


W THE NEW 326G fully exploits the possibil-
ities of the 6L6 tubes to provide an efficient,
low cost, thoroughly modern 25 watt trans-
mitter. R-F tubes are C-100A oscillator,
6L6 first doubler, 6L6 second doubler, 2—6L6
final amplifiers. Frequency range with plug
in coils and self contained antenna network is
1500—15,000 ke. The 32G can be operated
on frequencies as high as 30,000 ke. with slight-
ly reduced output. Dimensions: 20 x 16 x 101/,
inches. Weight: 78 pounds.

The 32G is ideally suited fo many applica
tions in amateur, mobile, portable, marine
military and police work. Details of the basic
design can be modified for special require
ments. In short, the 326 is a general purpose
low-powered transmitter built in accordance
with Collins standards of quality.

Correspondence is invited and the adap
tion of the 32G to your problem will be give

careful consideration.

New Yok
11 Wgst 49nd St.

IOWA. U. S. A,
" Mexico City
Edificio "La Nacional”




HIS new series of ultra-high frequency

variable condensers by Hammarlund,
has a score of advanced, exclusive fea-
tures that will afford highest efficiency as
tuning or trimmer congensers for critical
ultra-high frequency work.

Single and dual types have cadmium
rlated, soldered brass plates, and B-100
solantite for insulation to insure lowest
losses, rigidity, and stability.

In the single unit any one of three
different mounting methods may be
used. One is a bracket or base mount-
ing; another is a single hole panel
mount, and the third is a panel mounting
employing spacer bushings which per-
mit complete insulation of both rotor
and stator sections. The dual model
has single hole panel mounting
and base mounting features.

Absolutely noiseless opera-
tion is another feature of these
new condensers. For example,
the dual model has a split rear
bearing with individual noiseless

rHammarlund Manufacturing Co., In: - - - Q-IO_I
| 424-438 W. 33rd St., New York

I [1 Check here for new *"HF"
{  condenser bulletin

THE NEW "HF" VARIABLE CONDENSERS

..... Address....eoveiniienns i

wiping contacts for each section. Rotor
contacts can be shifted to several positions
via special pins to facilitate wiring with
shortest possible leads. Dual model has a
special shield with provisions for ground
connection,

Single models available in sizes from
15 mmf. to 140 mmf. and a double-
spaced 30 mmf. model. Dual sizes range
from 50 mmf. to 140 mmf. with also a
30 mmf. double spaced model.

The 140 mmf. single style is only
194" high, 134s"" wide, and 113{¢"
long (behind panel), while the 140 mmf.
dua? is only 114" high, 1”7 wide, and
334" long (behind panel). Both models
have 14" shalts.

he new “HF" condensers are the
perfect condensers for your most
important work!

Send for a copy of the
special “"HF" condenser bulle-
tin with further details of these
new units. Mail the coupon
below.

{3 Check here for the 1936 |
Hammariund catalog

y A YIEI\I
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"MARINE" 270-B Transmitter

350 Watt—Phone and CW.

@ 1. Ideal tube line-up. 802 Crystal oscillator
— 802 buffer — 804 inter-amplifier — pair of
203-H's in push-pull. Two 838s as modulators.

@ 2. Built-in oscilloscope for visual monitor-
ing of modulation.

@ 3. Self-contained power supply built for
continuous full-load operation. No auxiliary
batteries needed. Front of panel and remote
controls. Safety door interlocks. Complete
overload protection.

@ 4. Adequately metered in all stages to
insure precision tuning and efficient operation.

@ 5. Working frequency range 1500 to
30,000 kcs., phone or CW.

@ 6. Built-in universal antenna impedance
matching network.

@ 7. Husky and rigid double-wall all-metal
steel cabinet with each component chassis
easily removable as a unit.

‘@ 8. Attractively finished to resist corrosion
in all climates. Exterior black wrinkle finish,
interior in duco aluminum. All chassis cadmium
plated.

MARINE RADIO COMPANY

60 Lispenard St.
New York, N. Y.

@ Get the whole
story of this and
other ultra-modern
transmitters by writ-
ing for Bulletin No.
1036. @
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HERE ARE A FEW OF THE MANY NEW
1937 SUPER SKYRIDER FEATURES:

® 11 Tubes, 10 of them metal.

@ 40 M.C. to 535 K.C. in 5 bands.

@ 338 Degrees main tuning dial.

@ Electro-Mechanical Band Spread

® 14 Watts Undistorted Qutput

® Direct Calibration Tuning — No Charts or Tables.
¢ Field Strength Indicator,

@ Improved 10 meter performance.

® Single Signal Crystal Action.

@ 465 K.C. Iron Core LF. for improved selectivity.
® Ceramic Insulation.

HE NEW 1937 11-tube Super
Skyrider is outstandingl There
are many exclusive new features of
engineering—design—construction,
not to be found on any other com-
munication receivers.

No charts or graphs are needed to
read the new Super Skyrider Dial —-
station frequencies at a glance! That
is only one feature of this most con-
veniently operated set. Higher sen-
sitivity — new and improved phone
reception—and 30 other features.
And, best of all, you can buy it on
TIME PAYMENTS from your radio

jobber,

There Are Many Other New Hallicrafters
Communication Receivers to Choose From!

THE SKY BUDDY — A real 5.tube Hallicrafters
engineered communication receiver at an astonish-
ingly low price. THE SKY CHIEF—This naw 7-tube
superheterodyne is designed with all the latest
features usually found only on much higher priced
sets. THE ULTRA SKYRIDER—The receiver for the
Ultra-High Frequency operator. THE SKYRIDER
COMMERCIAL — An  11.tube superheterodyne
especially fitted for commercial service,

the hallicrafters i

Laboratories and Communications Division

2611 Indiana Ave. Chicago, U. S. A,

NOW YOU CAN BUY ANY NEW 1937

HALLICRAFTERS COMMUNICATION RECEIVER ON TIME

PAYMENTS FROM YOUR LOCAL RADIO JOBBER

Say You Saw It in QST — It Identifies You and Helps QST




NOW YOU CAN BUY
ANY OF THE NEW

1937 hallicrafters

COMMUNICATION RECEIVERS

ON TIME PAYMENTS!

WE ARE PROUD to present the
amazing new 1937 Halli-
crafters Line. We have seen these
marvelous new receivers, listened
to them, and are glad to extend
them our fullest endorsement.

. e M We can say with authority that this
THE NEW 1937 SKYRIDER ;s 1937 Hallicrafters Line is the most

better than ever before, with greater complete of fine amateur radio re-
sensitivity and selectivity, more features ceivers. Mail the coupon below for
and is now offered with 11 tubes — I £t d detail
amateur radio’s popular receiver and complefe specitications and defalls
one of its greatest values. of our time payment plan today.

MAIL THIS COUPON!

HINDS & EDGERTON | rime pavments

ESTABLISHED 1914
19 South Wells St., Chicago, lllinois

Buy your new Hallicrafters
teceiver on Hinds &

Gentlemen: Edgerton’s Time Payment
Please send me complete details of the New 1937 Halli- geron's limé Faymen
crafters Line and the Hinds & Edgerton Time Payment Plan. Plan — small down pay-
NAME | ment and easy monthly

nts — write at once
ADDRESS . ... oot payment
for details!
ATY oo STATE.......... ...

OPERATED BY W9APY AND W9WR
R a—
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E ARE delighted to present
the finest line of communica-
. tions receivers ever built — the New 1937
LLﬂe Hallicrafters! Each dial is completely calibrated the way all
precision receivers should be — so that you know instantly
what frequency you are on and where every other signal will
be found. Then, too, the Hallicrafters are fully licensed by
all the important patent holding companies and unlike other
manufacturers, are not handicapped by working under patent
restrictions.

TIME
PAYMENTS

We have aranged TIME
PAYMENTS on all of the
New 1937 Hallicrafters Sky-
riders! There's only a small
down payment when you buy
— the balance is spread out
over the months you are en-
joying your New Hallicrafter
Skyrider! Don't use obsolete
equipment another week! Send
us the coupon TODAY —
find out how easy it is for you
to own the LATEST SKY-.
RIDER!

MAIL THIS COUPON!
THE RADIO SHACK

46 BRATTLE STREET BOSTON, MASS.

Please send me complete technical data on new Hallicrafters Receivers.

Cityserensoonnavesosnnanes P = 1
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Section Communications Managers of the A.R.R.L. Communications Department

All appointments in the League's field organization are made by the proper S.C.M., elected by members in each Section
listed. Mail your S.C.M. (on the 16th of each rnomh) a postal covering your radio activities for the previous 30 days. Tell
him your DX, plans for experimenting, resulits in 'phone and traffic. He is interested, whether you are an A.R.R.L. member
or get your ST 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

Kastern Pennsylvania W3EZ James M. Bruning 339 W. Lancaster Ave. Haverford
Maryland-Delaware-District
uf (olumbia WSBM\ Pdgar 1., Hudson Laurel, Delaware
Southern New Jersey W3ZX Carroll 12, Kentner 1107 Park Ave. Collingswoud
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Western Pennsylvania WROF(O Kendall Speer, Jr. Lowber
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{llinois WOKJY John Huntoon 327 Brandon Ave. CGilen Ellyn
Indiana 9TE \rt,hur L. Braun 530 East Morris &t. lndlananohs
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Michigan¥ WENPE Harold ', Bird D, 2 Pontiac
Ohio | W8RA H. Gibbs 300 High St, Wadsworth
Wisconsin WOATO %, AL Cary 3922 No. 19th PL Milwaukee
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North Dakaota WOOHT, Hartwell B, Burner Hope
South Dakota WOISER Andrew J. Kia 257 Prospect Ave. Pierre
Northern Minnesota WoOWL] T.eonard Hofsta Elbow Lake
Houthern Minnesota WODCM Webster F. Soules 3549 36th Ave., Su, Mianeapolis
DELTA DIVISION
Arkansas WSABT H. . Velte 2918 West 15th St. Little Rock
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Arizona WeL V(G OLCL Day “La Posta Quemada’™ Vait
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# (Mficials appuinted to act until the membership of the Section choose permanent S.C.M.'s

by nomination and election.




The
American

Radio
Relay

League

DIRECTORS

President
EU IGFNE C, WOODRUFF. . .vvvoiray, WECMP
W. Fairmount Ave., State College, Pa.

Vice-President
(JEORGE W.BAILEY ......c.00aeaun .. WIKH
4 Webster Road, Weston, Mass.

Canadian General Manager
ALEX REXD ......................... VE2BE
169 Logan Ave., $t. Lambert, P, Q.

Atlantic Division
WALTER BRADLEY MARTIN........ wW3QV
Box 612, Roslyn, Pa.

Ci mlml Dwmon
WARD A. ROBERTS. . ... ..0aviuin HC
2699 Endicott Rd., bhaker Heights, (,leveland

Dakota Division

ABS. .. . ciiiirsaereaiias .WIBVH
1822 James St., St. Paul, Minn.’

Delta Division
E.RAY ARLEDGE.......cov0penesn .a e . W5SI
P. O. Box 286, Pine Bluff, Ark.

H udson Division
KENNETH T. L. eiiaiinaa, W2AHC
115 Willow bt Douglaston, L. I., N. Y.

M idwest Division
FLOYD E, RWINE, JR............ WIEFC
120 South Fourth $t., St. Louis, Mo.

New England Division
PERCY C, NOBLE
37 Broad 8t., Westfield, Mass.
Northwestem Division

RALPH J, GIBBONS .. v v v nanans . WIKY
/0 United Air Lmes, Pendieton, Ore.

P:zaﬁc Diyvision

CARL L.

8. G. CULV
’962 Russell St., Berkeley, Calif.”

Roanoke Division
H, L. CAVENESS. .. ... ........cov0s W4DW
State (.ollege Station, Raleigh, N, C.

ocky Mountgin Division
RUSSELL J. DREWS. .
1867 So. Lafayette St.,

Southeastern Division
BENNETT R. ADAMS, JR........,... W4APU
1512 Grove Place, Homewood, Ala.
éoulhweslnn Division
5 .. W6GG
Mam St., Bl Centro, Calif.

st Guif Division

CHARLES E.
443

WAYLAND M. GR

. #E AMERICAN Rapro Reray Leacus, Inc.,
is a non-commercial association of radio amateurs,
bonded for the promotion of interest in amateur radio
communication and experimentation, for the relaying
of messages by radio, for the advancement of the
radio art and of the public welfare, for the representa-
tion of the radio amateur in legislative matters, and
for the maintenance of fraternalism and a high stand-
ard of conduct.

It is an incorporated association without
capital stock, chartered under the laws of Connecticut.
Its affairs are governed by a Board of Directors, elected
every two years by the general membership. The
officers are elected or appointed by the Directors.
The' League is non-commercial and no one commer-
cially engaged in the manufacture, sale or rental of
radio apparatus is eligible to membership on its board.

“Of, by and for the amareur,” it numbers
within its ranks practically every worth-while ama-
teur in the nation and has a history of glorious achieve~
ment 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 transmitting
station and knowledge of the code are not prereq-
uisite. Correspondence should be addressed to the
Secretary.

HIRAM PERCY MAXIM, FOUNDER

OFFICERS

President..........EUGENE C. WOODRUFE, WSCMP
State College, Pa.
Vice-President..........GEORGE W. BAILEY, W1KH
Weston, Mass.

Secretarye.eeeese... . KENNETH B. WARNER, W1EH
West Hartford, Connecticut
Treasutrer....oevneees. ARTHUR A. HEBERT, W1ES
West Hartford, Connecticut

Communications Mgr....F. EDWARD HANDY, W1BDI
West Hartford, Connecticut

el
General Counsel .ooovvvvveeeeeras.. PAUL M. SEGAL
1010 Shoreham Building, Washington, D. C.
e

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



TO us it is an encouraging sign that an in-
creasing number of intelligent amateurs are
to be heard discussing the possibility of a planned
use of our bands. It is an idea that we have
whooped up from time to time but we have not
yet been able to sell the idea generally and make
the sale stick. We are of course reminded of our
earlier experiences in putting forward the ideas of
c.w. transmission instead of spark, of higher
frequencies instead of 200 meters. In both those
cases we turned out to be right, although we
started talking ahead of our time and in both
cases some years were to elapse before amateur
radio generally was prepared to adopt the newer
ideas. We feel, then, just a little encouraged that
others are to be heard discussing this same idea
which we have from time to time advocated in
our columns.

So long as every radio amateur is free to use
any frequency for any purpose, we can almost
say that each of our bands ought to be wide
enough to accommodate all amateurs doing the
same thing at the same time. Obviously our bands
will never be this wide; in fact, it should go with-
out saying that they are distinctly too narrow to
provide any comfort at all. In such circumstances
one is naturally impelled to examine the possi-
bility of improving our operating position by a
more intelligent use of different bands for varying
ranges or purposes. Straightway, of course, one
runs afoul of the fact that any such idea is con-
trary to the traditions of amateur radio, one of
the beauties of which has been the perfect free-
dom to do anything that regulations permit. It
is that aspect of the game which has caused us so
often to characterize amateur radio as the many-
mooded mistress, all things to all men. 1f we com-
mence to bind ourselves by rules, restricting our
freedom of motion, some of us will be unable to do
some of the things we wish, simply because at the
moment we will not have the equipment avail-
able for the proper band. But on the other hand,
any careful examination of our problem must
show that we are not doing a good engineering
job in the use of our frequencies, that we do not
employ thought-out plans that would increase
their possibilities, and that the very freedom of
action upon which we have always insisted is
largely responsible for our interference and con-

gestion. Suppose for a moment that we could find
a plan for the use of our different bands that would
result in much more comfortable operating by
everybody, giving the practical effect of widened
bands. Should we not, under those eircumstances,
be willing to invite s few restrictions upon our
liberty, simply in the name of the improvement
that we would experience? It seems to us that we
should, and that is why we are interested in the
possibilities of planning our future along engi-
neering lines.

Some of the fundamentals of any such plan can
readily be sketched in bold outline: Most of the
slow and unskillful operation, and a terrific per-
centage of the unnecessary interference, comes
from beginning amateurs. Instead of being free to
operate anywhere, they might well be obliged to
confine their activities to certain portions of our
bands during a probationary period of say s year.
Within extremely broad limits, we ought to have
some restriction on the distances over which we
employ different bands of frequencies, particu-
larly at night. Of ecourse certain portions of our
bands should always be available for experi-
mental work, for the chap who is trying to cross
the Pacific on 1800 k., for the lad who wants to
prove to himself that 14 me. is no good for work-
ing 100 miles at night. But because, by and large,
these are the things that cause the unnecessary
interference, we might very well recognize the
principle that frequency bands should be used
for the distances for which they are best suited.
It might prove a pious idea to have a regulation
obliging every station to possess an arrangement
for reducing power. Certainly all of our ’cross-
town work ought to be on ultra-high frequencies.
"Phone allocations, instead of ‘“‘just growing”
like Topsy, might more logically be located in
accordance with engineering principles.

Increasingly nowadays in ham conversations
one of the fellows will be seen to produce 2 sheet
of paper and say, “Now here is how I would pro-
pose dividing up the bands. I would employ the
160-meter band for so and so. I would put be-
ginners here. I would divide the 3500 ke. band
this way.” It’s a good sign. That way lies free-
dom. If anybody would half-way encourage us,
we’d feel strongly tempted to put on an essay
contest, with prizes for the soundest-appearing

October, 1936
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proposals. At least we would then have some-
thing concrete to look at, and we could subse-
quently decide whether we would care to live
under those conditions. Does it sound worth
trying? :

OR years there has been talk of the eventual

writing of the history of amateur radio. 1t has
now been done, at least the story up to date, as is
announced elsewhere in this issue. 1t is perhaps
surprising that it has never been done before,
considering that amateur radio started near the
heginning of this century. Perbaps the deterrent
lay in the very fact that the story had become so
big that a prodigious amount of work would be
necessary to cover it. We are happy to say that
we think a very satisfying job is done by Mr.
De Soto’s new book.

Our League itself has been in existence for
more years than the age of many of to-day's
amateurs. Obviously much has happened in those
vears that is wholly unknown to any save the old-
timers who have been continuously active in
amateur radio for twenty years or more. The
annual “turn-over” in amateur radio is perhaps
ag high as 40%. The bulk of the faces in amateur
radio are completely new every three years.

To-day’s amateurs familiarize themselves with
the technique of the moment, they know vaguely
that our movement had a past and even a be-
ginning, as they hear old-timers talk of spark
transmitters and loose-couplers. But the perfect-
ly fascinating story of our early days and the un-
folding tale of the evolution of amateur radio has
never been told to them. Here at last we have it.

We helieve it interesting to mention here that,
although the League is the publisher of this new
book, it was not originally written for us or with
that thought in view. Although the author is a
member of our headquarters staff, the major
portion of the writing of the first draft was ac-
complished before he joined us, and in fact it was
his researches in that field that first brought us
into contact. The book aims to be a readable but
completely impartial recountal of the whole
magnificent and absorbing story of amateur
radio. Qur accomplishments and our disappoint-
ments, the whole of our legislative and regulatory
experience, our successful emergence from con-
stant vieissitudes, and a keen analysis of where
we stand now—all combine to make a thrilling
and invaluable record which we believe every
amateur will be glad he read.

K. B. W.

Navy Day Receiving Competition—
October 27th

AE;L amateurs are invited to copy the telegraphic transmissions addressed to radio amateurs
A from NAA and NPG on Navy Day, October 27th. Messages from the Secretary of the

Navy will be sent from these stations. The texts will be substantially the same in thought, but
will vary as to wording. A letter of commendation signed by the Secretary of the Navy will be
awarded to every amateur who makes perfect copy of the text of one message. Both messages
may be copied, but only the best copy should be submitted in the competition. It is not neces-
sary to copy both stations, but please mention if both stations were copied when submitting
your best copy. Only the text of each message will count (not the preamble, break signs, and the
like). Mail copies for grading to the A.R.R.L. Communieations Department, West Hartford,
Conn. Send your original copies—recopying invites errors. The relative standings of the various
Naval Districts will be ascertained by comparing the number of letters awarded with the
number of copies submitted from each District. Transmissions will be at approximately 15
words per minute and will be preceded by a five-minute CQ call on the following schedule:
From Washington: NAA, 9:00 p.m., E.S.T., simultaneously on 4075, 8150 and 12,225 kes.
From San Francisco: NPG, 7:05 p.M., P.8.T., simultaneously on 4010 and 8770 kes.

Coming—Heterotone Recéption

A real improvement in ¢.w. telegraph reception,
giving to pure d.c. signals all the tone quality and
other advantages of tone-modulated transmission

but without m.c.w.’s disadvantages, will be
described by Jim Lamb in November @S7'. The
new “‘heterotone’’ system is easily applied to any
good ham superhet, especially to crystal-filter
types.
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A Medium-Power. Transmitter for 7, 14
and 28 mc.

Economical C.W. Operation plus Adaptability to Grid-Bias Modulation

By George Grammer,* WIDF

has his own reasons for choice of tubes,

circuits and layout. Because individual
requirements often are conflicting, it is unreason-
able to expect that, given a level of output power
to be obtained, one transmitter arrangement will
satisfy everyone. Therefore in describing the
transmitter pictured here, it is necessary to point
out the various factors which influenced its design.

EVERY amateur who builds 2 transmitter

achievement of a suitable compromise between
cost and signal strength. Now this question is
complicated in a great many ways, and considera-
tion of all factors involved is a separate story by
itself. Suffice to say that we came to the conclu-
sion that the optimum balance was reached with
inputs in the neighborhood of 200 or 250 watts.
There are a great many tubes which, either singly
or in pairs, will handle this input, but in this case

A PLAN VIEW OF THE EXCITER UNIT

The 89 oscillator is between the cathode and oscillator-plate tuning condensers. The oscillator plate coil (center)
should be shielded, as explained in the text. In this photo the shield has been removed to show the coil socket and

wiring.

On the average, the requirements to which it was
built probably correspond quite closely with
those of many amateurs.

Primarily what was wanted was a rig which
would give enough output on 40 and 20 meters so
that reasonably consistent work could be done,
ziven a decent antenna; plus a fair amount of
power on 10 meters for experimental work and
communication when conditions were good; plus
the possibility of working 'phone on 20 and 10
oceasionally without the necessity for expensive
modulating equipment. Further desirable features
were simplicity of design and reliability of opera~
tion, with enough flexibility so that should the
necessity arise for operation on other bands than
those specified, the adaptation could be made
without reconstruction.

Some of these objectives do not exactly dove-
tail with the others. However, taking them in
order, the decision on the first point rested on the
"% Assistant Technical Editor.

the choice wasg further influenced by the necessity
for meeting the 'phone requirement. Since the
amount of ’phone work contemplated did not
justify the expense of generating a lot of audio
power for plate modulation, the grid-bias system
seemed a logical arrangement. With this system
the efficiency of the output stage on ’phone would
necessarily be low, so to get at least a usable
"phone carrier, the tube or tubes used would have
to have a fairly large plate-dissipation rating.
Here arose the necessity for compromise between
sufficient power capacity for low-efficiency "phone
and unnecessarily large capacity for higher-
efficiency c¢.w. A tube having a plate dissipation
rating in the vicinity of 100 watts seemed to us
to strike about the right balance, since it would
give a ’phone carrier of about 50 watts, and on
c.w. would be working rather easily at the input
already determined.

There are many tubes in the 100-watt dissipa~
tion class, but since this transmitter was being
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built chiefly for the higher frequencies, the low-
capacity type designed especially for high-fre-
quency work appeared more desirable than the
older types, not only because of presumably
greater efficiency, especially at ten meters, but

-Rlé%gor

wn— BT
o
o
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has two advantages not possessed by triodes:
excitation requirements are very low, and the
suppressor-grid offers a keying means which ean
hardly be surpassed for key-click elimination.
And the Tri-tet oscillator, besides giving second-
harmonic as well as funda-
mental output, is far from
being “cranky’’ with re-
gard to crystals—s plate
with any oscillation possi-
bilities at all will “go™ at
the close of the switch, day
in and day out. In addi-
tion, the circuit gives a
buffer effect which is

4
H
2000000

]
d
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ER; particularly desirable when
) the following tube is to be

FIG. 1—CIRCUIT DIAGRAM OF THE EXCITER UNIT
The three connections marked ‘600 volts’® can be tied together. Oscillator plate,
buffer plate and screen leads are brought out separately to facilitate metering.
R3—50,000 ohms, 2 watt.
R3—10,000 ohms, 1 watt.
R4, R5—10,000 ohms, 10

Cy, Ca, C%ZIOO wpfd. vari-  Cio, CuI—O .002 pfd. paper,

a 500-volt transmit-
Ce—100 ppfd. fixed mica.

ting type, non-in-
Cg—350 ppfd. fixed mica. *

uctive.

