactory for practical work. The
diodes do not conduct until the rectified voltage
is great enough to overcome the battery voltage,
which means that the battery voltage must be
very small if the detector is to operate on weak
signals. On the other hand, the sudio-frequency
output is limited to a peak-to-peak amplitude
equal to the battery voltage, so that a relatively
large fixed d.c. voltage is desirable if strong signals
are to be fully utilized. This problem is solved in
the practical form of the circuit shown in Fig. 3.
The if. circuits are those of the familiar dis-
eriminator, and the if. voltages applied to the
two diodes vary as usual with frequency devia-
tion from the center frequency: The rectified out-
put of the diodes is fed in series through & resistor,
Ry, causing a d.c. voltage drop which replaces the
battery voltage in the elementary circuit of Fig.
2. Ry is by-passed for audio frequencies by C1 so
that the voltage drop is constant whether or not
the if. carrier is being modulated, The value of
the d.c. voltage developed in R; obviously de-
pen