30¢ in U.S.A. and Canado
1/8 in the United Kingdom; 2/- in Australasio
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VACUUM Tank

g0 small you can hold it in the palm of your
hand. This new tank condenser represents a0
important advancement in the technique of
radio (ransmission From now of - - tank
circuits need notbed limiting factot in high
power operation-

The EimacVacuumTankCondenscr makes
it possiblc, at last, tO build 2 high power
transmitter in a relay rack .. -2 final ampli-
fier for every erig” Smallenough
for 50 watts, large enough for 50 kilowatts,
this new condenser will revolu(ionize your
(ransmitter. Optimum circuit efficiency is

E|TEL-M:CULLOUGH, ftNC. °

1t will pay you to investigate at

dealer has all available information .-
ASK ABOUT 1T 1f you have nO dealer .-+
WRITE!

TusE®

sSAN BRUNDO, CAL!FORN‘A
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Instantaneous Band-Switching
From Front of Panel

Over any three pre-selected amateur bands

P 100 watts input on all bands.

» Single meter reads all plate currents as well
as grid current of final stage.

P Powersupply and R-F section on one chassis.

) Band-Switching feature optional, regular
plug-in coils may be used.

D Tube lineup: 6L6G—6LE6G—TZ-40.

PHONE OPERATION

p Plate modulation by a separate unit using a
pair of 6L6's.

FOUNDATION UNITS

Completely punched chassis and panels sup-
plied by Thordarson for hoth units. Full con-
structional details, photos, diagrams, etc.
Standard parts used throughout. Fits siandard
relay racks or cabinets.

Designed specifically for amateur transmitters.

Sufficient driving power for any Class B
modulator.

Hum at absolute minimum.

Output can be adapted to either Multi-Match
driver transformer or 500 ohm line.

vV wvWVv

UNIVERSAL SPEECH AMPLIFIER

All three units can be seen at the Radio Parts Trade Show, June 8-11, at
our booth 112-114 Coulomb Street, Stevens Hotel.

Available at your distributor’s on or before July 1, 1938
Ask him or write to factery for free circular SD-378

Accommodates crystal microphone.

Optional volume compression circuit.

Tube lineup: 6F5—6C5—6C5—2A3's P-P,
Foundation unitfurnishing completely punched
chassis, instructions, photos, etc.; suitable for
standard relay rack or cabinet. Also screen
cover and bottom plate available.

vVvwVww

THORDARSON ELECTRIC MFG. CO.
500 W. HURON ST., CHICAGO, ILL.

pemdnc( ‘ 'powe't 6y TAO‘ZC{d‘tiOI‘l 2
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7460 BEVERLY BLVD..LOS ANGELES, CALIFORNIA vori'722¢

New York Otffice:
500 Fifth Avenue
Phone: CHickering 4-6218

Chicago Office:

Direct all correspondence to the home office at 3618 No. Bernard Street
Los Angeles except as otherwise requested. Phone: JUNiper 5575

Ray L. Dawley. WeDIHG

TECHNICAL

B. A. Ontiveros,. WGFF§F

ASSOCIATE

K. V. . Lansingh. W6QX

ASSOCIATE

George D, Walker', WACTO
ASSISTANT

. . . . assisted by

Faust R. Gonsett, W6VR, Laboratorian
Jack Rothman, W6KFQ, Laboratorian
M. M. Lloyd, Managing Editor

Business Department

Los Angeles
K. V. R. Lansingh, Publisher

E. M. Johnson, Advertising Manager

G. Jasaitis, Circulation Manager

The Edilord . . .

W. W. Smith, W6B{X

EDITOR IN CHIEF

Frank €. Jones. WGASF

ENGINEERING

E. H. Couklin', W9FKM

ASSOCIATE

Herbert Becker, WGHD

ASSISTANT

Rufus P. Turner®’, WIAY

ASSISTANT

B. A. Ontiveros, W6FFF, Engineering
Draftsman

Kennard Moore, W6PDB, Art Counsellor

New York

V.R. Lansingh, Eastern General Manager
J. B. Carter, Asst. Advertising Manager
Chicago
C. W. Nelson, Asst. Advertising Manager

be sent direct to Los Angeles.

addressed envelope.

Address @ll correspondence d manuscripts 1o the home office at Los Angeles except as follows:
1. Raddioddities, Strays, and thie like ntay be sent to Rufus P. Turnerd.

2. Calls Heard may he sent to George Walker2: also dx news and station deseiriptions from
eastern America and from transatlantic countries.

3. Advertising inguiries may he directed to our nearest office, bul all copy and cuts should

Unnsibie, unsolicited mamseripts will be destroved unless accompanicd by a stamped,

1512 N. Main St., Wheaton, Ilinois.

2 Box 335, Winston-Salem, North Civolina.

3106 Chilton Street. Cumbridge, Massachusetis.

o 4 o

PRINCIPAL FOREIGN AGENTS

Europe: N. E. Read, 24, Church Street, Oswesiry, Shropshire, England. Australia: *"The Bulletin’’,
Box 2521BB, Syduey, McGills, 183 Klizabeth St.
Sydney. New Zealand: Te Aro Book Depot, Lid., 4 Courtemay Place, Weilington. South America:
E. Stark, Caixa 2786, Sao Taulo; ““Revista Telegrafica,” Peru 165, Buenos Aires. Canada, John
A. Hobines, 2888 K. Kirst Avenue, Vancouver, B.
cations, 40 Trust Buildings, Fox Street, Johannesbhung.

Melbourne; Swain & Co., Lid., Pitis S,

C.  South Africa: South African Radio Publi-

RaDIO. Entered as second-class matter. Published ar 7460 Beverly Boulevard, Los Angeles, Calif.
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Radio, June, 1938 No. 230

RADIO is published ten times yearly
(ineluding  enlarged  special  annual
number) about the middle of the
month preceding its date; August and
September issues are omilted. Pub-

ADIO

LM TED
TEGHNICAL PURLISHERS
7160 @CVERLY BOULEVARD

LOS ANGELES

1I* YOU MOVE, notify us in advance:
We cannot replace copies sent to your
old address.

SUBSCRIPTION  RATES, postpaid:
U.8.A., Canada, Newfoundland, Cuba,
and  Mexico, $2.50 the year; two
ears, $1.00; (add 3% tax in Cali-
fornia).  Other independent American
tounfries and Spain, $3.00 the year;
1Wo  years, $5.00. Elsewhere (execept
New Zealand), $3.50 or 14s. 6d. the
year; two years, $6.00 or £1 4s. 6d.
Remittances must he payable ut par
in cominental U.S.A. except as noted
under ' Remittances™  helow.,  New
Zealand only, 18s. 6d. local curreney,
from Te Avo Rook Depot, 64 Court-
ey Place, Wellington.  Special [s-
sues are  included  only  with  sub-
seriptions of one-half year or longer.
Refunds witl he made on cancelled
subseriptions  at  the  difference  be-
ween the amonnt pid and the rate
earned.

THRERE YEAR SUBSCRIIM'TON,
$5.00, net, in advance, in U.S.A. and
Canada only.

REGULAR  ISSUE  SINGLE  COPY
RATES: at newsstands, hook stores,
aud vadio parts dealers, 30c per copy
in U.S A and Canada, 1s. 8d. in
the United Kingdom, 2s. in Australia
and New Zealand. By mail, postpaid,
from fiome  office, 30e in U.S.A.,
Cunadi,  Newfoundland,  Cuba, and
Mexieo; 35¢ in countries taking the
$3.00  subseription  rate: clsewhere,
40¢ or 1s. 8d. Regarding remittances,
see helow.

