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AMPLIFIER TRANSFORMERS

Type 585 Amplifier Transformer
Price . . . $7.00

The Type 585 Amplifier Transformers
are designed particularly for those de-
giring the best in iransformer design.
Due to the use of adequate quantities of
silicon steel as a core material precau-
tions against overioad are no longer
necessary as in the case of nickel alloy
cores. The electrical characteristics of
the Type 585 Transformers are listed be-
low.

Specifications,
‘Trpe aRh-1)
i Henrys

"1 Hearys

Primary inductance
2000 Ohms

Primary 1) Q. Resistinee 2000 Ohmys
Nevondary fnduetance 6 Henrvs
Neerandary D.C. Rexistance 9300 Ohmx
Amplification Ratin K8}
Pormissible Primary Cureent aOMAL

]

Ners

30 State St., . . Cambridge, Mass.

274 Brannan St., San Francisco, Cal.

Bulletin No. 931 will be sent on request

The General Radio CCompany has al-
ways hbeen identified with audio-ire-
quency transformer design. It was the
first Company to supply closed core
audio-frequency transformers. The new
Tyvpe 585 and Type 541 groups represent
the latest efforts of this Company and
are intended for those desiring the ut-
most in quality reproduction.

; r ws BB
©BH - PULL ONTPUT
TRARSFORMER

JERAL RADIO CO
SEUERAGRACLY,SY
@

Type 541-B Push-Pull Transformer

In the Type 541 Push-Pull Trans-
formers three types are supplied. The
Type 541-A Push-Pull Input Trans-
former has a flat frequency characteris-
tie from 100 to 10,000-cycles, dropping to
about 75% of the maximum at 30-cycles.
The Type 541-B and Type 541-C are out-
put transformers for use with magnetic
and dynamic speakers respectively. The
Type 541-A and Type 541-C Transform-
ers are similar in appearance to the Type
535 Amplifier Transformer. Sold in
pairs only.

Type 541-A and Type 541-B Push-Pull
Amplifier Transformers (for Standard
Speaker) ............. e .. 52500
Type 541-A and Type 541-C Push-Pull
Amplifier Transformers {for Dynamic
Speaker) ...viiiiiieiieneea.. 32500




In the Sets Designed
by Leading
Engineers

Faradon Capacitors are specified as standard equipment
where electrostatic condenser long life and durability
is essential.

We will be pleased’to cooperate with you on your
condenser problems. Faradon engineers gladly supply
data on “special capacitor problems not covered by
our more than 200 tvpes of Faradon units ready for
prompt delivery.

WIRELESS SPECIALTY APPARATUS CO.

JAMAICA PLAIN BOSTON, MASS., U.S.A.
Established 1907

Electrostatic Condensers for All Purposes

Ray Yo Kaw [t In Q § T -— Tt identifien Van and Helpe Q S T i



SUPREME IN MUSICAL PERFORMANCE-

TANDING guard at the door of tone,

Thordarson audio and power transform-

ers do their part in making real musical in-

struments of hundreds of thousands of radio
receivers annually.

Leading receiver manufacturers are well
aware of the important relationship between
the choice of transformers and the musical
characteristics of their instruments. Mo won-
der, then, that the majority of manufacturers
of quality radio receivers have turned to
Thordarson as the logical transformer source.

When buying vour receiver, insist on
Thordarson amplification and power supply.
The set manufacturer who uses Thordarson
transformers can be depended upon to have
the balance of his receiver in keeping with
this high standard of performance.

Custom set builders will find Thordarson

transformers to meeé every radio necd
at their nearesi parts dealer.

.H-H @@Qé(@s@
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Section Gommunications Managers of

THE COMMUNICATIONS DEPARTMENT, A.R.R. L.

ATLANTIC DIVISION

biastern Pennsyivania J0p J. B. Morgan. 2nd 431 E. Willow Grove Ave. Chestnut Hill, Phila.
Marviana-Delaware- Ivl:trlct of Columbia
Al Dr. H. H. Layton 805 WWashington St. W llmlmzton. Del
“uuthern New Jersey AN‘G M. J. Lotysh Box 49, RFD 1 Cranhury, N. J.
Western New Yurk 134 ¢. 8. Tavior 598 Masten Rt Buffalo
Western Feunusylvania M,LO A. W, McAuly 309 Third 8t. Oakmont
CENTRAL DIVISION
tllinoig 2APY Fred J. Hinds 3937 Oak Park Blvd.  Berwyn
inidiana SCYQ D. J. Angus 310 N. Illinofs 8t Indianapolis
Kentiurgy YRAZ 4. R, Wathen 111, Box 97, R. F. D. 1 Louisrille
Michigan S P Dallas ¥Wise 9187 Falcon Ave. Detrolt
Ohin ARYN H. C. Storck 694 Carpenter St. (olumhus
\Visconsin VD ¢, N, Crapo 443 Newton Ave. Milwaukes
DAKOTA DIVISION
North Trakota MYM B 8. \Warner 209 4th Ave. F'nderlin
Sauth Dakora GOGR I M. Fusek 730 l’ll(nols "8t Tiuron
Nurtn Minnesota YR {! L. Barker . Henning
South Mlinnesota 9RYA D, 1 Cottam 3538 Third Ave, So. Minneanom
DELTA DIVISION
Arkansas* SART H. 15, Velte 5408 U St Little Rock
Louistana ST ©. A, Freitag 129 Camp Nt. ]\nw Orleans
Mississtppt SARP J. W, Gullett 14178 2%rd Ave. Meridian
Tennesseq 1FT Polk Furdue ‘o Radio Staron W BA\\‘I\nthvllle
HUDSON DIVISION
Fiastern New York §°, M. Holhraok 2 Liringston Ave, White Plains
N, Y L & Tang Tgland M. R Kahn AT W, 141st St, N. Y.
North New Jersey B A. . Wester, Jr, 30 Princeton St. M'lplewnnd
MIDWEST DIVISION
lowa . W, Kerr Tittle Sioux
Kunsas WOET Joo il Amis 915 Lincoln Ave. Topeka
Missouri YRR L. 8. Laizure 010 Merefer Nt Kunsas City
Nehraska aBYG ¢ R. Deinl SA0A (Cedar St Omaha
NEW ENGLAND DIVISION
C‘annecticut 175 . A, ‘Weldenhamner 2 Washington Place Brideepori
Maina 1RIG Frederick Rest 13 k. Crescent St. Auvusta
Frastern Alagsachusetts e . 7. Battey 33 Royval 8t. Whollaston
\Western Massachusetts TLIAL be. Jdohn A, Tessmer, 3 Schaftner St. Worcester
New Hamuoshire 1ATJI Y. W. lHodge 227 Main St ¢iaremont
Rhada Tsiand ~
Vermang o ‘layton Pauictte North Troy
NORTHWESTERN DIVISION
Alaska WWDN W, B. Wilson . & LHT Fern Wetchikan
taha TACN-TIL dames I, Young 303 13th Ave. So, Nampa
Montana TAAT-7QT 0, \W. Viers Ked Lodge
{Iregan ep R. H. Wright 310 Ross 8t, PPortland
\Washington D Otto Johnson 540 30th Ave. W. Heattle
PACIFIC DIVISION
Hawalit G P, L. Mullaway 2714 Manoa Rd. Honainly
Nevada BLIO ¢ B, Newcombe Yerington §
las Ankeles HAM D, . Wallare 109 W, Third St, long Beach Calif.
Santa (Mara Valley BNYX . J. fwemnent Hanchett Ave. Kan Jose
st Ray AUZR I Walter Frates R 62nd 8 Oakland |
san Ifrate isco AVR f. W, Fatterson 400 Octavia Nt. Apt. 20 San I'rancisco
Kacramento Valley [ A2 A 30 N. St, Sacramento
\rizona VW, First St Mesa
Philtnnines¥ San Fernando St. Manila
Kam Diegn AL 236 Bonair St. Ta Jolla
ROANOKE DIVISION
North Carolina 487 ¥nno Sehuelke R . D. Na, 1| Ridgeway
YVirginia NOA J O Woh'fard 118 Cambridge Ave, Roanolts
West Virginia LITD !, 8. floffman (28 Chantal Court Wheeling
ROCKY MOUNTAIN DIVISION
(nlorado DEAN ¢, R, Ntedman 1841 Alhion 8t. Denver
tah- Wyoming "BAJS Parloy N. James 430 D’ St Salt Lake City
SOUTHEASTERN DIVISION
Alabauta -nHO A I Trom 217 Caroma 8t, Montgomery
larfda <. E. Ffoulkes a02 Hpearing St. Jacksonvilla
3eargia-Rauth Ctarolina-. uba Fnrlo Rico-Isle of I’Ine .
R T L Reid 11 Bhadowlawn Ave. Atlanta
WEST GULF DlVlSION
Northern 'Texas T. H. Robinson, Jr. 22 Cumberland Kt. Dallas
Uklahotna itlenn Morgan 7 3 Asp Ave, Norman
Southern Texas K. F. Frarklin 1806 Valenting Nt, Houston
New Mex{co 1.. E. Radka Tucumeari
MARITIME DIVISION
Loval Reid Araion House &, Johns
. B. Lacey /0 N, B. Power (o, John
vova Seord ) W. (. Borrett 14 Rinclair St Dartmouth
£rince Fdward Island i, W. Hyndman 25 Fltzroy Kt. Charlottetown, P, 2, I.
ONTARIO DIVISION
Ontarlo YBI W, Y. slean 167 Close Ave, Taronto
QUEBEC DIVISION
(uebec BW Alex Reid 169 Logan Ave. st. Lambert
VANALTA DIVISIAN
Alberta 4HA y 10107-87th Ave. kimonton
RBritish (‘olumbia SRT c/o forestry Dept. Radio (‘anrr House, Tancouver
PRAIRIE DIVISION
Man#oha 1V D, B. Sinclatr 05 (lambridge St, Winnipeg
Saskatchewan A W. J. Plckering 14 18th 8t W, trincy Albert

*Temnorary afficiale appointed to ner unti] the membership of the Sertlon roncerned chonse permanent
SCMs by renomination and election,
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The “New

Strom

HIS new Receiver marks the success

No. 635
Stromberg-Carlson
Treasure Chest.
Price, less tubes $185.
Slightly higher prices
Rockies and West

and Canada.

berg-C arlson

of long experimentation by Strom-
berg-Carlson engineers in producing a
Receiver having the convenience and
simplicity of A.C. tubes and retaining
all the glorious tone quality for which

the entire tuning range from 200
meters to 550 meters it provides a re-
markable instrument at a very reason-
able price.

As in other Stromberg - Carlsons
provision is made for reproduction of

Stromberg-Carlsons have long
been celebrated.

Handsome in cabinet work
—a beautifully grained Ameri-
can Walnut; extremely sensi-
tive; highly selective and
producing fine volume over

Listen to the Stromberg-
Carlson Sextette luesdav
evenings at 8 o'clock
Eastern Daylight Time,
through the NBC and
Associarted btanons WIZ,
W B >

\VMC XVHAS KPR

phonograph records. It is
totally shielded, tunes with a
single selector [illuminated]},
is entirely self contained and
operates from any 60-cycle
A. C. house lighting circuit,
using no batteries or liquids.

Other Stromberg-Carlson Models available for A.C. or
D.C. current areas, as well as models operated by batteries

STROMBERG-CARLSON TELEPHONE MANUFACTURING CO.