Ce to Cyp inc—0.01pfd  C11—0.001 pfd. fixed mica.
paper, non-induc. Ri—50,000 ohms, I watt.
tive.

Li—For 7-mc. crystals 7 turns, wmdmxfllength 1 inch.

Loy 7 mc.: 16 turns, wmdmx leng 1 inch.
i4dmes: 8

I‘a_ 7 mec.: 18 & €€ [ 113 £¢
14 me.: 10 < £ s €< e
’)8 me.: 5 €t % s ({3 i

All coils wound on Hammarlund forms (diameter 114 inches) with No. 18
enameled wire. Lmk coxls on L3 consist of one or two turns closely coupled to L3 at

the bottom (cold) end

also because their low interelectrode capacities
make them easier to handle in neutralized cir-
cuits, The tube actually used is the RK-36, which
agide from capacities is a good deal like the 211.
The similarity in ratings encourages the idea of
operating the tube as one would a 211, i.e., mod-
erate voltage and fairly high plate current, since
for our 200-250 watts this seemed likely to be the
least expensive way to do it.

Came next the question of the exciter. Rather
than gearch for new ways of doing old things a
step was taken in the opposite direction—to use
something time-tried and of known performance.
The 89-802 ten-meter exciter described in
January QST ! had been doing a good job in
regular service, and the idea of not having to
neutralize any tubes in the exciter was appealing.
The output of 10 watts or so on ten meters was
deemed enough for excitation purposes in view of
the rather limited use of this band, while two or
more times this output should be available on
both 14 and 7 me.

Besides giving the necessary power output,
this particular combination has other points to
recommend it. A pentode of the 802 or RK23-25
type, in addition to requiring no neutralization,

1 “Transmitters for Ten Meters”, QST, January, 1936.

Re—10,000 ohms, 25 watt.
Rp—25,000 ohms, 25 watt,

keyed.

Thus the final line-up:
7-me. erystal, 89 Tri~tet
ogcillator, 802 or RK25
buffer-doubler, and RX36
final amplifier. Three units
were built: exciter, final,
and antenna coupler.

Sup.

watt.
THE EXCITER UNIT

The circuit diagram of
the exciter is given in Fig.
1. The general idea is the
game a8 in the exciter
already mentioned,! but
with some differences in
details to permit working
onseveral bands, Top-and
bottom-view photographs show how the ap-
paratus is laid out. Panel and base are of Lamtex,
the panel measuring 19 by 7 inches, the base 17
by 5. The panel is cut and drilled to standard re-
lay-rack dimensions, as are also the panels for the
other units. A strip of aluminum 3 inches wide
runs the length of the base, underneath, to take
all ground connections. All grounds, incidentally,
are made directly to this strip by the shortest
possible path. The front part of the base is left
uncovered go that the tuning condensers, two of
which are at high d.c. potential, need not be
separately insulated from the ground strip. All
parts are mounted on the base; the condenser
shafts simply project through the panel far
enough to take the dials. This is also true of the
construction of the other units; each is really a
breadboard with a panel tacked on the front; the
panel can be removed without disturbing any of
the apparatus. Power connections are made to a
row of machine screws mounted along the left
edge of the base; on the right side, output to &
link is taken from the pair of standoff insulators.

Progression is from left to right in the top view.
The oscillator cathode coil is at theleft; the center
coil is for the oscillator plate, and that at the
right for the buffer plate. The two tubes are
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capacity-coupled, the coupling condenser being
underneath the base. By-passes in the oscillator
circuit are all .01-ufd. non-inductive paper con-
densers; in the buffer circuit, the sereen and plate
by-pass condensers also are of the non-inductive
paper type, but of higher voltage rating. The sup-

In the oscillator cathode circuit, the tuning
capacity consists of €y and (4 in parallel; this
system being adopted to avoid the necessity for a
large variable condenser at C; to give the high-C
the Tri-tet cathode circuit demands for best
operation.

SUB-BASE WIRING OF THE EXCITER UNIT

fly connection terminals are at the left in this photograph. The voltage divider and dropping resistors are
mounted on lug strips; they can be seen below the center and left-hand dials. Ground connections are made to the

Power-sup,

alumi: strip 7

ing the length of the base; the shortest possible connections should be used. The small fixed

condenser at the left end of the ground strip is C4, Fig. 1. Connections which must be insulated from the ground strip

ure made to insulating mounting lugs.

pressor by-pass in the buffer circuit is a 0.001-fd.
mies condenser; for keying purposes—and like-
wise should it be desired to try suppressor modu-
lation on the buffer—it is desirable that this
condenser not be too large.

The oseillator plate coil must be shielded to
prevent the buffer from self-oscillating. In the
space available for the tubes and coils, there is
some capacity coupling between the tube plate
and the oscillator plate coil, which also tunes the
huffer grid circuit, and there is likewise the pos-
gibility of magnetic coupling between this coil
and the buffer plate coil. The shield is-a Hammar-
lund coil shield of the type used in the Pro re-
ceiver. The bage is held to the top of the oscillator
plate coil socket by the socket mounting screws,
the shield itself fitting down over the coil when
the latter is in place in the socket. The shield as-
sembly was removed in order to show the parts
clearly when the top-view photograph of the
exciter unit was taken.

Resistors B3 to Ke, inclusive, provide a voltage
divider for the oscillator plate, screen and sup-
pressor. The value of 10,000 ohms for Rs can be
reduced if the power supply voltage is 500 rather
than 600; the power supply built to go with this
unit, of which more will be said later, delivered a
bit better than 600 volts under the full load of the
two tubes, and a fairly large value of oscillator
dropping resistor was necessary to keep the oscil-
lator plate voltage in the viecinity of 300, which is
about right for the 89.

Sereen voltage for the buffer is obtained
through a series dropping resistor, Bv. The value
of the grid leak, Bo, was determined after a series
of tests to be the optimum value for doubling,
and is not critical for straight amplification.

The oscillator, buffer screen and buffer plate
leads are brought out in the fashion indicated so
that meters can be inserted in any of the three
eircuits.

In view of the fact that most amateurs are
familiar with the operation of Tri-tets and pen-
tode amplifiers, it should not be necessary to say
much about tuning procedure. The general
method for both circuits has been described many
times in QST and in the Handbook. For 7-me.
operation, 7-me. coils are used at all three posi-
tions, Li, Ls and Ls; for 14-me. work, the same
cathode coil is used at Ly, the 14-me. coil at Leg,
and the 14-me. coil at Ls. On 28 me. the lineup is
the same as for 14 except that a 28-me. coil is
used at La. The total current to the oscillator, in-
cluding the secreen divider, should be in the
vicinity of 25 to 30 ma. Minimum buffer plate
eurrent will be 10 to 15 ma. on 7 and 14 me., de-
pending upon the no-load plate supply voltage,
and about 30 ma. on 28 me. Loading to 50 or 60
ma. will give 20 to 25 watts output on 7 and 14
me. and a bit better than 10 watts on 28 me.,
using a 600-volt supply. The suppressor should
be operated at about 50 volts positive, although
it can be grounded with a small reduction in
output. On 28 me., the buffer plate input should

October, 1936
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not exceed 30 to 35 watts, since the lower efli-
ciency will cause more heating and may result in
elimbing plate current after a short period of
continuous operation.

With the 89 operating as & Tri-tet with 7-me.
output, the preferable tuning procedure is to set
¢’y at minimum and tune Cq on the high-frequency
side of resonance. The plate tuning is quite
broad; oscillations will cease only when C9 is

L 3
g

C4

XFiL~ -C

FIG. 2—~THE AMPLIFIER DIAGRAM
C1—50-uufd. variable.
Cz—Split-stator transmitting type, 100 pufd. per section,
) 3000 volt breakdown per section.
Cs—Neutralizing condenser (National NC-800),
C4—0.001pfd. mica, receiving type.
Cg03.002-ufd. mica, 5000-volt rating.
Cs, Cr~—0.01-.ufd. paper, non-inductive.
RFC—-Receiving-type pie-wound choke.
L1—28 me—4 turns No. 18, diam. 134 7, length 34 ',
14 me.~9 turns No. 18, diam. 134 ", length 1'".
7 mco—15 turns No. 18, diam. 134 ", length 1'’.
All link windings consist of two turns, wound close to
5\!{1{2 ;o;)v-potential end of Li. (Coil forms are National
Lg~-28 mc.—4 turns No. 14, diam. 214", 314 turns per

inch.
14 !nc.’-t-—lz turns No. 14, diam. 214 /', 314 turns per
inch.
7 me.~18 turns No. 14, diam. 214 ', 7 turns per inch.
Each coil :ggged at center for feed connection. (Forms
are National -10A.)

tuned to resonance. With the coils specified, any
7-me. crystal will operate with both € and C; at
minimum capacity, no special
tuning for different frequencies
being necessary.

THE FINAL AMPLIFIER '

~li

The amplifier construction is

"C, I i L, :
C, Feeders

comment agide from the grounding arrangements.
Aluminum plates, similar to that for the exciter
ground, are mounted on the bottom side of the
base. One of these serves as the actual ground,
while the other, connected only to the tank con-
denser rotor, is by-passed to the first through a
high-voltage mica condenser. This was done as a
precautionary measure, to take the d.c. voltage
off the tank condenser plates so that with a 2000-
volt plate supply there would be less tendency
toward flashover. With & 1500-volt supply it
should not be necessary, and a single ground
plate could be used. It should be pointed out, how-
ever, that if the amplifier is to be plate-modulated,
even at 1500 volts, a tank condenser with a higher
voltage rating should be used. A condenser of the -
type shown fitted nicely into the present design
because plate modulation was not intended, and
because_grid-bias modulation called for com-
paratively low plate voltage for a tube of this
type. A saving of cost and space thereby resulted.

The plate and filament terminals are brought’
out through porcelain feed-through insulators,
the purpose being to insulate them from the tank
condenser ground plate. Terminals for grid bias
are taken off at the left hand side of the base,
looking at the top view. The two feed-throughs
at the left are the link terminals. These provide
more than adequate insulation for the link, and
form convenient connection terminals.

The amplifier grid coils are wound on tubular
Isolantite forms, the plate coils on the larger
notched ceramic forms. Specifications are given
under Fig. 2. In connection with the plate coils,
a reasonable amount of tank condenser capacity
should be used so that the neutralization will stay
put on the different bands. With the bands tuning
with Cq set at one-third scale or more, neutral-
ization will be fixed for all three bands. A small
capacity shunted across the
neutralizing section of Cs to
compensate for the plate-fila-
. ment capacity of the tube

2 should eliminate the tendency

o to go out of neutralization at

uniform with that of the exciter.
The panel meagures 19 by 1034
inches, the baseboard 17 by 714
inches. Although considerations
of good layout might dictate
more space between the tank
condenser and coil, compromise
was necessary here to fit the

FIG. 3--ANTENNA COUPLER

Ct, Cg~—150.pufd. transmitting con-

. _densers.

Ca, Cy~-0.002-pfd.
rating.

L1, Lg—12 turns No. 14, diameter 214
inches, spacing to give 34
turns per inch (coil length 314
inches, app.).

M—Thermo-ammeter (2.5 amp. size

mica, 5000.volt

the low-capacity end of the
seale.

Coupling between exciter and
amplifier to give optimum ex-
citation ean be adjusted by
means of the links. At the ex-
citer end, one or ftwo turns,

various components in the
available width and to have the grid and plate
tuning controls come out symmetrically. The
gsocket for the RK36 projects through the base,
the purpose being to bring the plate and grid caps
closer to their respective circuits, and to put the
filament wiring below the base where it is con-
venient to make connections.

‘The circuit is a familiar one and needs no special

suggested ).

closely coupled to the cold end
of the buffer tank, will be suffi~
cient. Two or three turns at the amplifier grid end
should provide optimum coupling. It is advisable
to make the final adjustment by moving the link
at the amplifier grid end back and forth slightly
to provide the right load on the exciter. Grid
current values will depend on the bias and link

37:‘Simplifying Split-Stator Final Amplifiers,” June, 1034,
Q3T
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adjustment. On 7 and 14 me,; the optimum ad-
justment is that which causes the buffer to draw
50 ma. plate current approximately. With bias
of the order of 200 to 250 volts, the grid current
should be around 25 ma. under load. On 28 me.,
where the excitation is lower, the RK36 should
be biassed fo cut-off

insulator for r.f.; although it is a satisfactory

insulator for moderate d.e. voltages, it was
deemed better not to depend on it for r.f., stand-
off ingulators being used instead where necessary.
It was not considered necessary to insulate the
r.f. ammeter from the panel, sinece none of the

{about 100 wvolts with T
the plate supply used),
in which case the grid
current, should be ap-
proximately 15 ma. un-
der load.

The amplifier can eas-
ily be loaded to the rated
plate current of 165 ma.
At plate voltages in the
vicinity of 1200 to 1500
it is probable that the
plate cwrrent can be in-
creased somewhat over
the rating without dam-
age to the tube, although
increasing it within any
reagonable limits (to 200
ma., perhaps) above the
rating will cause no per-
ceptible inerease in sig-
nal strength.

A REAR VIEW OF THE AMPLIFIER

ANTENNA COUPLER
The pi-gection antenna
eoupler used with the rig
is shown in one of the photographs. The diagram
is given in Fig. 3. The coupler proper is insulated
from the series-fed plate tank of the final amplifier

ol

— f

operation.

oy

FiG. 4—THE *SERIES” POWER SUPPLY DIAGRAM
Constants are discussed in the text.

by a pair of high-voltage mica blocking con-
densers. The coils are wound on ceramic forms
separated from each other ag much ag the space
available will permit. The condensers € and
(2 are mounted on stand-off insulators, this
being done because both sides of the condensers
are at high r.f. potential. In none of the units is
the panel and baseboard material used as an

Grid circuit to the left, plate circuit to the right. The coils shown are for 7-mc.

meter parts are connected to the meter case.

Of course any sort of antenna coupling ar-
rangeraent could be used. The pi-section filter is
often convenient and will work with almost any
antenna system, Provided care is used in the
preliminary adjustments to find the correct num-
ber of turns to use in the coupler coils L; and Lo—
and likewise the optimum number of turns across
which to tap the coupler on the final tank coil—
there should be no great difficulty in getting it to
work according to the book, Unless this is done,
however, the tuning may be sluggish and it may
not be possible to make the tube take load prop-
erly. Since the job need be done only once for
each band, the time required is inconsequential.

Before the rig is connected to an antenna, it is
a good plan to hook a lamp dummy antenna
to the feeder terminals of the covupler and go
through the adjustment and loading process,
noting the amplifier grid current when the ampli-
fier is loaded to the desired degree. When the
antenna is substituted for the lamp it will
probably be necessary to change the taps from
those used with the lamp, but the adjustments
should be made with the idea of duplicating as
closely as possible the grid current reading {(under
full load) obtained with the lamyp load. This helps
eliminate the tendency of the system to throw
the amplifier slightly out of neutralization, which

.October, 1936
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may happen if the tap adjustments are not right.
Tt is especially likely to oceur when the coupler is
used to work into an unbalanced antenns system,
such as a Zepp.

transformer and generally runs lower under load.
The outstanding advantage of the condenser--
input filter is the fact that the d.c. output voltage
always is higher than the r.n.s. transformer
voltage at light loads, and

"THIS VIEW FROM BELOW THE AMPLIFIER UNIT SHOWS THE TWO GROUND
PLATES WITH THE BLOCKING CONDENSER BETWEEN THEM

For operation at 1500 volts or less a single ground plate may be used, the condenser

being omitted.

POWER SUPPLY

Power supply design and construction usually
is quite straightforward and for that reagon is left
to the preferences of the reader when & trans-
mitter ig deseribed. In this case, however, a few
remarks may not be out of place, because the
possibility of getting a rela-
tively inexpensive power sup-
ply had its influence on the
transmitter design. In build-
ing up a power supply for the
amplifier we made use of an
idea described some time ago
in the Experimenter’s Sec-
tion, using two low-voltage
transformers in series. The

QUTPLT WOLTAGE
=
8

5 @
S &
Q o

generally is somewhat
higher than or at least
equal to the r.m.s. volt-
age at full output current.
Its disadvantages are
poor voltage regulation
and relatively high peak
current.

Now peak current is
something to consider
when expensive rectifier
tubes are used, but with
inexpensive 83’s becomes
less of a factor, especially
since 83's are built to
deliver 200 ma. into a
condenser-input filter.
Voltage regulation is not
much of a factor here
because for ’'phone the
plate current is constant,
and on ¢.w. any tendency
toward key clicks can be taken out in the keying
gystem which will be deseribed later. The one
point where poor voltage regulation is felt is in
the fact that the filter condensers must be rated
to stand the peak voltage under no load condi-
tions; with two 600-volt transformers in series

the peak voltage is in the

neighborhood of 1700 volts.
i2%°  Incidentally, for a given prod-
% uct of inductance and capac-
% ity, a condenser-input filter
< gives more smoothing than
one with choke input, so
5 gomething is gained on that
score.

A curve showing the volt-

circuit diagram is shown in o %
Fig. 4. The particular trans-
formers used are rated at 600
volts r.m.s. each side of the
center-tap, and can deliver
up to 200 ma. An 83 rectifier
is used with each one. A departure from now-
standard practice is the use of a condenser input
filter.

‘To explain this layout it is necessary to review
briefly the various advantages and disadvantages
of choke- and condenser-input flters. As is well
known, the properly-designed choke-input filter
can be made to give excellent voltage regulation,
and the input choke prolongs the life of rectifier
tubes by keeping down the peak current. Its
chief disadvantage is the fact that the maximum
obtainable d.c. voltage is only equal to approxi-
mately 909 of the r.m.s. output voltage of the

100 50
LOAD CURRENT~MA.

FIG. 5—VOLTAGE AND POWER OUT-

PUT VS. LOAD CURRENT FOR THE

POWER SUPPLY DIAGRAMMED IN
FI1G. 5

age variation with load cur-
rent for this power supply is
given in Fig. 5. Voltage
across the transformer pri-
maries was 115. The power
at different plate currents is
indicated by the dotted curve. The power curve,
as & matter of fact, is probably more useful than
the voltage curve, since we think in terms of in-
put. It is of particular value in setting up the
conditions for grid-bias modulation.®

The use of two transformers as indicated in
Fig. 4, besides permitting the use of inexpensive
rectifier tubes without resort to a bridge cireuit,
also offers a ready means for reducing power for
testing or local work. The switch in series with
one transformer primary cuts the voltage in half,

8 “(3rid-Bias Modulation for the (teneral-Purpose Trans-
mitter”, QST, March, 1935.
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approximately. This is an appreciated feature
when tuning adjustments likely to run the ampli-
fier off regonance are made, and should prolong
the tube life, :

The power supply for the exciter uses a 550~
volt transformer of the familiar broadcast-
replacement type, with an 83
rectifier. A condenser-input
filter also is used with this
unit, the condensers being
double 8-ufd. electrolytics
with the ftwo sections con-
nected in series to give 4-ufd.
condensers with a rating of
about 900 volts. The actual
power supply has three such
condensers and two “com-
mercial-rating’’ 30-henry
chokes. The plate voltage for
the buffer is taken off the
second condenser, the last
choke and condenser provid-
ing additional filter for the
oscillator alone. This last refinement is to elimi-
nate any possibility of power-supply hum when
working ’phone, since the grid-bias system ampli-
fiers any hum existing on the output of the exciter
stages. It is unnecessary for ¢.w. work.

At full load—50-60

o Supp. Grd

FIG. 6—BIAS AND CLICKLESS KEYING
CIRCUIT

R1 should be approximately 50,000 ohms;
its value is not critical since it serves only to
limit the current in the key circuit. C and
Rg should be proportioned to give a suitable
time constant for clickless keying; 1 ufd. and
5000 ohms is satisfactory.

50,000 ohms up. Rz and C determine the time
constant, or duration of the building-up and
dying-down of the keyed characters. The values
of 5000 ohms and 1 ufd., respectively, will give
sufficient lag—perhaps more than necessary. By
varying the value of Rj it is possible to get almost
any lag desired—?0,000 ohms
at Rg, for ingtance, will give
so much that it is impossible
to key at more than a few
words per minute. If Rg is
made variable, the lag can
quickly be adjusted to the
desired value with the aid of
& monitor.

Since the thing that counts
is the product of the values
of Ry and C, a smaller con-
denser and larger resistor
can be used to give the same
effect as the values specified.
However, if positive voltage
is to be applied to the sup-
pressor with the key down, Rz should not be too
large, since under these conditions current flows
to the suppressor and the actual voltage between
suppressor and ecathode will be less than that
furnished by the “C" supply. If the suppressor

7 Amp Grid

-

ma. on the buffer plate,
plus the buffer screen
and the oscillator cur-
rent, a total of something
over 100 ma.~—the ex-
citer power supply de-
livers approximately 600
volts. The tube will stand
this small excess over the
rating without complain-
ing 80 long as the plate
current is kept in the
vieinity of the rated
value.

KEYING
The keying system is

shown in Fig. 6. The bias
supply indicated should
give 250 volts or more; it

THE PLSECTION ANTENNA COUPLING FILTER

The two large standoffs at the rear center are the feeder terminals. Input condenser,
at left, output at right. The insulating condensers Cz and Cy, Fig. 3, are mounted along

may be a bank of bat- theleftside of the input tuning condenser.

teries or a regular “B”

type supply. The ground point should be made
about 50 volts from the positive end of the bleeder
so that a small positive voltage can be applied
to the suppressor when the key is closed. The tap
for the final amplifier preferably is variable so
that the bias can be adjusted in operation to give
optimum output.

The general arrangement has been described
previously in both Q8T and the Handbook. Re-
gistor R; is simply to keep the current in the key
circuit at a low value; it may be anything from

is operated at zero potential under key-down
conditions, this consideration disappears and
any reasonable values can be used at Rz and C.
Positive suppressor gives somewhat more output,
however, and is therefore worth while.

This method, besides giving positive keying
(and incidentally requiring fixed-bias protection
for the amplifier tube) also is very successful in
eliminating key clicks, not only from nearby b.c.
receivers but also locally on the operating

(Continued on page 72)
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A Cheap and Efficient Vertical Antenna for
7- and I’4-Mc. Operation

By O. S. Keay,* W9SJK and Joe Pehoushek,** WOEFK

written on antenna masts and we feel

that the one we constructed last fall
merits the time and effort to put it in print. It
has several, not new, but unique features, that
we feel are worth considering.
We wish to pass these along to
the rest of the fraternity for their
review and use, if they see fit. We
have done some experimenting
and our work has shown that
one dollar spent in the antenna
is worth several spent on the rig
in the shack. After using several
different types of sky hooks in
different locations, we came to
the conclusion that for all
around coverage here in the mid-
west, a vertical antenna would
suit our purpose to the best ad-
vantage. We therefore gave the
matter considerable thought and
read all of the available material
that was at hand. Out of this we
evolved the 40-meter half-wave
vertical antenna that we will
try to deseribe by word and pic-
ture. We sincerely hope that
gorae of our readers will be ghle to use advan-
tageously the results of our efforts.

Now to get down to the meat of this attempt at
authorship, and briefly explain our brain-child.
We were fortunate in having the power company
come through our neighborhood replacing some
40-foot 8-inch top poles about the time our ideas
of a good antenna began to take concrete form.
With a little persuasion we convinced the crew
foreman that we could make very good use of a
couple of the replaced poles that had deteriorated
too much for their use in power service. These
poles were rotted some at the ground-line but
not too much to support their own weight and
gome more. As Fig. 1 will indicate, one of these
poles hecame the base structure of our 69-foot
vertical magt. After setting this 40-foot cedar pole
in the ground 7 feet, we had 33 feet towards our
half-wave 40-meter vertical antenna.