BACK [ISSUES (when available), 5He
extra; they will not Le included in
sihseriplion.

COPYRIGIIT, 1938, by Radio, Lid.
All rights reserved. Reproduction with-
out permission is  forbidden; per-
mission @5 usually  gramted  amatenr
papers on request. Title yegistered al
Unired States P'atent Office. Printed
in U.S.A. by Glendule Printers, Glen-
dade, Calif,

ENTERED  as  second-vluss  matler
Februwy 6, 1936 at the postoffice
st Los Angeles, California, under the
Aelof DMaueh 3, 1879, Registered
for transmission by post as a hews-
paper at the (.10, Wellinglon, New
Zealand.

BRANCH OFIICES (ransact  busitess
with  euslomers who eall in person;
mail orders shonkd be sent only to
Los Angeles.

RESPONSIBILITY will nol be aceept-
etl Tor sabseriptions placed with un-
authiorized  agenls. I'rospective  sub-
seribers are wrged Lo inspeet carefully
the eredentiads  of  anyone  soliciting
tieir bnsiness. Agents are never anutlior-
ized 1o vary 1he rates above guoted.
REMITYANCES muss he payable at
par it continental U.S.A., except as
fotlows: Canadian postal notes accepl-
ed; please add 10¢ exchange 1o Ca-
nadiaun cheeks below  $2.50;  British
pustal oviders and cheqties driwn on or
puyable at par in Londoen are accepted
at rates gquoted in British  currency.
I'rom elsewhere remit by Bauk Draft
(preferred) or international woney
order
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RADIO DIGEST

GIVES YOU THE BEST. Condensa-
tions and reviews of the outstanding
articles of the month . . . American

and foreign . . . at your finger tips.

The magazine for the service man,

the engineer, the amateur. Made

for the person who's too busy to

hunt through piles of stuff for what

he wants, wise enough to keep post-
ed on what's new, but too wise to
waste time and energy in an effort

to find it.

‘®

A penny postcard will start the Digest com-
ing to you; we’ll bill you later . . . 6 issues
for $1.50 and 12 issues for $2.50 if you
live in U.S.A., Canada, Pan-American coun-
tries—elsewhere $3.00 or 12s. 6d. for 12

issues. . .

RADIO DIGEST
7460 Beverly Boulevard, Los Angeles

The Open Yorum

WHY MASS PRODUCTION OF LIDS?

Laurel Springs, N. J.
Sirs:

Y n | is it customary now days for most
radio clubs to get a buzzer and key and sound
the mating call to round up a lot of children
and announce said children are about to be
taught the code? (Note: club dues 25¢ per
month; non-members not eligible for code
class.)

When “'yours truly” started in radio away
back in 1912 along with a lot of other old
timers, there weren’t any lids. We had our
code practice by listening to ship-to-shore trafhc
and copying press from NAA and in this way
developed some good operators and radio men
(excluding myself). The aforementioned code
practice of days gone by is still available and
it may encourage good operating for future
amateurs.

[ wonder if it is really ham radio when a
child can memorize the questions and answers
in the license manual and by some trick of
fate is able to receive 13 w.p.m. on the day of
his examination, and that day only? Does that
increase our ranks as amateurs or are the lids
outnumbering us? I'll bet my underground
vertical beam that for every honest-to-goodness
amateur there are 25 lids in these here United
States.

Getting to the point, here’'s my version as [
see it (with the present regulations).

1. Little Aubrey in knee pants reads about
this wonderful radio business where you can
talk all over town for practically nothing.

2. Little Aubrey discovers old magazine that
tells how to build five-meter transceiver, which
he builds out of junk b.c.l. sets acquired from
local dump. With the aid of a screw driver
and a few minutes spent in a telephone booth,
he is the proud but questionable owner of a
mike.

3. Little Aubrey bootlegs on five with a
friend’s call (said friend is unaware of the
fact) quite some time until he is finally con-
vinced by some kind licensed amateur that he

[Continued on Page 75}
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diversitny receptisrtc

b SHUTIRr /= s 5

dodel DD-}

I{vmlvrs of (ST are familiar with the work on Divessity Reception hy Mr. James
J. Lamh and Mr. . L. A. MeLaughlin®, and that of Mr. McLanghlin and Mr. Karl W, Miles**
more recently reported.

The SKYRIDER DIVERSITY repiesents the culmination of several years” work
by these engineers.

The principal advantages of Diversity Reception, as exemplified by this Dual
Diversity Receiving System, may be summed up as follows:

1. The reduction of fading to negligible propartions.

2. An increase of sigmal strength over that of any single receiver.
3. lmpravement of signal-to-noise ratio over any single receiver.
4. Reduction of heterndyne heat note isterference.

To bring the SKYRIDER DIVERSITY to a high standard of electrical and
mechanical perfection, wikh strict adherence te the principles of functional design, the
Hallicrafters went outside their own organization to such specialists in their respective
ficlds as Maliory, Aladdin, Raytheon, Crowe, Stancor, Acrovox and Jensen.

Their collaboration, with the original work of the engineers already mentioned,
has enabled the Hallicrafters tn offer the advantages of Diversity Reception for the fiest
time, in easily operable form, and at a price within reach of the amateur. See the NEW
SKYRIDER DIVERSITY at yoor dealer’s tnday!

*0ST May, 1936 **(ST November, December: 1957
All Hallicrafvers Receivers Available on Liberal Time Payments

the hallicratters inc.

2611 IYDIANA AVENUE, CHICAGOD » CABLE ARDRESS: HALIICRAFT, CHICAGO

*world's largest builders of amateur communications receivers

e 7 o
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YO'U might be nexd! . . .

your receiver might be the best money can buy, end your antenna okayed by the

best engineers in the country, but that doesn’t mean you’re immune.

Don’t get yourself in this guy’s shoes. Be prepared for an emergency!
Every ham ot some time or other is troubled by a noise level so high
as to make his incoming signals practically unintelligible . . . regardless
of his equipment . . . so don‘t let it catch you unawares. With the
NOISE REDUCTION HANDBOOK up your sleeve, you can be assured
that the signals you want to hear won’t be drowned out without your
being able to handle the situation.

J}
The 1938 ""RADIO"” NOISE REDUCTION HANDBOOK is a completely different addition to
RADIO’S unique library of essential information for every radioman. It tells you how to
eliminate or greatly reduce practically every form of radio noise except natural static.

Particular emphasis is laid on the elimination of the noise ot
its source, and how to locate the source. When that is im-
practical, a new, highly effective modification of the noise
balancing method used in commercial work can be used with
almost equally good results. A complete description, theoretical
and constructional, of the application of this old telephone
"9ag’’ to modern radio work is included.

When noise does get into the receiver, one of the practical

noise limiters described will “‘work wonders’” in increasing
signal readability.

Radio, Ltd. Rates: 35¢ in U.S.A.

7460 Beverly Blvd. 40c¢ or 1s. 8d. elsewhere

Los Angeles, Calif. British postal arders accepted
Enclosed find $....... ... ... . for ... copies of the "Radio’ Noise

Reduction Handbook.

NG e e e

AdreSS. e e R e

Y o e e 230
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June * 1938 Number 230

The publishers assume no responsibility for statemenis made herein by con-
iribntors and correspondents, nor does publication indicate approval ihereof.