ROCHESTER, N.Y.

MAKERS OF VOICE TRANSMISSION AND VOICE RECEFTION APPARATUS FOR MORE

‘THAN
Say You Saw It In Q § T -- It Identifies You and Helps Q § T
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The American Radio
Relay League

The American Radio Relay lLeague, Inc., is a non-commercial
association of radio amateurs, bonded for the promotion of interest in
amateur radio communication and experimentation, for the relay-
ing of messages by radio, for the advancement oi the radio art and
of the public welfare, for the representation of the radio amateur in
legislative matters, and for the maintenance of fraternalism and a
high standard of c¢onduct.

[t is an incorporated association without eapital 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 commercially engaged in the manufacture, sale
or rental of radio apparatus is eligible to membership on its board.
“Of, by and for the amateur”, it numbers within its ranks prac-
tically every worth-while amateur in the world and has a history of
glorious achievement as the standard-bearer in amateur atfairs.

Inquiries regarding _membership are solicited.

A bona fide in-

terest in amateur radio is the only essential qualification; ownership
of a transmitting station and knowledge of the code are not prere-

quisite.

Pregident
HIRAM PERCY MAXIM
Drawer 2102,

ord, Conn.

Viee-Pregident
CHARLES H, STEWART
5t. David’s, Pa.

Conadian (Yeneral Manager
A, H. K. RUSSELL
& Mail Blde.,
Toronto, Ont.

tlantic Division
DR. F‘TTGENE C. WOODRUFF
234 W. Fairmount Ave,
State College. Pa.

Central Division
CLYDE E. DARR

187 Hill Ave., Highland Park,
Detroiz, Mich.

President . . . .
Vice-President . .

. . .

Conununications Manager .

DIRECTORS

?mknm Dinigion
. M. JANSKY, JR.
Dept.
Minneapolis, Minn.

Delta Divigion
BENJ. F. PAINTER

424 Hamilton Nat’l Bank Bldg..

(Chattanooga, Tenn.

Hudson Divigion
DR, LAWRENCE J.
#0 Hanson Place
Brooklyn, N. Y.
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PORTER H. QUINBY
$17 Lauderman Building,
St. Louis, Mo.

DUNN

New Fngiand  Divigion
DR. ELLIOTT A. WHITE
Dartmouth (College,
Hanover, N. H.

Northwestern Divigion
K. W. WEINGARTEN
3219 No. 24th St.,
Tacoma, ‘Wash.

OFFICERS
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ARTHUR A. HEeBERT, Hartford,
F. Epwarp HanDyY, Hartford. Conn.
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hurricane or flood, offer the radio

amateur his great opportunity for
service. He has never been found wanting.
In many years no community in distress in
this country has been without valiant as-
sistance from amateur radio. The recent
West indian hurricane was no exception.

When this storm hit Porto Rico and the
Virgin Islands, ham radio was on the job.
The normal communication of these people
with the mainland is by navy radio but the
navy astations went out with the storm.
Amateur radio to the fore! The San Juan
naval station got on the air with improvised
apparatus, operating in the amateur band
for quick contact, and got it in a hurry—
amateurs promptily tied them up with the
Navy Department at Washington. The
naval station at St- Thomas, in the Virgin
Islands, similarly was wrecked by the hur-
ricane, but one of the operators there was an
amateur and promptly got on the air with
his ham station, np4AAN (now K4AAN),
and in short order, through the assistance of
numerous amateurs, was in direct communi-
cation with NAA. Not only that, but this
humble amateur station then proceeded to
change to & naval frequency. and became
NBB, succeeding to the call as well as the
duties of the wrecked naval station. Up to
a few short months ago amateur operation
was not permitted in the Virgin Islands.
Here was ample demonstration of its worth,
with the Governor of the Islands in direct
communication with official Washington at a
time when it was most important. The am-
ateurs concerned in these activities have
received letters of thanks and public com-
mendation by the Navy Department.

With ample warning, this hurricane found
the amateurs of unhappy Florida mobilized
to receive it. Most of the amateur stations
of Florida were on the job, with spare bat-
teries laid by and everything set for a long
vigil. Innumerable stations share the hon-
ors of that black week. Many of them kept
their communities informed on the progress
of the hurricane and supplied them -with
news when wires went out. Much public
message traific was handled. Other ama-
teur stations, in the region where the storm
struck, had more serious duties, for they
were the only links between cities filled with
death and suffering and a nation waiting to
help. Of these stations, 4AFC at Palm

T IMES of community disaster, as from

Beach was the star performer, and it dis-
charged its duties in full keeping with the
traditions of amateur radio and in a way to
make the old heart well up in admiration.
The station was operated by Ralph Hollis,
and Forrest Dana of 4AGR. Dana is & civil
engineer, Hollis a driver for the Fire De-
partment, where his station was located.
When there were definite signs that the
hurricane would hit Palm Beach, these two
men went out at 1:30 a.m., hunted up a
dealer and bought a set of “B” hatteries for
emergency power and borrowed some stor-
age batteries, and prepared themselves for
the worst. It came. The antenna went, and
it seemed the building would too. Risky as
it was to go outside, they had to abandon
their station;- but during a short lull they
returned and retrived the apparatus, found
another location at the other end of the
building, and under the most adverse and
dangerous conditions managed to get an
antenna up and signals on the air. From
Monday to Thursday of that eventful week
that station was continuously on the air. It
did a noble job exchanging vital messages
with many amateur stations and report-
ing the scene at Palm Beach to the outside
world. The War Department net control
station, WVA at Washington, was on the
air looking for Florida stations, and with
the assistance of other amateurs was hooked
up with 4AFC. By this means the first
reports to the American Red Cross were
made, starting the relief machinery of that
organization, and by the same channel the
word was conveyed that brought Army
blankets, cots and supplies for the stricken
area from Atlanta.

The Red cross and the town of Palm
Beach have expressed their thanks for the
amateur service. The Army, as the branch
of our government directly concerned with
relief measures in emergencies (the basic
idea of the Army-Amateur Affiliation)
issued a public statement from which the
following is quoted:

“Messrs. Hollis and Dana realized the urgent need
for outaside enmmunication and established it, cling-
ing to their eelif-imposed task with a purposeful
tenacity worth of highest praise. For three days these
two men stayed at their instruments, disregarding
personal safety and intereats until the regular chan-
neis of electrical communication with the outside world
were restored. Mr. Dana lost his home, his automo-
bile and all personal effecis in the storm. Both men
ate what food where and when it couid be recejved
apcl.lr_xfither slept in & hed during their self-appointed
gl
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And (General Gibbs, Chief Signal Officer
of the Army, sent them the following mes-
sage via WVA at the conclusion of the job:

“It has indeed been a pleasure for the Army radio
station WVA to work a schedule with your station
during the recent emergency in Florida and it is
with regret that we discontinue this schedule. Regu-
lations now control'ing the operation of the War De-
partment radio station WVA prevent us from com-
peting with commercial companies. Reports from
Western Union Telegraph Company and subsequent
messages received here show that the Western Union
Telegraph Company is now able to handle your traf-
fic, This being the case the Army must sign off and
say wood-bye to you two men. You are to be com-
mended for your untiring effort and loyal devotion
to dnty which you have 8o well expressed during
the juat three Jays and we shall always remember
ihin worthy duty well performed.”

This West Indian hurricane is “one more
for the book”. It has brought the amateur
very forcibly to the attention of the publie,
resulting in newspaper editorials of praise

NOVEMBER, 1928

and an increased recognition of amateur
value by many agencies of importance in
our national existence. In such tragedies of
American life as the Vermont and Mississip-
pi River floods, the two Florida hurricanes,
the Illinois tornado, the Santa Barbara
earthquake, amateur radio has fully demon-
strated that it is of the highest utilitarian
service to the community and the country at
large. We amateurs are now expected to
render this service when other agencies fail.
A.R.R.L. Headquarters knows that A.R.R.L.
members will regard this as a sacred trust:
that, without rules and formal organization,
every man can be counted upon to get on the
air when his neighborhood needs him and do
a clean-cut job in the good old A.R.R.L.
way—t{o the continued glory of amateur
radio!

K. B. W.

Standard Frequency Transmis-
sions from WOXL

TATION WOXL is a special station
comprising one of three portions of
the “Gold Medal Station,” WCCO-

WIXL-WIWI at Anoka, Minnesota. WCCO
is operated as a broadcast station, W9XL
purely as a standard frequency station and
WIOWI as a general amateur station. The
three transmitters have independent equip-
ment and antennas but a common power
supply.  Through arrangements made by
K. V. R. Lansingh of the Official Frequency
Station Committee of the Experimenters’
Section, A.R.R.L., WIXL is operated on
schedules regularly announced in QST. The
work of operating the station is done with-
out charge by Assistant Chief Engineer
Hugh S. McCartney, with the assistance of
Lyall K., Smith and Ivan H. Anderson also
of the staff of WCCO.

While no guarantee of accuracy is made
on a gratis service, it is the aim of the staff
to maintain an accuracy of 1/10 of 1%,
which is materially better than can be held
by most frequency meters. The frequencies
are measured by means of standards which
have been especially standardized for this
purpose by the Bureau of Standards.

A small percentage of tone modulation
is employed so that the signal is distinctive
and more quickly recognizable.

The fact that this service has been ren-
dered in the past is no guarantee of its
continuation indefinitely in the future. It
depends upon whether the response received
seems to warrant the amount of work and
expense involved in maintaining this service

to all amateurs. If you take advantage of
this service, please acknowledge that you
are doing so by notifying the Experi-
menters’ Section, A.R.R.L., 1711 Park
Street, Hartford, Conn. You may use ordi-
nary stationery or special blanks may be
obtained from the above address. A number
of these blanks has been gathered and as
the number grows we will gradually gain
a unique and accurate record of transmis-

sion phenomena possible with no other
station.
Schedules for November
Schedule A" Schedule B
Central Frequency Central Freauency
Standard in ke, Standard in ke.
Time (PM) Time (PM)
%¥:00 7,300
2 7226
7,150
7,075
7.000
) 4,000
9:12 3.750
9:24 3,500

Division of time
4 minutes—QST QST QST de WXL WIXL W5HXL
3 Minutes—Seriea of letter *‘d”’ with the dash about
5 seconds long and broken every half
minute for station call letters.
1 minute —Freq ke.
4 minutes—Time allowed to change to next frequency.
Dates of transmission

November Schedule December Schedule
2nd AN 9th “R
tith “R" L4th AT
16th AT 24%th CAT
30th AT

All O.F.S. should use these transmissions
to keep their frequency meter calibrations
within the required limits of accuracy. It
will be appreciated if you will send us =2
report on your reception of these signals.