This pole remained in the ground without any
use for some weeks before we could definitely
decide on & practical way to obtain the remaining
33 or more feet we needed for our antenna. After

# 169 SE Seymour Ave., Minneapolis, Minn.
*x79 SE Melbourne Ave., Minneapolis, Minn,

OF LATE there have been few articles

FIG. 1

many plans for the extension were laid to one side,
we decided upon the tripod and bamboo fishpole
arrangement visible in Fig. 1. The tripod was con-
structed of three 22-foot fir “two-hy-twos” and
four cross-members made of 2-inch planking,
The bamboo fishpole was obtained after consid-
erable search in the various local hardware stores,
for the sum of 35 cents. It also was 22 feet long
and was about 11{ inches in diameter at the base.

The tripod was formed by lag-bolting three
uprights to four cross-members that were sized
and shaped to give the tripod the proper taper.
The eross-members can be seen fairly well in Fig.
1. The points at which the lagbolts passed through
the uprights were reinforced by placing a short
section of channel iron, of proper size to fit snugly
over the uprights, under each bolt. The upper
cross-member was placed far enough down from
the top of the uprights to serve as a support and
form a cradle for the bottom of the fishpole.
A hole was bored in this member to just admit

FIG. 2—~TUNED FOR 7 MC.

the bage of the pole. The lower cross-member was
30 placed that after allowing for a 4-foot lap it
just missed the top of the cedar pole. The other
two cross-members were evenly spaced in between
these pieces. One other thing that required some
thought was the size of the bottom cross-member.
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This was so sized that when the tripod was all
assembled it would properly and snugly fit
down over the cedar pole.

The base of the fishpole was placed in the hole
in the top cross-member and the pole secured by
means of a strap iron clamp at the ends of the up-
rights. A padding of crepe rubber was placed be-
tween the ends of the uprights and the pole before
applying and tightening the clamp.

1t should perhaps be made clear that the fish~
pole and the tripod were completely constructed
and agsembled as one unit on the ground before
placing it in position on top of the cedar pole.
It will be advisable to give the fishpole some treat-~
ment, such as one does's bamboo flyrod, to
strengthen it and protect it from weather. The
tripod should also be weather-proofed with out-
side paint.

The standoff insulators which were to support

/ndartwe

coupl
fﬁ

made up of two No. 14 wires spaced 5 inches

apart and supported with insulators on various

available objects. An impedance-matching de-

viee, consisting of a coil and a variable condenser,

was located at each end of the line and tuned to

the operating frequency the usual methods. Fig.

2 shows the tank at the antenna end of the line,

enclosed in & sheet metal housing, and its connec-

tions. The procedure for balancing this line and

attaching it to the tanks was obtained from a

Westinghouse booklet entitled “Two

Wire Untuned Transmission Lines.”

The antenna was passed through the

housing by means of a bushing insul-

ator shown at the top of the box and

attached to the end of the tank coil,

X where the impedance of the radiator
matches that of the tank.

It will be noted in Fig. 2 that the

center of this coil was grounded.

This was done to maintain a balanced

= condition in the tank, and was found

600 b7 Livie i

-~ Any "e"yﬂi‘ No. 1 wire Spaced's inches &

to give a slight increase in antenna
current. The coil shown lying on the

[
}
[4

F}rzal}g

FIG. 3—ANTENNA TUNING SYSTEM

.. On 7 mc. the antenna operates as a voltage fed Hertz.
For 14-mc. work it will be necessary to insert a phasing
tank at “X.”

the radiating wire were next attached to the as-
sembly and the wire secured in place. These in-
sulators should not be screwed directly to the
fishpole, as this will materially weaken the pole,
but should be attached by arranging some sort
of a clamping device for each insulator and pad-
ding it with rubber or some other resilient mate-
rial. On the tripod and the cedar pole the insu-
lators may, of course, be screwed directly in
place.

When all of this preliminary work had been
done we were ready to hoist the completed as-
sembly into place on top of the cedar pole. It was
raised vertically beside the cedar pole. With the
aid of three steadying lines, and a short gin-pole
and pulley temporarily anchored to the top of the
cedar pole, the extension was guided and hoisted
into position and fastened there with six lag-
bolts. Channel iron reinforcements were again
used under each lagholt.

The remainder of the radiating wire was then
uncoiled, from its temporary position at the base
of the tripod, and strung down the cedar pole to
the impedance matching device, shown in the box
in Fig. 2, and cut to the proper length for the
frequency to be used.

A 600-ohm matched impedance transmission
line was decided on because of the 215 feet from
the trapsmitter to the radiator. This line was

top of the housing is used in the cir-
cuit when working on 20 meters and
the coil shown in the eircuit resonates
at 40 meters. The tank at the trans-
mitter end of the line is of similar
construetion, inductively coupled to the final,
and resonant at the operating frequency.

Fig. 8 shows s schematic diagram of the entire
transmission circuit. This arrangement gave a
very efficient means of transmitting the energy
from the rig to the antenna and seemed to help in
reducing BCL interference. The two resonant

FIG. 4

tanks in the circuit help to reduce harmonic
output.

Fig. 4 shows a view of the entire transmission
line and also includes the base of the mast. The
line and other wires were traced in ink so they
would show more clearly. The arrow on the house

(Continued on page 7%)
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1936 VK/|ZL International DX Contest

1200 GT, Saturdays, to 1400 GT, Sundays—Oct. 3rd—4th; Oct. 10th—Iith;
Oct. 17th—18th; Oct. 24th—25th; Oct. 31st—Nov. Ist

Institute of Australia, announces another

Centenary Contest for 1936. Several
changes in scoring will be noted in the rules,
which have been drawn up by G. B. Ragless,
VEK5GR. Serial numbers will not be used ag proof
of contact this year. All signal reports exchanged
must include Readability, Strength and Tone,

THE South Australian Division, Wireless

and must be so shown in the log. The contest is.

open to all amateurs of the world. Competitors
outside Australia and New Zealand will multiply
total QSO points by the number of VK/ZL dis-
tricts worked (a possible multiplier of 12).
Attractive certificates will be awarded to the
operator submitting the highest score in each
country and in each G, W and VE licensing area.
The Contest will be in three seetions: (a) Open
Bection, (b) Handicap Section (for VK/ZL only),
(c) Receiving Section. Here are the complete
rules and stipulations:

1, The W.I.A. Contést Committee will be the sole judge
and its rulings and interpretations will be binding in the
case of any dispute.

2. The nature of the Contest requires contacts between
the World and VK-ZL.

3. The Contest is open to all Licensed transmitting and
receiving stations in any part of the world. Unlicensed, ship
and expedition atations are not permitted to enter. Financial
Members of W.LA. and N.Z.A.R.L. only will be eligible for
awards in VK-ZL.

4. Only "one licensed operator is permitted to operute
any particular station. Should two or more operators operate
at the same station each will be considered a competitor and
must enter under his own call sign, and submit in his log
contacts established by him. This debars persons eutering
who have no amateur license.

&. All amateur frequency bands may be used.

6. No prior entry is required, but each contestant is
to submit a log at the conclusion of the Contest showing
date, time ((GT), band, station worked, signal reports ex-
changed, and points claimed for each QSO. Signal reporis
ust include Readability, Strength and Tone. Nore.—No
serial numbers are to be exchanged.

7. The Contest will be held from 1200 GT, Saturday,
October 3 to 1400 GT, Sunday, October 4, and will be con-
tinued between the same times on each of the four following
week-ends: Oectober 10-11; October 17-18; October 24-25;
and Qctober 31-November 1, 1936,

8. Scorme ror VK-ZL Comprrirors.—Twelve points
will be scored for the first contact with a station in a country
other than VE-ZL, eleven points for the séeond, ten for the
third and so on until the twelfth, which will score one point.
In all cases contacts are irrespective of the band used. This
will apply to all countries except England and the United
Htates of America; in these two countries 12 or more (as
above) contacts will be permitted with stations having the
following prefixes: G2, (G5, G6 and W1-2-8-4-5-6-7-8-9.
The points scored by contacts in the above manner will be
added together and multiplied by the number of countries
worked which will give the final score, except in the handi-
cap section, where the grand total will be divided by the in-
put (PA to Aerial in Watts) which will give the final score.

9, Scormng wor CompETITORS Oursis VK-ZL,.—

Twelve points will be scored for the first contact with a
VK-ZI, prefix zone, eleven for the second, ten for the third
and so on to the twelfth contaet which will count one point,
The first 12 contacts with a particular prefix zone will,
therefore, seore 78 points, Each additional contact after the
twelfth will count one point. This will apply to each VK-ZL
prefix zone worked. The points scored in the above manner
will be added, and the fotal multiplied by the number of
VR-ZI, prefix zones worked which will give the final score.
The prefix sones are VEK2-3-4-5-6-7-8-0 and ZL1-2-3-4.

10. Only one contact with a specific station on each of the
bands will be permitted to count during the whole of the
Contest except on the 28-mo. bands where one contact each
week-end will be permitted to count,

11, Hanpicar Section.—All VE-ZL stations entering
in the handicap section must state their desire to do so and
give the power input to valve feeding the aerial. Input in the
handieap section must not exceed 25 watts. Only VK-ZL
competitors may enter the handiecap section.

12. Entries from VK stations must reach the W.LA.
Contest Committee, Box 284-D, G.P.O., Adelaide, not later
than December 1st. Al overseas logs must reach the same
address not later than December 31, 1936. Entries from ZL
stations must be sent to the N.Z,A.R.L., Box 489, G.P.O,,
Wellington, not later than November 25, 19386.

Awarps: Attractive Certificates will be awarded to the
operator returning the highest total in each couniry and to
the highest scorer in each of the (-, W and VE prefix districts.
For awards for VK-ZL highest scorers see official organs of
W.LA, and N.Z.A.R.L.

Recerving Contesr: 1. The general rules for the Receiv-
ing Clontest are the same as for the transmitting contests.
1t is open to any short-wave listener in the world except in
New Zealand, where only members of the N.Z.A.R.L. can
compete in receiving.

2, Only one operator is permitted and only one receiver
can be used.

3. The dafes, times, scoring of points and logging of
stations on one band for the duration of the Confest are the
same as for the trunsmitting contests. Norm.—Reception of
28-me, stations will be permitted to count for once on 2 week-
end, and not once only for the duration of the Contest.

4. To secore points the call sign of the station being
ealled and the readability, strength and tone of the calling
station must be entered in the log together with band, date
and time. Logging of CQ or TEST calls will not count. Nors.
—~(lverseas stations must be logged by Australian or New
Zealand listeners when either calling ZL or VK stations.
Overseas listening stations must log VE-ZI, stations when
they are calling overseas stations.

5. Australian and New Zealand operators will count their
seores as in Rule No. 8 of transmitting contests.

6. Overseas listening operators will count their scores
us per Rule No. 9 of the transmitting contests.

7. Entries must be sent as per Rule No. 12 of the trans-
mitting contests,

e Stra {

Base connections for the 616 seetn to be bother-
ing some of the fraternity. Sockets should be
connected the same as for the 6F'6: Pin 1, shield;
pin 2, heater; pin 3, plate; pin 4, screen; pin 5,
grid; pin 6, no connection; pin 7, hesater; pin 8,
cathode.
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Multi-Tube Oscillators for the
Ultra-High Frequencies*

By Paul D. Zottu**

the effective use of the ultra-

high frequencies is the fact
that with present methods the out-
put power that can be developed is
small. With the feedback type of
oscillator, output decreases approxi-
mately inversely as the square of the
frequency. Although the use of two
tubes in push-pull permits doubling
the output of a single-tube oscillator,
in the region of 300 me. this increase
amounts to only a few watts with
commercially-available tubes. Paral-
leling of tubes is ouf of the question
because this method causes tube ca-~
pacities to add and therefore requires
reduction of inductance to maintain
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FIG. 1-~VARIATION IN FREQUENCY AND POWER QUTPUT WITH TUN-

ING, TWO OSCILLATORS COUPLED TO A COMMON TANK

* Abstract from a paper presented by the author at the
1936 LR.E. convention and submitted for publication in
full in the Proceedings of the Institute.

#% Research and Development Lab., RCA Manufacturing
Co., RCA Radiotron Division, Harrison, N, J.

QUTRYUT — WATTS

F1G. 2—AN EIGHT.

UNIT 120-CM. OSCIL-

LATOR OF THE TYPE

DESCRIBED IN THE
TEXT

A brass plate, on which
the whole assembly is
mounted, serves as an effec-
tive ground.

the same frequency. At
the frequencies consid-
ered, inductance is al-
ready at a premium and
further reduction ne-
cessitates making the
oscillatory circuit in-
side the tube. Another
disadvantage of the di-
rect-parallel system is
that the generated fre-
quency changes with
the addition or sub-
traction of & unit. It is
evident, therefore, that
a means of combining
the output of two or
more independent os-
cillators in such a way
that these disadvan-
tages are overcome
would be highly de-
girable,

By proper utilization

of two well-known effects in the operation of
oscillators, a method for combining several os-
cillators in the desired manner becomes possi-
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ble. Consider first a simple oscillator coupled
to a tuned circuit which will be termed the
secondary cireuit. If the coupling is very loose,
the secondary tuning will have negligible ef-
fect on the oscillator frequency, except in a
small region near the point where the two cir-

outpui of the oscillator can be obtained with
coupling values equal to or greater than critical.

Now suppose we have two oscillators of ap-
proximately the same frequency, one being vari-
able a few percent within the region of the other.
The two circuits are loosely coupled. As the wave-
length of the variable oscillator approaches

that of the fixed oscillator, the difference in
frequency suddenly disappears, the oscil-
iators having pulled each other in step.
‘This is the common ‘‘pulling-in’’ effect. As
the variable oscillator is further varied in
the same direction, the generated frequency
varies linearly with it until a value is
reached where the two oscillators again op-
‘erate independently. The range over which
the two oscillators are synchronized de-
pends, among other variables, upon the
ratio of the impressed and the locally gen-

FIG.3—ONE OF THE 834 OSCILLATOR UNITS MOUNTED

IN ITS BRASS FRAME

cuits are in resonance, where a slight change in
oscillator frequency will oceur. With closer
coupling, a considerably greater change in fre-
quency results; as the coupling is still further
increased, a “jump” in frequency as the second-
ary is tuned through resonance will occur. The
behavior igs modified somewhat by the presence
of a load on the secondary, although the general
effect is the same. The interesting point is that,
depending upon the coupling and load, the
ogcillator frequency is seriously affected by the
tuning of the secondary circuit. .
The power output to the secondary circuit
depends upon the coupling and tuning; with small
values of coupling the output riges as the second-
ary is tuned into resonance, decreases on tuning
away. With coupling values greater than the
critical, two points of maximum power output
will appear, with & mimmum point ocewrring at
resonance. The important thing is that maximum

= — Ly 834
<
N
FaeEe
CkT. L
T o A 7 PP P e e !

(Groaﬂd' Plate - copper or brass sheet orgauze

FIG. 4—CIRCUIT DIAGRAM OF THE UNIT
OSCILLATOR
Li1—*“Hairpin®’ tank of No. 12 wire, dimensions to give
the desired frequency. For 120 cm. the loop is
approximately 11/ inches across and 2 inches

ong.

C1 to Co, inc—200-upfd. ““postage-stamp’ molded mica
condensers.

R31—3000 to 5000 ohms, wire-wound (grid leak).

RFC—5 to 10 turns of No. 24 enamelled, coil diameter
14 inch (not critical).

X—~ILead to condenser C3 acts as a small impedance; a
small choke, as at the grid, might be used instead.

Leads from grid choke to leak at base of tube, and from
plate tank to plus “B”’, are shiclded wire with shield
soldered to brass frame.

I7TTTT

erated voltages. This effect provides a
method for synchronizing independent os-
cillators over a limited range.

These two effects may be combined so that two
or more independent oscillators can be loaded

}

3%
2
LTX.
3bo4
pPOSES
a
I
W

FIG. 5—ESSENTIALS OF THE TANK CIRCUIT

A-——Set screws to which the unit oscillators are connected.
B—Movable ring, with set screw, for connecting to load
circuit.
The load coupling can be adjusted by moving the ring
up and down the inner conductor.

adequately with a common oscillatory circuit.
Furthermore, variations in the common oscil-
latory circuit will affect all of the independent
oscillators alike, and through this circuit suf-
ficient coupling will exist to synchronize the
oscillators. The curves of Fig. 1 answer the
practical question as to what happens when
two oscillators differing in wavelength by
about one per cent are coupled together through
a common output circuit. With the output cireuit
appreciably detuned both below and above the
generated wavelengths two oscillations appear.
As the tuning of the output circuit approaches
the wavelengths of the oscillators, a point is
reached where the two oscillators pull in step and
ouly one wavelength is generated. The two oscil-
lations appear again as the output circuit is de-
tuned in the opposite direction. The output goes
through a maximum and & minimum in the in-
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terval that the oscillators are synchronized.
Within the “silent-interval’” the phase be-
tween the two oscillators goes through a
change of slightly greater than 180 degrees.
The in-phase condition is shown by the
condition of maximum output and the out~-
phase condition by minimum output.

A PRACTICAL MULTI-TUBE OSCILLATOR

A complete multi-tube oscillator embody-
ing the principles discussed is shown in
Fig. 2. In the center is shown a specially
designed low-loss short-wave circuit which will be
described later. Grouped about this eircuit, in
more or less radial fashion, are a number of unit
oscillators. These are coupled to the tank circuit
through by-pass condensers. The unit oscillators
are separately tuned to approximately plus or
minus one per cent of each other and are then
coupled to the main tank ecircuit. In general,
coupling between oscillators other than through
the main tank circuit i to be avoided. The load
is algo coupled to this main civeuit. In the present

1o
. OUTPUT WITH 50 WATTS
DISSIPATION PER UNIT /)
W00F  9BSERVED OUTPUT WITH 7
PRESENT RECTIFIER ) 4
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FIG. 7--VARIATION IN OUTPUT AND EFFIL.
CIENCY WITH NUMBER OF UNIT OSCILLATORS

As explained in the text, the dropping off in output is
occasioned by power supply regulation. With perfect
regulation, the curve should be as shown by the dotted
line, since the efficiency is constant,

instance the load consists of a lamp connected to
a half-wave line which in turn is coupled to the
main tank circuit. As the tank circuit is tuned, the
output varies in much the same manner as when
only one oscillator unit is present, but is magni-
fied by the number of units present.

A unit oscillator is shown in Fig. 2 and its cir-
cuit diagram in Fig. 4. It consists of an 834 tube

FIG. 6—THE TANK CIRCUIT DISASSEMBLED

mounted on & brass frame. The grid, plate, and
filament supply leads are by-passed to the frame,.
In the multi-tube oscillator, the frame rests on a
large brass plate which is essentially at ground
potential for radio frequencies.

The tube capacity with an inductance con-
gisting of a short loop of wire between the grid
and plate completed through a by-pass condenser
makes up the oseillatory ecircuit. Connections for
grid and plate supply are made to the loop
through suitable radio-frequency chokes, A
ghielded cable terminated by a plug connects the
unit to the power supply. This has proven a con-
venient method for placing or removing a unit
from service.

A drawing of the low-loss short-wave tank
cireuit previously mentioned is shown in Fig. 5.
Essentially, it is a modified quarter-wave con-
centric line. If the outer conducior of such a line
isreplaced by rods, the line will, in many respects,
still operate as if the conductor were solid. If such
a line i terminated at its open end by a small
capacity in order to obtain a condition of reso-
nanee, its length will have to be reduced. The
amount that the line will be shortened as com-
pared to the length of a quarter of the operating
wavelength depends upon the characteristic con-
stants of the line and the value of the terminating
capacity. In the present case the ratio of diam-
eters of the outer and inner conductors is approxi-
mately three to one and the terminating capacity
about 25 uufd. The line length is approximately
4 em. The entire circuit is made of copper.
Judged by the sharpness of its resonance curve
when it is not loaded, the circuit appears remark-
ably free from losses. Constructing the outer
conductor with only & few rods makes the inner
eonductor readily accessible. Terminating the
line with such a large capacity proved very bene-
ficial, because if slight capacity changes take
place at insertion or removal of a unit from the
system, the changes are only a small fraction of
the total capacity of the circuit and will affect
the tuning of the line but slightly.
t5, The component parts of this circuit are shown
in Fig. 6. The left-hand piece screws into the
center piece. The top surface of this piece is one
plate of the condenser while the plate at the right
of the figure serewed on top of the rods forms the

{Continued on page 74)
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5-Meter Crystal-Control With Push-Pull

800 Output

By John L. Reinartz,* WIQP

| TITH the advent of the superhet receiver
into the realm of 5 meters, it became
necessary to look about for a means to

improve the transmitter and to simulate crystal-
control. While resonant-line control has done

FRONT VIEW OF COMPLETE TRANSMITTER

wonders to improve the stability of the 5-meter
signal, it was felt that crystal control was not
beyond the possibility of the amateur and there-
fore it became an interesting problem here at
WI1QP, resulting in putting on the air a 200-watt
input transmitter that is actually crystal-con-
trolled and having in the previous stages nothing
that would be & deterrent to any other amateur.
There are two possible ways to start such a
transmitter, depending on the desires of the indi-
vidual. Should he wish to operate in some of the
other amateur bands as well as in the 5-meter
band, it will entail one method of procedure; but
if he builds for the §-meter band only, it will be
even gimpler. Because the 5-meter transmitter
built here at W1QP was for the 5-meter band
only, and since the problems encountered will
*176 Wadsworth St., Manchester, Conn.

have to be met to a lesser degree for any of the
lower frequencies, it may be best to show how
these problems were overcome in the transmitter
built.

With one eye always on the pocketbook, a list
was made of all the desirable tubes that could be
used, starting with the crystal-control tube at 40
meters. There was to be no doubling at the crystal
stage and the last tube in the low-power line-up

KTAL OSC
oouLtd
42 i 7B 20 meter
Dovbler
7
~B +350V
FiG. 1
14 or 28-Mc DOUBLER
4or42 Mc "wﬁ"’gg‘%‘fkw
7 Xéal. Osc.or Double
LeMe. Doubler
g‘-s, s
RFC Sorzame)
1500002
-8 350V
F16.2
B86-Mc. DOUBLER
802
ts L o S Mc
7 28 Me Driver
bler N
| S
RFC v looodd (scHe)
[l
L
0.0
-C - +500v
180V.
FIG. 3

FIGS. 1, 2, 3, THE CRYSTAL OSCILLATOR AND
DOUBLER CIRCUITS FOR GOING FROM 7 MC. TO
56 MC. IN FOUR STAGES

L 1—-Oscd1ator cathode coil, 100 microhenrys. (60 turns of
o. 24 d.: c. or s.c.c.on ¢ 1 lp-inches diameter form

L:z—Osczllato late coil, 7 me.; 8 turns No. 16 d.c.c., 3Y4
iameter, basket-wound.
I,s—14—mc doubler plate coil; 4 turns same as La.
L4-—-28-mc. daubler plate coil; 4 turns, diameter 1Y,
inch b turns.

Lg—56-mc. dou ‘ler plate coil; same as L4.
Lg—356-mc. buffer grid coil; same as Ly.

Tuning condensers for first three stages are 100-ppfd.
Cardwells. The condenser across Ly is a midget 50 pufd.
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was to be an 802, chosen for its low driving power
requirements. It was finally decided that the
line-up would consist of 42 erystal-oscillator tube,
42 doubler to 20 meters, another 42 doubler to 10
meters, and then the 802 as a doubler from 10 to 5
meters. The 802 was to take the burden of excit-
ing a single 800 driver, followed by a pair of 800’s
in the final stage. It was felt that this 6-stage
line-up would keep the expense down and still
have power enough in each of the stages to excite
properly the following stage.’

You may decide that a single 801 is sufficient
as the final in the rig you wish to build up. How-
ever, here it was more a question of “will it work.”
Also, there were a number of 200-watt input
5-meter stations on the air and it was desirable”
to see how a crystal-control rig of like power
would act and if the results would be worth the
trouble, should any be encountered. Now that
the station has been on the air a number of
months and all the tubes have had a good try-out

56 Mc, DRIVER*
800

Le

=C 7.5V. ~1000V.
+C

FiG. 4

56 Mc. FINAL AMP.
800's

Link o
Driver
RFC RFC.
-C 41000V,
180V, {MODULATED)
FiG. 5
FIGS. 4 AND 5-—56-MC. BUFFER AND PUSH-PULL
FINAL

Le¢—See Fig. 3.

L7——Buffer plate coil, 5 turns, diameter 1Y} inches, Y
inch between turns.

Le—Final amplifier grid coil; 3 turns same as Ly.

