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COLLINS 231 [

Some of these. installations areentiré
ated from a distance of several miles. .
used and the frequency is mstantly shlft 1 sev
a day. :

Collins Autotuné completely solves the Trequehcv shift problem,
This device automaticaily re-positions al tuning adJustm
any of ten predetermined (hut unreIated) frequencles within au
interval of four ~eu-nds or leas.

Second only to Collins Autotune in. importance is the aulomatic
control system. In certain arrangemeiits the operator using. onlv a
microphone, key and telephone dial lmked to the transmitter over.
a single telephone circuit is able to ¢ontrol the lransmuler com:
pletely.

Power Output: 1000 watts.

Frequency Range: 2,500~20,006 ke,
Number of Frequeﬁcies: 10 fr

Frequency Stability: 03% to '

1nlenna Impedance. Unbalani ed aﬁte’nnas and "transmissiqh lin

at 60 and 3 00() cy(‘le~ more than 40 db below 1000 cvcle reference.
Audio response may be modified for dlﬁerent types of érvice,

Amplitude Distortion: I'he amphlude dlstortlon less than 6%
RMS total harmonics at any meodulation level up to 100%.

Residual Carrier Modulation: More:thz:\'n 40 db below 100%
modulation, L pe : :

Carrier Shift: Less than 2 To at 100% modnlauon.
Keying Svstem: Tube producing essentially square wave impulses
at rates up to 3,000 e.p.s. For’ manual and machme keylng or

facslmlle.

Pmbéf Requirements: Two o ‘three phase, 220V. 50/60 cycle
Al: 346 kw. A3, 100% mod: 444 kw, Power factor: 90% :

Size; Two c;b‘inegs; each 78" high by 24" deep by 24" wide, v

COLLINS RADIO COMPANY

CEDAR RAPIDS, IOWA NEW YORK, N. Y: 11 WEST 42 ST.
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The vMost AdvantageousPurchase Plan Ever Offered.
PROTECTS YOUR INVESTMENT . . |

MODEL “436“$3995

SEVEN TUBES

Contains ali features of basic MODEL 435
plus an efficient noise limiter, a new 8 inch
band spread micrometer dial and the exclu-
sive new HOWARD INERTIA KNOBS which
provide fly-wheel tuning on both main and
band spread controls.

MODEL‘437''—NINE TUBES
R. F. STAGE — CRYSTAL FILTER
Provides all of the features of basic MODEL
435, the refinements and additions of
MODEL 436, plus the utility and extra
sensitivity of a R. F. stage together with the
additional selectivity of two iron core I. F,
stages and crystal filter.

Model “437'* $54.50
— with Crystal Filter $62.00

HOWARD RADIO COMPANY
,_O;/ d e it ]

A m etlca 1

/

ENDS TRADE-IN and OBSOI.ESCENCE LOSSES

The new Progressive Series Plan, created and developed by HOWARD,
enables every amateur to start with a modest investment and ulti-
mately become the owner of receiving equipment that will fulfill
his fondest hopes. No money need ever be invested in receiving
equipment that cannot later at small cost be expanded into a unit
having a higher performance factor.

The entire ideal receiver layout pictured above can be started
from one basic unit—the MODEL 435. After purchasing MODEL 435,
when finances permit, it may be returned direct to the HOWARD
factory and converted to MODEL 436 for $12.75—just $2.75 more
than if you had purchased the MODEL 436 in the beginning. Later,
the same receiver can again be returned to the factory and con-
verted fo the advanced MODEL 437 for only $17.05. MODEL 435
may be converted directly to MODEL 437, incorporating all of the
features of MODELS 436 and 437, for just $27.55. If MODEL 436
has been purchased first it can be converted directly to MODEL 437.
Any or all of the various accessories shown above can be added to
any model for still greater performance. These accessories include
the field strength meter, preselector with two R. F. stages, loop
antennas, frequency monitor, external speaker, etc.

ALL MODELS HAYE 4 BANDS—540 KC to 43 MC
Export Prices Slightly Higher

START TODAY!
Now is the time to start that ideal receiver layout you have always dreamed
of. The HOWARD PROGRESSIVE SERIES PLAN makes this possible. You
are assured of: (1) A Protected Investment! {2) No “‘Trade-in" Losses!
(3) Factory Maintenance! This is the first time any manufacturer has built
his program around his customers requirements. Write the factory or see .
your nearest distributor who will be glad to furnish all details.

Radi

1731-35 Belmont Ave.,
Cable Address: HOWARDCO., U.S. A.

Manupfacturer

MODEL “;135“‘-‘. $2§95

SIX TUBES

HOWARD MODEL 435 is the basic unit of the
HOWARD PROGRESSIVE SERIES, 1t j§ one of
the finest and most efficient low priced communi-
cation receiver It is an tanding per-
former on all bands. It features: 6 tubes (6K8G
mixer-oscillator, 6SK7 I. F, amplifier, 6Q7G second
detector and 1st audio, 6K6 output and a 5W4
rectifier); 2% watts power output; SEPARATE
ELECTRICAL BAND SPREAD CONDENSER;
CERAMIC COIL FORMS for oscillator stability;
Built-in 6% inch JENSEN ELECTRO DYNAMIC
SPEAKER; Permeability type of BFO; IRON
CORE |. F, COILS; COPPER-PLATED CHASSIS;
SILVER-PLATED SHIELDING. The slide rule
dial issilves-plated and well illuminated. A BAND-
IN-USE INDICATOR is at the left of the main
dial with the electrical band spread at the right.