. P W,
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High-Frequency Receivers for the

Coming Year

Incorporating Thoroughly Practical and Satisfying Selectivity, Open Scales,

and a New Ease in Handling
By Ross A. Hull*

tained.

top of edarh other’,
heard har heen of loud apeaker strength;

The A.R.R.L. Technical Development Program has now turned its atlention to the quesiion
of receivers, and in this article Mr. Hull reporis the very gratifying results which have been at-
Practical selectivity for 1929 has been sscured;
In tesip of the d-tube model described in this article, in the
hours, when on thig coast the activity is great und the interjarence miost intense, we have not
found a éase where wa were willing to admit without reluctance that the signals were ezactly ‘“‘on
its gengitivity has been equally pleasing, practically every American signal
most A4 ustralogian signuls twenty feet from the whones
and reduced to comfortable head-phone volume oniy by disconnecting antenna and setting volume-
control at minimum. It {8, we honestly believe, a real “‘bear-cut”,

Mr. Hull has now covered the jiclds of transmitting, receiving and measuring.
enabla every amateur to prepare for 1929 with minimum effort.
reported soun.

it is within the reach of every amuteur.
7000-ke. hand in the early evening

Further developments will he

His articles

~fditor

HE short-wave receiver has always throitle eontrol or left-hand tuning that he
been a subject on which two or more may have been using in his successful out-

amateurs could argue for indefinite fit.

seriods.
Indeed the
subject has
such potential-
ities for dis-
cussion  that
the individual
amateur, un-
aided, ean
readily stir up
4 debate with-
in himself and
cogitate into
the night upon
the  details of
his next outfit.
The receiver,
unlike the oth-
er more inert
apparatus, be-
ing so con-
stantly under
the demand of
a knob-twist-
ing operator, is
asplendid com-
fort, if it
works well, or
a great curse
if it operates
poorly. There
are few half-
measures. It

is, perhaps, for this reason that the ama-
tpur, as a general rule, is so fixed in his
ideas on the subject and so willing to argue
until the bitter end in the interests of the

THE FOUR-TUBE RECEIVER

Being provided with plug-in variable tuning condensers to give
full-scale coverage om any band and a screen-grid audio ampli-
jfier highly peaked at 1000 cycles to improve selectivity, the re-
ceiver i8 particularly suited for the requirements of next year.
To the right of the drum didl the acreen~yrid antemna coupling
iube, the detector and the plug-in coil can be seem grouped near
ihe midget tuning condenger. To the left ¢f the drum dial the
two audio tubes ond the 1,000-cycle tuned coupling ecireuit are
yrouped in somewhat simiar jashion. The Ford igmition-coil sec-
ondary used in thia coupling circuit is enclosed im a tube shield.
Immediately in front of it is the bank of fixed condensera wsed
io tune it to the required audio jrequency.

vear.

#Agsociate Technical
‘Technical Development IProgram.

A.R.R.L.

Editor, QST. In charge

it is, furthermore, for this same rea-

son that we
do not expect
any of the
three receiv-
ers, to be de-
scribed, to ex-
cite the com-
plete approval
of any ama-
teur. We do
trust, however,
that they will
be accepted
as examples
&upphed (as
in previous
apparatus
evolved by the
Technical De-
velopment Pro-
gram) not to
represent the
acme of de-
sign perfec-
tion but mere-
ly to illustrate
the practical
application of
features found
desirable to
meet the re-
quirements of
the coming

It is thought that a studv of the fea-
tures of each of the receivers may facilitate
the evolution of an outfit with a combina-
tion of desirabilities calculated by the in-
dividual to represent his idea of the ideal.

It is very evident, we believe, that the
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ideals and requirements of the present and
those of the future are to differ widely in
many respects. It will be well, perhaps, to
make a brief review of them.

For the last faw vears the successful re-
ceiver has been one in which an oscillating
detector fed an audio-frequency amplifier
of one or two tubes. For the tuner some
simple arrangement of plug-in coils has
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FIG. I, A CURVE OF FREQUENCY VS, QOUT-
PUT VOLTS TAKEN WITH THE THREE-TUBE
RECEIVER
The sslectivity provided by o relatively broad peak
oF this tupe is all that is considered practical under
vresent conditiona. With the amplifiers described,
mueh more wromounced peaks and greater selectivity
can be obtained ai will by the use of a lower-resis-
tance iuned audio circuit.

been required, together with a tuning con-
denser of sufficiently low capacity to enable
the various bands to be fairly well spread
across the dial. Hince the edges of the
bands have heen harmonically related, a
tuning condenser which gave full ‘z(ale
voverage for any one band has been
satisfactory for ail others. No particular
demands have heen made on the circuits of
the detector tube except that they be so
arranged as to avoid “hand-capacity” ef-
fects and permit the adjustment of regen-
eration without the accompaniment of too
serious a variation of tuning. Though some
slight interest has been shown in the use
of audio-frequency amplifiers “peaked” at
some sudio frequency, the amplifier usually
considered most successful has been that
which provided the greatest gain. Since
the advent of the UX-222, radio-irequency
amplification has been exploited to some
extent, but in most of the equipment des-
cribed so far the constructional complica-
tions. and the addition of a second major
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tuning control have debarred the scheme
from general adoption. Further, it has not
been evident in practice that radio fre-
quency amplification provides perceptible
improvement in the range of the short-
wave telegraph receiver, or in the ratio of
signal to “background” noises.

THE NEW REQUIREMENTS

The reduction in the widths of our future
bands and the addition of most foreign sta-
tions to them, make it clear at once that
selectivity is likely to be one of the most
important requirements of next year’s re-
ceivers. It is certain that there will he
many stations within a few hundred cycles
of each other which, unseparabde with pre-
sent equipment, must be individually read-
able with the new receivers. Then, the odd
widths of our various bands will introduce
another requirement—ithat of adjusting the
range of the tuning unit so that each band
is spread across a wide segment of the dial.
As has already been explained in the Octo-
ber (ST, an wordinary wvariable condenser
which tunes the new 2.500-kc. band across
most of itz dial would be unsuited for work
on the higher-frequency bands since their
cntire territory would be «ramped into
some impossibly amall szlice of the con-
denser range. With open tuning scales will
come another desirability—something ap-
proaching permanence of calibration. It
will be a decided disadvantage if the tun-
ing circuit, fitted with a suitably small var-
iable capacity to place the limits of the
band between 15 and 85 degrees of the dial,
is influenced by the antenna to the extent
common in most existing receivers, for it
would then probably be necessary to wind
and adjust the coils for the particular an-
tenna available and amend them for use
with any antenna of other dimensions. In
present-day receivers where relatively large
tuning capacities are used and in which the
bands are warely spread across the entire
dial, the importance of this consideration
has not been evident. And while we are
remodelling our receivers we might well add
to the purely “1929” requirements the ex-
isting {but rarely attained) desirabilities of
freedom from inicrophonic and tuning
'rmises, and smooth regeneration c¢ontrol
without “dead areas” or appreciable in-
fluence on tuning. Then, along at the tail
end we will mention the obvious require-
ment that sufficient sensitivity be main-
tained to enable the receiver to respond
audibly to all signals which are not com-
pletely buried under the “bdckground” of
static and miscellaneous electrical “noises”

In examining the practicalities mvolved
in the attainment of these desirabilities in
the 1929 receiver it becomes clear at once
that the prime requisite, high selectivity, is
a concern of the audio-frequency amplifier.
{nlike the broadcast receiver, the osecillat-
ing receiver hag the selectivity of its radio-
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frequency end set by the very heterodyne
principle used in its operation. If it is os-
cillating at a frequency 500 cycles dif-
ferent from that of a c.w. transmitter with-
in its range, a 500-cycle beat frequency will
appear in the plate circuit of the detector;
and no practicable amount of radio- fre-
quency amplification would eliminate that
signal or any undesired signal if its fre-
quency differed from that of the oscillating
receiver by a frequency within the limits
of audibility. If, however, the audio fre-
quency amplifier was so arranged or zo
equipped ax to make it pass a band of
frequencies only two hundred cycles wide
at say 1.000 cycles, then all transmitters
whose frequency differed from that of the
receiver by more than-1,100 or less than
000 cycles would fail to produce signals in
the output of the receiver. In other words,
just so long as a group of transmitters
had their frequencies separated by 200 or
more cycles they could be tuned in indivi-
dually at the receiver to give a bheat mnote
within the pass band of the audio amplifier,
andulinterference between them would not
resuit.

There are few difficulties in equipping the
audio-frequency end of the receiver to pro-
vide such a condition, as has been shown
by Bourne in his treatment of Acoustic
Wave Filters’, and, as far as the field of
reception is concerned, a complete solution
to the problem of selectivity is available.
In the specific field of amateur communica-
tion, however, the solution is not nearly as
complete. 1f the majority of amateur
transmitters were 200 or more cycles apart,
if their frequencies were c¢onstant and if
they did not futter, wobble and c¢reep
across territory measurable only in thou-
sands of cycles, we could sit back and laugh
at vur problem. But such is not the case.
Experiment has indicated that a veceiver
fitted with a band-pass filter to give it the
selectivity available would cause a large
percentage of present signals to be un-
readable unless they were “followed” con-
tinuously with a precise vernier tuning con-
trol. An almost equal number of signals
probably would be ¢ntirely unreadable on
account of vgpid frequency wobbles and
keying c¢hirps which would, in accordance
with such frequency changes, intermittently
wipe the signal out of audibility. Careful
observation and estimation has caused us to
decide that even with the vast improvement
in signal character expected in 1929 it will
not be practical to carry the selectivity of
the receiver to the extremes possible. Rath-
er will it be desirable, it seems to us, to
limit the sclectivity to something of the
order of that provided by the four- or three-
tube receivers described, an approximate
idea of which can be obtained. from the
response curve given in Figure 1. In such
an amplifier the necessary constructional
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work and expense are far below those nec-
essary for the acoustic or electric band-
pasa filters necessary to obtain the highest
possible degree of selectivity, yet the sim-
ple amplifier provided will contribute greatly
to the solution of the interference problem
of the immediate future. It will be partic-
ularly suited also for operation with the
highly selective band-pass arrangements
which undoubtedly are to be used generally
in the intermediate future.

“PEAKED” AMPLIFIERS

The method used to obtain the degree of
selectivity considered desirable is none
other than the ancient “peaked” or tuned
amplifier which has been used for so long
in some commercial and amateur stations.
The scheme has been made much more ef-
fective and more useful, however, by util-

A CLOSE-UP
THE
The drum dial used is aeen to be particularly suited
for the wmounting of the plug-in condengers—gven if
it does dwarf them in size. Two . . sockets mounted
on a piece of hard rubber ure apuced g0 as to yeceive
the two pine on the condensers. Une of the sockels
gerves to hold the aasembly to the frame of the dial
and_at the same t(ima wndikes the ground connection
from the condenser to the dial and the panel.

SHOWING THE
PLUG-IN TUNING CONDENSERS

MOUNTING FOR -

izing those characteristics of the screen-
grid tube which have so limited its use as
an audio frequency amplifier for the broad-
cast receiver. Unlike the three-electrode
tube the voltage amplification of the sereen-
grid tube is dependent almost eritirely up-
on the load impedance, and- whereas there
is an optimum practical value of load im-
pedance for maximum voltage amplifica-

“Acoustic Wave Filters and Audio Frequency
Se]P(-tlvn:y" by R. B. Bourne, @ST. August, 1928,
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THE WIRING OF THE FOUR-TUBE RECEIVER

The under surfuce vf the wooden base-board is covered with thin sheet

copper to which all the “ground leads are rus.

This econstruction is

preferable to plaeing the‘ copper on the wpper suriace where it iniroducea
difficultias in the insulation of compunents from it.

' =~ f-ufd. by-puas condeusers.
Cl—Plug-in midget tuning conden~

ars.
12—k 000-unfd. fized condenser.
{gee comment below).
Cg—1v0-upfd. grid condenaser,
2.000-upnfd. by-pass cundenser.
n0-upfd. audio grid conden-

ey,
Co—.01-nfd. audio tuning condenser
~ {emperiment necessary)

R —10,000-0hm gridleak-type ve-

R3—¢ wmegohm gridleai.