Lg, Lio—Final plate and antenna coils; same as Ls.

with not a tube failure to date, we can truly
gay that building this rig has given us more real
enjoyment with less worry than some of the trans-
mitters that have been built during the last 27
years. When the lad at the other station tells
vou that he can use an autodyne receiver on
your signal and nary a wiggle of the frequency

can he find, you feel that you have done your
part to clean up the 5-meter band.

Fig. 1 shows the crystal-oscillator circuit. When
the 42 is thus used as a triode, the tube does not

REAR VIEW OF WIQP 56-MC. RIG

draw plate current when excitation is absent, re-
sulting in a safe and sane sort of arrangement. The
output as a erystal-controlled tube is approxi-
mately 8 watts with 30 ma. plate current at 350
volts. In Fig. 2 we have the same tube used as a
doubler and again have the automatic control
feature that puts the plate current to zero if it
is not excited from the previous stage. The same
is true in the 10-meter stage, which has the same
circuit as Fig. 2. Fig. 8 shows the circuit arrange-
ment for the 802. This is quite normal and re-
sults in the tube acting pretty much as it would at
a lower frequency. The plate current is normal
and the power output approximately 6 watis at
5 meters. A little more power output can be
obtained if the suppressor grid is operated at
2214 volts positive.

No difficulty will be experienced with the 800
driver or the two 800's in the final stage if proper
attention to neutralization hag been paid. Link
coupling will be found advantageous in driving
the final stage. It will be much easier to determine
and control the proper amount of excitation by
this means. Link coupling is also used on the sin-
gle 800 driver and is especially desirable when it

{Continued on page 76)
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e What the League Is Doing e

League Activities, Washington Notes, Board Actions—For Your Information

Election To all members of the American
Notice adio Relay League residing in
the Central, Hudson, New Eng-
fand, Northwestern, Roanoke, Rocky Moun-
tain, Southwestern, and West Gulf Divisions:

You are hereby notified that, in accordance
with the constitution, an election is about to be
held in each of the above-mentioned divisions to
elect both a member of the A R.R.L. Board of
Directors and an alternate thereto, for the 1937
1938 term. Your attention is invited to Sec. 1 of
Article 1V of the constitution, providing for the
government of A.R.R.L. by a board of directors;
Sec. 2 of Article IV, defining their eligibility;
By-Laws 11 to 21, providing for the nomination
and election of directors; and By-Law 12, provid-
ing for the simultaneous election of an alternate
director.

Voting will take place between November 1
and December 20, 1936, on ballots that will be
mailed from the headquarters office in the first
week of November, The ballots for each election
will list, in one column, the names of all eligible
candidates nominated for the office of director by
A.R.R.L. members residing in that division; and,
in another column, all those similarly named for
the office of alternate. Each member will indicate
his choice for each office.

Nomination is by petition. Nominating peti-
tions are hereby solicited. Ten or more A.R.R.L.
members residing in any one of the above-named
divisions may join in nominating any member of
the League residing in that division as a candidate
for director therefrom, or as a candidate for
alternate direcfor therefrom. No person may
simultaneously be a candidate for the offices of
both director and alternate. A separate petition
must be filed for the nomination of each candi-
date, whether for director or for alternate direc-
tor. The following form for nomination is sug-
gested:

{Place and date)
Ezecutive Committee ’
The American Radio Relay League
West Hartford, Conn.
Gentlemen:

We, the undersigned members of the A.R.R.L.
residing in the ...... Division, hereby nominate
........ yOf vveveve., a8 a condidate for director
{or for alcemate director] from this division for the
1987-1938 term.

{Signotures and addresses)

The signers must be League members in good
standing. The nominee must be a League member

in good standing and must be without commercial
radio connections: he may not be commercially
engaged in the manufacture, selling or rental of
radio apparatus or literature. His complete name
and address should be given. All such petitions
must be filed at the headquarters office of the
League in West Hartford, Conn., by noon E.S.T.
of the first day of November, 1936. There is no
limit to the number of petitions that may be filed,
but no member shall append his signature to
more than one petition for the office of director
and one petition for the office of alternate direc-
tor. To be valid, a petition must have the signa-
tures of at least ten members in good standing;
that is to say, ten or more members must join in
executing a single document; a candidate is not
nominated by one petition bearing six signatures
and another bearing four signatures. Petitioners
are urged to have an ample number of signatures,
since nominators are frequently found not to be
members in good standing.

Present directors from these divisions are as
follows: Central, Mr. Edward A. Roberts, WSHC,
Cleveland, Ohio; Hudson, Mr. Kenneth T. Hill,
W2AHC, Douglaston, N. Y.: New England,
Percy C. Noble, WiBVR, Westfield, Mass.;
Northwestern, Mr. Ralph J. Gibbons, W7KV,
Pendleton, Ore.; Roanoke, Prof. H. L. Caveness,
W4DW, Ralelgh N. C.; Rocky Mountain, Mr.
Russell J. Andrews, W9A.AB Denver, Colo.;
Southwestern, Mr, Charles E. Blalack, W6GG,
El Centro, Calif.; West Gulf, Mr. Wayland M.
Groves, WsNW, Neches, Texas.

These elections constitute an important part
of the machinery of self-government in A.R.R.L.
They provide the constitutional opportunity for
members to put the direction of their society in
the hands of representatives of.their own choice.
Members are urged to take the initiative and file
nominating petitions immediately.

Far the Board of Directors:
E. B, WARNER,
Secretary.
August 10, 1936.

e . Urugusy on April 27th ratified
Ratifications the Madrid Convention and
its radio regulations. The Free City of Danzig
announces its adherence to the convention.

Financial The League experienced a small
Statement loss from business operations dur-

ing the second quarter of the year,
as is normal at that season. For the information of
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members, is here

published:

STATEMENT OF REVENUES AND EXPENSES,
EXCLUSIVE OF EXPENDITURES CHARGED
TO APPROPRIATIONS, FOR THE THREE
MONTHS ENDED JUNE 30, 1936

the operating statement

REvENUES
Membership dues. . . ........... $ 9,312.31
Advertising sales, QST ..... ... 18,316.51
Advertising sales, booklets. . .. .. 4425.00
Newsdealer sales, QST.......... 11,242,332
Handbook sales. . .............. 7,350,07
Booklet sales. . .........oovun 2,415.03
Calculator sales 593.57
Membership supplies sales, . . 1,974.60

Interest earned. . .. 303.48

e $52,252.63

Deduct®

Returns and allowances......... 4,012.49
Clash discounts allowed. ........ 394 .42
Collection and exchange,....... 10.33
$ 4,417.24

Less decrease in provision for
uewsdealer returns of QST'. . . 734 .47

e 3,682.7
Net Revenues. . ..o veiiviviainiinianns $48,569.86

ExrENSES
Publication expenses, @87T...... $14,393,40
Publication expenses, Handbook. . 4,299.70
Publication expenses, booklets. .. 27.07
Publication expenses, calculators. 339,83
Balaries. . ..ot ione 21,094.41
Membership supplies expenses. .. 1,161.70
Postage. ........ovvnneenninnnn 1,546.65
Office supplies and printing. . .. .. 877,31
Traveling expenses. . ........... 1,705.15
QST forwarding expenses, ... .. 783.53
‘Felephone zad telegraph. ... .... 558.06
Greneral expenses............... 1,438.39

Insurance. . ........eivnenernnn 45.07

Rent, lightand heat............ 828 K2
Provision for depreciation of furni-
ture and equipment. ... ...... 261,85

General Counsel expenses. .. .... 10.75
(Communications Dept. field ex-

PENSES. . . vveurrnnnncess e
Headquarters station expenses. ..
Bad debts written off. ..........

Total BXpenses. .. .ovvevrevercrosniiven

Net T.oss before Expenditures against
Appropriations. ., ........0vau.n PR

"Phone
Frequencies

$1,739.19

Annually the question of more
'phone frequencies comes up at
the meetings of the League’s
Board. This year a small majority of the directors
thought that ‘phone ought to be increased, and so
the ¥.C.C. was requested to extend the 80-meter
Class A subband to read 38504000 ke.

Several thousand members of the League, and
other licensed amateurs as well, have signed and
filed petitions with the F.C.C., to a total of over
6000 signatures, protesting this expansion of the
'phone band of 50 ke. The Commission, not know-
ing what to make of such an apparently disorgan-
ized situation, decided to hold a formal publie

hearing on October 20th on the general subject
of further allocations for ’'phone, where the
AR.R.L. Board’s request would be formally
exained. Meanwhile it became evident that
‘phone amateurs were getting up petitions for the
F.C.C.’s eye in favor of the increage, while it was
rumored that the ¢.w. gang was employing counsel
to fight the change.

In this unpleasant situation the A.R.R.L.
Board has reviewed its request. 1t has taken the
only action it could : it has withdrawn the request.
The League cannot be a party to a dogfight of
conflicting amateur jealousies before the Commis-
sion; it must not permit a request of its to cause
such a situation. More than that, making a re-
quest is one thing but going to the expense of a
formal appearance is another, and our members
will doubtless agree that it would be in very
questionable taste for the League to stage a fight
against several thousand of its own members
with money that belongs to them ag much as to
anyhody else. This consideration alone was
enough to make necessary the withdrawal of the
request. The whole affair shows most clearly that
the subject requires more study by the Board,
and the cancellation of the request now makes
this possible. The hearing is now to be washed
out and the directors will make a new study of the
whole problem.

We cannot pass by thig affair without some
comment on itg sadder aspect. If individual ama-
teurs are going to plague the Commission with
petitions of protest and of support upon our
various matters, it takes no clairvoyance to fore-
see something unpleasant happening to amateur
radio. The Commission ¢an’t hope to deal with
40,000 individual amateurs. Amateur radio in its
present dimensions is possible in this eountry
only because we have a great national society to
eolleet and unify our views—+to provide & mech-
anism within which we have ailways heretofore
acted in concert. We must nol break down that
system if we are {o survive. We must wash our dirty
linen in private, do our guarreling within our
own walls, compose our differences within our
own Board, present our position to Washington
i one dignified voice, one way or the other. These
petitions and these objections belong before the
A.R.R.L. Board, not before the. F.C.C. That's
why we have our present gystem of government in
the League. Amateurs who petition the F.C.C.
individually are injuring our status there as
nothing else could do. Please, fellows, let’s have
no more of it!

s The government of the United

E;‘re %(i:‘i?:)lons States hasg virtually completed

its preparations for the Cairo

Conference, ag we write, and without putting for-

ward any proposals for the widening of our bauds.

It will be remembered that at the June hearings
(Continued on page 78)
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A Crystal Filter and Noise-Silencer for the
“High-Performance” Super

A Modernizing Unit Which Can Be Adapted to Many
Non-Single-Signal Receivers

By George Grammer, WIDF*

tages of the erystal filter and noise-silencing

circuits for superhet receivers; both speak for
themselves. No “sales talk” being needed, there-
fore, we shall confine ourselves to a description of
the construction and operation of a combination
unit built to work with the receiver described in
April QST.! The same cireuit and possibly the

IT IS hardly necessary to recount the advan-

THE CRYSTAL FILTER AND NOISE-SILENCER
UNIT ATTACHED TOSE%Eé-IIGH-PEMORMNCE

The unit bolts to the right-hand side of the receiver
chassis. As explained in the text, no receiver wiring
changes are necessary. The various components are
identified in the text.

same arrangement of parts can be used with other

types of supers now without crystal filters and

silencers. It is worth pointing out that the unit as

pictured requires no changes in the wiring of the
* Assistant Technical Editor.

1 “Building & Simplified High-Performance Superhet,”
QST, April, 1936,

receiver to which it is attached; the set can be
restored to its original condition in a second or
two simply by replacing a grid grip.

The circunit diagram, given in Fig. 1, is prac-
tically identical with that given on page 17 of
April QST.2 The 6L7 is an extrai.f. amplifier tube,
preceding the erystal filter; the silencing voltageis
applied to its No. 3 injection grid. The 6J7 and
6H® are the noise amplifier and rectifier. Silene-
ing, therefore, takes place before the signal
reaches the crystal, thereby preventing shock
excitation of the crystal by the noise voltages.?

The paralieled control grids of the 617 and 6J7
pick up their i.f. exciting voltages from the grid
cap which normally goes to the if. tube in the
receiver. After passing through the unit, the if.
signal goes to the grid of the same receiver Lf.
tube. In other words, everything takes place be-
tween the grid cap and grid of the i.f. tube.

CIRCUIT DETAILS

A ghort résumé of the circuit functions will be
of help to those not especially familiar with crys-
tal filter and noise-silencing circuits. The elec-
trode voltages on the 6L7 if. amplifier-noise--
silencing tube are adjusted primarily to give most
effective noise silencing and not particularly fo
give additional if. gain. Nevertheless, there is
some gain; rough measurement shows that the
stage gives an amplification of two, approxi-
mately. The value of the cathode resisior, B;, a8
well as those of the resistors in the sereen voltage
divider, Rs and Rj, are chosen to put a few volts
of bias on the control grid and about 30 or 40 volts
on the screen; this to make the No. 3 grid, to
which the silencing voltage is applied, give more
effective control than is possible with normal bias
and screen voltages.,

The primary of the crystal input transformer,
T4, connected in the plate circuit of the 6L7, is
untuned. The particular transformer used has its
secondary tuned by an air trimmer of the usual
tvpe; to get the balanced circuit needed for the
crystal filter, and also to provide a selectivity
control, a split-stator condenser, (4, is connected
across the secondary circuit. Cp is the phasing
condenser or rejection control. The crystal output

2 Lamb, **More Davelopments in the Noise-Silencing I.F,
Cireuit,” ST, April, 19386,
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transformer, 7', is a single-winding affair, also
air-tuned, tapped to give a suitable match for the
erystal impedance. The tap is coupled to the
erystal through a 50-uufd. fixed condenser. This
" condenser may be made variable, if desired, to
give fine adjustment of the
coupling between the erystal
and output transformer, al-
though the fixed condenser
ugually will be found satis-
factory. (The ground terminal
of T3 is indicated in the dia-

6L7

corner. In front of it is the output transformer,
Ty, then the crystal socket, and finally, right at
the front, the input transformer, 7';. While this
makes a fairly long plate lead from the 6L7 to the
input transformer necessary, it was considered

3 ] Bgrid,of

gram as going to the a.v.c. line
in the receiver. In case the
unif is applied to another type
of receiver which does not
have a.v.c., this lead can be
connected directly to the chas-
sis, in which case Cy1 may be
omitted.)

In the silencer ecircuit, the
6J7 noise amplifier is biased
for normal operation, but its

cathode is connected to the
rotor arm of a variable re-
gigtor, Rs, so that the bias
applied to its grid can be va-
ried between a minimum of three volts (resulting
from the use of the cathode resistor Rs) and a
maximum of about 20 volts, Bs, by setting the
point at which the noise circuit starts to operate,
acts as & threshold control. The cathode of the
6H6 noise rectifier algo is connected to the mov-
able arm of Rg to bias the diode plates so that
rectification will not take place until the incoring
gignal or noise reaches the desired level. The
switch Sws opens the eathode circuits of both tubes
to disable the noise-silencing circuit when desired.

Only the primary of the diode input trans-
former is tuned. Its secondary is center-tapped
so that the diode can be used as a full-wave recti-
fier, This helps prevent r.f. irom getting into the
line to the No. 3 grid of the 6L7, where it might
upset the action of the silencer. Additional fil-
tering is provided by Cs, Cy, and RFC.

CONSTRUCTION

The photographs show the unit. The chassis is
made of aluminum, 4 inches wide, 10 inches deep
and 8 inches high, to line up with the receiver
chassis. The layout permits getting quite short
leads from the first i.f. transformer in the receiver
and back again into the grid of the i.f. amplifier
tube; this, in fact, was the primary consideration.
Secondarily, it was of course degirable that the
controls be placed so that they could conven-
iently be brought out to the front where they can
most easily be reached.

Looking at the top view, the crystal filter
occupies the left-hand section and the noise
gilencer the right, with the exception of (i, the
selectivity control. The 6L7 is in the left rear

@3V,

-B +8

FIG. 1I—CIRCUIT DIAGRAM OF THE CRYSTAL
FILTER AND NOISE-SILENCER UNIT
The only r.f. connection disturbed in the rveceiver is the
grid—ca? connection to the i.f. tube.
C1—Split-stator condenser (selectivity control), 50 ppfd.
per section (National STD.50).
Le—l5-;lz?fd variable (phasing condenser) (National

C3—100-, ml.fd mwa

(34, Cs5—50-ppfd. mica.

Cs to Cio, inc—0.1 paper.

C11——0.01 paper,

R1—2000 ohms, 14 wait,

Ra—50,000 ohms, 1 watt.

R3, Re—100,000 ohms, 1 watt.

Rps—300 ohms, V4 watt.

Rg—100,000 ohms, 14 watt.

R7—30,000 ohms, 2 watt.

Rg—30,000-0hm wirewound wvolume control (noise-
suppression or threshold control) (Yaxley).

RFC—20 mtll:hem‘y r.f. choke (Sickles).

T1—Crystal filter input transformer, 465 ke. (Sickles).

Ts—Crystal filter output autotransformer, 465 kc. (Sickles)

‘Ta—Diodetransformer for noise circuit, 465 kc. (Aladdin)

Sw1—S8.p.s.t. switch; see text for description.

Swe—S.p.s.t. to%gle sthch mounted on Rs.

NXTAL—Bliley BC-3, 465 kc.

better to have the plate lead long rather than one
of the grid leads. The plate lead is run through
shield braid to prevent coupling to the other wir-
ing. On the right-hand side, the 6J7 is at the rear
right, next is the diode transformer 7’3, next the
6HS6, and finally C1, the crystal selectivity control.

By-pass condensers underneath the chassis are
placed chiefly so that short connections to the
chassis can be made. The phasing condenser, Cl, is
mounted below deck by one of the brackets,
furnished for that purpose. An insulating coupling
between the condenser rotor and an extension
shaft (this shaft, complete with bearing, is & Bud
Type 531 sawed off to fit) brings the control out
to the front.

A condenser with an insulating mounting is
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essential here, since neither side of 2 can be
grounded. The erystal on-off switeh, S; in Fig. 1,
is s1mply a piece of thin brass cut so that w hen
'y is set at minimum its rotary plates touch the
brass and short-circuit the erystal. The “switch”
is mounted on a spare hole in the isolantite
mounting plate of the condenser,

Ther.f. choke in the silencing circuit is mounted

SUB-BASE WIRING OF THE FILTER-SILENCER

In most cases, garts are umplv Tﬁlaced in convenient
locations, using short r.f. leads. e d.c. and filament
tupp[y connections to the receiver go through the grommet
in the side of the unit.

on the side of the chassis near the 6H6 socket.
The whole unit is fagtened to the receiver chassis
with machine gerews; a hole through both fur-
nishes an inlet for filament, B plus, and a.v.c.
leads. These are simply soldered to convenient
corresponding leads in the receiver itself; the
length is unimportant.

ADJUSTMENTS AND HANDLING

As we have already explained, the grid caps for
the 6L7 and 6J7 are connected to the grid lead
coming from the first if. transformer in the
receiver. The grid lead from T’y goes back to the
receiver i.f. tube. The extra capacity of the two

,tubes in parallel will require retuning of the
gecondary winding of the i.f. transformer in the
receiver to bring the circuit back to resonance.

To line up the crystal and i.f. it is advisable to
make use of a test oscillator of the type used for
checking b.c. receiver i.f. circuits. Since the i.f. in
the receiver is 465 ke., the crystal likewise is of

this frequency. The first step is to find the main
peak of the crystal.

Remove the grid cap from the first detector in
the receiver and connect the appropriate leads
from the test oscillator. Using headphones, with
the beat oscillator off, Swe open and Sw; open,
vary the oscillator frequency slowly while listen-
ing closely for the characteristic “plop” or chirp
asg the oscillator frequency goes through a erystal
peak. If more than one peak shows up (usually
there are more than one, but not closer than
seven or eight, kilocycles to the main peak), it
will be necessary to go through the tuning pro-
cedure on each in order to determine which is the
main peak. The latter will give the greatest
response.

With the test oscillator peaked on the erystal
frequency, tune all circuits for maximum deflec-
tion of the 6E5. It may be necessary to back off
the r.f. gain as the circuits come into line, to keep
the deflection within the right operating range.
Readjust the test oscillator oceasionally to keep
the frequency on the crystal peak. To adjust 7'y,
set (' near maximum capacity and line up with
the trimmer in 7. When the selectivity control,
(11, is set to give maximum response with the
erystal “in,”’ the 6E5 deflection should be the
same with Sw; either closed or open; in other
words, swiiching in the crystal does not cause a
decrease in signal strength, although the QRM
and background noise are greatly reduced.

To adjust the noise silencer, close Swe and
advance Rg to about four-fifths maximum.
Again using the test oscillator, adjust the con-
denser in 7’3 to block off the signal. The point at
which blocking occurs will depend upon the signal
strength and the setting of Rjs; use a signal which
will deflect the 6E5 to about half scale and keep
retarding R until the signal just blocks off when
Ty is tuned to resonance. The blocking is very
eagily seen on the “eye.” If there is any local
noise the adjustment of T3 can be made equally
well without a signal — possibly better — by
adjusting for greatest noise suppression.

If no test oscillator is available, an incoming
signal may be used for lining-up purposes. It
should, homever, be perfectly steady. A local
broadcd.st harmonic or signal from the freg-
meter-monitor ig best.

A few words about operating the unit: With
the erystal switeh, Swy, closed (this occurs with
the phasing condenser, Cy, set at minimum, as
already described), the crystal is cut out of the
circuit and the receiver is simply the same as
before except that there is more if. gain.
should in that case be set for maximum signal
gtrength. With the switch open, and (' set at the
same point, the selectivity is greatly increaged
and the signal strength unchanged. Tune in a
signal to maximum strength, using the 6E5 as an
indicator, and set the beat oscillator to the desired

(Continued on page 84)
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A Novel All-Band Transmitter of
One-Kilowatt Capability

A Three-Stage Design |ncoréorating High-Power Crystal Oscillator,
High-Efficiency Doubler and Triode Rectifier Keying

By William W. Eitel,* W6UF, and Jack A, McCullough,** W6CHE

ultimate use on c.w. or 'phone, is usually

dictated by the builder’s personal prefer-
ences and ambitions. Activities of the amateur
fraternity are diversified on six different fre-
quency bands, but often the requirements for
operating on the 28- and 56-mec. bands have been
too severe to permit a single transmitter to be
designed for effective operation on all amateur
frequencies. It is con-

THE design of a transmitter, whether for

Reduced to the barest necessities, we find our
transmitter must consist of an oscillator, a fre-
quency multiplier, and an amplifier. This trans-
mitter congists of just that, with only three tuned
circuits taking care of everything. For the proper
operation of our transmitter, s high degree of
efficiency is obtained in each stage, which makes
impossible the use of tapped coils for frequency
changing. The tube lineup is as follows: 35T crys-

sidered very good prac-
tice to design a trans-
mitter for the most
efficient opcration on
the highest frequency
to be employed. Then
it automatically follows
that the best possible
results will be realized
at the lower frequen-
cies; provided, of course,
that a reasonable effort
is made to maintain the
proper values of capac-
ity to inductance ratio
in the tank circuits.
That the transmitter
must be ecrystal-con-
trolled immediately place
certain limitations upon
our design if the utmost

in flexibility is desired.
At the present time
erystals of fundamental
frequency _above 14.4
megaeyeles have not
been produced too successfully commereially so
we are, of necessity, forced to use some method
for frequency multiplication to get to the highest
frequencies. The design of the crystal oscillators
and frequency multipliers in use probably has as
many variations as there are stations in exist-
ence. These variations range from all types of
receiving tubes to very expensive pentode trans-
mitting tubes. Much can be said in favor of the
low first-cost of receiving tubes, but their per-
formance leaves much to be desired.

* 502 San Mateo Ave., San Bruno, Calif.
#* 340 Hazel Ave., Millbrae, Culif.

ONLY THREE STAGES BUT ADAPTABLE TO OPERATION ON ANY AMATEUR
BAND FROM 60 MC. DOWN, WITH FINAL PLATEINPUT UP TO A KILOWATT
ON THE LOWER FREQUENCIES

357T’s are used in all stages—and in the power supply rectifier as well.

tal oscillator, 35T frequency multiplier, and two
35T"s in the final connected in push-pull. A single
1500-volt power supply takes care of all 3 stages.