RN

Chicago, Ill,




p—— —

(-
Section Communications Managers of the A.R.R.L. Communications Department
All aﬂ:omtmems in the League’s field organization are made by the proper $.C.M,, elected by members in each Section
listed. Mail your S.C.M. (on the 16th of each month) a postal covering your radio activities for the previous 30 days. Tell
him your DX, plans for experimenting, results in 'phone and traffic. He is interested, whether you are an A.R.R.L. member
or get your 05 T at the newsstands; he wants a report from every active ham. If interested and qualified for O.R.S., O.P.S.
or other appointments he can tell you about them, too.
ATLANTIC DIVISION. "
Eastern Pennsylvania W3BES Jerry Mathis 5132 Haverford Ave. Philadelphia
Maryland-Delaware-District 9701 Monroe St. )
of Columbia W3CI7Z Hermann E. Hobba Silver Spring 1*.0. Linden, Maryland
Southern New Jersey W3CCO Lester H. Allen 704 Quinton Ave, ‘I'renton
Western New York WS8PLA Joseph Frederick Chichester Sonyea
Western Pennsylvania WBOFO Ilendall Speer, Jr. Y.owber
CENTRAL DIVISION.
[llinois WORMN T.eslie M. Dickson Ede Ilyn Parms \Waukegan
Indiana WI09G Noble Burkhart R. 4, Box 1 Indianapolis
Kentucky WYARU Darrell A. Downard 116 N. Longwort.h Ave. Louisgville
Michigan WRDPE Harold C. Bird R.F.D. Pontiac
©Ohio WBAQ E. H. Gibbs 405 _Bro: d St. Wadsworth
Wisconsin WOUIT Aldrich C. Krones 3127-A West Madison St. Milwaukee
- DAKOTA DIVISION.
North Dakota WOWWL Anton C. Theodos ¢/o American Cafe Minot
South Dakota WIVOD Dr. A L. Russcll . Philip
Northern Minnesota WYIGZ Edwin L. Wicklund R.F.D. 3 lu-nsmilton
Southern Minnesota WYYNQ Millard L. Bender 608 N. Huron Ave. Spring Valley
I)ELTA DIVISION. .
Arkansas WSABI E. Velt 4415 West 12th St. lL.ittle Rock
l.ouigiana * WS5DWW \V l‘ dexnﬂon. Jr. 1523 Laurel St. Shreveport
Mississippi WSEWD Jewell W. Cole c/o City of McComb Water
Dept. McComb City
Tennessee W4DWS William Harold Walker 1901 Cedar Lane Nashville
HUDSON DIVISION.
Eastern New York W2LU Robert E. Haight 511 South Holmes St. Scotia
N. Y. C. & Long Island W2AZV E. L. Baunach 102 Central Ave. Massapequa, L. I.
Northern New Jersey W2GVvZ Joseph P. Jessup 131 California St. Ridgewnod
MIDWEST DIVISION.
lowa WOIOFJR 1.. B. Vennarcl P. O. Box 304 West Burlington
K ansas WOUEG Melvin D. Kirby Arlington
Missouri WoQuUD Miss Letha Allendorf 1015 W. 3rd St. Joplin
Nebraska W9DI1 William J. Bam Tobias
NEW FN(‘LAND DIVISION. . _
¢ onnectxcut WICTI Frederick Ells, Jr. 19 Merrill Rd. Norwalk
Mai WIIIE H. W. Castner 147 Church Damariscotta
E,ascern Massachusctts WIHIL Larry Mitchell 94 Howard St. Melrose
Western Masgsachusetts Wi1JAH lelxam J. Barrett 239 Columbia St. Adams
New Hampshire WIBFT Carl B, Evans 163 South Main St. (oncord
Rhode Island WIHRC Clayvton C. Gordon 70 Columbia Ave., Gaspee Plateau. Warwick
Vermont WIKJG Clifton G. Parker Box 537 Marrisville
. NORTHWESTERN DIVISION
Alaska K7ENA Leo E, Osterman Customhouse Wrangell
idaho WI/EMT Carl Eichelberger Route 2 Kuna
Montana W7FL G. A. Woodhouse Holter Dam Wolf Creek
Oregon WIiDX Harold W Johnston 800 Jackson St. Pendleton
Washington \’V7FC(: W. Beal R. 4, School Ave. Walla Walla
PACIF[C DIVISION
Hawaii KOETF Francis T. 837 16th Ave. Honolulu
WoBIC Edward W. Heun 509 Claremont St. Reno
WOFBW Elbert Amarantes 454 Washington St. San Jose
WoTl Horace R. Greer 414 Fairmount Ave. Oaklan
W6CIS Kenneth E. Hughes 622-36th Ave. San Francnsco
W6M DI Vincent N. Keldhausen 113 South Quincy St. McCloud
Philippine KAIGR Cicorge L. Rickard Box 849 Mamla
San Joauum Valley WOKUT Edwin A. Andress 2921 North Van Ness Blvd. Fresno
ROANOKE DIVISION.
North Carolina w4C V. J. Wortman P. O. Box 566 Morganton
South Carolina ‘V4BOh/ANGTed Ferguson 1213 College St. Columbia
Virginia * W3GWQ ank b Anderson, Jr. 4703 New Kent Ave. Richmond
West Virginia W80xXO W D. Tabler 238 Watson Ave, Fairmont
ROCKY MOUNTAIN DIVISION.
¢’olorado WOEHC Carl C. Drumeller 819 East Dale St. Colarado S rings
titah-Wyoming W7CLG Ernest E. Parshall Salt Creek Electric Plant Midwest, Wyoming
SOUTHEASTERN DIVISION.
Alabama W4DGS James F. Thompson 12 Clanton Ave,. Montgomery
Waucoma Apts, !
Eastern Florida W4Pp Carl G. Schaal T.akeview Hotel Clerm
Western Florida \V4A\P QOscar Cederstrom Second St. & Bruce Ave. De b umak Springs
(Georgia W4AGI l.eland W. Smith 2010 Pennsylvania Ave.  Augusta
West Indies (Cuba-Isle-of-Pines-
Porto Rico-Virgin Islands) CM20P ‘Mario de la Torre Escobar 110 (Altos) Habana, Cuba
SOUTHWESTERN DIVISION
l.os Angeles WoMQOM Ralph S, Click 1038 Milwaukee Ave, J.os Angeles
Arizona WoK MM Marson B, Hull 617 North Fourth Ave. Phovmx
San Diego WOJRM Howard K. Breedlove R. 2, Box 636 San Diego -
WEST GULF DIVISION.
Northern Texas WSDXA {.ece Hughes 125 N. Main St. Child.rcsu
C)klahoma WSGET Russefll W. Battern 431 South Buchanan
Southern Texas WSBHO Dave H. Calk 6013 Garrow St. Housmn
New Mexico WSENI Dr. Hilton W. Gillett Lovington
MARITIME DIVISION
Maritime VEIDQ A. M. Crowell 69 Dublin St. Halifax, N. S.
. . _ «)N’mmo DIVISION.
Ontario VE3SG £.H. B. Saxon 302 Lee Ave. Toronto, Ont.
QUEBEC DIVISION.
Quebec VE2CO Lindsey G. Morris Apt. 6, 4510 Girouard Ave.,
N.D.G. Montreal, P. Q.
VANALTA DIVISION
Alberta . VE{GE C. 5. Jamieson Riverside Drive  Drumbheller, Alta.
British Columbia VESHP J. Hepburn, Jr. L\JS Foul Bay Road Victoria
- PRAIRIE DIVISION.
Manitoba VE4AAW A. W. Morley 747 McMillan Ave. Winnipeg
Saskatchewan VE4SY Arthur Chesworth 1071 4th Ave., N. W. Moose Jaw

* Officials appointed to act until the membership of the Section choose permanent S.C.M.s by nomination and clection.