In this idsune “Radio” presents:

Frontispiece: Harold P. Westman T T R LY
ARTICLES
The 1938 "Model 222" Receiver—Frank C. [ones, W6AJF - - - - - 11
New Design Data on the Flat-Top Beam—fobn D. Kraus, W8JK - - - - 15
An Inexpensive, Light Duty Beam-Rotating System—R. E. Lauth, W8MP] - 19
Operation of Zero-Bias Modulators—T homas A. Gross, WI1JZM-VEIIN - - 21
And Now, a Midget Portable Receiver—L. V. Broderson, W6CLV - - - 24
A Manually-Operated "'Push-to-Talk” Relay System—V ernon C. Edgar WG6CRF 27
What's Happening to “Ten™? - - - - - - 29
A Disc-Type Frequency Meter for Amateurs—Guy Forest - - - - - 30
A Midget 90-Cm. Transceiver—De Forest O. Romain, W2IEV - - - 35
Practical Design of Close-Spaced Unidirectional Arrays—W. W. Smith, W6BCX 38
For Beginners: An Inexpensive Exciter-Transmitter—/Jack Rothman, W/GKFQ - 42
A Cathode-Ray Oscilloscope for $1.37—E. H. Conklin - - - - - 45
Solenoid-Type Relay Construction—E. R. Jobns, W7BTH - - - - - 50
A Beat-Frequency Audio Oscillator—H. W', Anderson, W6CCG - - - - 52
MISCELLANEOUS FEATURES

Radioddities - - - - - 14 Pictorial: "“The Big Moment”

Strays - - - - - 20 —WeNJT - - - - - 59

F.C.C. and Emergency Lament of a Retired 210
Communication - - - - 23 —W6OFD - - - - - 96

Pickups - - - - - 26 Advertising Index - - - - 96

Expedition: 1938 Style - - - 34 Buyer's Guide - - - - - 97

Something for Nothing - - - 49 The Marketplace - - - - 98

DEPARTMENTS

Open Forum - - - - - 6 56 Mc. - - - - - - 66

Dx - - - - - - - 60 Yarn of the Month - - - - 68

Postscripts and Announcements - 65 Calls Heard - - - - - 72

Book Reviews - - - 74,79, 95

THE WORLDWIDE TECHNICAL AUTHORITY OF
AMATEUR, SHORTWAVE, AND EXPERIMENTAL RADIO
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Harold P. Westmon

AROLD P. WESTMAN is another of the well-known figures in radio en-
gineering who entered this field through the familiar amateur route. He
became interested in amateur radio in 1918 and obtained o license shortly
after the war bon on amoteur octivities wos lifted. Although he has held
both amoteur and commercial licenses in the intervening time, his present

interests lie more in radio principles and in the design and construction of
equipment.

B His name is familiar to old-time amateurs as he was made assistant tech-
nical editor of 'QST"’ in 1927, and technical editor in 1928. In 1929 he be-
came assistant secretary of the Institute of Radio Engineers, and was appointed
secretary in 1930. Since that time he has been instrumental in the editing
and publishing of the "“I.R.E. Proceedings,” o publication needing no introduc-
tion to technical-minded radio amateurs.

M As is typical of outstanding men in any field, his hobbies are diversified. A
few of his interests are indicated by his membership in the Amateur Astrano-
mers Association, the American Radio Relay League, the Institute of Radia
Engineers and the Veteran Wireless Operators Association.
(Photograph—Continental, by R. M. G., lnc.)
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The 1938

bl

A good superheterodyne receiver can be as
easily built as a t.r.f. set and for practically the
same cost. The ncw 6J8G hexode converter
tube is very effective for the front end of a
superhet receiver, being much more sensitive
and stable than the 6A7 or 6AS8 tubes. The
6)8G tube as an oscillator-mixer tube is more
sensitive than a 6L7—6CS or 6]7 combination
and the frequency stability is very ncarly as
good. The receiver illustrated here follows
somewhat along the design lincs of the model
222 receiver originally described in RaDIO sev-
eral years ago. Modern tubes and circuit at-
rangements have greatly improved the per-
formance.

Integral Noise Silencer

A new noise suppressor circuit with a 6HG
tube is shown in this receiver. It is one of the
most effective circuits devcloped for reducing
automobile ignition interference in the short
wave bands. The 6HG twin diode tube is con-
nected in push-pull across the headphone and
first audio amplifier so it knocks off both nega-
tive and positive noise voltage peaks. In fact
it tends to punch a hole in the signal during the
short time period of a strong noise peak. It is
entircly automatic and has no effect on any
moderate strength voice or c.w. tone signals. The
circuit can be applied to nearly any existing re-
ceiver by means of a center-tapped choke, a

il

By FRANK C. JONES™
W6AJF

GHG tube and a volt or two of cathode delay
bias. The delay bias is necessary to allow the
desired signal to pass on to the headphones or
final amplifier stage without attenuation or dis-
tortion. Noise peak voltages run as high as 5
to 20 times as great as the desired signal but
are of such short duration that they may only
sound as loud or possibly two or three times as
loud as the desired signal without noise sup-
pression. These peaks are greater than the
delay bias and cause the diodes to become con-
ducting. This drops the diode impedance from
nearly infinity to a few hundred ohms and so
they act as a short circuit across the audio am-
plifier.

The diode center-tapped choke can be the
primary winding of a push-pull pentode-to-
voice coil outpur transformer. The delay bias
can be from a dry cell or from the self-bias resis-
tor in the final amplifier as shown in the cir-
cuit diagram. The usual 400-ohm resistor has
an additional small 30-ohm wire-wound re-
sistor connected in scries with it to ground.
The bias of a volt or so across this 30-ohm re-

#“Fnginecring Editor, Rapro.

e ]]
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sistor provides the delay bias for the 6H6 noise
suppressor.  This is the same as connecting a
negative bias to each 6HG plate.

Electrical Line-Up

The receiver consists of a regenerative first
detector-oscillator, a 1600 kc. i.f. amplifer, a
regenerative second detector, a noise suppres-
sor and two stages of audio amplification. A
high-C oscillator provides good frequency sta-
bility in the high frequency oscillator. A low-
C first detector circuit provides high gain and
good signal-to-noise ratio. It was found that
the cathode of the GJ8G tube could be con-
nected through a regenerative feed-back coil
coupled to the first detector circuit in order to
obtain very high gain on 10 and 20 meters.
This causes a small interlocking effect, espe-
cially on 10 meters, but this is not troublesome
and the regenerative gain offsets this disadvan-
tage. Another advantage of regeneration is
that it nearly eliminates image interference
since 1600 kc. if. also helps in this respect.
Regeneration is controlled by varying the screen-
grid voltage on the 6J8G tube.

H.F.O. Circuit

A reversed-feedback oscillator circuit was
used, as that is supposed to give better results
with a 6J8G tube in the high frequency bands.
The plate of the oscillator is tuned 1600 kc.
higher in frequency than the incoming signal.
The oscillator grid is connected to the usual
untuned tickler coil. This is a reversal of the
usual connections for oscillators. The two
windings are wound in the same direction for
the oscillator coils with the grid out one end
and the plate out the opposite end on the coil
forms. The cathode coil on the detector coils
must be reversed from the usual tickler direction
of winding in order to obtain regeneration.

e 12 o

Short point-to-point connecting
leads as contrasted to “‘pretty”
but inefficient right angle bus
wiring are exemplified in the

under-chassis view of the 222",

Oscillator-Detector Ganging

The high-C oscillator and low-C detector
circuits are ganged together and track very well
over all of the relatively narrow amateur bands.
The oscillator padder is a 100-upfd. condenser
set on all bands at about 2/3 of its full capacity.
The 20-upfd. detector trimmer condenser 1s con-
trolled from the front panel as it is necessary
for regeneration adjustments. The gang con-
denser consists of a Hammarlund MCD-35-MX
double-spaced midget 2-section condenser.
Plates were removed until the rear section (de-
tector) had five plates and the oscillator had
nine plates. This leaves four dielectric spaces
between rotor and stator plates for the detector
and eight spaces for the oscillator. The latter
has twice as much maximum capacity as the
detector-variable section and so the oscillator
tracks 1600 kc. from the detector over the
whole range of the tuning dial. The prelimi-
nary oscillator padder condenser setting must
be correct and the coil inductances correct for
proper tracking. Small errors can be corrected
by manual control of the detector trimmer,
though this isn’t necessary if care is taken in
adjustment of coil turn spacing before cement-
ing the turns in place on the coil forms. Elimi-
nation of an rf. stage greatly simplifies con-
struction of the receiver and reduces ganging
problems. An r.f. amplifier-preselector would
provide a better signal-to-tube noise ratio; how-
ever, the sensitivity of the set as shown is very
good.