£24—50,000-0hm  ¥F'rosi variable ro-
sistor.

B5—200,000-0hm F'rost variable re-
sigtor for wvolume econirol.

R6—g-megohm gridleak.

R7~Filament ballast resigtor for
.F5 amperes.

i1, L8—Tuning indurtance and tick-

ler wound on plug-in coil

form.

L8—The gecondary winding of «
Fourd ignition coii—core ond
primary removed.

R.F.C.—Receiver-type short-wave
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of audibility. This
gselection of signals of

one particular fre-
quency makes it dif-
ficult and sometimes

impossible to read sta-
tions with chirpy or
wobbly signals but in
the case of the rapidly
increasing army of
steady clean-cut sig-
nals the improvement
in readability through
interference is at once
obvious.

THE TUNER PROBLEM

To continue this ex-
amination of the
quirements into the
field of tuning systems
we find that many solu-
tions are available for
the problem of provid-
ing a different order of
tuning-capacity varia-
tion for the various
band widths. The
method which we have
found wmost practicai

si8tor.

fe1—1i-ohm  Yoscley fixed filament
resistor.,

fa—lG~ohm  Yawxley jized flament choke.
ragistor.

Some difficulty may be had in adjusting the tickler turns due to *“deqd-
it is zuggested that the capacity of C2 be varied if any such
The nze of a jlament rheostat is made unneces-
it is. of course, possible
Though o number of
Sgrounds’ uwre indicated on the diagram it showld not be thought that these
They merely indicate connectiona
Ordinarily, wo external ground is used.

xp0t8”,
trouble ia experienced.
2ary by the incorporation of a ballast vesiator.
to use a fired regiwtor or & rheostat in ila place.

are “grounds’ of the waler-pipe variety.
to the panel or copper suh-bage.

tion with the three-electrode tube, the am-
plification available with the screen-grid
tube will increase steadily as the load im-
pedance is increased to the limits ob-
tainable in practice. The tuned -circuit
at its resonant frequency becomes =an
impedance of & high order, permit-
ting the tube, st this frequency, to provide
a degree of amplification which could cer-
tainly never be approached with any tube
of the three-electrode type. Hence, a
tuned output circuit, in the plate circuit
of a UX-222 resonating at, say, 1000 cycles,
at once gives an effective and highly peaked
amplifier. Reduced to a thoroughly prac-
tical form by the use of the secondary of
one of Ford’s now antiquated ignition coils
as an inductance, and the elimination of
poseible screening (with some admitted
sacrifice in performance) the arrangement
is as shown in Figure 2.

In practice the amplifier operates splen-
didly, proving a high degree of amplifica-
tion when the signal is tuned to the re-
gonant frequency of the Ford coil-condenser
combination (as can be seen from Figure 1)
and dropping other beat notes of appreci-
ably different frequencies to very low values

so far is that built into
the four-tube rveceiver
shown. It consists
merely in the provision
for plug-in  inidget
czondensers, «f -which
there are three, ¢ach
adjusted by the re-
moval of plates to give
the capacity range found necessary
for the bands on which they are to be used.
The condensers used in this particuiar re-
ceiver are Pilot midgets, chosen on sc-
count of their satisfactory design and their
particular adaptability for the process of
plate removing. In order to provide the
plug-in connections, G. R. pins are fitted in
the manner shown in the photograph of the
coils and condensers. For the rotor con-
nection a complete (3. R. pin replaces the
short machine screw holding the spring con-
tact to the end plate. For the stator con-
nection a G.R. pin, the threaded portion of
which has been sawed off, is sweated to the
head of one of the machine screws sup-
porting the stator sssembly. To provide a
mounting for the sockeis into which the
condenser is plugged, aund to provide a
readily accessible collar and set serew for
the condenser shaft, a National drum dial
was chosen. The exact arrangement of the
hard rubber socket mounting on the frame
of the dial can be seen in the photograph.
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[t should be pointed out, perhaps, that this
is just one possible arrangement. It is
to be expected that the ever resourceful am-
ateur will soon evolve an alternative rig
more suited to his own ideas and the ap-
paratus at his disposal. The expected dif-
ficulties of movement of the condenser in
its mountings and destruction of the cali-
bration upon removal and replacement of
the condensers have not bee¢n found in prac-
tice, With accurate spacing of the sockeis,
the G. R. pins hold the condenser with
splendid rigidity, while calibra-

OsT
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In operation the arrangement iz beauti-
fully flexible since the tuning range is con-
tinuously and readily adjustable to any of
the values required for the work.

It is, perhaps, unnecesary to mention
that this particular method is particularly
useful in cases where it is not desired to
rebuild an existing receiver entirely, the
simple process of fitting a midget conden-
ser being all that is necessary to adapt
a receiver suited for the present bands
for operation in the coming year. The

tion is restored., when the con-
denser is replaced, by the simple
process of adjusting the con-
denser to its maximum =zetting
(by. pressing the fingers on the
edges of the rotor and stator
plates) and inserting it in the
collar of the dial shaft with the
dial set at 100 degrees. The six-
plate condenser in itz original
form has been found uatisfac-
tory for the 1.750- and #,500-ke.
bands. For the 7,000-ke. band,
two rotor and one stator plates
are used, while ior the 14,000-
and 28,000 ke. bands a single rotor
and stator have been found to

¢ive satisfactory coverage.

In the three-tube receiver the
sliding rotor condenser, which
was deseribed on page 13 of the
October ST, is employed to il-
lustrate an alternative scheme.
It has, in practice, also heen
found to be a thoroughly practi-
cal solution for the problem. On
account of theé existence of a de-
seription of the vonsiruction of the con-
denser and the method of adjusting it, no
further details should be necessary.

A THIRD METHOD

In the two-tube receiver yet another al-
ternative solution is incorporated for the
purpose of illustration. In this case the
usual tuning condenser of about 850 upfds.
is used as the tuning control with a 23-
plate Pilot midget condenser connected in
series with it and used 2s an adjustable
series capacity to reduce to predetermined
values the capacity range of the tuning
condenser proper. With the midget set at its
minimum capacity the range of the tuning
condenser is reduced to the point where its
maximum capacity is equal to the extreme-
ly small value of the two condensers in
series (possible about 5 pufds.). As the
capacity of the adjustable midget is in-
creased the capacity range of the tuning
condenser i3 increased to the point where
the wmidget ig¢ at its maximum. At this
point the capacity range of the main con-
denser will be such that the resultant maxi-
mum capacity is of the order of 33 uptds.

& PLAN VIEW OF THE THREE-TUBE SET

The wse of a
tuning range
thai of the four-tube set make this receiver a practical one
for neet piear’s operation.
tube can he seen to the left of the variable condenser.
mediately behind the condenser ia the Ford coil
the peaked amplifier.
mounted on brasa stripe immediately behind it.

sliding votor on the {uning condenser for

adjustment and a peaked amplifier similar to

The ‘‘tube-bage” coil and detector
J Im~
secondary of
The tuning condenssrs across it are

one slight disadvantage of the scheme is
that the tuning curve of the condenser, bLe
it straight-line-frequency or capacity, is dis-
turbed. The straight-line-frequency con-
denser in the receiver illustrated, for in-
stance, gives a curve somewhat similar to
that of a straight-line-capacity condenser
when the smaller values of series conden-
ser are used. With the larger values of
series condenser the curve departs only
sllightly from that of the tuning condenser
alone. .

In conjunction with these variable capaci-
ty systems, plug-in coils of the usual type
are ¢mployed. In the four-tube receiver
Silver-Marshall coil forms are used. On
account of the small values of tuning con-
denser across the coils it will be found that
their vaiues differ somewhat from _.those
with which we have become familiar. Also,
on account of the smalil frequency range io
be covered, and the desirability of placing
this range between 15 and 86 degrees on
the dial, it will be found that the number of
turns is quite critical. It is for this rea-
son that ready-wound coils are not likely to
be suitable for the work without the addi-
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tion of turns. In order to facilitate the
work of adjusting the coils it has been found
worth-while first to wind them so that the
condenser at 85 degrees tunes them slightly
below the lowest frequency required for the
particular band. Final adjustment is then
made by spacing one or two of the end
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corporated to fulfill some of the minor re-
quirements mentioned earlier in this article.

In the four-tube outiit, as can be seen in
Figure 2, a UX-222 is used as a coupling
tube between the antenna and the detector.
In order to avoid the necessity for a second
tuning control the tube is arranged to op-
erate from the drop across a re-
sistor of 10,000 ohms connected
hetween the antenna and the
filament circuit of the receiver.

{ A radio-frequency choke, such
as that built for the purpose by
= National, can be used in place
of this resistor if desired. To
drop the hlamem’; voltage to the

" | required 8.3 velts for both this

i 1IX-222 and that used as audio-

. F frequency amplifier, 5- and 10-

AL 674 H1asv ohm Yaxley resistors are con-
#1G. 3. SHOWING HOW THE THREE-TUBE nected in series. A suitable

RIXCEIVER IS WIRED
" w—i—ujd. by-pass condensers.

Ll—--“Sltdmg-rotrr * type variable condenser (see text)

—2,000—upjd, by-pass cordenser,
—-luu—uufd. audio grid econdenyer,

—.006—nfd. audio grid condenser,

Cé—Antenna coupling condenser (aece illustration)

1. —i0-0hm Theostat.

R1—i0-0ohm ficed resistor,

R3—35-0hm fized resistor.

R3—Lrridleak, 2 to 4 megohms,
R4—30,000-ohm Frost variable resistor.
R35—4.1~-megohm reagistor.
{¢6—K-vnegohm gridieai.

L1, L#—6rid and tickler coile wound on tube buses.

turns until the edge of the band is brought
o about the 85-degree setting of the con-
denser. This scheme is preferable to that
of removing turns since it is often found
that a fraction of a turn only could be re-
moved from the coil without spoiling its
coverage.

One splendid advantage of all three tun-
ing systems used in these 1ecmvers is that
while they give “full coverage” for the ama-
teur bands they are still useful for recep-
tion in any special bands and on any par-
ticular frequencies between them. If it is
necessary to receive some station half way
between the 14,000- and 7,000-ke. bands, for
instance, the midget condenser wnormally
used for 3,500-kec. work, in the four-tube
receiver, would be plugged into place and
used with the 14,000-ke, coil. In the three-
tube outfit the rotor plate would be set at
the position of maximum capacity to ob-
tain a similar result, while in the two-tube
affair the midget series condenser would

merely be placed at the setting normally
used for work on one of the two lower-fre-
guency bands,

CONSTRUCTIONAL DETAILS

And now let us proceed to a description
of each receiver in turn with the idea of
detailing the features which have been in-

~«01—pfd. audio tuning condenger (adjustable).

negative grid bias is then ob-
tained in each case by connect-
ing the grid return to the junc-
tion between the two resistors.
The coupling tube in this par-
ticular receiver is found to jus-
tify its existence completely. in
the first place it eliminates the
influence of the antenna aover
the tuning of the receiver, so
permitting the weceiver to be
calibrated for the approximate
estimation of frequency and for
convenience in locating known

stations. In addition to this, even syith
its simple untuned grid eircuit, it af-
fords quite an appreciable radio fre-

quency gain which undoubtedly is worth-
while, particularly in the reception of
phone, or in the reception, noun-oscillating,
of r.a.c. signals which ordinarily would be
huried under heavier d.c. signais. Further,
the coupling tube reduces radiation from
the receiver to a practical minimum,

The output of the UX-222 iz connected
directly to the grid tuning circuit of the
detector, which is so provided with a fixed
condenser in series with the tuning coti-
denser, as to isolate the coil from the fila-
ment ecircuit in order that it may carry
the plate supply to the UX-222, For the
same reason the detector gzrid leak is not
connected across the grid condenser but is
carried directly to the positive filament lead.
The detector circuit is otherwise arranged
in quite the normal fashion, resistance con-
trol of regeneration being provided on ac-
count of the manner in which it operates
without influencing the tuning to any ap-
preciable degree In connection with this
arrangement it might be pomted out that
the usual half-scale setting of a 50,000-0hm
wmahle resistor results in «uite a drastic
drop in voltage. With the detector oper-
ated from the 22'%4-volt battery tap, the ae-
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tual voltage reaching the detector under
such eonditions is usually of the order of
8-10 volts. If the detector is to be operated
at its rated voltage it is obvious that the
45-volt battery lead be used and the ticklers
wound accordmglv to give oscillation at the
inid-point of the variable resistor range.