G-E RADIO TRANSMITTING TUBES

Priced Low —Unsurpassed in Valve

... and backed by 27 years of G-E
experience in tube design and manu-
facture—27 years during which G.E.
was the first to develop
thoriated tungsten filaments
high-power water-cooled tubes
the screen-grid tube
mercury-vapor rectifiers
metal tubes

General Electric tube achievemecnts
2 time and again have led the way
to major advancements in the radio
art. Now General Electric presents
a complete line of amateur types—-
priced low, and unsurpassed in value.

When you buy G-E radio transmitting tubes you get full benefit of the engineering and
research facilities of the world's largest electrical manufacturing company.

Write for free bulletin, GEA-3315, or get it direct from your dealer. General Electric,
Radio and Television Department, Schenectady, N. Y.

NOTE THESE PRICES

GL-203A................ $10.00 GL-807 ................. $3.50 GL-838 ................. $11.00
GL-204A .. .............. 85.00 GL-809 .. .. ............. 2.50 GL-845 . . ............. 10.00
GL-211 ................. 10.00 GL-810 . ................ 13.50 GL-849 .. ............... 120.00
GL-800 ................. 10.00 GL-811 ................. 3.50 GL-860 .. ............... 32.50
GL-801 .........0nvvnnn 345 GL-812 ................. 3.50 GL-866 .........c000nnnn 1.50
GL-802 .........innnnnnn 3.50 GL-813 ................. 28 50 GL-866A................ 2.50
GL-803 ................. 28.50 GL-814 ................. 17.50 GL-872 ....covviviinnnns 9.00
GL-805 ............0000 13.50 GL-833 .. ............... 85 00 GL-872A .. .............. 11.00

GL-806 .......000000.... 22.00 GL-837 ...ieeiinenannn 7.50 GL-1623 ......... cieeses 250
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HE AMERICAN Rapro Reray Leacuk, Iwnc.,

is a non-commercial association of radio
amateurs, bonded for the promotion of interest in
amateur radio communication and experimenta-
tion, for the relaying of messages by radio, for
the advancement of the radio art and of the
public welfare, for the representation of the radio
amateur in legislative matters, and for the main-
tenance of fraternalism and a high standard of
conduct.

It is an incorporated association without capi-
tal stock, chartered under the laws of Connecti-
cut. Its affairs are governed by a Board of
Directors, elected every two years by the general
membership. The officers are elected or ap-
pointed by the Directors. The League is non-
commercial 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 its ranks practically every worth-while
amateur in the nation and has a history of glori-
ous achievement as the standard-bearer in
amateur affairs.

Inquiries regarding membership are solicited.
A bona fide interest in amateur radio is the only
essential qualification; ownership of a transmit-
ting station and knowledge of the code are not
prerequisite. Correspondence should be addressed
to the Secretary.

HIRAM PERCY MAXIM, FIRST PRESIDENT

Officers

President............EuceNE C. Woobprurr, W8CMP
State College, Pa.

Vice-President. . .......... Georce W. BaiLey, W1KH
Weston, Mass.
Secretary . ....ooovoinnn. KeENNETH B. WaARNER, WI1EH
‘West Hartford, Connecticut
Treasurer. ................ ArTHUR A. HEBERT, W1ES

‘West Hartford, Connecticut
Communications Mgr. . ....F. Epwarp Hanoy, W1BDI
West Hartford, Connecticut

General Counsel . . ,................... Paur M. Secan
1026 Woodward Building, \Vashmgton, D. C.

Address all general correspondence to the administrative
headquarters at West Hartford, Connecticut.



“IT SEEMS T0 US—"

It 1s the Christmas season, that time
of vear when the amateur radio fraternity is
accustomed to spreading its greetings not only
over the whole countryside but to its fellows
in every corner of the world. It comes this
vear to a world beset by strife, a world in
which there walks abroad unhappily little
of the spirit of the Christ. Instead, appalling
tragedy stalks much of the surface of the
earth. It is close to us hams, because time and
distance have meant nothing to us in our inter-
communication. We miss this Christmas the
-i‘:heery signals of our friends in many foreign
ands.

Radio amateurs of the American republics,
let us this season count our blessings and be
grateful for them! Join us at the headquarters
of LA.R.U-A.R.R.L. in wishing radio ama-
teurs everywhere the best possible of Christ-
mases! And may the New Year bring us to-
gether again in peace and plenty!

As o 1939 signs off, it may do us
some good to look back over the months and
see what we have done to our technical and
operating practices. In general, cne must con-
clude that our art is growing up, for there were
no startling and exciting new developments.
Rather, it was a period of consolidating and
applvmg previous knowledge, resulting in a
general raising of performance. With an
infinitude of high- efficiency parts available,
amateur radio sailed in with glee and it is
probable that there was more new gear built
in 1939 than ever before.

The clean-up of the 5-meter band under the
new regulations was first a staggering blow to
occupancy. But soon there was a splendid
recovery, as stable signals made possible the
use of high-gain high-gelectivity receivers and
immensely extended station ranges. Net result
now is greatly increasing interest, on a much
more satisfactory basis. The year brought us
some interesting breaks in the weather and
added to our knowledge of transmission
phenomena. The transceivers moved to 214
and gave that band its greatest population,
while the hardier experimenters moved on to
build resonant-line oscillators for 114. Organ-

'fh.]anuary 1940

ized operating came into the u.h.f. field. The
ultra~high crowd enter 1940 poised for great
things.

There was immense interest in the operating
contests of the year, and both the DX contest
and Field Day en]oyed record participation.
With no major communication emergencies,
amateur radio gave an admirable account of
itself on a score of lesser occasions and, through
its Field Day exercises, gave guarantv of 1ts
ability to bring an unparalleled quantity of
truly portable equipment into play whenever
an emergency requires it.

We became safety conscious in 1939. Realiz-
ing as never before the lurking death behind
each careless practice, we examined our
situation, codified our construction and our
operating practices, and resolved always to
“Switch to Safety.”’

1939 was unquestionably the high year for
the installation of high-gain directive antenna
systems, particularly of the close-spaced
rotary type. The coaxial came to amateur radio
this year, and we learned much about the
more efficient transmission of power from
transmitter to antenna, while the mechanics
of rotaries gave us 4 falr introduction to
mechanical engineering. With nothing par-
ticularly new, we have gained because we are
more antenna-c onscious, are doing more apply-
ing of what we know.