The |.F. Amplifier

1600 kc. iron-cored if. transformers pro-
vide enough i.f. gain and selectivity in one stage
since the second detector is regenerative. The
6F8G tube is somewhat similar to the 6N7G
or 6AG except that both cathodes are brought
out through separate leads. The separate con-

www americanradiohistorv com
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GND.  ANT.

PHONES

6H6

=ﬁ Tz Rae}

6V6G T3

80

3/52

C;—3-30-ppfd. mica trim-
mer

C», C3—Rebuilt condenser;
approx. 15 and 30 ppfd.
respectively

£4—20-ppfd. midget vari-
able

C;—100-ppfd. midget va-
riable

Cs—.01-pfd. 400-volt tu-
bular

C;—.005-pfd. mica

C—O0.1-pfd. 400-valt tu-
bular

Cy—.00005-pfd. mico

C;1—0.5-pfd, 400-volt tu-
bular

C;o—.25-pfd. 400-volt tu-
bular

Cy3—25-pfd. 25-volt elect.

C14—8-pfd.450-volt elects.

R;—300 ohms, 15 watt

R.—50,000 ohms, 15 watt

R3—50,000-ohm potentio-
meter

R4—25,000 ohms, 1 watt

R5;—50,000 ohms, 1 watt

Rs—300 ohms, 15 watt

R;—50,000-0hm potentio-
meter

R«—100,000 ohms, 1 watt

R10—1000-0ohm potentio-
meter

R;1—50,000 ohms, 15 watt

R12—25,000 ohms, 15 watt

Ri3—500 ohms, 15 watt

R14—250,000 ohms, V2
watt

R15—50,000 ohms, V5 watt

Ris—1-megohm potentio-
meter

R;;—A400 ohms, 3 watts

R1s+—30 ohms, 1 watt

R;9—25,000 ohms, 10 watts

S;—A.c. line switch

S~—''B’* voltage on-off
switch

110 V. AC.
Si
Ta
IFT—1600-ke. iron-core

i.f. transformers

T,—Primary of p.p. pen-
tode-to-voice coil trans-
former

T.—3:1 audio transformer

T;—6V6G-to-voice coil
transformer

T4+—650 volts c.t. 65 ma.;
6.3 volts, 1.6 amp.; 5
volts, 2 amp.

CH;—30-hy. 65-ma. filter
choke

CH»—2500-ohm' speaker
field

Ci19—.002-pfd. mica R:—10 or 20 megohms

L;, Lo, Ly—See text

J—Phone jack

nections allow self-bias to be used on the af.
amplifier section and grid-leak detection on the
other 6I'8G section. A GAG tube can be used
in place of the 6F8G by eliminating the 500-
ohm cathode resistor; all other resistor values
will remain the same.

Detector regeneration is controlled by a
1000-ohm variable resistor across a small cath-
ode coil. The latter has 30 turns of no. 26
d.cc. wire jumble wound on a 154" diameter
porcelain insulator rod which is fastened to the
under side of the chassis near the 6F8G socket.
The second detector is made to oscillate for c.w.
reception and can be made highly regenerative
for greater selectivity in phone signal reception.

The if transformers are of the interstage
type with fairly high gain and selectivity char-
acteristics. 1600 kc. i.f. has the advantage of
little image interference trouble and also gives
better osc.-mixer action in the first detector cir-

cuit on the 10- and 20-meter bands. A 465 kc.
i.f. has a closer frequency relation between the
oscillator and detector so there is more inter-
locking and noise generation in the first de-
tector citcuit at high radio frequencies.

Mechanical Construction

The receiver was built into a standard 8"x 8”
x 16” cabinet with a 7”x 3"x 15” chassis. A
414"x 414" partition of 12 ga. aluminum acts as
a support for the detector trimmer and as a
shield between the oscillator and detector coil
and condensers. The shield is slotted to fit over
the tuning condenser. The 100-uufd. conden-
ser is mounted on a separate bracket near the
tuning condenser and should have a lock-nut
adjustment to insure its remaining set at the
same capacity value at all times. A vernier dial
is connected to the tuning condenser through a
flexible shaft coupling. The audio transformer

e 13 o
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222 RECEIVER COIL DATA
ALL 1145” COIL FORMS
; N ~ OSCILLATOR ] DETECTOR
BAND !
{‘ Plate Grid Grid Cathode
26 turns 15 turns 85 turns 9 turns
160 | closewound no. 26 d.c.c. no. 26 enam. no. 26 enam.
| no. 22 d.c.c. closewound || closewound closewound
17 turns 9 turns 40 turns 7 turns
80 no. 20 d.c.c. no. 26 d.c.c. no. 24 d.c.c. no. 26 d.c.c.
ey 17 long closewound 174" long closewound
| 1015 turns 6 turns 21 turns 5 turns
40 no. 20 d.c.c. no. 26 d.c.c. no. 22 d.c.c. no. 26 d.c.c.
*’ 1” long closewound 1" long closewound
5 turns 414 turns 10 turns 3 turns
20 | no. 20 d.c.c. no. 26 d.c.c no. 20 d.c.c no. 26 d.c.c.
i S = 1”7 long Ya” long 14" long Ya” long
‘! 2 turns 234 turns 413 turns 134 turns
10 no. 18 enam. no. 26 d.c.c no. 18 enam. no. 26 d.c.c.
| V2" long Ya” long 3" long J/a“Biong T c.p
All above coils All above coils
start at end of start ot end of
tuned plate coil tuned grid coil
winding winding oppo-
site winding di-
rection

and center-tapped choke arc mounted along the
rear edge of the bottom of the chassis. A tube
socket scrves as a loudspeaker cable connection
at the rear. As can be secen from the photo-
graphs, not very many parts are used in the
construction of the complete receiver. The cir-
cuit is quite simple and nearly fool-proof in
construction, and operation of the set is not at
all complicated.

The antenna is capacitively coupled to the
fiest detector grid through a 3-30-pufd. mica
trimmer condenser. Too much capacity here
will prevent full benefit of regeneration in the
6]8G dctector.  The latter should not oscil-
late at any time in the detector section. The
triode oscillator can be checked for oscillation
with cach coil by connecting a 0-110 d.c. volt-
meter from ground to “plate” side of the 100,-
000-ohm oscillator resistor. A sudden dip in

Radisddities . . . .

W6QX was assigned a hotel room in Boston
with a number starting with W¢.