THE HIGH-POWER OSCILLATOR

The crystal oscillator employs a conventional
triode circuit. The only unusual feature is the use
of a 500-ohm cathode bias resistor and the elimi-
nation of the grid leak. The value of 500 ohms is
fairly critical and was chosen because its use
greatly minimizes the r.f. crystal current. The
extremely low interelectrode capacitance of the
35T reduces the feedback to a minimum and thus
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makes possible the use of comparatively high
values of plate voltage. With 1500 volts on the
plate of the 35T, using a 3.5-megacycle crystal,
the r.f. erystal current measures only 65 milliam-
peres. However, a plate voltage of 1000 on the
oscillator is sufficient for normal 1500-volt opera-
tion of the final. It is interesting to note that less
strain is placed upon the crystal than with g 53
connected in push-pull with 400 volts on the
plate. The 35T output is in the neighborhood of

35T

&oy

crystal tube requires s separate filament winding
in order to obtain the necessary automatic bias.
This separate filament winding greatly facilitates
the metering of the various circuits, permitting
the plate milliammeter to be inserted in the nega-
tive Jead from the power supply. Separate fila-
ment windings are also used for both the doubler
and final. Link coupling is unnecessary between
the crystal tank and the doubler because the plate
voltage is high enough to develop sufficient r.f.

35T c 357
7} Ly
H G R
. F- 7 Ant.
gl o=
i Cs
L tot
\1 TR | 35T &

45 !
Yz J3 I e s
L i =
2 dsw,
3
SZVOLTS “HV. 5.2 VoLTS +1500 B.2V.T0 +1500 OR
5.4V. 2800 V.
FOR OVERLOAD

FIG. 1—~CIRCUIT OF THE HIGH-POWER THREESTAGE TRANSMITTER

L1, Lz, Lg—**Airwwound” cuils to
suit frequency combination.
(See table of coil specifica-
tions, No. 12 wire wmdmf
Chapter Eight of A.R.R

ndbo
C1—100-pufd. o.vctl ator platc tuning
(Cardeell MT 100 GS).
Cp—50-pufd. (double IOO— d. ) buf-
il'&f tcmk tBnmg ( ardwell
< 3—35—pufd. (double 70-pufd.) final
f_ank tuning (u“o hnson
Cy—~Buffer neutralu;ing condensers.
See text.

Cg—0.001-ufd. mica, doubler grid
coupling condensers.
Cr—0,002-u4fds  mica, final
coupling condensers.
Cz—0. 00 fd. 5000-v0lt mica, os-
{:nor plate by-pass.
Co—0. Ol-yfd oscillator cathode by-

Cm—0.0I-ufd. doubler cathode by-

pass.

C11—0.002-ufd. 5000-volt final plate
centertap by-pass.

Ri—500-chm 10-watt oscr.llator cath-
ode resistor.

Rg—2500-0hm 25-watt doubler cath-
ode resistor,

grid

Ra—)0,000—ohn‘;{ doubler
R4—250l2—o’:1m 10-watt  final grid

Rg~-10,000-0hm 50-watt oscillator
plate dropping resistor (used
only with 40- and 20-meter
crystals).

RFC—Transmitting-tybe radio-fre-

quency chokes.

Ji—Qscillator plate meter jack.

Ja—Doubler grid meter jack.

Js—Doubler plate meter jack.

Js—Final plate meter jack.

Js—Final grid meter jack.

SWi—S.p.s.t. switch to cut in Rp for

25.watt

Cs~—Final neutralizing condensers
{National NC800. See text).

50 watts—more than sufficient to drive the final
directly. The interelectrode capacity of the 85T is
80 low that additional feedback is necessary if
maximum output is desired with plate voltages in
the neighborhood of 600 volts. But the output at
the lower voltages, with increased feedback, is
much less and the crystal current is just as high as
with high-voltage operation.

The fact that high plate voltages can be used to
a decided advantage on the oscillator greatly
simplifies our power supply requirements, since
an additional supply for the oscillator becomes
unnecessary unless difficulty is experienced with
keying the 40- or 20-meter crystals. The r.f.
voltage developed across the tank circuit by the
erystal is quite high, so adequate spacing of the
oscillator plate-tank condenser is essential. The

40- and 20.meter crystals.

voltage across the erystal tank cireuit to allow
proper impedance matching by merely tapping at
the proper point on the crystal plate-tank coil.
The coupling condenser consists of two 0.001-ufd.
mica receiving condensers in series to withstand
the crystal plate voltage plus the bias voltage on
the doubler.

BUFFER-DOUBLER STAGE

The buffer-doubler stage is essentially a plate-
neutralized amplifier using a split-stator tank
condenser. This tank condenser, like the tank
condenser in the crystal circuit, must have ade-
quate spacing for the plate voltage used. This
condenser uses mycalex insulation, Any insula-
tion is none too good at high radio frequencies;
therefore only condensers employing mycalex,
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isolantite or similar insulation should be em-
ployed in this transmitter. The neutralizing con-
denser can be any of the newer types made for use
with low capacity tubes. The one in this trans-
mitter is a rebuilt Cardwell “Trim-air” re-
ceiving condenser. Only one sta-

and sixth harmonies are very pronounced and
fairly good output can be obtained on these
higher frequencies, although their use is limited to
special applications; these harmonics do not fall
within the amateur bands.

tionary plate remains, with two
on the rotor. The spacing between
rotor and stator is approximately
5/16 inches.

The degree of efficiency in a fre-
quency multiplier depends almost
entirely upon the amount of exeita-
tion available and the value of bias.
This statement assumes that the
plate tank circuit is of low-loss con-
struction and that the tuning ca-
pacitance is not excessive. Efficien-
cies of the order of 50 to 60 percent
are realized when the plate tank of
the doubler is tuned to the fourth
harmonic of the grid excitation volt-

age, the output of the cireuit when
quadrupling being approximately 50
watts. This output is more than suffi-
cient to excite a pair of 35T’s as operated in this
transmitter. In actual practice the final is oper-
ated with plate input of approximately one kilo-
watt, though this input at 2500 volts is greatly in
excess of tube ratings. With only 1500 volts and
250 ma. on the final, the output of the quadrupler
is more than suflicient for excitation. The power
gain from the buffer when quadrupling is not
great. This means nearly as much power must be
supplied to the grid circuit ag is obtained from the
plate circuit. The output, however, is at four
times the erystal frequency. The output from
this stage when doubling or as a straight ampli-
fier is very high. A marked improvement in power
gain when amplifying or doubling could be
realized by readjusting the value of bias, but
such adjustment is deemed unnecessary since
more than sufficient drive to fulfill the purpose
is available both from the oscillator and the
buffer.

The grid leak resistance is 50,000 ohms and the
cathode bias resistance is 2500 ohms. The grid
current is approximately 16 milliamperes, which
gives a total bias of about 1000 volts. The cathode
hias resistor is such that the plate current is re-
duced to a very low value in case of excitation
failures. The high degree of plate efficiency
realized even when quadrupling results from the
fact that the pulse of plate current flows for such
a short portion of the excitation cycle. The mu of
the 85T is 30, making cut-off for 1275 volts
(1500-225 volts == 1275, the 225 volts represent-
ing sutomatic bias) only about 45 volts. Hence
the value of bias employed in this doubler is ap-
proximately 22 times cut-off! This degree of bias
would shame even the most ardent supporters of
the early “high efficiency” technique. The fifth

POWER SUPPLY USING 4 TYPE 35T’s

The use of an r.f. choke is necessary at the
center of the plate coil to prevent undesirable
interaction betwcen the buffer and final, es-
pecially if only a single power supply is used.

THE PUSH-PULL FINAL STAGE

The grids of the push-pull 35T final are ca-
pacitively coupled to the buffer eircuit through
pairs of 0.002-ufd. mica receiving condensers con-
nected in series to withstand the plate voltage of
the buffer and the grid bias of the final. The d.c.
grid return is through small r.f. chokes. An exact
impedance match between the grid cireuit of the
final and the plate eircuit of the buifer can be ob-
tained by the proper placing of the taps on the
coil. The conventional method of cross neutraliza-
tion is employed. The neutralizing condensers,
while homemade in this transmitter, are similar
to the National NC800, and this type may be
employed to advantage.

Our personal preference is for the push-pull
connection of the tubes in the final amplifier.
There is much in favor of the parallel arrange-
ment, though we believe that for use on the
higher frequencies the push-pull connection is by
far the better. The tank tuning condenser (John-
son Type 70DD70) employs mycalex insulation
and has adequate spacing for plate modulation
with 1500 volts on the plate, or for ¢.w. operation
with 2500 volts on the plates. Grid-leak bias is
used on the final amplifier. Since the high mu of
the 35T’s permits a comparatively low value of
grid-bias voltage, a grid current of between 25
and 30 milliamperes per tube is sufficient for
1500-volt operation. When the transmitter is
used with 1000 watts input, a higher value of grid
current is desirable (35 to 40 milliamperes). For
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1500-volt operation a grid leak of 2500 ohms is
about right. To prevent overloads on the power
supply in case the final tank condenser should
spark over, the rotor of this condenser is insulated
from the metal chassis and the r.f. return is made
to the filament circuit by a 0.002-pfd. condenser
capable of withstanding the maximum plate

_J j” osc. Fil.
fuse  spsr “E"@f}, Fil
oy, AC. [:

_"gug Final Fil

chassis. Wood screws are used to mount the

parts, the thin aluminum being easily pierced by

& sharp pointed tool or a drill. A “satin’ finish is

obtained by rubbing the aluminum down with
steel wool.

No filament by-pass condensers are used, nor

are center-tapped resistors or transformers neces-

sary, direct connection being made

to one side of the filament. Each

filament circuit is by-passed to the

metal chassis by a 0.01-pfd. mica

condenser. All r.f. returns to the

filament circuits are joined at one

place to prevent undesirable inter-

coupling effects, The r.f. returns to

the filament circuit should be as
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short and direct as possible.

POWER SUPPLY AND KEYING

For the utmost in simplicity, a
single power supply is used; this
power supply is capable of deliver-
ing 1500 volts at 400 milliamperes.

A novel method of combination

-
iy i 35T
H H

L soak ) g’“’?

3590000

rectification and keying control is
obtained by using s pair of 35T
tubes as rectifiers. The power fo
the entire transmitter is keyed by
biasing the grids of these tubes. By

P
iranyg
é’

Eﬁnﬁ unused

I;’Z‘”o,f”ﬁ_[ —|k,2/1r€x ”
rE-N=1G_ " Negalive
HI : ;
fe JLO / Biasdgéo/y
j _/.,. %
BurrER FINAL

FIG. 2-—CIRCUIT OF THE POWER SUPPLY USING TRIODE
RECTIFIERS WITH CONTROL-GRID KEYING
Four 35T’s are used as rectifiers (two in parallel on each side) if output

current is to be greater than 350 or 400 ma.

voltage. No provision is made for an antenna
coupling network, a non-resonant 600-ohm line
connected directly to the plate tank circuit being
intended.

COILS AND CONSTRUCTION

Air-wound coils are used in every circuit be-
cause this type was found more efficient than
those wound on solid forms. Two-inch diameter
coils are used in the crystal and doubler stages,
while a four-inch diameter coil is used in the final.
The coils are provided with plugsin plugs (General
Radio Type 247) mounted on strips of mycalex.
The coil jacks are mounted directly on the tank

. condensers, supported by the tank-circuit leads.
It is very important that the tank leads be short
and of low-resistance solid material. Braid of any
form is to be avoided in the tank circuit because
this material has very high r.f. resistance. The
proper taps are soldered directly to the coil and
are also brought out through plugs and jacks,
making unnecessary any coil readjustments
when changing frequency.

The baseboard of the transmitter consists of a
piece of wood over which is nailed a sheet of 30-
gauge aluminum, The result is & very economical
“bread-board” that has the advantage of a metal

a simple circuit, the grids are made
negative during the time the key
is up and positive when the key is
down. With the grids positive, the
voltage drop through the tubes is

: about 100 volts when delivering
400 milliamperes d.c.

The keying circuit is more or less self explana-
tory. The negative bias is obtained from the
cheapest b.c.l. receiver transformer available.
The filament winding on the transformer is used
as the primary, being connected directly to fila-
ment circuit of the two 85T"s. By using the fila~
ment circuit for the primary voltage, no difficulty
will be experienced with transformer insulation
since there exists only the normal voltage for
which the transformer was designed between
primary and seconidary. Caution: Do not ground
the frame of this transformer. If a metal chassis is
used insulation capable of withstanding the peak
voltage of the main power transformer must be
used between the frame of the bias transformer
and the chassis, The bias rectifier tube is an 80.
The filament voltage is the same as that of the
85T’s and so the 80 filament ean be connected di-
rectly in that circuit. The 80 socket, like the bias
transformer, must be insulated for high voltage.

The positive bias is obtained by means of a
special transformer. This transformer is conven-
tional except that the secondary bhas sufficient
insulation to withstand the high voltage of the
main transformer between primary and second-
{Continued on page 98)
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- Amateur Applications of the “Magic Eye”

Using the 6E5 as a Vacuum-Tube Voltmeter, as a Resonance Indicator, etc.

By L. C. Waller,* W2BRO

In Two Parts—Part |

has seemed obvious to many amateurs

that it should be useful for other applica-~
tions than those involving visual tuning of re-
ceivers. Designed primarily for service as an in-
ertialess, visual tuning indicator in radio receivers
the tube has a really surprising number of uses in
the average amateur station. Because of its com-
paratively low cost, the simplicity of the auxiliary
apparatus with which it can be used, and the
numerous practical services which it can perform,
the 6E5 has possibilities which should not be
overlooked.

Fig. 1 shows the basic circuit for the 6E5, With
zero grid bias, the fluorescent screen or target at
the top of the tube will produce a greenish glow,
except for a shadow sector of approximately 100
degrees; this pattern is shown in Fig. 2. The
shadow is cast on the screen due to the fact that

I :VER since the 6E5 was first announced it

Ra- /meg.
% I=4.5ma.
A P
R Q
=2Vt =250 +

FIG. 1—FUNDAMENTAL CIRCUIT FOR THE 6E5

the blade-like ray-control electrode (which can
best be seen when the tube is inspected at close
range) is negative with respect to the target. The
ray control derives ite negative bias from the RJ
drop across the plate resistor, Re, this RI drop
existing as long as any triode plate current flows.

1f the triode grid bias is now made more nega~
tive, by means of R;, the triode plate current will
decrease, the RI drop across Rs will also decrease,
the ray-control potential will become less nega-
tive (with respect to the target) and the shadow
angle will close up. About 6 or 8 volts of negative
bias on the triode grid will cut off practically all
triode plate current and will reduce the shadow
sector to & narrow line, as shown in Fig, 2. Addi-
tional triode bias may cause the pattern to close
comapletely, or even to “over-close”; in this case,

*RCA Radiotron Division, RCA Mfg. Co., Harrison,
N. J.

the shadow line may change into a luminous line
having greater brilliance than the rest of the tar-
get. Fig. 3 shows several curves giving the rela-

ZERO BIAS NEGATIVE BIAS

FIG. 2~TARGET PATTERNS WITH ZERO TRIODE-
GRID BIAS AND WITH TRIODE-GRID BIAS NEAR
CUTOFF

tions between grid voltage and target current,
plate current, and shadow angle.

Because the variations of the shadow sector on
the target are definitely controlled by the triode
bias it is apparent that the 6E5 is a negative-grid
voltage indicator which does not draw power. It
can, therefore, be applied to high-impedance cir-
cuits with little or no loading effect. In addition,
it possesses the inertialess characteristic of the
electron beam (as do cathode-ray tubes) and can
follow radio-frequency voltages, as well as d.c.
voltages, within wide limits. It is free from the
undesirable effects of mechanical inertia which
accompany many types of meters,

V.T. VOLTMETER

Although the 6E5 can be used in a great num-
ber of different ways, it seems probable that the
best all-around amateur application is that of the
vacuum-~tube voltmeter, which is a very useful
instrument to have around the station. Fig. 4
shows the complete circuit of a vacuum-tube
voltmeter, originally deseribed by Mr. P. A.
Richards' and the present writer in another
publication.?

If the v.t. voltmeter is to be used to the great-
est advantage, it is necessary that its manner of
operation be thoroughly understood. By way of
explanation, we shall first short-circuit the test
prods “A” and “B’”’ and assume that the movable
arm of R7is at the upper (plus) end of its voltage
range. The plate current of the triode-connected
6C6 is practically cut off because of the negative
hias developed by the 2-megohm cathode resistor,

i Research & Development Laboratory, RCA Radiotron
Div,, Harrison, N. J.
2 Radio Retailing, December, 1935.
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R1. Becsuse about 14 volts of bias is required to
reach approximate cutoff of the 6C6, the cathode
end of R (point X) is about +14 volts with re-
spect to the other end of By (point Y). The po-
tentiometer Ry (the “zero-reset’”’ control) is next

AVERAGE CONTROL CHARACTERISTICS

E, where E is the unknown screen voltage. The
bias on the grid of the 6ES is no longer -7 volts,
but is some positive value (E—7), so that the pat-
tern on the 6E5 screen “flips” entirely open.
Now, the movable arm of the slide-back poten-

tiometer, Ry, is adjusted toward its
- negative (—B) end until the shadow

T LTI

area of the 6E5 again closes to its

TYPE 6E5
=6.3 VOLTS S

8
o
4

“zero” or narrow-line position. When

PLATE-SUPPLY VOLTS = 250 ' X
SERIES PLATE RESISTOR= | MEGOHM ViV4

&

this occurs, the d.c. voltmeter “V?’’ will
read the true value of the sereen volt-

@
=)
»

age being measured. In simpler words,

A

the voltage to be measured robs the

L JTARGET CURRENT

<A

S
S

6E5 of its original bias (opening the
pattern) and the potentiometer Ry

N

adds just enough additional negative

PLATE MICROAMPERES

(o ¥
SRR

")
o

TARGET MyLLIAMPERES

bias to cancel the unknown voltage,

E

3

SHADOW ANGLE — DEGREES _

™

thus restoring the patiern to its orig-
inal position, The v.t, voltmeter will

L

give a direct reading, because the

~i0 -8 -6 -4 -2 ¢
GRID VOLTS

FIG. 3--AVERAGE CONTROL CHARACTERISTICS

adjusted so that the voltage difference between
the 6E5 cathode and point Y” is about 21 volts.
Thus, this 21 volts bucks the 14-volt drop across
R so that the net difference places a —7 volt bias
on the 6E5 grid. The fluorescent pattern on the
6E5 will now be closed to a narrow, dark line.
This is the correct “zero’” setting for all v.t.
voltmeter measurements. In practice, these volt-
ages need not be measured, the only adjustment
being that of R, with Ryset at the plus end of its
range.

With the farget pattern correctly set ab the
zero position, any d.c. or a.c. voltage applied
across prods “A’ and “B” will cause the plate
current of the 6C6 to increase, so that the RI
drop across E; will increase by an amount sub-
stantially proportional to the applied d.c. or
peak a.c. voltage. The action in the case of a.c. is
similar to that of a simple diode detector, where
E1 is the load resistance. Rectification oceurs on
each positive half cycle, the large condenser, €1,
holding the d.c. voltage developed across R; at
practically the peak value of the a.c. wave. Be-
cause of the high-resistance circuit across which
it is placed, condenser € must be of the high-
quality, low-leakage type. A good paper condenser
has been found satisfactory. The value of C; de-
pends on the lowest-frequency a.c. voltage that it
may be desired to measure; a value of 4 pfd. is
good for frequencies of 60 cycles per second or
more. When a d.c. voltage is to be measured, test
prod “A” must be connected to the plus side of
the voitage source.

To complete the explanation, let us assume
that the test prods are connected from sereen to
ground on & tube whose screen voltage ai the
socket is to be measured. The voltage drop across
R; imraediately increases from 14 volts to 14 -+

OF THE 6E5

“bucking” voltage introduced by Ry
is always adjusted just to cancel the
unknown voltage across AB. The d.c.
voltmeter “V” is preferably one of the
1000-ohms-per-volt variety having three ranges,
such as 10, 250, and 750 volts.

It is dmportant that the protective resistor
B2 be used in the grid lead of the 6E5, because
any voltage above 7 volts across AB will swing
the 6E5 grid positive, as explained above. The
RI drop across Re, produced by the grid current
of the 6E5, sutomatically biases the tube until
R7is put to work at its cancelling function. If R
is omitted, the 6E5 is likely to ““go up in smoke,”
due to excessive grid current.

ACCURACY

Before delving into the more interesting part of
the discussion—having to do with applications—
& word about the accuracy of the v.t. voltmeter is
warranted. The accuracy of this type of voit-
meter, in general, will depend upon the care with
which the 6E5 pattern is adjusted before and
after the unknown voltage is applied, as well as
upon the inherent accuracy of voltmefer “V.”
D.c. voltages between aboul 25 and 200 volts
(the latter value being the upper limit of the v.t.
voltmeter with the circuit shown) can be read to
one volt or better, depending mainly on the read-
ability of the scale on “V.” Between 0.5 and 10
d.e. volts, the approximate accuracy is plus or
minus 0.1 to 0.2 volt. A.c. voltages will give read-
ings which are in error by a fairly constant value
of 0.8 to 1.3 volts, on the low side of the correct
value; this is apparently due to the reaction of the
negative half of the a.c. cycle on the static value
of the 6C6 plate current. For example, a peak a.c.
voltage of 1.4 volts gave a v.t. voltmeter reading
of only 0.6 volt; a peak voltage of 2.8 volts read
1.75, ete. The percentage error is smaller for larger
values of a.c. voltage, so that the higher a.c. read-
ings are quite accurate.
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The error on low a.c. voltages need not be dis-
turbing, because the instrument can easily be
calibrated by means of g variable a.c. source of
known voltage. The calibration can, if desired, be
made in terms of r.m.s, voltage instead of peak
a.c. It is important to note, however, that the
voltage indicated by “V” is invariably in terms
of either d.c. or peak a.c. Any peak

Fig. 5. This necessitates the use of a s.p.d.t.
switch to change from the 10- to the 200-volt
range.

The 6E5 itself should be mounted horizontally
50 that its fluorescent screen can be observed
from the front of the panel—similar to the way in
which cathode-ray tubes are mounted. If a d.c.

a.c. reading can, of course, readily 6 6ct or +430
he changed to an r.m.s. value {as- “CA 3
suming fairly good wave form) 4 _@& Cs W Ry
merely by multiplying it by the Rs
factor 0.707. Y [ R, L/ neEs
CONSTRUCTIONAL DETAILS R A @ F_ gn,
There are so many satisfactory g
ways in which the v.t. voltmeter
can be assembled that none in particular will be ERG
deseribed. A few general comments, however, ——Q—
may be of interest.
The power supply should preferably be a small A T P ¢

power pack built in as a permanent part of the
voltmeter unit; this makes the apparatus suitable
for use in other places than the home station. Be-
cause the supply has to furnish only a small cur-
rent (the total bleeder current is about 20 ma.),
s simple filter is adequate. A 16-ufd. electrolytic
condenser is sufficient in most cases, as shown in
Fig. 4. If a choke seems necessary on account of a
flicker in the 6E5 pattern, a very small one can be
employed, with a condenser before and after.

‘The power transformer is one which can readily
be obtained from the larger radio supply houses.
The d.c. output voltage of the pack is necessarily
rather high, because about 200 volts are necded
across R4 to operate the 6E5. The slide-back po-
tentiometer, Ry, requires about 200 volts, this
being the value which determines the maximum
voltage that the instrument can measure. The
other 30 volts of the 430-volt total are used across
Rs and Rs to provide the initial bias for the 6C6
and 6E5.

If a maximum range of 100 volts is deemed ade-
quate, the supply voltage can be reduced to 330
volts. The voltage drop across R4, R and Rs
should not be changed, however, the entire 100
volts being subtracted from the drop across Er.
This will necessitate changing Rv to 5000 ohms.
If a range greater than 200 volts is required, addi-
tional d.c. bucking voltage can be placed in the
cathode return lead of the 6C6 (at the point
marked “C” in Fig. 4). Care should be taken so
that the total bucking voltage never exceeds the
particular voltage scale to which voltmeter “V”
is adjusted.