THE AUDIO SYSTEM

The output of the detector is fed to the
erid circuit of the UX-222
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er an aluminum tube shield is inverted over
the coil for the purpose of shielding. Its
use, however, was not found to be essential.

Should it he desired to produce a sharper
peak than that provided by the Ford coil
it would be necessary merely to use an in-
ductance of lower resistance. One induc-
tance used in our work (which incidentally
gave a peak far too sharp to be practic-
able for general reception) consisted of

audio amphﬁer through an audio
transformer of the usual type. Al-
though a broadcast-receiver trans-
former with a particularly flat fre-
guency.characteristic is not neces-
sary, the use of an Amertran or
equally high-grade transformer
will be found justified on account
of the excellent gain provided by
it. This does not mean, however,
that the transformer used in any
existing receiver would mnot he
equally eifective in this one.

In the plate circuit of the UX-
222 audio tube is the tuned circuit,
resonating at 1,000 cycles or some
other convenient frequency, which
is responsible for the peaked am-
plification and the improved selec-
tivity of the receiver. The degree
of amplification to be obtained
with this tube and the sharpness
of the peak are matters governed
almost entirely by the impedance

provided by the tuned plate circuit
at the resonant frequency. The
vaine of this impedance, in turn,
ig limited by the resistance of the
cireuit To obtain the greatest
peak and amplification, there-
fore, it would he necessary to use
the lowest-loss inductance and condenser
possible. Experiment with various forms
of inductance (the characteristics of the
capacity being somewhat set by the types
of condensers available) has shown that an
inductance of reasonably fow resistance can
well provide a peak much in excess of that
considered desirable for practical purposes
in the immediate future. The characteris-
tic shown in Figure 1 is that obtained with
a Ford coil secondary as the inductance,
used for the definite purpose of hroadening
the peak and because of its general avail-
ability to the amateurs of any country. Most
of the coils tried tuned to about 1,000 eycles
by the connection of about .01 ufds. across
them. In the four-tube receiver the bank
of Sangamo condensers comprising this tun-
ing capacity is mounted on two threaded
rods to facilitate experiment with capaci-
ties of different values. The Ford coil is
mounted by inserting a wooden dowel in
the gpace {eft by the removal of the core
and primary winding, and by attaching this
dowel to the hase-board with a wood-screw
inserted through the base. In this reeeiv-

v C

| C4--Antenna

ANOTHER VIEW OF THE THREE-TUBE RECEIVER -

The simple and conventional practice of screwing all an:
poratug to the base and comnecting everything with bus bar
has been adhered to.

.,,000 turns of 30 gauge s.s.c. wire
“scramble” ~——wound in five % "~—square
slots turned in a wooden former 2” outside

eV uy v48 +45-907.
FIG. 4. THE ulMPLF WIRING OF THE TWO-
TUBE SKET

—i-pfd. by-pass condenser.
C1—snteppfd. tuning condenser,

L H2—-£3-plate (approx. 100 ppfd.}). Pidot wmidget.

—100-ppfd. grid condenser.

.:uupling condenser—iwo 34"
plates about Vi'' apart.

5 PDOD-uu/d by-pass condenser.

t —-Half-ampere ballagt resistor.

f;‘1~—(xndlcok 2 to 4 uzegohma

aquare

4 [i8~50,000-0Rm variable resistor.

3 0.1-megohm resintor.
L1, L3—Coils similar to those used in three-iube sei.

diameter.  About .07 ufds. was found
necessary to tune this to 1000 cyles. Ex-
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periment with other forms of inductance
will be found of great interest and value.
The fourth tube of this receiver is &
201-A arranged in the normal fashion.
This tube is not necessary to provide am-

Fiawm it venvemdad s
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to be seen at the extreme left rear corner
of the base are used to make all battery
connections. An ordinary battery cable is
led into the tube base through a hole in
one side and the leads soldered to the va-

rious pins. The arrangement

has heen found surprisingly
convenient from every possible
aspect, and never again will we
be cuilty of using a string of

binding  posts  unnecessarily
monopollzmg a long strip of
bakelite.

We hesitate to make any
mention of the performance of
these veceivers on account of
the many factors which influ-

ence it, and hecause of the pos-
sibility of arousing expectations
which may be beyond fulfillment
in individual cases. We do he-
lieve, however, that these four

THE TWO-TUBE PHONE RECEIVER
e is ohtaimed in this sei
& with the luning con-
The value of this wmethod. a8 described in the te
the possibility of its use io convert un existing tuning system jor
1929 wze by the gimple addition of a midget weries condenvér

usual type of audio-frequency amplifier shown in this rec
still he necesgary in reccivers to be uged for phome recention.,

The ,reaturc of adjustable tuning ran
by the use o a 7mdqet condenser in s
denaer.

plification additional to that already avail-
able, but is essential to provide a satis-
factory output circuit since the phones

:OIL-CONDENSER COMBINATIONS FOR THREE
BANDS

iromm  present dau praclice a4 pepurvte
tuning condenser is uscd with each inductance in the
four-tube recwiver to give full scale dial coverage jor
cach band. The grid coils are wound with :i-guage
d.w.c. wire on Silver-Marshall coil forms. As @ rough
:/uute it can be suid that 6 turns are used for the
1.000-ko. bund; 1% lurns for the ke. band:
;/1 turne for the 8,500-ke, band. Thae licklers jound
suitable are of 20-guage d.s.c. uire, 5 turna being
used jor 14,000-ke., 7 turns for 7,000-ke. and 9 turns
for 8,600-kc. It is almost certuin that these fiyures
will vary in individual receivers.

l)mrnml

could not be operated in the plate circuit
of the UX-222. The enormous amplification
provided by the two audio tubes makes the
use of a volume control essential.

The UY-type socket and UY tube base

tubes are truly worth while and
that the available sensitivity,
selectivity and amplification are
cqual  to any veasonable de-
mands that could ever he made
on them. In addition, we think
that the receiver is particularly
snited for the recquirements
of the future, having pro-
vision for tuning range adjustment which
would adapt it to any desired frequency
hand, and having an amnlifier which, with
simple amendment, c¢ould be given any in-
creased sclectivity which may be made
practicable by wide mlprnvement in the
emissions of amatcur stations.

THE THREE-TURBE KT
In the three- tube receiver, as
] in Figure 3, the antenna coupling
tube has been «,!llminatpd and vhe usual
capacity coupling ‘heme incorporated.
This means the sacrifice of some sensitivity
and an increase in the influence of the an-
tenna over tuning calibration. The latter
can, however, be reduced greatly by mount-
ing the antenna coupling condenser as close
as possible to the grid of the detector tube,
and by reducing its capacity to the lowest
value consistent with reasonable signal
strength. ‘The importance of the place-
ment of this condenser is not, we beiieve,
fully appreciated. Experiment has szhown

can be

that the ¢onnection of the condenser
in the antenna lead about six inches
from the tube grid terminal can re-

sult in serious ‘“hand-capacity” effects and
a pronounced increase in the reaction of
antenna changes on calibration.

The tuning circuit comprises the ‘slid-
ing rotor” type of condenser mentioned
previously. and “tube base™ coils, while the
andio amplifier consists of two tubes—
a UX-222 und a UX-201-A arranged in
the same cvircuit as that employed in the
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four-tube set. The differences in the me-
chanical arrangement of the apparatus
can be seen from the photographs.

FOR PHONE WORK

The two-tube receiver is presented chief-
Iy to illustrate the use of adjustable series
capacity to vary the capacity range of the
tuning condenser. It is also intended to il-
lustrate the single stage of flat-frequency-
characteristic audio amplification which
will still be desirable for the reception of
amateur phone or short-wave broadcasting.
The circuit is shown in Figure 4. The
series midget condenser is controlled by
the knob in the center of the panel, its
positions for the various bands being de-
termined by experiment and marked on the
panel. The adjustment of this condenser
will be found quite critical if it is desired to
restore the calibration of the main tuning
condenser when a change is made from one
band to another, but this process is sim-
plified very greatly by noting the dial
readings for - the c¢ommercial crystal-
controlled stations at one edge of each

THE TUBE-BASE COILS USED IN THE THREE-
AND TWO-TUBE RECEIVERS
Both grid coils and ticklers in these coils are wound
with 24-guage d.s.c. wire. The numbers of turns
used are as follows:

Band Grid Turne Tickler Turns
24,750 4¢ 3
La.500 23 &
DY - 7,000 15 ¢
(14000 4 3
LS 22,000 2 g

No apacing is used between turns except in the
grid coil jor 28000 ke. where the apacing is 1-8", As
can be scen. the 1715-ke. coil ¥8 wound on a %' dia-
meter _bakelite tube mounted on & tube base.

band. Then, when the coil has been changed
in moving from one band to another, it is
merely necessary to set the tuning dial at
the place where the “marker” station
should appear and adjust the midget until
it does. At this position the calibration will
have been restored.

In all three receivers the panels were cut
from %" thick aluminum sheet. A pleas-
ing finish was obtained by stripping the
surface in a strong solution  of washing
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soda and brushing it with a very thin coat of
Duco clear lacquer.

In the construction of these three re-
ceivers no attempt was made to break away
from the conventional method of screwing
all the gadgets on a base and connecting
them together, for we have the idea that
there are very few departures from this
standard amateur practice which warrant
the complications involved by them. 1In
fact, in all the work a definite effort was
made to avoid any departure from the
simple methods of the present day unless
they possessed a definite practical value.
We have had at our disposal scores of un-
usual circuits and arrangements, the merit
of which was in their novelty, They were
unused, however, because it is our opinion
that the practicality of any scheme, in
amateur radio, is at once questionable if
it involves a sacrifice of simplicity.