The doctrine of “frequency measurement
and regular check’’ grew on us, and we became
not only more frequency-conscious but better
able to measure our frequencies. Secondary
frequency standards came to many stations,
and band-edge locators with stable oscillators
were the order of the day. With little startling
in new tubes, retinement brought us better
ones for less money. In the field of reception
there was, therefore, increased interest in
building receivers of greater performance with
fewer tubes, and we daresay there were more
home-made superhet receivers built in 1939
than ever before. And this despite the appear-
ance on the market of vastly better low-priced
receivers than any previous year had enjoyed.
We should mention, too, further developments
in noise limiters and audio-frequency bridges

)



that contributed nicely to working through
interference. In transmitters particularly it
was a case of consolidating earlier gains. The
trend was towards compactness and portabil-
ity. The stable e.c.o. definitely ingratiated
itself. All-band tanks offer new convenience
in 1940. ’Phone design showed a commendable
trend towards experimenting to gain more
dollar-efficiency. The 1938 development of
high-efficiency grid modulation reached our
ranks, as did volume compression and the
control of splatter, while cathode modulation
made a new bow.

Nothing startling, did we say? Frequency-
modulation is definitely so, and in the closing
months of 1939 we were increasingly interested

in its possiblhties for overcoming ‘“‘man-made
static’ in our u.h.f. work, as well as in greatly
simplifying transmitting equipment. But this
belongs more in our 1940 story.

War laid its heavy hand on our foreign
fellows, cut them off from us, left us only the
hope for reunion in 1940. But our own numbers
in the States grew to over 54,000 and we
demonstrated splendidly the trust that our
nation can put in us as citizens aware of our
responsibilities in a mad world.

Spirit, interest, skill, technic, sense of
responsibility — all seem to have preeisely
what it takes for a grand new year as 1940 runs
up the gain control and comes booming into
our lives! K. B. W.

« SPLATTER ~

AFrEr we had finished reading “Doc”
Kelley’s ‘“ Personality Over the Air” we experi-
enced an urge to take a whack at the same idea
from another angle. Along with our note to Gil
asking for the usual atmosphere we suggested
a pen sketch of the author from an impression
after he had read the story. Here it is!

Apparently the greatest error that Gil made
was in supplying the subject with a mustache he
did not possess — certainly true at the time the
résumé was written.

Our Cover

You'll recoguize this photo of Mix’s amplifier
as featured in QST last month. It was supposed
to be our best cover idea for the month — at
least until that scoop shot of Byrd’s North Star
arrived. We've tried several times to be con-
vinced that the amplifier is now a dead issue
but, with such a crisp photograph, we just
couldn’t resist the temptation. No, it has nothing
to do with frequency modulation, but there is
plenty in this issue that does — and in issues to
come, for it looks like something you just won’t
be without if you are interested at all in the
ultra-highs.

10

Foreign Calls Heard Lists Wanted

If you are an amateur in a country where
officialdom doled out the quietus, you may still
be able to listen in on the ham bands but not be
able to do anything about it as far as flipping the
old switch from receive to send. Would you get
any satisfaction from logging the stations that
you are able to hear and sending in the list to us-
for publication in QST?

So that these lists will still mean something,
that is, be an exhibition of a fair piece of trans-
mission as well as reception, we suggest that no
calls of stations heard on the 14-Mc. band be
included. Use all the other bands and, just for
sport, plenty of diversification in covering the
entire spectrum. This should certainly produce
some interesting evidence of how ham signals are
traveling these days. As for the Canadian boys,
we suggest that they confine their lists to the
ultra-high frequencies or the lower-frequency

{Continued on page 58)

FEEDBACK
P. 51, December QST

Stray on Central Techno-Services car-
ried incorrect address. The address is 302
Fifth Ave., New York City.

Fig. 1, p. 51, November QST
Output tank of 809 should have a
ground on the rotor of Cy: where joining

ng.

P. 47, December QST

The jack bars mentioned in the right-
hand paragraph were made of mycalex,
which can be drilled — not isolantite.

" Runover in the same article on page 90
should have a sentence correction ‘‘~- and
the cathode return lead which goes to
terminal 7 on the same unit.”
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Wide-band frequency modulation is well on its way to a secure and expanding position in
the broadcast field. To our way of thinking, it is going to carve out animportant place forit-
self in the ham picture too. Its remarkable discrimination against man-made static as well
as other types of amplitude noise make it a **natural” for ignition-ridden u.h.f. bands.

The experimenter, surfeited with the continual variations on the old theme of am-
plitude modulation, will find plenty to excite his interest and enthusiasm in the wide-band
f.m. system, where some of our present conceptions have to be unlearned and supplanted
by entirely new ideas. Here’s the dope on how to get started on “F.M.™

Wide-Band Frequency Modulation
in Amateur Communication

Its Application and Advantages for U.H.F. Work

BY GEORGE GRAMMER*

F REQUENCY modulation, like a weed in a
flower bed, has been an undesirable offshoot
which we’ve tried our best to eradicate in times
past. With good reason, too, since it is a demon-
strable fact that for transmission of the same type
of intelligence a greater channel width is needed
than for the familiar amplitude-modulation sys-
tem, and space has been at a premium on our
lower-frequency bands. But the ugly duckling is
rapidly sprouting swan feathers in u.h.f. broad-
casting, thanks to an entirely different

AND BYRON GOODMAN **

sponse to noise, particularly noise from ignition
systems and other man-devised racket makers, is
of most importance. Even the most sceptical will
come away a confirmed rooter after a demonstra-
tion of a.m. versus f.m. in the presence of severe
QRN of this type.

As we see it, the outstanding advantages of
f.m. for amateur work are QRN reduection and
simplification of transmitter equipment. The
broadcasters, given an opportunity to start out

method of attack by Major Armstrong,!
und it behooves us to give a good look at
frequency modulation and its applica-
tion to amateur communication.

Now no miracles have been performed
in making the frequency-modulated sig-
nal occupy less space than it used to;
instead, the secret of f.m. performance
lies in deliberately using up a whole lot
more space than the amplitude-modu-
lated signal takes. Therefore f.m. will
have to be confined to the ultra~-high-
frequency region, where we have mega-
cycles rather than kilocycles to play
with, and where, because of shorter
transmission ranges, an area like that of
the United States can accommodate
tremendous number of stations all work-
ing on the same frequency without in-
terference. At ultra-high frequencies,
too, is where the outstanding inherent,

characteristic of f.m., reduction of re-

# Technical Editor.

#+ Agst. ‘Technical Editor.