A voltage calibration of Ky can be made if it is
desired to eliminate voltmeter “V”’ altogether.
The calibrated potentiometer, however, will not
usually give as good results as the d.c. voltmeter.
If many measurements are to be made of low
voltages (1 to 10 volts), a 500-ohm potentiometer
should be placed in series with Rv, ag shown in

c;[ =G

FIG. 4—A SLIDE-BACK TYPE VACUUM-TUBE
VOLTMETER USING THE 6E5 AS AN INDICATOR

R1—2 megohms, V4 watt. Ry—1I megohm, 14 watt.
R2—100,000 ohms, 1 watt. R4——10,000 ohms, 10 watt.
Rs—1000-0hm wire-wound linear potentiometer.
Rg—500 ohms, 2 watt.

R7—-10,000-0hm, 10-watt wire-wound linear potentiom-

eter.
Cr—4-pfd., 400-volt paper (low leakage).
Cg, C3—0.01-ufd. mica, 300olt.
C4—0.1-ufd. paper, 300-volt.
Cy=—0.01-ufd. mica.
Cs—S-ufd‘.‘ 350-volt electrolytic.

voltmeter is to be a permanent part of the instru-
ment, it might also be mounted on the front
panel, below the 6ES5. If not, two binding posts
can be provided for connection to an external
voltmeter,

The mounting of the 6C6 is most important.
In applications involving the measurement of r.f.
voltages, the capacity of the input circuit must be
kept as low as possible. The “goose-neck” probe
construction is recommended for this reason.’®
The advantages of such construction for r.f. ap-
plications are apparent. Condenser €, being an
a.f. by-pass, can be mounted at the power-supply
end of the cable. ('s and C3 should be located right
at the 6C6 socket.

APPLICATIONS OF THE VOLTMETER

Beeause the v.t. voltmeter will measure either
d.c. or peak a.c. voltages and, drawing no current,
can be used across high-impedance circuits, it has
a multitude of uses in the amateur station. A
number of these will be described, as examples.

The a.v.c. circuit of a refractory superhet can
be checked quite easily. Prod “A” is connected to
the cathode of one of the controlled r.f. or if.
stages and prod “B’ to the ground side of the r.f.

3 Bee page 90, May, 1935, QST. Although this drawing
shows a 954 tube at the end of the gooseneck, the 6C6 can
be mounted in similar fashion.
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or i.f. transformer secondary. The true bias varia-
tion {due to the a.v.c. circuit only) can be accu-
rately measured, either with a signal or with a
test oscillator. The 6E5 will at the same time
serve as a resonance indicator or as an alighment
meter, inasmuch as the a.v.c. voltage will vary as
the different circuits are adjusted. The minimum
fixed bias can be measured, under no-signal condi-
tions, between the grid of the r.f. tube and
ground.

Screen and plate voltages can be checked with
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FIG. 5—PARTIAL SCHEMATIC OF V.T. VOLTME-
TER CIRCUIT SHOWING USE OF A 500-O0HM
POTENTIOMETER AS A VERNIER CONTROL FOR
MEASUREMENT OF SMALL VOLTAGES
‘This revision of Fig. 4 is recommended if many meas-
urements are to be made in the 1-to-10 volt range. 81 is a
s.p.d.t. switch.

precision, even where a very large series resist-
ance is included in the circuit. For example, the
screen voltage of an r.f, amplifier is supposed to be
about 100 volts. A 1000-ohms-per-volt meter
reads only (say) 50 volts, because screen voltage
is obtained through a large series resistance and
because the d.c. voltmeter draws as much or
more current than the screen. The v.t. voltmeter
will show the true voltage at the screen, and at
the same time indicate any irregularities in the
screen resistor or sereen by-pass condenser. The
true plate voltage at the plate of a resistance-
coupled a.f. amplifier can as easily be determined,
even if the plate load has a value of 0.5 megohm
or more (incidentally, the voltage ot the plate
should usually be about one-half of the plate sup-
ply voltage, if the a.f. tube is biased correctly).
Likewise, the grid bias on any a.f. stage can be
measured directly between the grid and cathode,
regardless of how the bias is obtained.

Lf. or r.f. stages can be checked in operation by
measurement of the r.f. voltage across the trans-
former secondary. The test lead “A” from the
6C6 should be short and should have very little
capacity to ground. The 6C6 may, even with
very short input leads, introduce a capacity load
of 5 to 10 uuid. which will de-tune the circuit
under test more or less, depending on its nature.
Such detuning can usually be ecompensated by

re-adjustment of the trimmer condenser. This
trimmer must be reset to its original position, of
course, after the voltmeter capacity load is re-
moved. If much r.f. measuring is to be done, &
954 acorn tube, connected as a triode, should be
used in place of the 6C6; the loading introduced
by the 954 is relatively small.

If an output meter is desired, the test prods
can be applied to almost any part of the a.f. cir-
cuit. Where it i3 necessary to separate the a.c.
from a d.c. source which may be mixed up with it
(as in the primary of an a.f. transformer), a 0.1-
ufd. blocking condenser and a I- to 5-megohm
leak can be employed, as shown in Fig. 6. The
grid leak should not be made larger than actually
necessary, however. When the v.t. voltmeter is
connected between the grid and cathodeof an a.f.
output tube (through a blocking condenser, as
explained), the instrument will serve both as an
output meter and to measure the peak a.f. driving
voltage applied to the grid. Low-volume troubles
are frequently traced to insufficient a.c. driving
voltage. )

The actual gain of an a.f. amplifier stage can
readily be measured. A known peuk a.f. voltage
{from a 60-cycle source shunted by a voltage di-
vider) is applied to the grid of the a.f. tube. The
peak a.c. voltage across the plate load (trans-
former, choke, or resistor) is next measured. The
latter voltage divided by the peak input voltage
gives the true gain of the stage, at the test fre-
quency. The condenser-and-leak input circuit
should be used in this case, even if the plate load
is a choke or a transformer winding.

Many times we should like to know the turns
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FIG. 6—INPUT CIRCUIT TO BE USED WHEN D. C.
VOLTAGE MUST BE BLOCKED OFF IN MAKING
AC. MEASUREMENTS
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ratio of an audio or power transformer—or to
check up on a manufacturer’s specifications. To
determine a ratio, place a suitable a.c. voltage
{from any convenient source) across the primary
and then measure the peak primary and second-
ary voltage. The ratio of the peak voltages is sub-
stantially that of the two windings. Care should
be taken, however, that the primary voltage used
will not give an excessive secondary voltage, as in
the case of high-voltage transformers. In such -
cases, the test voltage ean be applied to the sec-
ondary instead of the primary, to avoid the high
step-up.

The power output of an audio power amplifier
can beé determined with the aid of the v.t. volt-
meter and a little arithmetic. A test signal of
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(say) 1250 cycles from an audio oscillator having
a sitnusotdal wave form (see Fig. 7) is applied to
the audio system at any convenient stage. This
signal is then increased until its peak value at the
grid of the power tube (or at one tube in a push-
pull stage) is the maximum permissible for the
tube and circuit under test. For a power tube
operating Class A, the peak signal voltage should
not exceed the grid bias. The signal can also be
adjusted by listening to a loud speaker—the
critical maximum limit being reached when the
tone changes and begins to lose its purity. A pure
resistance load of the correct value and wattage
(for example, 7000 ohms for a single 47 pentode)
is then shunted across the primary of the output
transformer, no secondary load being used. The
peak a.c. voltage across the resistance load is
measured with the v.t. voltmeter. Using the 47 as
an example, we find that the measured peak out-
put voltage Ent is about 186 volts. This must be
changed to an r.m.s. value, for power calculations,
by multiplying by 0.707. Thus,

By = (0.707) (186) = 132 volts.
From the relzation

R
we find that
(132)* .
P= w000 = 2.5 watts, the power output.

The peak plate current of a mercury-vapor
rectifier can be measured as a check on rectifier
lead of the system, between the filter and the
center tap of the high-voltage transformer. The
developed across the resistor while the rectifier is
under normal load. Ohm’s Law gives the peak
E

plate current in the eireuit, Ipp = 2

check will show whether or not the input choke
of the filter system is limiting the peak plate
judged by the tube manufacturer’s rating.

The ripple voltage of high-voltage power sup-
enough ripple to measure (0.5 volt or more). The
d.c. blocking eireuit of Fig. 6 is used, of course, to
The blocking condenser should_have a voltage
rating sufficiently high so that there' will be no
voltage is then measured in the usual manner, by
adjustment of the slide-back potentiometer, Ry.
article will describe several applications of the v.t.
voltmeter in the adjustment of transmitters.
well as an entirely different, simple circuit using a
6E5 for the sole purpose of checking modulation.

operation. A 100-ohm resistor is placed in the — B
v.t. voltmeter will measure the peak d.c. voltage
1;5 Such a

current of the rectifier tube to a safe value, as
plies can be determined, provided that there is
keep the high d.c. voltage away from the 6C6.
danger of its breaking down. The peak ripple
In a subsequent issue of QST, Part 1I of this
Modulation measurements will be discussed, as
In addition, normal applications of the 6E5 as a

visual tuning indicator will be covered. It will be
shown that the “Magic Eye” can be employed to
advantage for tuning purposes in many receivers
not having automatic volume control,

+250
FIG. 7—SIMPLE SINE-WAVE AUDIO OSCILLATOR
OF THE CAPACITY-FEEDBACK TYPE

With the L-C constants given below, the generated fre-
quency is approximately 1250 cycles per second. (This
oscillator makes a good tone generator for i.c.w. in 5-meter
transmitters.)

C1—0.1 ;;fd.

Ca-—16-ufd. electrolytic, 15volt.

Cz, C4, Cs—0.1 ufd.

R1—750 ohms, 14 watt.

R2—500,000-0hm potentiometer,

R3, Re—50,000 ohms, 14 watt.

R5—=50,000-0hm potentiometer.

L1—1500-turn honeycomb coil (160 millihenrys).

Flash! W9ERU Wins Code

Speed Contest

FUGENE A. HUBBELL, WO9ERU, of Rock-

ford, Illinois, is winner of the Amateur Code
Speed Contest held at the A.R.R.L. Central
Division Convention in Chicago on September
6th. Mr. Hubbell attained an official computed
speed of 52.2 words per minute! He was awarded
a beautiful silver trophy. All contestants were
examined on plain language text with tape trans-
mission for two-minute intervals, ranging from
25 w.p.m. upward and at 52.7 w.p.m. WOERU
made but one error. The runner-up was John
Huntoon, WOKJY. Those participating in the
finals, without indication of order of merit, were
WSBKM, WS8SS, W9DKZ, WOERU, WIERS,
WIHUM, WoKIJY, and WOMKX. Judges were
T. R. McElroy, W1JYN, holder of the world’s
code speed record; G. J. Maki, WORQZ, ex-
K7HV, Chairman, Code Speed Contest Commit-
tee; and F. E. Handy, WiBDI, A.R.R.L. Com-
munications Manager.

This was the first official Amateur Code Con-
test ever held. Only bona-fide amateurs, holding
at least an amateur operator’s license, were
eligible. Holders of commercial licenses were in-
eligible, with the following exceptions: (a) Hold-
ers of commercial licenses without experience
under same. (b) Holders of commercial licenses
whose duties specifically are not telegraph operat-
ing (i.e., 'phone licenses). (¢) Holders of com-
mercial licenses engaged specifically as attendants

(Continued on page 108)
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"*HERE are few of the hundreds of thousands

L of people intently interested in radio below
two hundred meters who do not know of Judy
Leon, HCIFG, and an-
nouncer at b.e. station
“Prado”—6,618 ke.—key
to the Indo-Latin chain
of which she is “Capi-
tana.” She learned the
code in 1929, worked the
world with a 5-watt
Phillips valve in t.p.t.g.,
and in 1934 went on
'phone with 200 watts
on 40-20-10, 5 stages, c.c.
So much ’phone was
worked that c¢.w. friends
charged she had forgotten the code. To show
them, she entered the 1935 DX tests and garnered
more points than any other station outside
W-VE. In June, 1935, she and LUSDR succeeded
in providing two-way telephone contact for
weeks between an Argentinian seriously injured
in a plane crash near Medillin, Colombia, and his
wife at Buenos Aires, with the Colombia b.c.
system’s aid. Besides radio she loves automobil-
ing, horseback riding, and dancing. The picture
tells the rest!

GUY WILSON got into ham radio in 1911
while still in knee pants. The start was a
spark coil and two-slide
tuner with silicon detec-
tor. Later there came a
12,000-volt transformer
and homemade condenser
of glass jars immersed in
galt water in a large
metal pan; a considerable
annoyance, for it was
under the operating table
and every time one's
knee came in contact
with it one was blotto for
five minutes or more!
Eventually there was a l-kw. Thor, a photo-
graphic-plate oil condenser, a rotary gap, and one
of the oft-ilustrated oscillation transformers.
This station was licensed as 9EP from early in
1913 until the war. One of the old “Green Ink”
gang, he reached all corners of the U.S., and was
the firsi station east of the Rockies to be heard
by 6EA. Eventually there was a Paragon RA6
with deForest audion; the first audion bulb was

obtained by paying $5 for a burnt-out bulb just
to have the privilege of exchanging it with an-
other $5 for a new bulb! From the war until
1931-32 activity was dor-
mant; but now, as WOEL,
40 and 20-meter work,
convention attendance
and ham radio business
all more than make up
for the lapse.

SORT of radio Abou
- ben Adhem, is
B. P. Hansen’s sunmima-
tion of his ham radio
career. He started in the
game as 8 Boy Scoutf in
1916 or thereabouts, becoming 9YBQ in Logan,
Towa. This eall was used with various rigs, finally
moving to Chicago and a research lab job in
1922. Then in broadeasting, consulting, and
finally E.R.P.1., with ham work lagging. In 1931
his health broke down, necessitating a stay in a
sanatorium at Woodmen, Colo. Thanks to
WOEYN, interest in ham radio revived under the
call WOJNV. In 1933 removal to Colorado Springs
(where he’s now back to work for Erpi) created
WOKNZ. There every angle of the game is
played, on all bands—with 28 me. and the ‘“ultra”
family in the forefront now. “Hang’” idea is that
amateur radio has been such a wondrously valua-
ble form of occupational
therapy to him he needs
must help others in the
game of getting into it as
much as time and ability
permit. There is ample
evidence that he sue-
ceeds in his objective.

HE old-timers rule

the roost in Hamdom
this month. C. Bronson
Weed, WIBHM, too,
began in 1912, in Cleve-
land. Still remembers soldering up his first “B”’
battery and the Amrad quenched gap that would
work 18 miles. Went ¢.w. in 1922, first worked
foreign with G2NM on 80 in 1924; down the
wave-length ladder to 40 and 20 (with a 203 in
’27) and lodged there. Now bemoans the “good
ol’ days” on 20, when there weren’t ‘“’phones all
over the band and all the poor notes . . .”” Qver

(Coniinued on page 108)
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A Laboratory-Type Beat-Frequency Audio
Okscillator and R.F. Signal Generator

Constructional Details for the Advanced Amateur

By Clinton B. DeSoto,* WICBD

Part ll—The Signal Generator#*

tory comment, the reader is requested to

refer to page 45 of the April, 1936, issue of
QST, wherein the why’s and wherefore’s of the
devices now under discussion were given.

The signal-generator portion of the combina-
tion unit bas been a major headache in design
and development. John Clayton once told us
that, given all essential design specifications and
general layout data, it still takes the G.R. engi-
neers a good many months to produce a com-
mercially acceptable standard-signal generator.
There’s no questioning the truth of that state-
ment. For an amateur to attempt to develop, or
even to duplicate, such a device is
about as foolhardy as a test pilot
making his “9 G’s” in a ship of radi-
cally new design. Yet the 9 (3’s must
be, and are, made. Hams should have
decent signal generators, and at
moderate cost. The problem is to de-
termine the points at which com-
promises can be made, the circuit
methods which come closest to being
fool-proof under ham methods of con-
struction and adjustment, and the
combination of these considerations
into workable units. The final version
of the signal generator and its asso-
ciated microvolter is therefore a
structure piled high with compromise,
yet it works. It does the job it was in-
tended to do, and it does it reasonably
well. However, its operation is far
from “single-control” and there are
numerous precautions to be observed.
Summing up: reasonable aceuracy and
reliability have been achieved and
cost has been kept low, this at the
expense of g certain amount of con-
venience. If you want to spend $50,
here’s your gadget; if you want to spend $500—
well, then vou can start looking in the nice shiny
catalogs the makers of expensive laboratory gear
will be happy to send you.

Referring to Fig. 1, the circuit diagram indi-

# Agsistant Secretary, A.RR.L,
*k In two paris. Part I appeared in the April, 1936, issue.

TO AVOID taking up space with introdue-

right.

switch, auxiliary tuning
tenuator. The location of the various parts is self-evident. Qutput is
taken from the binding posts mounted on the false front panel at upper

cates the relative simplicity of the' oscillator
proper. The illustrations indicate the mechanical
layout; again, refer to Part I of this article for
correlative detail.

" A type 58 tube is used in the oscillator. It is
a fairly rugged tube, bas a good suppressor-grid
characteristic, and it provides enough power
output (a signal generator is nominally a voltage-
creating device, but output impedances are so
low that moderate power is necessary) for most
needs. The type 24 is a more stable oscillator tube,
but it has no suppressor grid; with that grid used
for modulation a simple electron-coupled oscil-
lator can be used with reasonable modulation

THE SIGNAL GENERATOR OCCUPIES THE UPPER DECK OF
THE G.R. UNIT PANEL ASSEMBLY
Left to right, the main panel controls are: Main tuning dial, band

ial (see text), series attenuator, output at-

stability, eliminating the need for resistance- or
impedance-coupled buffer amplifiers as used in the
expensive commercial signal generators. The e.c.
circuit provides adequate dynamic stability, out-
put circuit isolation, and the possibility of achiev-
ing a useful percentage of amplitude modulation
without objectionable frequency modulation. The
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utility of the signal generator was greatly in-
creased by using the beat-frequency audio oseil-
lator as the modulation source.

Five tuning ranges are provided, covering from
150 ke. to more than 80 me. in overlapping ranges.
The eoil for the 150- to 500-ke. range is a 2.2-
millihenry universal winding; that for the 500- to
1500-ke. range a 220-ph. 4-layer bank; and the re-
maining three, covering 15005000, 5000-15,000,

LW S dallul 4V VWil @ LU0 111

climination of all stray reactances. The internal
coil shielding is grounded to. the chassis at only
one point. The oscillator circuit and attenuator
are grounded at only one point on the chassis,
The chassis, in turn, is grounded to the main
assembly at only one point, three of the four
mounting screws being insulated with fibre wash-
ers and all couplings to panel controls being made
with bakelite shafts. It has been found that fail-
ure to observe any one of
these precautions will re-

o sult in the difference be-
1R outout tween an appreciable signal
s in a sensitive receiver at
o zero attenuator setting (es-

peeially at the high fre-
quencies), and no signal.

FIG. 1—CIRCUIT DIAGRAM ¥ bt
OF THE SIGNAL ¢
GENERATOR ¢s ERFCs

C1—25.pufd. air trimmers (Ham-
marlund APC-23).
C2—500-upfd. variable condensers

( seneral Radio 334-F).
Ca—100-ppfd. variable condenser

(General Radio 334-T).
(.,4——100c-l‘;pfd. fixed mica con-

nser.
Cp—250-ppfd. fixed mica condens-

x x
ers., 2.5v.
Co—0.1-ufd. 400-volt tubular paper
) condensers.
Cr—0Lyfd. L‘ixcd mica condenser,
R1—50,000-0 T-watt molded fixed
resistor.

QuUTPUT

R9~20,000-0hm Lwatt fixed resistor.
Rz—Z0,0DO—ohm 2-watt fixed resistor.
R4¢~200-0hm non-reactive potentiome-
ters (General Radio 603-316).
Rs—100,000-0hm 1-watt molded fixed
resistor. (
Re—S5,000-0hm variable potentiometer.
R7—20,000-0hm Y4-watt fixed resistor.
Rs—‘?ﬂ,ODO-ohm 1avatt fixed resistor.
L1—2200-uh. oscillator coil (see tcxt)
{made by F. W, Sickles Co.,
Sample No.3670).
L; )—ZZO;yh ¢))sc;llator coil (Sample No.

and 15,000-40,000ke., of 22, 2.2 and 0.22-gh. indue-
tance, respectively, are single-layer space-wound
high-@ solenoids. All cathode taps are at ¥4rd of
the coil. All are wound on extra-thick high-
grade bakelite tubing of 9{g-inch diameter,
baked and impregnated, mounted at three points
in addition to rigid wiring support, for stability.
They are mounted in 134-inch square shield cans,
equivalent to 134-inch round cans, which do not
greatly affect their Q. The five shield cans are
lined up on a heavy copper sub-base, which is
grounded to the chassis at one end only. This
ground is bonded to the single common chassis
ground.

ELIMINATING STRAY CURRENTS

At this point it may be emphasized that a
vitally important feature of the design is the

TO BFO- $300V

L’a—iZﬂuIZ oscillator coil (Sample No.
3
L4—2.2/uh osullator coil (Sample No.
Ls—0. 223:14}]1. oscillator coil (Sample No.
RFCy—2. S.mh. sectmnah-ed r.f. choke
National R-100).
RFCg—40-mh.
chokes.
RFCa—zE-mh.
3W1-SW2—£ circuit
switch (Yaxley 1315).

The main tuning capacity
is & 500-uutd. General Radio
condenser, which has an
approximate straight-line
wavelength characteristic,
The 20-1 capacity ratio
provides a large tuning
range; the National type
“N” precision vernier dial

L enables accurate adjust-

ment within these ranges.
Ganged to the main tun-
ing condenser through an
insulated flexible coupling
is an identical 500-uufd.
condenser, which is wired
in series with a 100-ppfd.
condenser having a sepa-
rate panel control. This lat-
ter condenser is especially
useful in running selectivity
characteristic curves on re-
ceivers, for it covers an
equal frequency band at any
point in any given fre-
quency range. This effect is
achieved through the series
condenser ganged to the main tuning control. As
the setting of the main tuning condenser is varied,
the series capacify changes, providing exactly
the same capacity ratio between the main con-
denser and the auxiliary condenser at any point.
Thus, with the auxiliary dial set at 50 and the
main tuning dial at the test frequency, rotation
of the aguxiliary dial .in either direction will give
approximate arithmetical equality to both sides
of selectivity curves, based on a predetermined
calibration. What is more important, however,
is' the fact that the frequency range covered by
the suxiliary dial will be almost exactly the same
no matter what the setting of the main dial, For
instance, the coverage of the auxiliary dial in the
150-500-ke. region is about 20 ke., a convenient
range for selectivity measurements. No matter
what intermediate frequency is under inspection,

-//*/:r@J

universalwound  r.f.
universalwound  r.f.

5-point all-wave
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whether 175 or 456 ke., one rotation of the auxil-
iary dial will cover about 20 ke. On the higher-
frequency bands the coverage increases by a
multiple of 3.16; i.e., about 60 ke. are covered
in the broadcast band, and so on. These ranges,
it will be noted, coincide in very general fashion
with the approximate selectivity characteristic
of an ordinary single tuned eircuit in the respee-
tive frequency ranges. Although requiring extrs
space, two additional tuning condensers and
another dial, the feature is decidedly worth while
to the experimenter who does much work with
receiver design. If nothing else, it is a uniquely
convenient vernier because of the constant fre-
quency change it provides.

The suppressor grid of the 58 is biased 10 volts
negative when modulated, bias being derived
from the voltage divider shown in Fig. 1 of Part
1. Tt is placed at ground potential when unmod-
ulated, enabling somewhat increased output. The
suppressor characteristics of a group of sample
tubes, measured under operating conditions in
this unit, showed an average essentially linear
range of from ~ 85 to - 16 volts. A 109 variation
occurred in the tubes checked, all of which were
quite new. For 1009, modulation, then, a 25-volt
a.f. swing is required. With the beat-frequency
sudio oscillator in the circuit it is thus possible
to realize 1009, modulation, although this is
rarely done in practice since some frequency
modulation occurs with amplitude percentages in
excess of 60%,.

Parallel plate feed to the oscillator is used,
two chokes being connected in series as the paral-
lel impedance. In view of the relatively low actual
load impedance this may seem an unnecessary
refinement; however, while it was found desirable
to use the sectionalized choke with its low self-
capacity at the high frequencies, use of that choke
alone brought an appreciable drop in output near
150 ke. The series arrangement is satisfactory.