$eStray s

One of the snootiest methods of mount-
ing the League Auto Emblem we’ve run
across is that of cementing the emblem to
the inside of the wind-shield or rear win-
dow. The scheme is to remove the eyelets
from the emblem, smearing it evenly with
DuPont or some other good glass cement
and, when the cement. has become tacky,
press it firmly to the cleaned glass sur-
face. Considerations of visibility make it
desirable that the emblem b: located on
the passenger side of the wind-shield at
the lower corner though a position at the
lower center of the shield also might be
practical. The genius behind the scheme
is Meserve of 1FL,

August McCollom, 9BQW-9HS, though
blind, is an ardent and successful amateur.
Since 1925 he has been on the air, during
the summer at his home station YBQW at
Dodge City Kansas and during the re-
mnainder of the year from 9HS at the State
School for the Blind at Kansas City, Kan-
sas. A C(CX-310 supplied from a storage
battery-driven 400-volt dynamotor is used
at the latter station, while at 2QW an
852 does the oscillating. R7 signals have
been put into Australia with it. McCollom
is able to copy signals with a typewriter
but, being unable to read the typing, all
traffic is handled in Braille. In this man-
ner he has been able to QSR as many as
forty-five messages in a week. ‘Taking it
all round there is nothing unusual about
my amateur activities'. says McCollom. I
build my sets and blow my tubes just as
you fellows do.’
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sjSBX
A True “Now-It-Can-Be-Told” Story that Unravels One
of the Recent Mysteries of Amateur Radio

By Clair Foster*

of last winter, here’s your dope. His

feet are now back on the soil of
J.S.A. and it’s safe to tell it. He had lit-
erally to shoot his way out; but he’s out.

In November, 1927, I received a long
jetter with a Central American stamp from
a chap named Haskell Watson. That’s his
real name. He was on an expedition. The
fetter was accompanied by photos and
sketches depicting his location at the bottom
of an extinct volcano. This old crater was
narrow in both directions and the walls in
imost places were sheer 3000 feet. The let-
ter contained also a list of the radio parts
he had on hand. He had built one short-
wave transmitter; but he hadn’t been able
to work anybody and had about come to
the conclusion that he had been trying to
transmit out of the bottom of a well 2000
feet deep and that it just couldn’t be done.

He had other troubles, believe me. He
was in a brigand-infested district. It was
old then up on the wmountains and some
of the brigands used to stick around his
camp where it was warmer. He had reason
to believe that some of his own helpers
helonged to the gang. A guy came in on
him one day while he was building his trans-
mitter, and surmised that it had something
to do with this radio stuif that the natives
had been hearing about. This didn’t look
s0 good to a gentleman who didn’t desire his
whereabouts to be broadcast, so he ordered
Haskell to smash it up. Haskell finally
convinced him that he knew nothing sbout
radio, that this was a scheme he was experi-
menting with for assaying minerals. This
placated the old boy; but thereafter Haskell
kept a sharper watch through the telescope
he had trained on the only entrance to the
erater. There was only one way to get
down; and after anyone was seen coming
over the rim Haskell had an hour to hide
his stuff. After finishing the set and after
trying for many days to work zomebody,
he decided that what he had told the
brigand was no lie.

I had never heard of Haskell before the
receipt of his letter. He had been in the
war, overseas, from Texas. He had been
s ham before the war but out of the game

ERE, you fellers who were so curious
H about sj5BX, the mystery station

FWEHM—WIQW. Oarmel, California.

since. Three of his friends in Texas had
wised him up considerably on short-wave
apparatus. In the use of a .45 pistol he
needed no instruction; all he needed was
practice, and he got plenty of that down
in the volcano. 'The natives engaged in
the chief industry of the district packed
plenty of hardware, but, cartridges costing
a dollar apiece in their money, they did no
practicing-—#  ecircumstance that saved
Haskell’s life on more than one occasion.
He and his friend, Paul, the only other white
man in the party, had plenty of ammunition.
They shot wolves on the run and eagles in
the air, partly for practice, largely to keep
the natives in a proper frame of mind. On
the whole, from things I have since learned
and from things he himself has let slip, [
gather that 8j5BX is pretty hard-boiled.

Now back to that letter. It came while
Ralph Heintz, 6XBB, was spending a week-
end at 6HM. If you don’t know Ralph from
his accomplishments let it be said here that
he is as far on the plus side of radio as your
Uncle Dudley is to the negative. That im-
plies a world of wisdom. Haskell’s materiali
was passed across the table to Ralph. Ole
Ralph spit on his pencil and commenced
forthwith to scatter Haskell’s apparatus
over a sheet of paper, doubling up on some
parts to get the required values and adapt-
ing others. When he had arrived at the
best he could do with the parts Haskell had
on hand he drew out a radiating system and
zpecified how far it must be located from
a sidewall of the ecrater. “Now.” he said,
“send your friend this dope and I think
he'll get his signals out of that hole.” 1
hadn’t told him that Watson was a stranger
to me, or that in advising him we might be
guilty of compounding a felony. In that
country no one is allowed to transmit and
you can’t even get permission to listen.

Haskell had said that he was signing the
call DON. I told him to locate if possible
a little beiow LP1, down among the
Australians, In about three wecks I com-
menced to watch for this DON, with a d.c.
note from # 50-watter and dynamotor. And
about that time I had to go to San Fran-
cisco. Fred Roebuck, fold KFUUH), there
at 6ARD, said, “Say, have you heard a sta-
tion signing sj5BX? Where the dickens
would that be? There isn’t any such inter-
mediate.” Herbert Breuer, 6JN, was with
us, and we all did a lot of surmising. The
next day, just as I was about to leave the
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hotel for home, Herbert called up with, “Hil
I worked that sj5BX last night! And guess
where he is. On Pablo Island, at 90 degrees
West and 6 degrees South of the equator.”
And told me where to look for him. When

I reached home I soon found sj5BX, work- :

ing a Six and giving that same QRA. Also
telling the Six, “Not much use sending a
card, Old Man, because ships come here only
about once a year. Will QSL later.” [
couldn’t find any Pablo Island, or any other
kind of an island, at the position named—
which would be about 500 miles off the
coast of Peru. Then down at our village
post-office I met a man who had
just been living in Peru. He had
never heard of such an island. I
explained what the intermediates
were for, and that there was no
such intermediate as $J in use.
“Oh,” he exclaimed, “now I think
T can straighten you out on that.
The old name for Peru was
Juinan.” (I leave the pronuncia-
tion to those of vou who are
familiar with Spanish. Those
who are not would better leave
it alone. It starts with a noise
like blowing your soup. Or if
you plead not guilty, try, it with
the first note of the hoot-owl.)
This man said that many of the
old-timers refused to use any but
the old name, and that this sj5BX
was doubtless of one of the old
aristocracy of Peru. So that
straightened me out fine. And I
was just pluming iyself over
being able to show the boys the
breadth of my knowledge when
T noticed among the letters I was
holding in my hand one with
a foreign stamp. These a ham always
opens first. “I was afraid of that
DON  ecall. Tt sounded suspicious. So
I decided to use a ham-sounding call
with an intermediate that nobody could
locate.” And then the mystery of Pablo
Island really was solved. But after that
I told many a feller why this old moss-
backed Peruvian insisted upon using SJ
instead of SP.

Some of you who worked this station will
recall that frequently there was a YL at
the key. Haskell had taught her the game,
and had refused to let her operate the set
until she had become letter-perfect. He
had done such a fine job with this pupil
that he broke his own nose, for she was a
dandy operator—better than Haskeil. She
is a relative of his by marriage, being his
wife. And how she did like to bawl a feller
out for sending double, or for sending
slowly when he could go faster. She was
the Helen Wills of the key and you didn't
have to soften your game for her! You

left and of the OM on the right.
these cards bLecause he zays, ‘‘llach ove we nade took aboui
half an hour, and berides that’s emongh for ome for euch din-
triet and for & speciul jriend or iwo.”

Q8T 19

fellers who worked sj5BX when she was
operating will be sorry that you didn’t QSO
oftener when 1 tell you that she is as fine
looking as she is fine. It is too bad that the
foto I have of her and Haskell is not sharp
cnough to reproduce with this story. They
are both well worth looking at.

Aside from the purely radio features of
this tale there is enough of the dramatic
and human interest in the doings at sj5BX
to fill a book. Goodness knows, it is inter-
esting enough to think of transmitting
from the bottom of a hole 2000 feet deep.
They came near to working all continents.

Home-made, photographically, with n snap of the YL, on ihe

Hasrkell wude only tem of

They would have done so with a little more
time. For example, they would have if
foA3V had been able to get them thru his
QRN the night T had him on Haskell’s
trail. The story of Haskell’s trip out of
the crater for some dynamite that he bought
from brigands who had taken it in the hold-
up of a mine, and the things that happened
on his return with this stuff loaded on three
burros (there were three when he started)
would make a thrilling tale all by itself. Or
an account of the time when two bad eggs
started to shoot up him and Paul one dark
night just outside their camp, and ended
by going to—wherever it is that assassins
go. Or the time when another of these
wentry tried to kill the house-servant, and
had to be dissuaded permanently. Or the
time when Donna and Haskell were all
alone and were pounced upon by nine. This
last fracas I think I must tell you about,
because it is this one that ended the career
of sj5BX, and you will want to know how
the finish came about.
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The Watsons had a parrot from which
they were only semi-detachable. I think
it was a YL parrot, because it used to sit
on Haskell’s knee and pull the buttons off
his coat. She was devoted to amateur radio
~-all-same @ST. Just couldn’t keep away
from the shack, even when nobody else was
there. There were so many nice coils and
dials to chew on. That’s why you seldom
found sj5BX twice in exactly the same spot.
And while operating was going on she was
doing Babe Ruths around the table and over
the operator’s shoulders. Once while QSO
I got a hurry call to QRX while the parrot
was being revived. She had got against the
plate coil (TG&P, series feed) and hit for
a three-bagger. The air was full of blue
language and green feathers.

Well, one bright afternoon of a lazy June,
Haskell and this YL parrot were sitting
peacerully on the porch of their little camp
at the boitom of this extinct volcano, telling
one another whom they were going to work
that night, when all of a sudden it didn’t
seem quite so darned extinct. Nine gentle-
men, dark-complected on the outside and all
the way through, appeared suddenly with
their hardware erupting in the general
direction of the Watson family. Watson
et Ux, always living a life of preparedness,
zot into action, Donna acting as gunbearer
and passing the loaded pistols while Has-
kell did the shooting. When the smoke
finally cleared away two of the dark-com-
plected gentlemen were dead, others were
wounded, and the two Watsons were over-
powered. As to the YL parrot I am not
informed. T think she fainted.

Donna and Haskell were roped up too
tight for comfort and cached temporarily
in an adobe hut to ponder on the vicissitudes
nf ham radio. The one thing that they
seemed surest of was that aflter nightfall
they would be taken out and shot. But,
just to show that you can’t keep a good
ham down, what happened when darkness
came was that a faithful servant—the one
who had been rescued when the bad egg
was going to kill him—ut the prisoners
lonse and guided them out into the bush
where he had saddled and hidden their
horses. They spent seven days getting out
to the nearest town over a bandit-ridden
trail, riding and walking hours on end in
the pitch dark to avoid being seen. They
saved nothing except what they had on and
enough money to buy two cans of sardines
from a mnative. These sardines and three
quail that Haskell shot with a pistol were
all the food they had on this ride. And
from what I’ve seen of the amount of stuff
that hams can put away at a hamfest I'll
say that this picture hits you fellows in &
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tender spot. At this town they had thought
they would be safe, but they found that the
news of the rumpus had preceded them and
that they were being accused of murdering
these men in cold blood. The prospect of
being thrown into a filthy jail to await the
decision of the law of a lawless land didn’t
appeal. A stranger, a fellow American,
gave them some money and then beat it out
of towm himself. They hired a Chevrolet
truck and an armed guard of eight men.
With these they slipped out in the night,
headed for a larger town. Most of the
eighteen hours of that journey was spent
in pushing the Chevrolet over a trail that
a jackrabbit couldn’t have traversed under
his own power.