Former F.C.C. Chief Engineer Craven lately
warned the Commission against licensing too
many super-power broadcast stations, pointing
out thar such stations would build up a barrier
against smaller stations. There are two tons
of radio hams who will say yea, brother.

e 14 ¢

the meter reading will occur if a finger is
touched to either the grid or plate of the oscil-
lator. Lower values of plate resistor result in
greater oscillator r.f. voltage but will prevent
first detector regeneration. A regenerative first
detector does not require much r.f. voltage from
the oscillator in this circuit.

The power transformer, choke, filter con-
densers and 80 rectifier tube are mounted at one
end of the 7”x 15” chassis. The detector sec-
tion is at the rear of the chassis at the opposite
end. The 6]8G tube is mounted near the de-
tector tuning condenser. 6K7G tube is mounted
between the two square shaped if. transform-
ers. The 6]8G, 6K7G and 6F8G tubes are all
shiclded. The front panel was made of 10 ga.
aluminum 8”x 16" in size. Complete coil data
is given in the coil table.

Broadcast hash is sold in cans by the A. & P.
L ]

Calling attention to Edison’s early discovery
of the “effect”, WLW broadcast music picked
up by a small receiver using one of the early
Edison electric light bulbs as a detector.

[ ]

The 8th and 9th Call Areas are the only ones
without coast lines.
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New .‘Dedign Dala on

By JOHN D. KRAUS,* W8JK

By means of closely-spaced elements, the flat-
top beam antenna provides a substantial gain
in a minimum of space. Basically, the antenna
is a driven array in which a pair of closely-
spaced elements is fed with currents 180 de-
grees out-of-phase. The resulting radiation is
a maximum in the planc of the clements and
broadside to them.

Spacing

The phasing of 180 degrees is employed be-
cause it is obtained in a very simple manner.
With this phase difference a substantial gain is
present for a considerable range of spacings.
The spacing of one-cighth wavelength, which
has been recommended in previous articles'.?
is a very convenient and effective value. How-
ever, the amount of gain depends on the spacing
used.

The curve of figure 1 shows the manner in
which the gain of two out-of-phase clements
changes for a range of spacing from zero to
0.30 wavelength. The gain refers to the field
strength in the plane of the closely-spaced pair
of radiators and at right angles to them as com-
pared to the field strength of a single radiator of
the same type with the same power input in
both cases. The curve applics only to the case
of 180-degree phasing, such as used in flat-top
beams.

Data for plotting this curve were obtained by
evaluating equation (50) of Brown's article on

*Arlington Blvd., Ann Arbor, Michigan.

**Small but Effective Flat-Top Beam”, ]J. D. Kraus,
RaD1O, March, 1937, p. 56, and June, 1937, p. 10.

*“Directional Antennas with Closely-Spaced Ele-
ments”, J. D. Kraus, QST, January, 1938, p. 21.

*'Flat-Top Beam Antennas”, J. D. Kraus, Tele-
vision and Short-Wave World (London), February,
1938, p. 101.

GAIN IN DECIBELS

N WA o
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—/VJ":T!T =
/
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SPACING IN WAVELENGTHS
FIGURE 1

n
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“Directional Antennas”,* for the particular case
of two horizontal half-wave antennas, having
currents equal in magnitude and 180 degrees
out-of-phase, ground effects neglected. Brown'’s
equation (50) and the meanings of the symbols
used are given in the appendix at the end of
this article.

An experimental test of the gain-spacing
curve of figure 1 was conducted at W8JK. This
was done by measuring the gain of a flat-top
beam with seven different spacings (0.032 to
0.185 wavelength). The flat-tops were of the
14-Mc. 2-section ot 4-clement variety. The
field strength of each was compared with the
field strength of a 14-Mc. double-zepp antenna
(two colincar half-waves in phase), the same
power input to the antennas being used in all
cases. The ratio of the field strength of the
2-section flat-tops to the double-zepp gave the
gain for each spacing. The results of this test
are indicated by the small circles in figure 1.
The agreement of the experimental values with
the curve is quite satisfactory. The falling off
of the gain at the 0.175 and 0.185 wavclength
spacings can be attributed to ground effects
present when the spacing distance is equal to
about half or more of the height of the flat-top
above ground.

Each antenna was suspended in turn at the
same height above ground (approximately
three-cighths wavelength) between the same
pair of poles. The field strengths were meas-
ured with a meter calibrated in terms of rela-
tive field strength® and located at a distance of
about two wavclengths broadside to the anten-
nas. All of the antennas were tuned to reso-
nance by quarter-wave stubs and were fed by a
600-ohm transmission line connected to the

*'Directional Antennas”’, George H. Brown, Proc.
I.RE. Jan., 1937, p. 94.

*Directive Antenna Systems”, J. D. Kraus, R/9,
June, 1935, p. 13,
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stub. The transmission line and stub were as-
sumed to have the same efficiency, throughout
the test.

Conclusions Regarding Spacing

The important conclusions from the curve

and test are:

1. The optimum spacing with respect to
gain is about 0.15 wavelength. The gain
over the reference antenna at this spacing
is about 4.3 decibels.

2. The gain with one-eighth (0.125) wave-
length spacing is about 4.2 decibels. This
is only a small fraction of a decibel less
than at 0.15 wavelength. This difference
is negligible for most practical cases.

3. As the spacing is decreased to less than
one-eighth wavelength, the gain falls off
rapidly. In addition, there is greater diffi-
culty in feeding the flat-top when closer
spacings are used. ‘These facts make
eighth wavelength spacing appear to be
about the minimum desirable for 180-

4. The gain at 0.20 wavelength spacing is
about 4.1 decibels or only about 0.2 db
less than for 0.15 wavelength spacing.

5. The gain at 0.25 wavelength (quarter
wave) spacing is about 3.8 db or about
0.5 db less than for 0.15 wavelength
spacing.

6. The gain at about 0.03 wave spacing is
zero. That is, the maximum ratfiation of
a single section (2-element) flat-top hav-
ing this spacing would be the same as
the maximum radiation from a single
half-wave antenna with the same power
input.

7. A useful range of spacings for flat-top
beam antennas lies between one-eighth
and one-quarter of a wavelength for
fundamental operation.

Dimensions

Eight varieties of flat-top beam antennas are
shown in figure 2. They are divided into two
groups, center-fed and end-fed. Each group

degree phasing. includes flat-tops of 1, 2, 3, and 4 sections. To
TABLE I—Flat-Top Beam Design Table

FREQUENCY  [Spacing| S Ly L2 L3 L M D A [AK) | AL | X

1 = N . — Ipprox. \approx. 1approx. approx.
7.0-7.2 Me. A8 | 1747 30 60’ | 52'8”| 44’ | 810" _ 4 26 64’ | 9¢ ry
7213 TA/8 | 177072967 | 59’ | 51'87| 4317|887 4 26° | 63’ 94’ ‘'
14.0-14.4 | Tas | w87 15 | 300 | 2647| 227 | 45| ¥ |13 | 32 |7 4@’ |2
14.0-14.4 Tasn| 1057 157 | 307 (25737 200 | 5747 2 2 |3 |Tar | 2
14.0-14.4 200 (13117157 | 307 (221107 | 727 | 2 |0 | 297 | a5t | 3
14.0-144 a4 | 74| 157|300 | 2087 gio” |2 I e O U B
28.0-29.0 Ash | 527 167 | 157 | 1277 oY 287 | 1’6" | T 16| 24 i/
28.0-29.0 T xA | e8| Te” |15 | 1047, L. vy Ve | s (a | Tam | 2
29.0-30.0 asx | 50”7 137 [ wer| 1227| 987 (T 77| Ver | 1 | e | 230 |1
29.0-30.0 Ry g4 | 137 [wer| 007 T 47| 167 | 57 [T e |21 | 2

Dimension chart for flat-top beam antennas. The
meanings of the symbols are as follows:

Li, Ls, Ls, and L, the lengths of the sides of the
flat-top sections as shown in figure 2. L, is length of
the sides of single-section center-fed, L, single-section
end-fed and 2-section center-fed, L. 4-section center-
fed and end-sections of 4-section end-fed, and L,
middle sections of 4-section end-fed.