The plate circuit is carefully filtered, as are
all other leads going to the b.f.o. compartment.
It was found that these filters and the precau-
tions previously mentioned concerning common
grounds were even more important considerations
in design than shielding. It will be noted from
the photograph that the signal generator chassis
bears a flanged front panel and end walls. The
original intention was to have triple shielding
(dust cover, a sheet of aluminum attached to
these flanges completing an internal box shield,
and the individual coil shields), but with the rest
of the design adequately consolidated it was
found that this intermediate shield was unneces-
sary. The false ““front panel” is a desirable baffle,
however, and without it “hot” shafts and the
attenuator terminals would be exposed.

THE ATTENUATOR

The attenuator in the signal generator proper
is not a microvolter as well, as it is in commer-

cially-built standard-signal generators. It was on
this point that much of the cerebration and ex-
perimentation that preceded completion of the
gadget was spent. Resistance attenuators, capaci-
tive attenuators, inductive attenuators—all were

THE SECOND-HARMONIC MICROVOLTER IS
BATTERY OPERATED
Two 2.volt screen.grid tubes are used in « balanced
modulator arrangement, with four plug-in coils, covering
(on second harmonics) apk[::roxtmately 900-3000 kc.,

2500-8000 ke., 7000-24,000 kc., and 20-60 mc. Good ac-
curacy is maintained up to the highest frequency limits.

considered on the basis of home construction and
calibration and found wanting. The crux of the
matter lay in the fact that, while it might be
possible to build an attenuator with sccurate
individual reactive elements, precisely calibrated
at the input and with equal maximum and
minimum output on all bands, it would be im-
possible of ready duplication by amateur con-
structors.

The possibility of securing a commercially-
built attenuator and installing it in the home-
built signal generator was investigated. It was
found that a practicable system could be secured
for—$150!1 At that rate, one might as well buy
the complete unit. Cheaper systems were avail-
able, it is true, some much cheaper; but none of
them were sufficiently fool-proof, or adequately
stable, or generally satisfactory for the purpose.
This does not mean that a suitable unit will not
be made available. It is even now being worked
on by a reputable manufacturer. But it is not
yet a part of this signal generator, and therefore
not a part of this story. (Incidentally, if any of the
existing commercial attenuator systems are to be
adapted to this oscillator, some means of boosting
the output will be required, such as a plate feed-
back coil or positive suppressor biasing; as it is,
not enough hop is available for the very low im-
pedance circuits.)

The attenuator that is provided consists sim-
ply of a pair of 200-ohm non-reactive potenti-
ometers connected in series, The series rheostat
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permits adjusting the signal to a predetermined
reference value for rough alignment measure-
ments, while the potentiometer is used for vary-
ing the output.

A vacuum-tube voltmeter is provided to indi-
cate a fixed reference point for output on different
frequencies and under different conditions. In its
existing form it is not particularly successful.
In fact, in practice it is rarely used; the con-
structor duplicating the unit will be as well-
advised to leave it out. One reason for this is the
fact that a 1-ma. meter is used. Since the maxi-
mum output on the high frequency ranges with 10
volts negative suppressor bias is about 0.1 volt,
to use the v.t.-v.m. means that output over all
ranges must be limited to this value. With no
d.c. amplifier, accurate reading of 0.1 volt is
difficult on a 1-ma.

seale. If the volt-
meter is desired—
and it does serve

certain purposes—it
would be a better
plan to use another
tube as a d.c. ampli-
fier, or, perhaps pref-
erably, usc a dual
triode like the 53.

8o far, so good.
But the problem of
accurately measur-
ing the cxact output
microvoltage still re-
mains. The solution
to that problem was
finally, albeit reluc-
tantly, achieved by
the construction of &
separate unit. This
unit actually consti-
tutes a direct-read-
ing microvoltmeter,
equally accurate at all frequencies, and with an
aceuracy greater than is obtainable in almost any
other form. These results are achieved by apply-
ing the generated signal to the grids of a full-wave
square-law detector and utilizing not the funda-
mental but the second harmonie content appear-
ing in the plate circuit. Along with this second
harmonic appears a rectified d.c. current of an
amplitude exactly proportional to the peak
amplitude of the second harmonie. Thus the
measurement of the former with a microammeter
gives an accurate indication of the latter.

This second-harmonic microvolter is not new.
Originally developed by Walter Van B. Roberts
of the RCA License Laboratory, we first heard it
described by David Grimes at a meeting of the
Connecticut Valley T.R.E. Section, four or five
years ago. The circuit has since been published,?

t' W, F, Diehl, **A Standard Microvolter Using the Second
Harmonic Principle,” Electronics, July, 1932,

MICROVOLTER WITH SHIELD COVER REMOVED

.

although utilization has not been particularly
greaf. The scheme is quite useful for our purpose,
however, in that it depends only on one readily-
constructed resistor for its accuracy, and, since
only the second harmonic is utilized, shielding
problems in the microvolter and couplings in and
out thereof are minimized.

THE SECOND-HARMONIC MICROVOLTER

In its practical form, the device exists as shown
in the photographs and Fig. 2. All parts and the
battery power supply are mountedina 12x 10x7
inch box made of Y{sth-inch aluminum and
14-inch aluminum IL-angle pieces. Connections
to the signal generator and to the receiver under
test are made with short lengths of single-wire
line in }4-inch shielded braid, connected to G.R.
Type 274-ML plugs.
The corresponding
G.R. jack econnee-
tors are mounted
behind the panel.

Plug-in coils are
used, the difficulty
of switching while
at the same time
preserving the abso-
lutely essential per-
fect balance between
the two sides of the
winding and the
coupling link ap-
pearing too much
like that Mt. Everest
climb. A large split-
stator condenser gives
a reasonsble tuning
range, reducing the
number of coils re-
quired. To repeat,
the two sides of this
circuit must be ab-
solutely balanced; otherwise, the output will fall
down rapidly at the high-capacity end of the dial,
and the appearance of a fundamental component
in the output will lead to erroneous results.

If the output resistor B4 is made precisely 1.41
ohms, the microammeter will read microvolts
directly, 20 pa. representing exactly 20 pv. This
resistor, R4, is the crux of the whole device, for
on its accuracy depends the accuracy of the re-
sults. It should be & perfect resistance, entirely
non-reaétive. As an approach to this ideal, the
resistor used in this device iz made by taking
about 2 inches of No. 37 Niclirome and wrapping
the ends around two lengths of heavy bus bar,
mounted directly on the output terminals. The
effective length of the resistance wire (32.3 ohms
per ft.) is made 0.52 inches. The wrapped ends
are embedded firmly in solder, the half-inch of
wire between being stretched tight.

An external portable microammeter is used to

44

QST for




read the d.c. increment in the balanced modu-
lator plate circuit, such instruments being suffi-
clently expensive as to prohibit tying one up in a
permanent set-up. A 200-microampere meter is
satisfactory, although one having a lower range
is eminently desirable for measuring low miecro-
voltages. A balancing arrangement for “‘bucking
out’’ the residual plate current of the tubes is
built into the unit itself.

1B4

As stated before, the second-harmonic micro-
volter is simple to construct and accurate, but
its adjustment is relatively complex. Circuits
must be tuned precisely. The d.c. plate current
must be maintained in precise adjustment. In
effect, it adds two quite critical controls to the
signal generator (the output potentiometer on
the generator being used as the level-setting
control).

The final point to be mentioned is the modula-
tion effect in the second-harmonic output. Wher-
ever possible, the signal should be used unmodu-
lated. If modulation is necessary, the fundamental
percentage should be kept low,
for the degree of modulation in

It
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FIG. 2—CIRCUIT OF THE SECOND-HARMONIC
MICROVOLTER .

C1—S8plit-stator 500 pufd. per section variable condenser
(Cardwell XR-500-PD).

C_Es—-().l-,;fd. 400-volt tubular paper condensers.

Cs—0.01ufd. mica fixed condenser.

Ri—15.0hmn rheostat.

R2—35,000-0hm rheostat.

R3—I.41-0hm non-reactive resistor (see text).

Li~—500-ph. coil, 164 turns No. 30 d.s.c. close-wound on
1l4-inch dia. form, centertapped, with 6Gturn
coupling link of No. 24 d.c.c. wound inside,
centered.

Lg~—70-ph. coil, 52 turns No. 24 d.c.c. close-wound on 114+
inch dia, form, center-tapped, with 2-turn cou-
pling link of No. 20 tinned wire wound inside,
centered,

Ls—8.uh, coil, 18 turns No. 20 tinned wire, winding length
1Y% inches on 1V4-inch form, I-turn-plus coupling
link of No. 14 tinned wire d inside, ¢ ed.

Lg—1ph. coil, 6 turns No. 20 tinned wire, winding length
114 inches on 1Va-inch form, l-turn-minus cou-
pling link of No. 14 tinned wire wound inside,

centered.
RFC—2.5.mh, sectionalized r.f. choke.
Battery complement: Two No. 6 dry cells, two 4Y4-volt C
batteries, three portable-size 45-vole B batteries.
Note: If it is desired to cover i.f. frezuem:ies as well, an.
additional coil of 2.5 millihenries inductance, universal
wound and centertapped, can be employed. The turns
ratio to the coupling link should be about 25 to 1,

The unit is battery-operated in order to achieve
a high order of short-time power-supply stabil-
ity without undue expense or complication, and
also to enable a completely shielded unit. Current
drain is low, so battery expense is nominal. The
necessity for a stabilized supply will become ap-
parent with the first adjustment of the d.c. balanc-
ing control. At currents of a few microamperes,
a.c.-operated heaters alone induce sufficient vari-
ation to make readings difficult. Even with bat-
teries there is a continual small drift, but this can
be compensated for over any one measurement.

AT apulnnt
A -l—?l l I..:.lgly.l o

LI the output will be 4/(2 4+ m?)
Fe cuipul times the percentage modula-
tion of the fundamental. In
addition, there is.a second
harmonic component of the
modulation frequency that is
m/4 of the desired modula-
tion. Modulation increases the
amplitude of both the
second-harmonic component
peak amplitude and the rec-
tified d.e., but in equal
amounts, so the accuracy of
the reading is not disturbed.

With the existing oscillator, the microvolter is
primarily useful for measuring only over-all
receiver characteristics, since the maximum

{Continued on page 108)

; | DIXIE JONES'
OWLJUICE

I’LL be dadblamed if sumpn hadn’t oughto be
done about all these 40-meter mugs fopping
back on 80 every year about this time or sooner
and yowling all over us 80-meter gentlemen that
belong here. Everyear it is the same, only some it's
worse. It runs in cycles like rabbit years in
Kansus. Some years you ain’t pestered by so
many of them. In them years hen hawks grab
‘em up more’n usual or they git to eatin’ loco
weed or buckeye sprouts and there ain’t so many,
and you can kinda manage to keep a few skeds
and move what hamgrams there is without
having some big squawk pop up all over your
wman and say: ¢ This here 80 band is too crowded
fer me, I'm going back on 40.” Brother, he coulda
went at the same time he come and it would suit
me fine. If I was running this ham racket I would
make them 40-meter jaspers git somewhere
and stay there and not be floppin’ around messin’
up guys that’s trying to do sumpn. It ain’t right.
—W4LE of the *“ Dizie Squinch Owl.”

-200.ai2.
Exz‘eﬁ?f:‘;)

October, 1936

° 45

<




Watt a Chirp From Dominica!

By John M. Murray,* W2AMD-VP2MK »

““Whataya mean?”’ I gurgle, shoving the
) earphones northward and looking up at my
native headman, Yotee.

“Yito he finish too, Sar. You come look!”

With salty beads raining from my brow, Yotee
and I slowly retrace our way through the drip-
ping jungle, he slaghing murderously at the chebef
and blaguard roots, and I following in the narrow
passage behind him,

Forty-eight hundred feet above the sea, we are
on the jagged back of Trois Pitons, Dominica’s
second highest peak. Between intermittent rain
squalls, and when the waving tree ferns straighten
for a moment, we can see out over green valleys
to the east and west. Patterns of sunlight and
speeding white clouds against a blazing blue sky.
But only for fleeting instants. We are drowned
about every eleven minutes. Three hundred
inches of rainfall in this vicinity! Far off on one
horizon lies the rolling blue Atlantie, while on the
other our leeward Caribbean, nearer and bluer in
the bright afternoon light.

Though the transmitter and receiver are small,
it has been a frightful pull getting them up on this
wild tropical mountain. And now Vito, my black
idiot, has fallen in the chartagnier roots along
with 180 volts of “B”’ batteries. He had come up
more slowly with his extra load.

But we find him, his eyes rolling and his feet
nearer the sky. Several yards he has fallen
through the woven roots and horizontal trunks
over which we had passed. Vito is foo scared and
I too mad to talk, It is a terrific job fishing the
batteries up, but finally they are lined up on &
log and not much the worse for wear. I turn to
Vito.

“Now, my little cherub, whathehell’s the big
idea? You said your feet were sure. You've bloody
well near wrecked the whole business. Grab those
batteries and let’s get going!”

“No Sar, dear boss,” comes Vlto, the white dice
in his mouth rattling.

“Whataya mean?” I shriek.

“Debbil in them blocks, green firey debbil.
Cocht my hand in he teeth. . . . No Sar, dear
boss, I no...”

“Well, you —— ——1" T change my tac-
tics. . . . “Listen to me, Vito. There's no. devil
in those batteries. If you'd keep your blasted
lunch hook off them . . .”

“Launch hoo-ok? debbils, firey debbils. .

But there’s no use explaining. Finally Yotee
and I lug the four blocks back over the trail, and
I set, to connecting up the gear. Vito goes off in

*157 Williem St., Catskill, N. Y.

BATTERY he finished, Boss!”

the bush to get bamboos and balezier leaves for
my ajoupa which he will build before nightfall.
Yotee climbs a stunted palm and drapes the
sixty-six foot antenna. I twirl the dial of my
three-circuit tuner, & wild recciver made up of
ancient parts resurrected from different planters
on the island. . .". Forty meters. Ah, VP6NW
roaring in on phone. Small fry—only a huondred
and thirty miles to Barbados. . . . Islip the dial
slowly around. . . . K4DUZ, with low growling
c.w., i8 talking to Antigua. Then the commercial-
solinding clip of KBAF calling CQ. But I am after
the U.S.A.; none of these locals for me!

Next, to hook up the transmitter. Night falls
fast out of the equatorial twilight. A Hartley she
is, using one 45, Filament batteries will only last
a short time. . . . I beat the transmitter with
the receiver and get it at about the middle of the
7-me. band.

Vito is now finished with the lean-to ajoupa
and is squatting before it, his cutlass folded in his
armg. There is a wild look in his eyes; I am sure
he thinks I am playing with the devil. Yotee has
a small grass and root fire going and prepares
supper. Now the sun hag get and Caribbee maid-
ens of the sky are blowing their warm breath
through the night. The regeneration of my re-
ceiver competes bravely against the steady rush-
ing and sighing of the trees.

And there he is againl “VP6NW calling test
forty meters. . . .” What modulation! I raise
him, though, and he gives me QSA5 RS, but
VERY CHIRPY, like tweeking a violin string.
Soon I swing into a 73 and go after the W's. . . .

1 hear a W4 and give him s long call. ND.
Many W’s are beginning to pound in; in fact if T
don’t QSO soon, the QRM will be too heavy. . . .
All this work for nothing. Then comes the slow
DX drawl of W2HFO. . .. A crystal note—
with a hand key, the sending smooth as ivory

L0 CQCR DX de . .

I push the switches ... “W2HFO. ..
W2HFO de VP2MK . . .” And back he comes!
QSAS R7 T8 he gives me, but VERY CHIRPY.
. . . What a thrill! My input is barely one watt!
I give him my QRA, and we chew the rag for a
few moments. Then I remember W8ZG’s stunt
back in the twenties of working a Zedder with &
UV199 transmitter with fly speck input. .. .
Perhaps I can get rid of the chirp. . . . So I tell
W2HFO to QRX while I start cutting off the
“B" batteries one by one.

My hands are wet, and T am squatting Buddha-
like on the damp ground. I catch a look at Vito
across the fire light, his eyes riveted on me. I

(Continued on page 86)
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Results, June ‘36 ARR.L. “F.D.!”

over, with a record of higher participation

and higher scores than ever before. Per-
fected operating technique and more practical
equipment developed with emergency needs in
mind have contributed to this result. Some 387
operators and additional S.W.L.’s and visitors
were on the job! Numerically about 15.79, more
took part. The impetus that building of portables
has received is reflected in the increased demand
for an additional summer field day this year.

THE League’s Fourth Annual Field Day is

FIELD DAY WINNERS —
W3AJF.QV-3 (1287)

York Road Radto Club _at
Sunday dinner. to R.:
W3EWO, ETM, FZQ, BYS,
EEW, EHZ, AYH, GDC,
BZF, CTB, KF, (next two
unknown), ALB, BWQ, FEJ,
ECD, DMF, ERF.

+ + o+

WSEHM-5 (1170)

An individual tent set-u
}é{ib‘{.VSENE, ESC, DYH,

The August activities will be reported as
soon a8 reports are complete.

The object of the “F.D.” was to give s
practical operating test to equipment
transported and set up at a distance from
commereial power supplies. The communi-
cating work of different stations is com-
pared by the scores, these based on the
number of contacts made with any other
amateurs besides stations of those in the
group making the test of course. Each
contact counts & point and the total num-
ber of points is then multiplied by 2 or
38 depending on whether either or both
transmitter and receiver are independent
of commercial power sources. Another
multiplier of 3, 2, or 1 applies for plate
powers falling between 0-20, 20-60, and
60-1000 watts respectively.

ICO, GZS, DJO, DDU, HQJ, BWC. Front row: S.W.L.,
DXO, AYJ, SSW.L.

Most operators divided their operating time
between the 7- and 3.5-me. bands. Any amateur
frequency could be used, voice or telegraph, from
a portable station in the field. With few excep-
tions, practically all the work was telegraph,
which. gives most output and most DX for a
given weight and drain on batteries. Some
used 56 me. of course for extra points and fun.
‘This amateur band was third in popularity
and the hottest ’phone band for field-day ac-
tivities.

The winner? There were many groups mak-
ing scores running into the hundreds and all
deserve greatest eredit since they each proved
s high degree of “communicating ability”.
The York Road Radio Club set to in earnest
and brought the honors back east, placing
first by making 143 contacts with different
stations for a score of 1287 points! 24 club
members slept in tents, others arriving Sun-
day. An enjoyable week-end was had by all
—a8 may be judged from the photograph
which shows the whole crew taking care of
the output of the culinary department of
the expedition. The
location was Ringing
Rocks Park near
Pottstown, Pa. Two
18-watt transmitters,
hoth 47-46 crystal
rigs were used run-
ning from 350-volt
dynamotors and 12-v.
batteries and the gang
was surprised at the
fine performance of
this power on 3.5-
and 7-me. bands.

W2DXO0-2 (1161)
Northern Nassau Wireless Association. Back row: W2AOL,

W2DUA,
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Those not operating enjoyed ball games, roller
skating, and other sports.

The leading station in the individual group
scores gave the Y.R.R.C. plenty of competition,
and WEEHM-5 was the second highest of «ll
{130 Q80’s, 1170 score), with work entirely on
7 me. All the active Dallas hams listed with this
report missed the centennial opening to help put
this Field Day test over and are to be congratu-
lated on the outstanding work. The station was
located on a hill near White Rock Lake. The ops
took two hour watches. Sets were on hand for alt
bands but it was thought best to keep doing well
on 7 me. CM’s, VE’s and XE’s were among those
worked, using push-pull 45’s. A high wind threat-
ened the set up, and the gang was ready to aid
in Wichita Falls work, where tornado conditions
threatened, had it become necessary. The next
highest individual score was that of WI1EZ-1.
With W1IZM he worked 95 stations (855) on 7
and 3.5 me. using a single '10 and 12 watts from
a vibrator-transformer, QTH on top of East
Mountain (Vermont).

Four club groups rolled up scores over the 1000
mark! The winner has been mentioned. Next in
line we find keen competition—W2DX0-2 with
129, W6ERT-6 with 125 and W9AIU-9 with 121
contacts. The Northern Nassau Wireless Associa~
tion (score 1161) set up at

doubler and RK25 second doubler. With 104
QS0’s for 936 points, the fellows found time for
baseball and fishing when not operating. The
8.C.R.C. and the Hamilton Amateur Radio Club,
VE3KM, both maintain the same relative posi-
tion in the list of scores recorded last year!
VESKM using a 47-802 (37 s.a.) rig made 93
QS0’s for 837 points from Waterdown, Ont.
overlooking Lake Ontario. All hands enjoyed the
camping and operating to the utmost.
Incidental use of 56 me. was noted in quite a
number of reports. W1HDQ-1, as usual, led this
field, topping his previous record of 49 QSO's by
working 62 stations in the party (558 points) all

Poundridge Reservation,
Cross River, N. Y. 14 and 56
me. were used as well as the
usual low-frequency bands.
The United Radio Amateurs
{last year's winner) made
1125 points with a large and
successful set up in the Palos
Verdes Hills near San Pedro.
The main transmitter was a
41-"10 crystal rig used on
both 7 and 3.5 me., power
from a 300-volt gasoline
driven a.c. generator of
W6IVG’s. A supervised
schedule gave every member
part of the responsibility and
assured a high degree of suc-

cess. The Egyptian Radio Club doubled their con~

tacts from the previous year’s record, working all
districts, besides VE4 and VE5 with just a single
802 crystal oscillator and various erystalsfor 3.5, 7
and 14 me. The location was Riverview Park,
Alton, 111 on a bluff 250 feet above the Missis-
sippl. A dynamotor supply was used. The score,
1089!

The South Cleveland Radio Club, W8SIK-8,
considerably bettered its records of last year,
working 20 states and two VE licensing areas. A
movie of the fellows in action was taken. The
transmitters; all erystal rigs: (3.5 me.) *124A and
70s in parallel. (7 me.) 6A4, 6A4 doubler, and
06A4’s in parallel in the final. (14 me.) 6A6 osc.~

‘WSFBC-8 WAS LOCATED UN
DER A STRAW STACK
WB8FBC, JNJ, LEV

+ o+ o+
VE3SP ON LOCATION WITH
VE3RM

Hamilton Amateur Radio Club
(837) represented by VE3KM, 1A,
5P, led all Canadian entrants,

with just 3 watts! FB, HDQ!
We are sorry that space
does not permit a story on
cach successful set up—the
fun of an outing and super-
lutive results went hand in
hand and we hope these all
too brief sketches will give
some idea of the stations set up. Rigs varied from
the simplest individual sets to those where clubs
pooled local effort and established camps with
three or four tents and a dozen or more storage
batteries. The power classifications are noted in
full with the scores of each group. As WSDRW-8
reports, ‘“This contest, like other A.R.R.L.
contests is growing in popularity by leaps and
bounds as evidenced by the great number of
stations ‘signing portable’ June 6th and 7th. Last
year we (W8DMK and myself) found about 109,
of our Q8S0’s with other portables. This year it
was 409,
—F. E. H.
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WSKRG relieved WSHMJ at times. Plans for next years
F.D. include more power, but the 41-42 rig worked well this
year, Highlight, with QRN a2t worst refreshments arrived.

W1FGO and I pooled equipment, got in on the ¥.D. and
haven'’s had so much fun for months, Push-pull 42’s with
erystal were used.—WIEWF-1.

WI1EZ-1 PLACED SEVENTH HIGH FROM THIS
LOCATION WITH JUST TWO OPERATORS, W1IZM
LEFT, W1EL RIGHT

Many speak of the pleasures and benefits of camping in
the open for this A.R.R.L. activity.

 WI1FGC-1 worked entirely on 56
me. from Mt. Monadnock working
42 stations. A Genemotor run on
storage bat. was used giving 300 v.
60 ma for 112 ose., 41 mod., 76
speech.—R. M. Slavin, WIFGC.

Put rig in a tent and we walked
up a 12’ ladder for antenna support.
Made 31 contacts in spite of the
rain—~VE3GI, VE3LK, V.L.

Field Day was enjoyed by the
entire club, operating WOLLV-9
on 3658 kes.—WIVNM.

The W.R.0.C.’s eight operators
located on Rib Mountain, thres.
miles south of Wausau, entirely
battery operated using 89 crystal,
and P-P 89's. Due to QRN we
were glad the set could work any
band,—W9PRM-9.