Having had to bribe so many “officials,”
they arrived in this town again broke. But
another good American ¢ame to the rescue
and they reached the c¢oast and a ship
Eventually they landed where a ham gets
a square deal from his government; where
16,000 amateurs were dispossessed of their
earned and rightful place on the air by the
adroit maneuvering of foreign governments
and a comparatively small number of
money-seeking commercial interests, but
at any rate a country where a ham need
not fear going to jail.

Now as to the ethics of the situation; as
to the conduct of Haskell’s ham friends who
were in the know and who had kept his
expedition in touch with the outside world:
The American Radio Relay league wwill
doubtless disagree with us, for A.R.R.L. is
a stickler for the niceties of ham behavior.
But this was not just a case of hamming
for amusement. Many vital comissions
were executed for £j5BX that could not have
been handled thru a telegraph station and
post-office six hazardous days’ ride from
him; where all mail and messages -were
acrutinized, and even their delivery at times
denied thru the ignorance and suspicion of
officials. I'll say that. when two fellows and
the game wife of one of them, go ¢n an ex-
pedition that has a perfectly legitimate and
landable #zim, into =z country where the
laws are hand-made from day to day by
whatsoever brigand or grafter happens for
the time being to be in control, a country
so ignorant of the uses of radio that its
purposes are regarded as wholly sinister,
where large murders for small gains are
the rule—I’ll say that the ham who had re-
frained from doing his utmost to aid these
people should be read out of any society
where there cxists a consciousness of right.

Adios, ¢j5BX. You are a fine guy and a
brave gentleman. And so’s your OW.
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Frequency Stability by Magnetostriction
Oscillators
By Harold P. Westman, Technical Editor

tory at Harvard University has pub-
lished a paper entitled *“*Magneto-
striction Oscillators'”which deals with
the magnetostrictive characteristics of cer-
tain materials and their application to the
stabilization of the frequency of oscillations
generated by a triod. This article is based
upon the material appearing in that paper.

Like «¢uartz plates, magnetostriction
oscillators are dependent upon a mechani-
cal vibration for their stability and al-
though it is not possible to obtain satis-
factory output at extremely high frequen-
cies such as may be obtained with the
piezo-electric oscillator, it is possible that
with the devolopment of suitable fre-
quency multipliers that magnetostriction
oscillators may some day be of extreme
value in amateur work. Magnetostriction
deals with mechanical deformation of, cer-
tain materials when they are subjected to
magnetic fields either of constant or vary-
ing strength. If for instance, we take
a rod of nickel and subject it to a constant
magnetic tield of 1 gauss, we find that its
length has been shortened by about one
millionth. This change is extremely small
hecause it must take place against the
enormous elastic force of the material. If,
however, the magnetic field is not con-
stant but is made to vary in an oscillatory
manner at a frequency equivalent to the
resonant period of the rod, the deforma-
tion of the rod will be much greater be-
cause it does not then take place against
the eclastic force of the body but is opposed
only by its viscosity or ability to yield
continually when under stress. Under the
varying magneiic field, the mechanical
fengthening and shortening of the rod may
reach a value as pgreat as 100 times that
observed with the field constant,

This eifect, as one would suspect, works
two ways and if we stretch or compress a
magnetized rod, we will find that its mag-
netic field has been altered. The deforma-
tion of a rod under a magnetic field may
he considered as the direct effect while the
change in the magnetic field due to a me-
chanical deformation may be counsidered as
the inverse eifect.

In order to take advantage of these

small effects. it is necessary to use a

P ROF. (. W. PIERCE of Cruft Labora-

1. Proceedings of the American ‘Acadx.my.of Airts
and Scicnees. Vol 63, No. l. .This publication may
be obtained from the Library of the American
Academy of Arts and Sciences, 28 Newbury Street,
Koston, Mass., for $.80.

vacuum tube and thus obtain enough ampli-
cation to allow sustained oscillations to
be produced. Figure ! gives a schematic
diagram of the circuit employed. The rod
is placed within two coils and rests at its
center on a blunt pivot. It does not have
to be critically balanced and may even be
tightly clamped at the center if that is
desired for any reason.

One of the coils is in the grid circuit
while the other is in the plate circuit, much

FIGURE (., THK CIRCUIL annwANGEMENT FOR
OKTAINING MAGNETOSTRICTION CONTROL OF
FREQUENCY. The rod rests on the blunt pivot be-
tween the coila.

as in the split-coil Hartley arrangement.
However, one of the coils is reversed so
that feedback from the plate coil to the
grid coil without the aid of the rod is not
in the proper direction to cause oscillations
to be produced. It is possible, though, un-
der certain conditions to cause such a sys-
tem to oscillate without the use of the rod
and as this is not damaging to the stability
of the arrangement, it is unnecessary to
take precautions to avoid such conditions.
A condenser is shunted across both the coils
so that the circuit may be adjusted to have
a frequency of oscillation equivalent to
the period of the rod employed.

I.et us assume that the electrical circuit
is so adjusted that it is not oscillating of
its own accord (without the rod) but that
if it did oscillate, it would do so at the
same period as the rod. The rod is placed
within the coils and the filament of the
tube lighted. The plate current will
increase as the. filament emission
becomes greater and this current flowing
through the plate coil will cause a mag-
netic field to be set up about the coil, This
magnetic field will act upon the rod and
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cause it to he deformed (either lengthened
or shortened). 'The deformation will not
occur instantaneously along the entire rod
hut will travel along the rod at a definite
speed depending upon the hardness of the
material of which it is composed. When
the deformation reaches the end of the rod
that is within the grid coil, the inverse ef-
fect will take place and the magnetic field
surrounding the rod will be varied because
the physical dimensions of the rod have
been altered. This change in magnetic
field will effect the grid ccil and induce a
voltage therein which will be applied %o
the grid of the tube. This voltage applied
to ihe grid will be amplified and will re-
sult in a change in the plate current which
will start the cycle again by causing a
~hange in the magnetic field around the
plate coil through which it flows. In this
fashion the eircnit is made to oscillate at
a frequency that is dependent wupon a
longitudinal or lengthwise vibration of the
rod, the frequency of which will be con-
trolled by two factors, namely: the length
of the rod and the speed at which the de-
formation is propagated along the rod.
This last mentioned factor may be con-
irolled by the choice of the material em-
ploved and varies with the velocity of
zound in the material. In general, the
harder the material, the higher will be the
veloeity of sound through it and the higher
will be its natural period of vibration.

In order that oscillations he produced,
the rod wmust be magnetized and the
varying magnetic field is superimposed up-
on the steady one. This will result in an in-
¢rease in the magnetization of the rod
when the varying field is in one direction
and a decrease when it is in the reverse
direction. If the rod were not magnetized
to start with, the varying field would not
cause an increase and decrease but would
vesult in only an increase (or decrecase)
which means that the length of the rod
would increase (or decrease) twice for each
zvcle rather than give bnth an increase and
a decrease for each cycle which is desir-
able,

The rods may be permanently magnet-
ized by inserting them into & solenoid and
passing a heavy direct current through it,
The field due to the direct plate current
will aid in keeping the rods permanently
magnetized and when in this condition the
rods should be marked so that they are
always inserted in the same direction. It
should be unnecessary to have to remagnet-

ize them as most materials will hold their -

yaagnetization in spite of the effect of the
varying field in which they are operated. At
all times, the steady field should be greater
than the varying field.

In materials that have but little ability
to hoid their magnetism, the steady field
may be obtained from 2 small permanent
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horseshoe magnet which is placed near the
rod. It is not necessary or desirable to
have the permanent magmnet touch the rod
and it may be located several inches from
it.

In Figure 2, some experimental curves
taken on a rod of Nichrome are illustrated
in the circuit arrangement shown in’ Figure
1. The upper curve shows the change in
wavelength obtained for a given raotation
of the tuning condenser shunted across the
coils, The rod was first held to prevent
it from vibrating and the curve ABCDE
was obtained which indicates a change in
wavelength of from 16,000 meters at 19 de-
grees of the condenser dial to 19,400 meters
at 30 degrees or a change of 3,400 meters
for a dial rotation of 11 degrees.

Next, the rod was allowed to be free to
vibrate and the. condenser rotated from a
fow reading towards maximum. The curve
ABCD’E was then obtained and it will be
noted that over portion indicated by 1)’ there
is no readable change in wavelength. The
condenser was then rotated from maximum,
towards minimum and the curve EDCB’A
resulted. This shows 2a constant wave-
length along the portion of the ¢urve B’.
After the rod has started to vibrate it is
possible to vary the vondenser from 18 to
30 degrees without shifting the wavelength.
Thus, over a range of the condenser that
gives a wavelength shift of 8,400 meters
without the rod, there is no readable wave-
length change when the rod is in vibration.

It was impossible to read any shift of
wavelength along the stabilized portion of
the curve when a precision wavemeter was
employed z¢ the measuring device and o
some other method must be used to show
how much the frequency does wvary. An-
other magnetostriction oscillator was set up
and & rod having a frequency of about
seven times that of the rod under test was
set vibrating., The seventh harmonic of the
rod under test would then beat with the
fundamentai of the second oscillator and s
change of one cycle in the test oscillator
would cause a change in the beat note of
seven cycles. The beat note could be meas-
ured to about one cycle which would be
squivalent to a shift of but one seventh of
a cyecle of the rod under test. As will be
seen by the second curve of Figure 2, a
change of the condenser from 19 to 20 de-
grees with the rod vibrating causes fre-
quency change of only 1.5 parts in 17,000.

The lower curve of Figure 2 indicates
ithe change in piate current as the capacity
ycross the coils is varied. As the capacity
is increased irom a low value, the current
follows the solid line and when the reverse
rotation takes place the current varies ax
shown by the dotted line. The jump in
current of two fo four milliamperes takes
place as the rod starts to vibrate and the
smooth tapering oi current as the conden-
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ser is reduced towards 18 degrees is due
to the fact that the particular circuit con-
ditions caused the electrical oscillations
{those not due to the rod but to the elec-
trical circuit alone) to stop when the value
of the condenser was less than 18 degrees.
QOtherwise, the characieristics shown uat the
higher capacity setting portion of the solid
line curve would be duplicated at the lower
capacity end of the dotted line.

It must be remembered that in the meas-
urements just cited, the capacity across
the coils was varied over a wide range to
cause as large a change in frequency as
possible and that in actual use, the cap-
acity will always be set at a value that
gives the highest plate current. It will,
therefore, be possible to obtain a much
higher degree of precision in the resetting
of the equipment than the possible error
ahown by the curves might indicate.

“We may regard the woperation of this
system over that portion of its range where
frequency stabilization takes place as being
equivalent to an inductance-capacitance
circuit in which the inductance varies enor-
mously with a change in frequency. We
may represent the wavelength-against-
capacity curves of Figure 2 by the follow-
ing equations:

la=2 /La (C+C.) for the damped curve

he==2ren, /Le (C+Ca) for the free rurve
from which we obtain

ke * L

741 VL'!

Figure 3 gives the values of this ratio
plotted against frequency from which it ap-
pears that the change in inductance of the
¢oil and free rod is about 50% for a change
in frequency of less than 1,/100 of 1% over

that range in which the stabilizing action.

iz operative, We may, therefore, consider
that if the capacity across the eoil is rve-
duced, the shift in frequency causes an in-
crease in the inductance of the rod and
coil so that the product of the inductance
and capacity is almost the same as it was
before the change was made. Likewise,
any increase in capacity will cause a de-
¢rease in inductance to an amount that will
still compensate and the product of L. x C
will be nearly constant. Thus, if the rod
is not used, a change in capacity of 50%
will result in a frequency change of 25%
whereas with the particular rod under test,
this change of capacity results in a fre-
quency change of but 1/100 of 1%.