1 F. H. Armstrong, ‘A Method of Reducing
Disturbances in Radio Signalling by a System of
Frequency Modulation,” Proe. I.R.E., May,
1936.
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Modulation cquipment is simple, compact and inexpensive. This
7 by 11 chassis contains frequency control and buffer units, the
frequency modulator, speech amplifier and power supply.

The oscillator coil is in the round shield can in the center. The
coil in the left foreground is the buffer output circuit. Speech ampli-
fier and modulator are at the right, with the power supply along
the rear edge.
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afresh in new fields, are making the most of it by
improving fidelity to the extent of transmitting
audio frequencies up to 15,000 cycles, but we

18

Fig. 1 — The frequency-modulator circuit.

(1 — 3-30-pufd. compression trimmer.
Cu, Cg— 250-ppfd. mica.

(.4 — 0.01-4fd. paper.

Cs — 8-ufd. electrolytic, 450-volt.
Cg — 0.01-xfd. paper.

R1 — 0.5 megohm.

R2— 300 ohms,

Ra — 30,000 ohms, I-watt.

R4 — 0.5 megohm.

Rs — 50,000 ohms.

REC — 2.5-mh. r.f. choke.

need not look at that angle since our present
audio range is quite adequate for communication
purposes. In addition, there are secondary ad-
vantages, some of which apply particularly to the
112-Me. band, where amateur frequency modula-
tion must get its start. Let's take them in turn:
Noise reduction: The extent to which a fre-
quency-modulation receiver diseriminates against
external noise, particularly of the impulse type,
is remarkable. In some tests at WILINF, at
A.R.R.L. Headquarters, where ignition and
noises from electrical machinery are particularly
had on ultra-high frequencies, a perfectly reada-
ble f.m. signal could be obtained when an a.m.
signal of the same carrier strength was sunk
without a trace in the noise. Indeed, it scems that
almost the only limit to the improvement which
can be obtained in this respect is when the f.m.
signal drops to the level of the inherent hiss-type
noise in the receiver. With the latter type of noise

Ly
Fig. 2 « "'he oscillator-
buffer circuit. g
€y = 250-ppfd. fixed low-
drift mica. =

Cy — 100-upfd. variable.

the f.m. receiver is at some disadvantage with -
respect to the a.m. receiver unless the incoming
carrier strength is equal to or greater than that
of the hiss.2 This statement is subject to several
qualifications, and in any event applies only to
signals which are very weak and are readable on
an a.m. receiver only when there is no external
(QRN. When the carrier becomes somewhat
stronger than the hiss the signal-to-noise ratio
in the f.m. receiver increases to many times fof
the order of 20 db) that in an a.m. receiver hav-
ing the same carrier input. Hence the silent back-
ground which is an outstanding feature of f.m.
reception.

Transmitter simplification: The power re-
quired for modulation of the carrier is inconse-
quential, no matter what the final carrier output
of the transmitter. Modulation may be applied
directly to the frequency-control element, and all
succeeding transmitter stages may be operated in
any fashion desired, without regard to amplitude
linearity. The following stages may be, and often
are, frequency multipliers. Excitation worries are
confined to getting power output from a stage;
there is no such thing as supplying ‘‘enough
excitation for linear operation’’ of a Class-C stage,
nor critical circuit adjustments for Class-B am-
plification. Any stage can beloaded as one pleases.
The final tubes can be operated Class-C at maxi-
mum ratings, since the plate input does not
change. For the same reason, there are no con-
denser flashovers or equipment breakdowns from
modulation peaks. Audio power amplifiers of any
sort are unnecessary, since it is readily possible
to get adequate frequency swing with a speech
amplifier output of but a few volts at practically

no power. An f.m. transmitter takes only about | T

half the equipment needed for an a.m. transmitter
of the same carrier power.

Receiver performance: At the present state of
u.h.f. technique, it is difficult —even though
perhaps not theoretically impossible — to obtain
sufficient frequency stability on 112 Me. to per-
mit the use of the order of selectivity obtainable
in the ordinary narrow-band a.m. i.f. amplifier.

2 Murray C. Crosby, *“ Frequency Modulation Noise Char-
acteristics," Proc. [.R.E., April, 1937.

MO0,

Uy — 50-gufd. variable.

C4 — 100-ppfd. mica.

Cs — 250-ppfd. mica.

Ca— 0.001-pfd. mica.

Cr=Cro, inc. - 0.01-pfd.
paper.

Ri1 — 100,000 ohms.

Rz — 25,000 ohms, 1-watt.
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R4 — 50,000 ohms.
Rs — 300 ohms.

Rz — 50,000 ochms, T-watt.
Rs — 50,000 ohms, 1-watt.
RFC -~ 2.5-mh. r.f. choke.

T4 — 10 turns No. 18, length 1 inch, diameter, 1
inch, tapped 3rd turn from ground.
L2 — 20 turns No. 18, length 114 inches, diameter
114 inches.
Link 5 turns at ground end.
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This applies particularly to the
h.f. oscillator in a superhet re-
ceiver, although transmitter insta-
bility is likewise greater than on
lower frequencies, in terms of “ab-
solute kilocycle " rather than per-
centage. There is usually some
hum frequency modulation of the
receiver oscillator, even with care-
ful construction, at least when
ordinary tuned circuits are used.
As a result, the 112-Me. superhet
must have a relatively-wide-band
i.f. if satisfactory results are to be
secured with amplitude modula-
tion. That being the case, not a
great deal of selectivity need be
sacrificed by using frequency
modulation. .

In connection with selectivity,
one of the peculiar effects of f.m.

transmissions has to be taken into
consideration. Signals on or near
the same frequency will not cause
mutual interference unless the
carrier strengths are almost identi-
cal. If the strengths differ by as little as 2 to 1 the
stronger signal takes control of the receiver and
the others are unheard. For the most part, there-
fore, the use of rotary antennas (easy to build
on ultra-high frequencies) should give # higher
aorder of effective selectivity than is possible
with amplitude modulation. We have some new
experiences waiting for us in this respect.

The two systems, {.m. und a.m., are not mutu-
ally exelusive; that is, an f.m. receiver can be
manipulated to receive a.m. signals fairly well,
while an a.m. receiver will, with cureful tuning
and sonit codperation on the part of the trans-
nitting operator, give fairly decent reception of
f.m. signals. A superregencrative receiver will
work just about as well on f.m. as on a.m. trans-
missions; in fact, it seems likely that a good deal

In this bottom view of the transmitting unit, the r.f. section is at the °
right and the audio at the left. 'The oscillator socket is the one just to the
right of the coil socket in the center.

of the reception of unstable modulated oscillators
has all along been by f.m. rather than a.m.