The R.F.C. had an enjoyable
outing, looked forward to for along
time, Our portable rig used 6A6 and
P.P. 6A6’s with both a dynamotor
and gas driven generator for
WSENO-8. Due to publicity on
our plans we had many ham and
layman visitors. Break-in was
used at all times and made possible many contacts.—W8ID,

The annual F.D. is one of the best features promoted
by A.R.R.L. and we three thoroughly enjoyed it in spite
of QRM from June bugs. More Halifax stations would
have been worked but the weather was so good they were
out in the open, too.—~VEIJM, VEIGL, VEIHJ.

Het at WSOFO was very compact, a 112A with 180 volts B
giving 3.6 wattsinput.—W80FO.

But for the myriads of bugs and other insidious anima-
culae, crawling and otherwise, the weekend was fun—and I
mean real fun! Next year, now, we are going to town in the
contest—just wait! Hil—WIFGO, WI1EWF.

On without a stop for 22 hours using 110 v. self-excited
generator on my car. Used 45 watts to RK20 with band
switching—W6DVE-W6BVK.

6A6 P-P osc. link coupled to a 43 amplifier was used with
260 volts B bats. The set on a trailer was moved into the car,
A choke had to be repaired, and also it isn't so hot to start
on the antenna af the time the contest starts. Plenty of
preparation is necessary.—WINJ Z.

Ready to go to the Cascades but activity was confined to

indoor work, but we worked numerous other portables. Set
readily accessible for emergencies.—W7FHZ,

112A crystal ose, with 5 watts to a half wave 80 m. Zepp.
on 7150 ke. with a tree—for shade.—W5KC, 4.E.C.

Sure had a fine time. Camped out five days. Ran a.c.
generator belted from rear wheel of car. Two transmitters.
Will double score next time!'—W8NCD-8.

Would suggest a pound-per-watt limitation, with every-
thing over 50 watts disqualified. Had a grand time. Am a
ship op. and pack a portable to pass the time in port, meet
local hams, ete, 89-48-P.P, 48's, 12 watts input, 15” x 7
x &', weight 7 pounds.—W6BOY-7.

Loads of fun. We were three miles from the nearest tele-
phone and truly portable in all respects~—F.L.T.S.,
W8BVD-8.

The Buckeye gang journeyed 23 miles west of Akron, In
spite of adverse weather, winds, rain, static, everyone claims
he thoroughly enjoyed it. Over 50 hams, wives and YL's
visited. Recommend two ¥D’s each year—B.S.R.A.,
W8BDG.

Too many 88's and $9's for a measly 16 watts input. I
never put much faith in reports and now I never will.—
Evans, W1BFT.,

Operated a 2kw ao generator from a 4 cylinder Austin
motor at Hanging Rock Mt., 85 miles from Winston Salem,
N.C. 59-46 was used by 20 club members, also 8 non-lic.
men were log keepers, watching gas and oil and deserving
much credit, All had a big time.—W.S.4.R.C., W4NC-0G.

One swell time . . . lots of fun and brasspounding. Every
contact enjoyed 100% and all but one in 3.5 mc. band.
Raised W7FFQ (Boise) on a CQ
and got 589X on our 4 watts!
We were at Riverton between
Sacramento and Lake Tahoe.~
WEKME-6,

Two miles from Sunset Beach
with 42 (7123 ke. crystal) and 42
final with 8 watts input until the
vibrator power supply gave up, but
we got back on the air with just the
m.z—AR.4. of L.B.,, We MHH-6.

W4CUW made a2 short test on
AR.R.L.’s Field Day making 35
contacts . . . proved our portable
8.¢. supply was dependable in time
of need. It taught us never to set
up near » high power transmission
line (noisy) and others should be
warned of this for future con-
tests.—W4CUW-4.

‘W3NF, W3GJM and W3EOP
put up a tent 6 mi. south of Easton,
Ed and I keeping 4 hour shifts.
Our score was wmade with 6A4
crystal and 201-A and later a 210
final with 17 watts from B bats.—
W3EoP.

Six enlisted men and four civilian
ham (guest) operators scheduled an overnight camp on
the F.D., the company cook preparing our meals, 42-6A3
with a hand driven generator makes a good emergency
supply but it is too much work to keep it going for hours.—
W8BDM-8 (Whitaker, 2nd Lt. O.N.G.)

42 erystal with 15 watts from bats and filament from car
battery. Had a swell time with lots of eats, mosquitoes, spare
time and Q8T to read.—W3FF(C-8 and WSEYP,

We parked on a boat house (at Baie D'Urfe, Lake §t.
Louis, 17 miles west of Montreal) using 2.6 watts on a '01A
crystal with 135 v. A good time was had by all—VE2CO
and VESCX.,

Also used 59-801 MOPA on 40 and 80. Used a one cylinder
gas engine and a.¢. generator, By every test we could apply
the equipment worked well. It was just lots of fun, and we
would not have missed it.—WONIU, A.E.C.

No matter what our power be
Or how they report our sig
We give them a better report
On their low powered rig!
(Inspired by s-9 'OLA sigs)—WIBOP-9

October, 1936

49



The Frontier Radio Club of Windsor, Ont. set up a tent
and chow house at Oxley Beach, using a rewound Dodge
generator and gas engine for the rig and lights. §9 tritet was
used . . . one of the swellest weekends the gang ever had.
The experience was invaluable.—VESZO,

Having placed first on 56 me. in "34 and ’35 we have had a
new rig “in the works' for a long time with this F.D. in mind.
It uses a 19 Colpitts ose., 19 Class B mod., 30 speech amp.
with & pr, of 30’8 in a super-regen. all running from three 45
v. B bats, Perfect wx and the full moon was & big help.

‘Worked from Sweetman Mt., Granville, Mass. Saturday
and Mt. Monadnock, Jaffrey, N. H. Sun.—T'ilton, W HDQ-1.

The 8.M.R.A. had its F.D. at Edgewater Park, Albert
Lea, Minn, A Kato a.¢. gas engine generator put 115 watts
on the final. 32 of 40 WORHT-9 contacts were on 75 meter
*phone,.—WIMZN.

Joint, field day plans were made by the M.V.B.P. and
U.AR.C. and 10 members drove 40 miles north into the
mountaing, Using 802-10 we had a swell time.—~W8SLGR
for WOLMT-8.

Field Day -Participation

Club Station Q808 Score*
W3AJF/QV-3  York Road Radio Club!. ... ... 143-A 1287
W2DX0-2 Northern Nassau Wireless® As-

gociation. rnnaness 129-A 1161
W6ERT-6 The Umted Radlo Amateurs

Club of Southern California3. 125-A 1125
WOATU-9 Egyptian Radio Clubt......... 121-A 1089
WBIKP-8 South Cleveland Radio Club®... 104-A 936
VE3KM Hamilton Amateur Radio Clubs 93-A 837
W80DJ-8 Buckeye Short Wave Radio As-

sociation?...............ess a-A 810
W4NC4 Winston-Salem Amateur Radio

Clubs. ............... 89-A 301
WSMLV-8 Akron Progressive Short Wave

Radio Association®s.......... 73-A 657

* The * power classification’ used in computing the score
is indicated by A. B. or C after the number of Q805 shown.
A indicates power up to and including 20 watts {multiplier
of 3); B indicates power over 20 up to and including 60 watts
(multiplier of 2); C indicates over 60 watts (multiplier of 1),
More than one letter means that at different times different
power inputs fell within different classifications. An R or T
after the score indicates that receiver or transmitter were
supplied from the public mains; no indication after scores
where work was entirely tndependent of mains, r or t is used
where oniy part of operation used mains supply.

'Iub opcmtar: W3FZQ, W3BYS,
W3R W3 DHZ WIALB, W3BWQ,

J ' W3EDC, W W3ERY, W3KF, W3CTE.
W3BZF, W3AJF, W3QV WSFLN WSFKX W3EJH W3EIC

1 WIEWOQ, W3ETM,
W3A 3DGC,

,
w2
E
e
b
5]
9]
N

VESADT, T b0
R, WS

W

1T WIRQM, WILED, WOPR, Y

WOWMK, 'WOE ZO1L, "W3AAF WS\JCL
‘Wi 2R, AT, B W9

©
I3
=
3
3
&S
2
=
=
o
o
N

FJ, W: W3FYC,
\‘E(}AG "3 VE3ZV,
0]

, T .
WORQV. 38 WOVH, WOFI, WQA'YE

KZV, WOVYQ, WISCH. '® VE2CX, VE2ZCO, ¥ VE4P
NEAMB, VEAXB ' VE4UC. % Not given. ¥ WAFJA, W80
IIVE4E. E4LV, VE4IQ, VEASY, Chesser,” Benson.

&%
n VF‘3WU VE3TD, VESAID VESSG "and Gord. Coleman,
B WILXG, WSAVH, W gd‘ WEMWO, WSGUL, WENYE,
WSNIP, WSMX.L WBHEX, W&BCE. WSLVH and’ WSBXC.

WBDZC-8 Elmira Amateur Radio Associa-

Flon®. ... 68-A 5%
WIPRM-9 Wausau Radio Clubll .. ....... 64-A 576
WEEWM-8 Bluefield Amateur Radio Club 50-A 450
WITGR/NJZ/ The Northwest Amateur Radio

OWB-9 ClbB. oo ciinsnrasnns 51-A 450

W4CDCH4 Chattanooga Amsteur  Radio

Club®. ... ...ciiean..s 72-B 432
W8BDV-8 Finger Lakes Transmitting So-

ciety®.......... 66-AB 405
‘WSAAR-8 Trico Radio Club 41-A 369
WSENO-8 Radio Frequeney Clubof Tiffin17 38-A 842
W4AZF-4 Tampa Amateur Radie Club,

Ined8. . .ooiiiiiiiainn.. 56-A 836 T
WIFTS-1 Hoosac Valley Radlo Club, ... 34-A 306
WaDJA-9 Fond du Lac Amateur Ra.dlo

Club®...oiiiiiiininnnnass 31-A 279
W3GAG-3 The Philadelphia Wireless As-

sociation. .............. L 28-A D52
VE3ZO Frontier Radio Club2,........ 27-A M43
WYLJL-9 . Topeka Radio Amateur's Asso-

ciation®, .. ..., 0 53-B 212T
WLMT-8 Mohawk Valley Brass Pounders

& ¥ Utica Amateur Radio Club 23-A 207
VE38G The Queen City Amateur Radio

Club¥. ... ciiiiiiiiiiannn 48-B 12T
WeMHH-6 Associated Radio Amateurs of ¥

Long Beach. . . . 21-A 189
WaLLV-9 Goshen Amateur Radio Club®.. 41-B  164T
WIRHT-9 Southern Minnesota Radio As-

sociation®. ., .._,.. 40-C 120
W9VH-9 West Towns Amateur Radio

Club®B, . (i 3%-A 7RT
VE2C0 Montreal Amateur Radio Club® f1-A 99
VE4AAA Baskatoon Amateur Radio Club® 10-A 90
W4BRUE-4 Raleigh Amateur Radio Club®. ¢-A 81
WALXG-8 Westlake Amateur Assn.% ..., ¢-A 81
WBKYC-8 Marietta Amateur Radio 8oci-

ety . s 10-A 60
VE4LY MooseJaw Amateur RadioOlub®  6-A 54

INDIVIDUAL AND GROUPSCORES

WERHM-5 WHENE-WHESC-W5DYH-

WSEHM........ovvians 130-A 1170
WiEZ%-1 WUIM-WIEZ. .............. 95-A 855
WSDRW-8 WSDRW-WBDMXK............ 116-A 696 T
Wi1BFT-1 Wi1IOC-WIHOV-WIBFT...... 70-A 630
WIHDQ-1 E. P. Tilton. . .... aearreeasaas 82-A 558
VE3GT VESGT-VE3JT............... 62-A 558
WENCD-8 WENCD-WEPQQ-WSPMA-

WSO0BA... . 495
WaNF-3 W3NF-W3EO 450
W3EHW-3 WIEHW-W3FQZ-W3GAC-

WIFRB-W3EIB............ 40-A 441
WI1FGO-1 WIEWEF-WIFGO............. 44-A 396
WIFGC-1 Robert M. 8lavin............. 42-A  §78
WEBDM-8 WSBDM-WSEVI-WSFKY-

WSIMC-W8KND-W8MMH-

WSMWH-WSNGR-W80HO-

‘W8OJE-WBOYH-WS8PWD... 42A 378
W8KZL-8 Winchell Keller............... 37-A 333
VE3GL VE3GH, VE3LK, Vie Lawton... 5§1-A 308 T
VEIHJ VEUM-VEUH-VEIGL. ...... 279
WINH-1 Forrest Hassom (56me.) 279
WEMVE-6 Tom 8, Chow.,.....0oeunvunns 270

WITYF/UYP-9 WOTYF-WOUYP-Tony Smfert
SWL, 267 RT
41-B M8

(BWL) s
W6BVK-6 WOBVK-WBDVE.............
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Class-B “Squirt” Modulation With a Pentode
Class-C Stage

An Economical Transmitter with RK-20 Output and Quick Switching for
Controlled- or Constant-Carrier Operation

By E. S. Young,* WO9AEN .

for the past year, and hag far exceeded

expectations in performance both as to
DX and to simplicity of operation. One may
wonder, after examination of
the tube lineup, why more
power ig not used in the final
stage to obtain more power
in the antenna; but let it be
known here and now that
two major issues are in-
volved. PFirst, financial con-
siderations, and second, the
thrill of working with low
power. The main idea in
presenting this article is to
demonstrate a working model
transmitter that has con-
trolled carrier, with Class-B
modulation of a pentode
Class-Camplifier. Controlled-~
carrier principles have been
presented in the A.R.R.L.
Handbook as well as in past
issues of QST, and will not
be treated here.

The r.f. front end of this
transmitter is the standard
‘“‘universal exciter” eircuit,
using alternative Tri-tet crys-
tal or electron-coupled os-
cillator control. Complete
details of two arrangements
were given in Oct. and Nov.
1933, QST. The second of
these is also described in the
eurrenteditionofthe A.R.R.L.
Handbook. 1t is therefore un-
necessary to repeat the cir-
cuit details. Even the coils
are as previously specified.
However, in place of the 59’s specified for the
ogeillator and buffer-doubler stages of the original
design the later transmitting-type r.f. pentodes
are used.

Getting on, an RK-23 is used in the oscillator
¢ircuit. Thig tube has a number of advantages
over the 59 in this position, mainly that no trou-

#1306 Forest Ave., Maysville, Ky.

THIS rig hag been in use here at WOAEN

REAR VIEW OF THE R.F. UNITS, PRO-

GRESSING FROM THE UNIVERSAL

EXCITER AT THE BOTTOM TO THE

ANTENNA TUNING NETWORK AT
THE TOP

The audio unit is built on a separate
chassis mounted under the operating table.

ble is experienced in operating both the input and
output circuits at the same frequency. While the
crystal is incorporated in the transmitter for Tri-
tet operation, the writer has never found occasion
to use it, as one very often
finds that one’s signals are
right in the middle of a
bunch of QRM and a shift
of frequency is in order. This
is readily accomplished using
the electron-coupled oscilla-
tor connection. Otherwise
another crystal must® be
switched in the circuit, which
involves additional expense.
If one wants crystal control,
however, it is only necessary
to switch to the crystal posi-
tion and choose bhetween
electron-coupled or Tri-tet
operation.

The buffer is another
RK-23 which is used to
furnish sufficient excitation
in the event the oscillator is
operating at the lower fre-
quencies. Also, additional
isolation between the final
stage and the oseillator is
provided and an excellent
degree of stability is main-
tained. The operation of the
Universal Exciter Unit is
covered very thoroughly in
the Qctober, 1933, issue of
QST, page 9. To use 59 tubes
with this unit it is only
necessary to provide an
insulated peg of some sort to
fasten the plate clip (to keep
it from dangling around), and
to run a jumper between the plate prong on the
bottom of the socket and the plate connection
which fastens to the top of the tube. This is ar-
ranged in permanent form in this rig, and to
substitute 59 tubes it is only necesgary to replace
tubes in their sockets and hang up the plate lead
clip on the insulated peg. All other connections
remain the game as in using the RK-23 tubes; the
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plate terminal on the 7-prong tube base of the
RK-23 is g blank, since the plate connection of
this tube is brought out to the top. The RK-23
tubes provide superior performance, however,
and much more output than the 59’s.

CLASS-C AMP.
RK-20

The final stage is rather conventional, and
several closely similar circuits have been pre-
sented in QST and the A.R.R.L. Handbook. The
only reason for deviation from constants ag shown
elsewhere was not having the particular values

= Cs
F Ls
L 2 - RFC RFC W
' <, oud 78 4G Qra‘lf Ank.
= ] Ry. Q ™ N Feeders
& Y, L_T. -
= | %
70 RK-23 0 Do Mot Grovnd
EXCITER Ry L, Ry - Const. Carrier.
Csl— \Cgs | | Sw,_ﬂ
15V.AC. T l('.‘y X _k__\
*_*
CLASS B L
3P AMP, DRIVER MOD. Cont, Carrrer
56 ) 59
T, Ta T3 L
L T
= (wooo.n)
T_ Re HH HBH
K b (s000.2)
/[- Cs] 3R, cg—
s
" ﬁ THUT
e} Hoow
45V i = |
& ¢ &
2RV.ALC - 250V.+ - 600V, + —AQ0V.+
lggupply) - Separate FowerSugplies

FIG. 1—CIRCUIT QF THE CLASS-C FINAL STAGE AND AUDIO SYSTEM WITH SWITCHING FOR EITHER
CONSTANT-CARRIER OR CONTROLLED-CARRIER OPERATION

Tuned circuit coil and condenser values of the Class-C
AR.R.L. Handbook, Other values are us follows:

Cy—0.002-ufd. r.f. by-pass con-

R3—75-0hm filament center-tap re-

C stage aré decording to usual practice, as specified in the

ume control).

. densers (mica).
Cs—0.002-pfd. 5000-v0lt plate block-
ing condenser (mica).
Cpeedaufd. 1000-v0lt or higher filter
condenser (paper).
Cy—T-pfd. audm by-pass condensers

(paper).

Cg——-().ﬂOZ-pfd. highwoltage +.f. by-
pass (mica).

R1—50-0hm variable rheostat (r.f.
citation control).

R2—15,000-0hm l-watt grid leak.

sistor,

R4—25,000-0hm 10-watt (suppressor
voltage dropping).

R5—10,000-0hm 25-watt (screen and
suppressorvoltage dropping).

Rg—1500-0hm 2-watt (driver bias
resistor).

R7—2750.-0hm l-watt (speech amp.
bias resistor).

Rz—1000-0hm variable (microphone
voltage adjustment),

Rg—3500,000-0hm potentiometer (vol-

T1—Double-button microphone in-
put transformer.

Te—Interstage audio transformer
(3-to-1 step up).

Ts—Class-B m[mt transformer (sin-
gle 59 to Class-B 59’s).

T4+—Class-B output transformer
{Class-B 59’sto 10,000 ohms).

SWi—S.p.s.t  microph one battery
switch (toggle type).

‘SWz—f‘m::;pole ouble- throw knife

tch.

Note that negative side (; filament center-tap) of Class-C stage shoiild not be grounded for controlled-carrier opera-

tion. The
sulation to ground to stand the full plate voltage.

THE CLASS-C FINAL 8TAGE

Next, we find link coupling to the final stage,
which is thoroughly conventional except that a
rheostat is connected in series with the twisted
line to adjust excitation to the grid circuit of the
RK-20 tube. Since this fube operates best within
fairly close limits of excitation, the rheostat
allows a fine degree of adjustment and does not
detune the eircuit, the line being low-impedance.
This resistor is a wire wound affair removed from
a defunct b.c. receiver. A carbon-pile type which
will hold adjustment should work better.

ing relay, Ry, is above ground with SWz in the controlled-carrier position and should have sufficient in-

specified in the junk box. Those shown for this
rvig in Fig. 1 do business nicely, so let’s gkip the
argument,

Now to the unconventional part of it. First of
all, a sereen and suppressor voltage divider is not
connected across the Class-C amplifier plate
supply because this would place a dead load on
the modulator; and, since modulator power is
expensive, why do it? The series resistors merely
serve to drop the voltage to the correct value for
the screen ahd suppressor grids. This voltage
varies in accordance with the modulation applied
to the plate, thus keeping the voltage ratio to the
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various elements proper.
One may dispense with
the suppressor-grid re-
sistor, however, and con-
nect the suppressor direct
to negative h.v. with good
results.

In order to obtain con-
trolled-carrier operation,
the modulator and final
amplifier plate feed cir-
cuits are placed in series.
The plate resistance of

PANEL VIEW OF THE
TRANSMITTER’S R.F.
SECTION IN ITS CON-
VENIENT *““CONSOLE-
TYPE” RACK
Note the adequate
metering.

the Class-B tubes is varied according to the

audio level impressed upon their grids; and, as

the audio signal varies, the varying plate re-

sistance of the modulator tubes thus allows more

or legs d.c. eurrent to pass through to the Class-
{Continued on page 106)

Picking Out the Receiving Tubes
“Preferred Types” in Tabular Form

WITH the passing of the moratorium on new
receiving tube types, the manufacturers
have got back into the swing of the thing and are
bringing them out at a pretty fair rate. Gradu-
ally, however, order is coming out of what looked
like chaos; logical grouping is pretty well in sight.
In making up the additions and revisions for the
tube tables in the next Handbook, we found it pos-
sible to prepare a table of what might be called
“preferred types” of receiving tubes; the idea
being that these types are practically the only
ones that need be given consideration in planning
a new receiver.

This table is presented herewith. The popular
tube designs are listed in the left-hand column;
everything is included except the electron-ray
tubes, which are mere accessories rather than
essential parts of a receiver, and a few hybrids
such as the triode-pentode 6F7, which was made
only in one series. In the power amplifiers, triodes
and pentodes are listed according to how they are
constructed rather than used; it is customary, for

(Coniinued on page 110)

PREFERRED RECEIVING TUBE TYPES BY FUNCTIONS
Metal Glass (Glass Glass Glass Glass
Deseriptions Qctal 6.3 V. 6.3 V. 2.5 V. 2.0V 2.0 V.
Octal 0id Oid Octal Old
General Purpose Triode. . ......coivinnenss 6C5 6CHG 78 86 1H4G 30
' 6J5G
High-p Triode. ... .. voinveenrrirsrrsrennns 6F5 6¥5G
’ 8K5G
R.F. Amplifier, sharpcutoff. . .. ............] 6&J7 8J7G 606 57 1E5G 184
R.F. Amplifier variable-x. . ..........c.o00ls 6K7 8K7G 6D6 " 58 1D5G 1A4
Twin Diode. ... covoeinvinniirineisnnee 6H6 8H6G
Duplex-Diode Pentode. .. .................. 6B8 8B8G 8B7 2B7 1¥7G 1¥6
Duplex-Diode G.P. Triode.........0vvvvvin. BR7 8R7G 85 55 1H6G iB5
Duplex-Diode High-p Triode.............. | 8Q7 8Q7G 75 2A6
686G
Pentagrid Converter..........ovveavncneiins BAS BASG 6A7 2A7 1D7G 1A6
6D8G 107G 1C6
Pentagrid Mizer-Amp.. ....vvvviiiininnriens aL7 8L7G
Pentode Power Amp..........c.cviinvevnnns 6F6 6F8G 42 245 1F5G 1F4
618 818G 41 1E7G 33
Triode Power Amp.........cvivvrvevenns 8B4G 6A3 45 ceae 31
2A3
Twin Triode Power Amp........ e 8N7 ON7G BAB 53 1J6G 19
Direct-Coupled Power Amp.. ............. .. 6N6MG | 6N6G 6B5
October, 1936 53



HINTS and KINKS

for the Experimenter

The Class C Audio Amplifier Applied

to Regenerative Receivers

THE amateur c.w. operator will readily recog-
nize the added readability of a signal that
“‘stands out’ from the background noise present
in nearly every short~wave receiver. We find some
operators who like a slight modulation on the sig-
nal, others who like the piercing qualities of a
pure d.c. note, but all will agree that the ulti-
mate condition is that which would exist should

16
BPateof .C,
Audio Tube” W \/\
rs
C
L, ® 3 c u “&4‘
P R~1
[ PSS SR STV A —AAA
Common Ground Ry Ry R3
+B

250
FIG. 1—CLASS-C AMPLIFIER FOR NOISE
REDUCTION

C1—0.01 gfd. Ri—7500 ochms
Ca—0,00025 pfd. R3—500,000 ohm va