S, the spacing between the flat-top wires.

M, the wire length from the outside to the center
of each cross-over.

D, the spacing lengthwise between sections.

A (Y,), the approximate length for a quarter-
wave stub.,

A (Y4), the approximate length for a half-wave
stub.

A (34), the approximate length for a three-quar-
ter wave stub.

X, the approximate distance above the shorting
wire of the stub for the connection of a 600-ohm

line. This distance, as given in the table, is approxi-
mately correct only for 2-section flat-tops.

For single-section types it will be smaller and for
3- and 4-section types will be larger.

The lengths given for a half-wave stub are ap-
plicable only to single-section center-fed flat-tops.
To be certain of sufficient stub length, it is ad-
visable to make the stub a foot or so longer than
shown in the table, especially with the end-fed types.
The lengths, A, are measured from the point where
the stub connects to the flat-top.

Both the center and end-fed types may be used
horizontally. However, where a vertical antenna is
desired, the flat-tops can be turned on end. In this
case, the end-fed types may be more convenient, feed-
ing from the lower end.

The approximate gains of the different types over
a half-wave comparison antenna are as follows: Sin-
gle-section, 4 db; 2-section, 6 db; 3-section, 7 db;
and 4-section, 8 db. These correspond to power
gains of about 2.5, 4, 5, and 7, respectively.

e ]b o
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Figure 2. Top views of eight varieties of flat-top beams, showing both center and end-fed types.
Dimensions for these antennas are given in the table, and the symbols used are explained in the
note accompanying the table.

maintain the proper phasing, cross-overs are
used between sections.

Fortunately, the flat-top beam is not critical
as regards exact dimensions since compensation
can be made by adjusting the line or stub feed-
ing it. The exact length of the flat-top wires
necessary for resonance on a given frequency
depends to a considerable extent on the details
of the construction used. Hence, it is difficult
to predict the precise lengths necessary. Ac-
cordingly, a stub and transmission line or zepp
feeders are the most practical feed methods. If
the flac-top is somewhat too short, the feeders
or stub can be made longer, or vice versa.

Flat-top dimensions which are close to op-
timum are listed in Table I. The meanings of
the symbols used in the table and figure 2 are
listed in the note accompanying the table. The
dimensions given produce approximately the
current distributions shown by the arrows on
the antennas in figure 2. The phase reversal
or current node points are indicated by small
cross lines.

The dimensions given in Table I are calcu-
lated for the center of the band listed in the
column headed “Frequency”, but will be quite
satisfactory for use on any frequency within the
band or somewhat beyond. Tt may be noted
that a few of the dimensions listed are slightly

different than recommended in previous ar-
ticles.123 In these cases, the dimensions shown
in the table produce a small improvement in
current distribution but result in little or no
noticeable change in performance.

Short-wave antennas, coupled by stubs, Q-
bars, or directly to non-resonant transmission
lines, are commonly adjusted to present a re-
sistive load to the feed system. This adjust-
ment is usually made by shortening the antenna
until resonance is obtained. The wires of a
flat-top beam must be shortened for this same
reason. With one-eighth wavelength spacing,
the shortening necessary because of this re-
actance effect is about the same as with the
common half-wave antenna, namely, about 5
per cent. However, there exists also another
effect not present in simple antenna systems.
This is the loading due to the cross-overs. De-
pending on a number of factors, such as the
construction and spacing of the cross-over, this
produces an additional shortening of 5 to 10
per cent with eighth-wave spacing between ele-
ments. Accordingly, the flat-top beam elements
must be considerably shortened in length in
order to obtain proper phasing of the various
parts. The shortening necessary is somewhat
less for smaller than eighth-wave spacing, and
is more for wider spacing.

o 17 o
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The precise amount of shortening required
in any particular case depends considerably on
the individual installation. The dimensions of
the flat-top beams as given in the table are
close enough for all practical purposes and the
exact tuning of the system to resonance is ac-
complished by adjusting the stub or feed sys-
tem. Thus, flat-top beams are fed conveniently
by means of a matching stub. Various types of
line can be used to feed the stub as will be de-
scribed later. The alternative arrangement is
to use zepp feed and do all the tuning at the
transmitter.

Table I lists flat-top beam dimensions for op-
eration in the 7-, 14-, and 28-Mc. bands. These
dimensions can be extended to other bands or
frequencies by applying the proper factor. Thus,
for 56- to 58-Mc. operation the values for 28
to 29 Mc. are divided by two. Dimensions
are also listed for four different spacings. Ob-
viously, other spacings than the ones given may
be used. However, four were selected which
have approximately the same gain and which
cover a range of 2 to 1 in spacing. Data for
only eighth-wave spacing are listed for 7 Mc.
Wider spacing can, of course, be used on this
band, but will probably in most cases be in-
conveniently large. Dimensions for flat-tops
of all four spacings, namely 0.125, 0.15, 0.20,
and 0.25 wavelength, are listed for 14-Mc. op-
eration. Only two spacings, 0.15 and 0.25
wave, are given for the 28-Mc. band since the
dimensions on these frequencies are fairly small
and fewer different spacings are required. Fur-
ther information concerning the data in the
table as applied to figure 1 is given in the note
accompanying the table.

The dimensions listed in the table were de-
termined largely by experiment. All of the
eight types of flat-top beams shown in figure 2
have been tested on 14 Mc. at W8JK. All
types have been tried with eighth-wave spacing
and a number of types with other spacings. In
all cases, the flat-tops were fed by means of
stubs, and in each case the location of the short-
ing wire on the stub was adjusted to resonate
the array. A 600-ohm transmission line was
used to feed the stub. The approximate cur-
rent distribution on a number of the antennas
was checked by means of a neon lamp on a long
stick. The measurements and observations
made on the antennas indicated empirically
which dimensions would give approximately the
current distributions shown by the arrows in
figure 2. The dimensions given in the table
are based almost entirely on measurements on
14-Mc. antennas, For the 7- and 28-Mc. bands

o 18 o

the proper dimensions are assumed to be twice
or one-half of these values,

Resistance

The resistance of one of the elements of a
flat-top beam as measured at a current loop is
small. This is a result of the close spacing and
out-of-phase currents. Less spacing decreases
this resistance, whereas wider spacing up to
about 0.6 wavelength, increases it. Brown*
has given data on this effect. The location in
an antenna system at which a knowledge of
the resistance is of particular importance is the
feed point. On flat-top beams tuned with a
stub this point is at the bottom of the stub.
With the exception of the single-section center-
fed flat-top, the impedance where the stub con-
nects to the antenna is too high to be practical
for any type of non-resonant feed line. The
stub, however, may be considered to act as a
Q-section when the shorting wire is removed.
The resulting resistance which appears at the
shorting wire location may be called the “bot-
tom-of-the-stub” resistance.