Finally, a modulated oscillator on 112 Me. is
easily receivable on an f.m. superhet -~ receiva-
ble, too, with less noise. And since the average
112-Me. modulated oscillator swings over a con-
siderably wider frequency range than is necessary
for good f.m. reception, it becomes possible to
reduce the percentage of amplitude modulation
to the point which fits the recciver’s frequency
band, thus saving on modulator size and power.
Of course the thing can be carried to its logical
end and the oscillator given pure frequency modu-
lation rather than frequency modulation via
amplitude modulation, thus dispensing altogether
with modulator power. We like the possibilities
that this procedure opens for portable and
mobile operation.

Since the principles of frequency
modulation have already been discussed
in QST,3 we shall confine ourselves here
to a discussion of the various factors
which apply particularly to amateur
communication with frequency-modu-
lated signals. We urge those who are not
familiar with the system to give Prof.

Ce

f(]
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Fig. 3— The speech amplifier circuit.
Cyy C2 — 10-pfd. 25-volt electro- Ra— 1 megohm.

) Iytic. R4 —0.25 megohm.
Ca —0.1-pfd. paper. Rs — 0.5-megohm potentiome-
Cigy Cs—-0.01-pfd. paper. ter.

(g, C7 —~ 8-pfd. 450-volt clectro- Rs — 2000 ohms.
Iytic. R7 — 50,000 ohms.

Ri — 5 megohms. Rg — 0.25 megohm.

R2 — 900 ohms.
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Rg — 150,000 ohms, 1l-watt.

e Noble’s article a careful reading.

Standards

Percentage of 1modulation has no
meaning in frequency modulation. The
thing that counts is the frequency devia-
tion from the carrier frequency for
a modulating signal of the highest

2 D. E. Noble, * Frequency Modulation Funda-
mentals,” QST, August, 1939,




amplitude; that is, the fre-
quency “‘swing” with the
loudest sounds actuating the

6SJ7 LIMITER

4
6H6 2no DETECTOR

microphone. So far as the
transmitter is concerned, there

I

-~ -
™ =

is no inherent limitation to the

78
Ri§
o

.....

amount of swing or deviation
that can be used; the only re-

Rs

3

ST YT —
RFC

quirement to be met is that
for distortionless modulation
the deviation in frequency
must be linear with respect to
the amplitude of the modulat-
ing voltage. In practice, the
limitation occurs in the re-
ceiver, in that it becomes nec-
essary to select some passband
over which the amplitude of
the audio output can be held linear with respect
to the frequency deviations of theincoming signal.
1t is desirable, therefore, to set up tentatively
at least some standards for amateur work. There
is no need for such standards to be taken rig-
orously, however, since only practical use of the
system will show what final standards will be
desirable. The various factors to be taken into
consideration include the amount of linear devia-
tion which it is possible to secure at the trans-
mitter by simple methods, the amount of receiver
selectivity and gain necessary, and the require-
ments of the system for good noise reduction.
Perhaps the simplest method of generating f.m.
signals is to frequency-modulate a self-controlled
oscillator, in which case some compromise must
be made between building an inherently stable
oscillator (to minimize drift and unwanted hum
modulation) and building one which is quite
sensitive to the modulating voltage. In the re-
ceiver, the wider the band accepted the lower
the gain, for a given number of amplifier stages.
On the other hand, the mechanics of the system
are such that the wider the band the better the
noise suppression. Present broadcast practice
is to use a deviation ratio, or ratio of maximum
frequency swing on one side of the carrier to the
highest audio frequency transmitted, of about 5.

Cz — 0.0001-xfd. mica
Cz — 0.1-pfd. 400-volt
C4 — 30-ppfd. mica.

R1—10,000 ohms, 1%
Ra — 300,000 ohms, 1

T

Fig. 4 — Transmitter unit power supply.

T — Power transformer, 250 volts at 40 ma., with 6.3-
volt, 2.amp. filament winding.

I; ~— 10-henry, 40-ma. choke.

G— Dual-8 electrolytic, 450-voit.

Sw — S.p.s.t. toggle switch.
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Ra — 100,000 ohms, lj-watt.
R¢— 1-megohm potentiometer.

t250

Fig. 5 — The limiter and second detector circuit.
C1 - 0.01-pfd. 400-volt paper.

Rs — 25,000-0hm 10-watt wirewound.

Re — 1000 ohms, l-watt (A 5000-
ohm wirewound potentiom-
eter could be used here to
good advantage).

R7 — 2000-ohms, }3-watt.

RFC — 2.5 mh. r.f. choke.

See text for i.f. transformer data.

paper.

-watt.
-watt.

It seeted to us that for a starter the same devia-
tion ratio would be about right for amateur
work. Since we are interested only in transmitting
audio frequencies up to 4000 or 5000 cycles for
voice work, the total deviation necessary would
be 20 to 25 ke. This is relatively easy to get at
the transmitter even with a stable high-C' oscilla-
tor, and also represents a satisfactory receiver
compromise in that a band-width of 40 to 50 kc.
is not too great for moderately good selectivity
at 112 Mec., but still permits considerably higher
per-stage gains than the 200-kc. band used in
b.c. receivers.

The experimental equipment described here is
based on such a standard. With the receiver
aligned to give flat response over a 50-ke. band
there will be some a.f. distortion introduced if the
transmitter deviation exceeds 25 ke.; it is a
simple matter to hold the modulation within
whatever limits the receiver may impose. If the
deviation is less than the receiver will accept the
asudio output will drop, just as less than 1009,
modulation gives lower audio volume in the am-
plitude system. It is desirable to swing the trans-
mitter frequency over the full receiver range.

Modulation

The transmitter control unit shown combines
an oscillator for transmitter frequency control, a
buffer amplifier, the frequency modulator, a
speech amplifier with enough gain for a crystal
microphone, and a power supply for these cir-
cuits. It does not by any means represent the
only way in which the job can be done, having
been built to work into an already-existing 112-
Mec. transmitter we had set up at W1INF. Since
the latter outfit started out with a 7-Me. crystal,
the control unit was simply constructed to feed
into the crystal stage so that stabilized f.m.
could be put on the air with as little fuss as possi-
ble. It was also convenient for us to combine the
various elements into one unit, although this
is not essential.