The spacing and wire size of the stub are,
of course, factors in determining this resistance.
The resistances given in the following data are
based on a stub of number 12 wire with 6-inch
spacing (600-ohm type). As a “'rule of thumb”
we may say that, in round numbers, the bottom-
of-the-stub resistance of a single-section flat-top
is 10 ohms, 2-section 20 ohms, 3-section 30
ohms, and 4-section 40 ohms. These values
are for 0.125 wave spacing. For 0.15 wave
spacing the values are about 40 per cent greater,
for 0.20 wave spacing about 2 times larger, and
for 0.25 wave spacing about 3 times as much.
The above values apply to either center-fed or
end-fed arrays, but it should be emphasized that
these values are only very approximate, and are
intended merely to indicate roughly the magni-
tude of the resistance. For many practical cases
this is sufficient. The exact value in any par-
ticular installation depends on a number of
factors. It is well known, for example, that
the resistance of a half-wave radiator may vary
as much as 40 per cent with height above
ground. This is with the antenna more than a
quarter-wave off the ground. At smaller heights
the variation may be even greater. In the case
of the flat-top beams, the ground effect appears
to become important when the height is less
than about twice the flat-top spacing.

The bottom-of-the-stub resistances given in
the preceding paragraph were determined
largely by measurements made on 14-Mc. flat-

{Continued on Page 80}
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An jwemﬂae, .ﬂw fbwl‘q

By R. E.

For some months there has been a scemingly
endless stream of descriptions of various and
sundry antenna rotating systems. So, one more
such description should do ne harm especially
since it has several very desirable features along
the lines of cconomy, simplicity, and lightness
of weight. It is hoped that this article may
help some of those fellows who have been
longing to own a rotatable beam but have been
hesitating because of constructional difhculties
or lack of finances.

This rotating head, supporting a half-wave
antenna and close-spaced director, has bcen in
use at WHIO for several months as a receiving
antenna for high-frequency relay broadcast serv-
ice and is giving very satisfactory results.

Hand operation is used since the antenna
remains in one position almost all the time.
However, it is readily apparent from the accom-
panying sketch that it would be only a minor
problem to install motor-drive. In which case,
slip-rings for the feeders would be desirable,
thereby eliminating the necessity of a motor
reversing arrangement. Of course, these addi-
tional refinements, if included in the design,
would cancel a large portion of the economy
feature.

Supporting Poles

Undoubtedly, the best kind of support for
one of these “modulated windmills” is a tele-
phone pole. One of these is especially desir-
able since the tuning-up process usually re-
quires considerable climbing of the pole to
make adjustments. A good husky pole with
steps on it makes this job a pleasure. Now the
mention of a telephone pole shouldn't scare
anyonc because for a comparatively small charge
it 1s usually possible to purchase a twenty-five
to thirty-five foot pole in pretty good condition
from the local phone or power company. De-
livery charges for a reasonable distance will run
a couple of dollars more.

“361 Cherry Drive, Dayton, Ohio.

LAUTH,* W8MPJ

27X 4% CROSS MEMBER
TO SUPPORT ANTENNA

6~ PULLEY. TWO TURNS
AROUND PULLEY

NOT TO SCALE FASTENED AT CENTER

3,8 ROPE OR "LARGE SCREWEYE GUIDES

AIRPLANE CABLE §-'t 31— "4

SPRING TO ALLOW

VERAL TURNS FOR
SEYERANEDS STRETCH IF ROPE IS USED

FASTENED AT
CENTER TURN

3 Dl.REUM OR
PULLEY
S

1/2* PIPE THRU
WINDOW TO HANDWHEEL
OR USE. SMALL PULLEYS

AND BRING ROPE TO HOUSE

STRAP IRON BEARING

Setting the Stick

A pole this size isn’t such a tough job to
set if you use a little trickery on it. First, in-
stead of digging a hole, dig a trench several
feet long and four or five feet deep at the end
where you want the pole and diminishing
toward the other end. By rolling the pole
into line with this trench with the butt-end
directly above the deep end you will find it
surprisingly easy to push it up into position.
This means more digging but is well worth it
when it comes to raising the pole. Secondly,
one additional helper will be plenty. Even
though most of your neighboring hams are
“wise” to pole-raisings, you can usually find
one newcomer who is still enthusiastic and glad
to help.

The Radiator

Oftentimes the most perplexing question is
what to use for the radiating elements of the
antenna. The answer is electrical conduit. Ask
for the “thin-wall” kind in the smallest size,
which is half inch. This tubing is enameled
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inside and out and will cost on the average
around five cents a foot. The only disadvantage
is that it is only made in ten-foot lengths, but
one length of this tubing with telescoping sec-
tions of aluminum tubing in each end for tun-
ing will provide ample length for a ten-meter
antenna, and it is sufficiently rigid that it need
only be clamped in the center. For twenty
meters, two lengths could be spliced by using
a solid rod in the center, in which case only a
small supporting platform would be necessary.

The “Polishing-Head’’ Rotating Support

The top bearing, which is really the “heart”
of the set-up, is simply a “polishing head” pro-
curable in most twenty-five cent to one dollar
stores for around ninety cents. By turning this
bearing on end and moving the shaft upward
as far as allowable, so that the antenna will
clear when rotated, the bearing problem is
solved. Note that the entire weight of the
antenna is on the set-screw which holds the
small V-pulley in the center—so be sure it is
plenty tight. If a supporting structure of any
weight is used, it might be well to drill into
the shaft or flatten it at one point so the set-
screw will have something to bite into.

The top belt pulley should be wide enough
to allow for two turns of rope with a little to
spare so the rope will not climb over itself
when the antenna is turned. Since the small
pulleys are placed only about three inches apart,
the allowable rotation is considerably more than
360 degrees.

When rope is used for the belt, it is necessary
to insert a spring at some point to allow for
shrinkage when wet; otherwise, something may
pull loose at one end or the other. This does
not hinder the operation in any way except that
there will be a slightly “soft” feeling when go-
ing one way because the spring will give a little
before the antenna starts to turn. Small “air-
plane cable” would make an ideal belting mate-
rial but would be more expensive and might
alter the beam characteristics of the system inas-
much as it is a conductor.

Where the base of the pole is visible from
the operating position, a very satisfactory direc-
tion indicator may be made by simply nailing
a board to the pole vertically, marked with the
points of the compass, with a marker fastened
to one of the control ropes. Or an “ohmmeter”
direction indicator as suggested by Roberts in
the January, 1938, RADIO, may be used.

Thus we have covered the constructional
problems and ten ot twelve dollars should cover
the entire cost with some to spare, depending,
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of course, on the amount of incidental hardware
and miscellaneous material the individual con-
structor may have available.

Performance

As to performance, the results we have ob-
tained seem to bear out fully the claims made
for this type of antenna in several articles in
RADIO and other publications. Specifically, it
shows about 6 db gain in the forward direction
as compared to a simple half wave; the front
to back difference is around 14 db, with a
difference of about 24 db between the front and
either side, these measurements all being read
on the RME 69 meter.

It is hoped that this discussion has helped
to show that it is not entirely impossible for
almost anyone to own a rotatable antenna. It
is the author’s belief that if such systems were
used more liberally on twenty and ten meters,
they would go a long way toward reducing the
terrific QRM on those bands. It seems quite
obvious that if we can reduce the strength of
signals from unwanted directions in our re-
ceivers and can at the same time concentrate
our own signal in only the desired direction, a
great deal of interference to all concerned can
be eliminated. And, selfishly, we will have a
much better chance of getting through.

For Heavier Work

If the rotating structure is too heavy to- be
supported by a polishing head, a saw mandrel
or grinding head of suitable size may be utilized
in the same manner. They are, however, more
expensive.

o

Sthayd. ..

A radio watch, designed to be operated by
broadcast impulses, was exhibited at a recent
meeting of Union Pacific Railroad jewelers.

Jewelry according to the communication
scheme—the new lapel pins for milady which
spell out the initials of the wearer in a two-flag
semaphore signal.

L

In contrast to the modern manufacturer’s ad
quip, taking the IF out of the 1. F., is the one
we found in a 1922 ad, taking the freak out of
radio-frequency. And, take it from us, there
were plenty of freaks in r.f. amplifiers in those
days.
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Zero bias tubes were introduced for class-B
audio service to remedy some of the shortcom-
ings of the arrangements which use bias in
order to hold the plate dissipation within the
tube ratings. Zero bias tubes have high plate
impedances making bias unnecessary.

Everyone is familiar with the advantages
brought about by the elimination of the bias
supply and by the tolerance of the zero bias
modulator for poor plate supply regulation.
The simplification of the driver to class-B grid
matching problem is however less appreciated.

With the zero bias circuit, one of the grids
is always positive with respect to the cathode
regardless of the magnitude of the signal volt-
age. Thus during the complete audio cycle,
grid current is flowing. Figure 1 illustrates
grid current curves for several types of class-B
amplifiers as explained by the captions. For
reasons explained later, the ideal grid charac-
teristic is linear and described by the function
I.=—=KE,. The function* I, ==KE_%/2 for zero
bias operation is an approximation of the ideal
and is definitely a closer approach than a biased

*Bowdoin College, Brunswick, Maine.
1This equation is approximate as this grid is assumed
to be a plate of a diode.
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system. In practice many zero bias tubes have
a tapering grid configuration to obtain a more
nearly uniform grid current-grid voltage rela-
tion.

Grid Input Impedance

Since the grids draw current during the entire
audio cycle, the zero bias grids present a finite
load impedance to the input transformer at all
times without resorting to loading resistors. A
transformer working into a biased modulator
is properly terminated during only a part of
the cycle. Figure 2 shows the impedance that
could be expected from typical amateur tubes
under various conditions. In these graphs the
grid impedance is considered infinite when both
grids are negatively charged. Actually, however,
the positive ion filament emission and ioniza-
tion within the tubes do allow grid current to
flow when they are negative, but the resulting
impedance is extraordinarily high. The capaci-
tative reactances present do not serve to load
the transformer and for that reason they were
not considered in computing the values for the
graphs.

Laboratory Tests

Since the effect of an undetermined load
upon a transformer was uncertain, an experi-

e 21 o
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mental class-B amplifier simulating amateur
conditions was set up in the Bowdoin College
physics laboratory.  Careful measurements were
made by the author to determine whether the
theoretical advantages of zero bias operation
would present themselves in practice. The ar-
rangement uscd for the tests 1s diagrammed in
hgures 3A and 3B. A Vreeland oscillator sup-
plied audio voltages perfectly free from har-
monics, thus permitting oscillograms to detect
whatever distortion that would be developed
in the class-B amplifier. A vacuum-tube volt-
meter was used during the frequency runs be-
cause its high input impedance of 5 megohms
would not disturb the operating conditions.
Response curves of a number of input trans-
formers were made. Laboratory standard trans-
formers did not show appreciable frequency
distortion in the biased circuit, but a cheap
transformer performed very poorly in the same
circuit.  Figure 4 is a response characteristic of
a typical amateur input transformer when used
both with zero bias and 20 volts bias respec-
tively. Evidently when the transformer is groP-
erly terminated, the load resistance tends to
dampen the oscillatory circuits composed of the
leakage reactance of the transformer, the in-
ductance of the secondary, and the capacities
of the transformer windings and tube elements.
Some photographs were taken with the os-
cilloscope which illustrate discontinuities caused
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OSCILLATOR GAIN CONTROL INDICATOR
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Figure 4. Frequency response of loboratory set-
up with voltoges measured from one closs B
grid to ground with vacuum tube voltmeter.

by operation with biased modulators. A few
of these are reproduced in figures 5 to 7.

To determine the turns ratio for the input
transformer of a class-B amplifier, it is neces-
sary to know the optimum load impedance for
the driver plates and the impedance of the
modulator grids.  Since the impedance ratio
of the transformer is equal to the square of
the voltage or turns ratio, the turns ratio of the

transformer is:
(Pri/14 sec) turns ratio— \/ (Eve_—r plate foad

grid impedance
The grid impedance should be calculated from
E /1., for one tube when E or I is at a maxi-
mum. If the class-B grids are shunted with a
loading resistor, the resulting impedance should
be calculated by Ohm’s law. If the turns ratio
1s specified in accordance with the above di-
rections, the modulators will be working into
the optimum load only during large signal volt-
age excursions. At lower signal levels the grids
reflect back to the drivers a higher load. This
is desirable because the light load reduces har-
monic distortion present in the driver output.
When the driver is called on to deliver much
power, the load is at an optimum for greatest
power output.

In practice, the modulator grids are shunted
by a loading resistor in most modulator circuits.
Thus even with the biased modulator the input
transformer can operate into a finite load at all
times. However, this resistor must be a com-
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promise between driver power lcss and load
correction. This loading resistor should be
connected, contrary to some writers, across the
secondary and not the primary of the input
transformer.

A number of papers? have been recently pub-
lished advocating the use of low modulator
plate load impedances to obtain high peak
power outputs with speech signals. This prac-
tice is entirely practical but care should be used
to prevent distortion developing from the non-
linearity of the plate characteristic at large plate
currents. The linear characteristic can be con-
siderably extended if the filamenr voltage is
increased 5 per cent. The ease of excitation
of the modulator is considerably greater when

Fortune, RADIO, April, 1938. Andersen, QST, March,
1938.

Figure 5. Oscillogram of distortion
free output of zero-bias modulator op-
erating under normatl conditions.

Figure 6. Output of modulator under
same conditions of figure 5 except for
20 volts of grid bias.

Figure 7. Same as figure 6 but with

increased power output and increased

sweep frequency to show the discon-

tinuities resulting from biased opera-
tion.

a low plate impedance is used, and conversely
the modulator is difficult to drive when operat-
ing into a high impedance load. This suggests
the possibility of a grid meter as an aid in
“tuning up” the modulator. The author has
found that this indicator is extremely important
in making adjustments. Low grid current read-
ings may also be attributed to low filament volt-
age or worn out tubes. It must be realized
that the modulator load impedance should not
be made s00 low as the harmonic distortion will
then be increased.

F. C. C. and Emergency
Communication

There has been doubt in the minds of many
radio people, broadcast, amateur and commer-
cial, as to what extent stations of one service
could communicate with stations of another and
to what extent stations could overstep their li-
censing limitations when emergency conditions
arise. A recent release by the Commission,
brought about, no doubt, by the Southern Cali-
fornia flood emergency last March, gives the
following pertinent information:

"The Federal Communications Commission
desires to call the attention of all licensees of
radio facilities in the Southern California flood
area of the provisions of Rule 23 of the Com-
mission’s Rules and Regulations permitting such
licensees, during the period of the emergency,
where normal communication facilities are dis-
rupted, o engage in emergency communications
beyond and above those authorized by the li-
cense. This means that a broadcast station
may handle messages concerning safety of life
and property, amateurs may engage in the trans-
mission of such messages, other stations may
communicate with points other than those speci-
fied in the license, etc.

"During the flood of the Ohio and Missis-
sippi Rivers in February of last year, radio was
a very valuable asset in preventing the loss of

[Continyed on Page 85)
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By L. V.

For vacation-minded amateurs and portable
addicts this receiver should prove of considerable
interest. To those who have read the article
“A 20-Watt Midget Portable” described in the
April iss