The various elements of the transmitter unit are
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shown separately in Figs. 1 to 4, inclusive. Fig.
2 is a rather conventional e.c.o. coupled through
a choke-condenser-resistor combination to the
grid of the buffer stage, the output circujt of
which is tuned. The oscillator operates on 7 Mc.
and uses a high-C tank circuit. Fig. 3 shows the
two-stage speech amplifier, which also is quite
straightforward in design. The network comprised
by Rs, Rg, Cs and Cv is for plate-supply filtering
in addition to that provided by the LC filter in
the power supply shown in Fig. 4. The only un-
familiar device is the frequency modulator
shown in Fig. 1.

The modulator circuit is of the a.f.c. type, in
which the control tube acts as a variable induct-
ance, except that insteud of holding the frequency
constant it is ““worked backwards’’; that is, it is
used to vary the oscillator frequency at an audio-
frequency rate. The operation of the device is
no doubt familiar to those who service broadcast
receivers, but is worth describing for the benefit
of others who have not had occasion to use it.
The control grid circuit of the modulator is con-
nected across the small capacity Cj, which is in
series with resistor R ucross the oscillator tank
circuit. C3 is simply a blocking condenser, and
has no other function in the circuit. It may be
omitted when no d.c. voltage appears across the
tank circuit, as in the present case, but was in-
stalled to permit changing the circuit in the ex-
perimental layout. With Rj large compared to
the reactance of (), the current through the
series circuit RsCi will be practically in phase
with the voltage across the tank. The voltage
across Cy, however, will be 90 degrees behind the
current, because of the well-known property of
a condenser in causing the voltage across it to be
in quadrature with the current through it. The r.f.
current in the modulator plate circuit will be in
phase with the r.f. voltage on the grid, and conse-
quently lags'the current through C; by 90 degrees.
This lagging turrent is drawn through the oscilla-
tor tank, and since causing a 90-degree lagging
current is the property of an inductance, the
modulator tube simulates an inductance c¢on-
nected in parallel with the tank inductance. The
amplitude of the lagging current, and hence the
effective value of the inductance, can be varied by
changing the amplification through the tube. By
varying the current at an a.f. rate, we have fre-
quency modulation. In many circuits the control
voltage is applied directly to the control grid
through an a.f. filter, but we preferred the isola-
tion given by the No. 3 grid in the 6L7 for the
purpose.

With the circuit constants and electrode volt-
ages in the diagrams, a straight-line frequency
deviation—No. 3 grid voltage characteristic can
he obtained over a range of about plus or minus 2
volts about the operating grid bias of 3.5 volts
(obtained from the cathode resistor, Rg). The
deviation at 2 volts is 1500 cycles, which, since

January 1940

the oscillator is operating on 7 Mec., must be
multiplied by 16 to give the corresponding
deviation at 112 Mec. At the latter frequency,
therefore, 2 peak deviation of about 24 ke. can be
secured with negligible distortion.

+VoLTS
TN\

N\

+50 4100 4150 #200

=200 -150 ~100 -$0Kc.

1

~VOLTS

Fig. 6 — The characteristic of the second detector of
an f.m. receiver, The vertical axis represents the voltage
developed across the [oad resistor as the frequency varies
from the exact resonance frequency.

A detector with this characteristic would handle f.m.
signals up to a band-width of about 150 kc. (over the
linear portion of the curve).

Greater deviation readily can be secured by
increasing the L/C ratio in the oscillator tank
circuit. As mentioned previously, however, it is
desirable to make the circuit as high-C' as possible
to minimize drift and hum frequency modulation
in the oscillator itself. It seems desirable to com-
promise between these two considerations so that
the maximum frequency deviation decided upon
is secured when the limits of modulator linearity
are reached, & condition which is met in the pres-
ent case. This requires more modulating voltage,
but at the power levels considered this is a
small matter, since only 2 peak volts are needed
anyhow.

The sensitivity of the modulator (cycles fre-
quency change per volt input) will depend also
upon the capacity of C; as well as the factors
previously mentioned. In our case Cj, & small
isolantite-insulated padder was set practically
at its minimum capacity of 3 ppfd. Larger ca-
pacity will reduce the sensitivity, and vice versa.
This condenser provides a convenient means of
control if the deviation is more than necessary
in the first place.

Plate voltage is parallel-fed to the modulator
through an r.f. choke as a matter of convenience;
parallel feed is not a necessity in the system it-
self. The 6L7 screen is by-passed both for r.f.
and audio, the latter because a change in screen .
voltage also affects the amplification in the tube
and hence its operation as an inductance. It was
found by test that a more linear characteristic
was obtained when the screen voltage was not
allowed to vary.

The other sections of the transmitter control
circuit need little comment. With everything on
one small chassis, some care must be used to
avoid couplings between r.f. and audio sections.
The usual care should be taken to prevent hum
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The f.m. receiver looks like
any conventional u.h.f. super-
het. This particular one hap-
pens to be made from the
front-end portion of the ovrigi-
nal “S.L.G.” receiver and an
i.f. amplifier using special
5-Mec. transformers. The power
supply i8 included on the chas-
#ix. Controls on the front in-
clude audio volume control,
i.f. gain control, and a switch
to throw the converter into the
f.m. receiver or into a conven-
tional receiver tuned to 5 Mec.,
for comparison purposes.

¢

in the speech amplifier; in this particular in-
stance we found it profitable to locate the filament
wiring so that it was kept as far as possible from
the grids of the single-ended tubes used. Hum in
the audio system will show up as a “burble”
on the c.w. signal from the oscillator when it is
monitored on 7 Mc. With the No. 3 grid of the
6L7 shorted to ground the signal should be as
clean as the ordinary c.w. signal. By working
back towards the front end of the speech ampli-
tier sources of hum readily can be detected and
given the proper treatment. So far as the oscil-
lator aund buffer are concerned, they differ in no
respect from similar e.c.o. rigs, and should be
treated accordingly.

Other Methods

Frequency control of the transmitter can be
handled in a variety of ways. There is no neces-
ity for starting out on 7 Me.; as explained before,
this happened best to fit in with equipment we
already had working. For stabilized transmis-
sions, the usual crystal technique seems desir-
able, however, and the control unit can be made
up to substitute for whatever kind of crystual is
used. For instance, the buffer in Fig. 2 might just
as well be a doubler to work into a 14-Mec.
vrystal stage. Or the whole business might be
done in relatively few jumps by putting the os-
cillator on 18.8 Mec., tripling to 56, boosting
power a bit and doubling to 112. Tripling and
Jdoubling readily can be used in many other com-
binations, so that relatively few tubes are necded.
The 112-Mec. output stage may be either an am-
plifier or doubler; either works equally well so
far as linearity of modulation is concerned. Also,
larger buffer and oscillator tubes could he
used.

For amateur work there seems to be no par-
ticular need for the extra stabilizing circuit pre-
viously described.® While this is a necessity for
fixed-frequency services where receivers often
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are not subject to continuous attention, in an
amateur band a small amount of drift is not
serious either from a frequency or uperating
standpoint. As a matter of fact, practice has
shown that the drift with a self-controlled oscil-
lator is not at all bothersome, and is practically
negligible after a short warm-up.

It should not be difficult to apply frequency
modulation directly to a 112-Mec. oscillator, be-
sides the method of generating frequency mod-
ulation by means of plate-voltage variation
through an amplitude modulator., We shall
probably see more of direct modulation in ama-
teur work, but for preliminary experiments it
seemed desirable to start out with more readily
controlled transmissions.

Receiving Frequency-fModulated Signals

Possibly a bit puzzling at first, the reception
of frequency-modulated signals introduces a con-
cept in receivers which, while just as straightfor-
ward as with the conventional type, is radically
different. First off, as already pointed out, the
pass band for an f.m. signal must be anything
from 50 to 200 or more ke. wide, depending upon
the signal deviation, as compared with the pass
hand of a recciver for amplitude-modulated
signals, which need be only 6 to 20 ke. wide,
depending upon the audio-frequency range de-
sired. Contrary to the case of amplitude modula-
tion, the pass band in the wide-band f.m. receiver
does not determine the audio range obtained. It
does, however, have an effect upon the signal/
noise ratio. In a receiver for amplitude-modulated
signals, the signal/noise ratio is better as the pass
band is decreased —in the f.m. receiver, the
signal/noise ratio is improved as the pass band
is increased.

This business of a wide pass band presents no
particular difficulties. The front end (r.f., mixer
and high-frequency oscillator) of any u.h.f.
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superheterodyne is sufficiently broad to pass a
band of the necessary width without attenua-
tion, but it is necessary to go to an i.f. of 3 Me.
or higher so that the i.f. circuits will not be too
sharp. For amateur purposes, a rather high if.
is desirable to reduce image response. We decided
on 5 Mec. as a suitable i.f. for the receiver shown
in the photographs and used for experimental
comparisons of frequency and amplitude modula-
tion. Speciul transformers (Millen) were secured
for the purpose through the codperation of the
manufacturer. 1If images are not a factor, the
3-Mc. Browning f{requency-modulation trans-
formers also can be used, with lighter loading
than is recommended for broadcast reception to
narrow the pass band. In practice, tightly-coupled
circuits are used in the i.f. transformers, shunted
by resistances of the order of 10,000 ohms further
to increase the pass band. It is desirable to have
good gain in the i.f. amplifier, and at least two
stages should be used.

The signal from the i.f. amplifier is fed into a
limiter stage, which is the second point where
the receiver differs from the conventional type.
T'he limiter stage is nothing more than an r.f.
pentode amplifier working at low plate and screen
voltage with grid-leak bias similar to a Class-C
amplifier in a transmitter. Since it works at a
very low plate and screen voltage (of the order of
5 to 15 volts in this receiver) it takes but little
signal to saturate it and make it completely un-
responsive to any kind of amplitude modulation,
and at the same time it effcctively acts as a type
of automatic volume control. Obviously, the
more gain ahead of the Iimiter stage the sooner
it will reach saturation, which means that a weak
signal will work the limiter in an f.m. rceeiver
with adequate gain where it might not if sutficient
gain were not available. It is the limiter stage that,
once working at saturation, washes out practi-

cally all noise of the amplitude-modulated variety
(all man-made and most set noise is of this type)
and gives the widely-publicized “noise-free"’ re-
ception. Although washing out amplitude modu-
lation, the limiter will of course pass all frequency
modulation.

lrom the limiter stage, the signal is fed into
the second detector, which is quite different from
the detector used for amplitude-modulated sig-
nals. The vircuit is the same as that used in
the “discriminator” of automatice-frequency-con-
trolled broadcast receivers. It is shown in Fig. 5,
and it can be seen that it appears to be a variety
of full-wave rectifier, since opposite ends of the
transformer secondary feed the two diode plates.
However, the diode cathodes are not connected
together but tie across oppositc ends of a high
resistance, one ¢nd of which is grounded. The
center-tap of the i.f. transformer secondary is
counccted to the mid-point of the diode load
registance, through an i.f. choke, to provide a
d.c. path for the rectified current. The center-tap
is also connected to the “hot” end of the trans-
former primary through a coupling condenser.
‘Thus the voltage applicd to the rectifier network
can be considered as consisting of two parts: that
contributed by capacity coupling through the
condenser and that induced by inductive coupling
between the two windings. The voltage fed
through by capacity coupling is in phase with the

“voltage across the primary of the transformer

while the voltage induced by induetive coupling
is always 180° out of phase with the voltage across
the primary. At resonance, the current in the sec-
ondary will be in phase with the sccondary volt-
age, since the secondary winding shows only
resistance at this frequency, but at frequencies
higher and lower than resonance the sccondary
will show inductive and capacitive reactance,
respectively, and the current will lag and lead

¢

A view underneath
the chassis of the re-
ceiver shows how the
by-pass condensers are
bunched around the i.f.
amplifier sockets, to
give short leads and re-
duce regeneration. I'he
rotary switch is used to
switch the converter to
another i.f. amplifier,
for purposes of com-
parison.

¢
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Fig. 7 —-'I'he “front end” ur converter portion of the receiver.

(1 — 3-plate double-spaced
midget variable.

(i3 — 5-plate double-spaced
midget variable.

Cy — 3-30-ppfd. mica trim-

smer condenser.
(4 — 0.01-pfd. 400-volt paper.
Cs—0.0001-4fd. postage

R7 -~ 50,000 ohms, }4-watt.

Rs — 10,000 ohms, ls-watt.

Ih — 5 turns No. 18 enam.
qé'_lioac-wound, 3g-inch

am.

Lz — 5 turns No. 18 enam.
spaced to Y4-inch
wnndmg length,

The voltage output of the detector is
determined by the magnitude of the two
types of coupling. In the receiver shown
optimum capacity coupling was secured
with a coupling condenser of about 30
upfd., and with rather loose inductive
coupling. The maximum points in either
direction on the characteristic should be
placed just outside the limits of the fre-
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