The comparison was made between the
rod and a quartz crystal mounted in a
vacuum and held in an accurately designed
and carefully machined mounting. Re-
peated measurements indicated that when
this crystal was operated under constant
conditions, which must be very carefully
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checked, that an accuracy of frequency of
1/600 of 1% could be maintained. How-
ever, when the circuit conditions for the
crystal are changed over as great a range
as indicated for the rod, the frequency of
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NG STABILIZATION OF FREQUENCY

PIGURE 2, THE UPPER CURVE S5HOWS THE
STABILIZING EFFECT OF THE VIBRATING ROD
WHEN THE FRLECTRICAL CIRCUIT 1S [Dk-
TUNED AS COMPARED WITH THE FELECTRI-
CAL CIRCUIT ALONE. The second esmrve shows
just how wmuch thr Frequency does rhanna when the
electrical ﬂrcutt iz deiuned and the rod is wibrating.
Thia curve ia equivalent to the horizomtal portion of
the upper curve very greatly amplified. The ower
curve shows the hrhavior of the plate current of the
tube aus the rud starts to wibrate.

the c¢rystal would vary as much as
of 1%. Thus, the magnetostriction oscil-
lator shows greater constancy under
widely varying conditions than does the
piezo-electric plate.

The particular Nichrome rod under test
showed a variation of 1/93 of 17% for each
degree Centigrade change in temperature
which is not as good performance as is
obtained with the crystal, which changes
between 1/200 to 1/1000 of 1% per degree
Centigrade. However, by the proper choice
of materials it is possible to construct rods
having as good a tcmperature coefficient
as is obtained with the crystal. In any
case, it is only necessary to know the tem-
perature in order that the proper ecorrec-
tion factor may be applied. The effect
of temperature is not permanent and rods
calibrated at a definite temperature will
hold their calibration as long ae they arve
operated at that temperature even though
their temperature may have varied con-
siderably in the meantime.

There are various materials that may be

7/100
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used and the main requirements are that
they have large magnetostrictive effects,
that their frequency of vibration stay con-
stant in spite of varying temperature and
magnetizing force and that changes in the
rondenser settings, tube characteristics
and plate and filament currents shall cause
but small change of frequency.

Pure iron and irons with various carbon
contents are not aultable because the mag-
netostrictive effect is very small. Pure
nickel is a very active vibrator but its
period of wvibration will change when the
electrical circuit is detuned.

| I
1 20l | /
. /
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FREQUENCY
FIGURE ¢, THE RATIO GF THE CHANGE OF
;};PU('T&NLE P'LOTTED AGAINST PREQUEN-

Certain alloys of nickel and iron are
gooud vibrators and those having about 36
percent nickel and 64 percent iron, which
is about the constitution of invar and stoic
metal, are good. Unfortunately, though,
their change of frequency with a change of
temperature is rather high.

Nichrome and other salloys of chromium,
nickel and iron are good v1brators. Per-
haps commercial Nichrome is one of the
best of the more casily available materials
for many purposes.

Monel metal containing 68 percent of
nickel, 28 percent of copper and small
amounts of iron, silicon, manganese and
carbon is a very powerful oscillator but
usually wrequires an auxiliary polarizing
device because of the small residual mag-
netisim,

Alloys of
vibrators,

Tubes of nickel may be used for qualita-
tive work, demonstration purposes and for
sources of sound and while they are good
oscillators they are not so constant in fre-
quency as might be desirable. Such tubes
may be wholly or partly filled with lead or
type metal which will result in their period
of vibration being materially lowered. This

cobalt and iron are strong
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is due to the fact that the veloeity of sound
in lead is low. By this means it is possible
to obtain rods of low frequency without
the use of an excessive length,

Composite rods may be used in order to
reduce the effect of Lem_perature upon the
frequency of vibration. 1f a tube of nickel
which has a unegative temperature coeffi-
cient has inserted within it a tightly fitting
core of a material such as stoic metal
which has a positive iemperature coeffi-
cient, the resultant rod may he made to be
practically independent of temperature.
These rods are concentrically composite,

Another type of composite rod consists
of three rods soldered end to end. The
center section is of a material having a
soefficient of one sign while the end sec-
tions are of a material, the coefficient of
which is of the opposite sign. These rods
are longitudinally composite.

The frequency at which the rod will vi-
brate depends upon its length and upon the
material of which it is composed. The
following table gives the length and fre-
quency of some stoic metal rods which are
0.79 c¢m. in diameter. The temperature is
20 degrees (entigrade.

Length in Meters
X Freauency

I'requency in Cycles
Per Second
10001
14981
20003
24992
209K1

lL.ength in
I

The frequency values given in the above
table are accurate to within 1/100 of 1%.
Because the ends of the rods ure mot ab-
solutely true, crrors in their measurement
may be as great. as (.1 mm. which amounts
to more than 1/10 of 1% for the shorter
rods. If the length of the rod is multiplied
by the frequency of vibration, the constants
which appear in the third column are ob-
tained. The variations in these figures are

PIGURE 3. THE ROD NSISTS 0F FIVE
RBREADS CONNECTED RY SECTIONS OF HALF
THEIR [(MAMETER. All wre  of  egual
width. This red  vibrates 4800 ancleg  per
second.  The vod widy ¢ he ety v:l-fo.tc with

the two coiiz and the
» ¢,

one of (he deads beiy
thinner sectivna within t

not greater than the allowable inaccuracy
in the measurement of the length of the
rods. If the constant is doubled, the vel-
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ocity of sound in the material is obtained
which for stoic metal is:

V — stoic = 4160 2m/sec at 20° C.

The diameter of the rods is approximately
the same and as there is no progressive
change in the constant it indicates that
there is no appreciable end correction for
the determination of velocity,

Accordingly, the length of a rod to give
a definite frequency can be computed
closely ¢nough so that after having been
cut in a lathe the final adjustment may be
made with but a slight amount of grinding.
If the grinding is carried too far so that
the frequency of the rod becomes higher
than the desired value, it is possible to
correct this by grinding away some of the
girth of the rod at its center.

This next table gives the values for a
series of Nichrome rods 0.96 c¢m. in dia-
meter at 23° C,

Frequency in Cycles Length in Length in Meters
per Sevond Cm. X Frequency
29992 5.27 2480.8
35002 7.13 2495.6
10004 6.28 2492.2
45008 5.5 2448.9
49996 4.99 2494.8
55014 4.58 2492.1

The magnetostriction oscillator is most
valuable at frequencies bhelow 25,000 cycles
per second particularly in view of
the fact that the guartz crystal is
wxtremely expensive at these fre-
quencies. Between 25,000 and 300,-
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are cut. They are 1 cm. wide and
1 cm. apart. The vibrator then con-
sists of 5 beads, each of which is 1
em. long and is separated from each
other by 1 em. When the rod was
placed so that one head was within one

¢oil and the adjacent bead within the other
coil or when one bead was between the two
coils, the rod vibrated at a frequency of
296,480 cycles per sccond. The rod is of
stainiess steel, the velocity of sound through
it heing 5,430 meters per second and the
length of a vibrator to give this frequency
is:

Length = 543,000 - 2 x 295,480 = .018 cm.

This is ahout 10% less than the com-
puted value of one of the beads standing
alone when regarded as a linear vibrator.
The system is resonant at other frequencies,
the strongest indication being at 19,888
cycles per second.

It is interesting to note that wrods of
large diameters may be made to vibrate at
high frequencies. A thin disc 1.5 em. in
diameter and only about 2 mm. long can
be made to oscillate at a frequency of about
a 1,600,000 cycles per second. The disce is
mounted between corks in a glass tube.
Its oscillations are very feeble and are in-

000 cycles the oscillators have a —
common field of usefulness. The

crystal oscillator has more value at
frequencies above 300,000 ¢ycles
hecause although the magnetostric-
tion oscillator is active up to 2,000,-

000 cycles per second. its output is
extremely feeble and it is more de-
sirable to employ harmonics of
lower frequency rods if points in
this range are desired. Frequencies
up to several millions per second
may be obtained by means of such

harmonices.

The higher frequencies (300,000
cyeles) may be obtained by three
different types of rods. One method

is to place very short cylinders
within the plate coil with their
axes parallel to the magnetic field
of this coil. A second method is
to use flat sheets or strips of mate-
rial which are placed between the
plate and grid coils and a third
method is the use of a beaded rod.

Fig. 4 gives some idea of the
shape and position of the rod. The
rod was originally 1.26 em. in-
diameter and 9 ¢m. long. Four
grooves that are 1 the radius deep

»IGURE 5
PARING TWO OSCILLATORS.

trolled by a (0N0-rycle rod,
checleed by the aynchronous clock in the plate cirewit of the
second inbe.
1000-cycle source that beats with the fundamental of the
second rod which appears in tha lower circuit.
of the two circuita are coupled together through L5 and L6
and the beat difference notad on the milliammeter.

THE WIRCUIT ARRANGEMENT FOR (COM-
The upper cirenit ix con-

tha frequeney of which i8

The third tubs amplifies the harmonic of the

The outputs
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dicated only by the clicks heard in the
telephone treceivers when the tuning con-
denser causes the electrical circuit to pass
through the resonant period of the rod,

There are many uses to which these
standards may be put and it is possible by
means of one rod to obtain points over an
extreme range of frequency. These are ob-
tained by the use of a second oscillator, the
frequency of which may be varied over
wide limits. When higher frequencies
than the fundamental of the rod are desired,
2 harmonic of the second oscillator may be
made to beat with the fundamental of the
magnetostriction oxcillator and if addi-
iional points are desired they may be ob-
{ained by beating harmonics of the electri-
cal oscillator against harmonics of the rod
ascillator.

When calibrating a frequency meter from
a rod, the meter is short-circuited and
placed near the electric oscillator coil. The
¢lectric oscillator is adjusted so that its
fundamental (or harmonic) is at zero beat
with the harmonic (or fundamental) of the
rod oscillator. ‘The frequency meter short-
circuiting switch is then opened and as ve-
sonance is approached by rotating the dial
of the meter, sudible heats will be heard
which rise in frequency and fall to zecro
beat again. A further rotation will cause
audible beats to be heard again which once
more drop to zero. When the frequency
meter is adjusted to that position giving
zcro beat upon each side of which audible
beats are obtained, all three units are in
resonance (either at their fundamental or
4 harmonic frequency),

Hods may be calibrated in the following
manner. A rod vibrating at the rate of
1000 cycles per zecond is employed to drive
a aynchronous clock. By means of weights
which may be clamped to it and moved
nearer together or further apart, the fre-
quency of the rod can be accurately set.
The frequency of one such rod could be
varied over a range of about 7 cycles by
this means,

A pair of circuit-making contacts are
closed for a short period of time each second
by the synchronous clock. Electrical im-
pulses supplied each second by a standard
clock are passed through these contacts to &
loud speaker and when the ticks are heard
in the loud speaker i indicates that the
standard clock and the synchronous eiock
are in step. The number of seconds in
which the two clocks are out of step indi-
cates the difference between the length of
the second of the standard clock and the
length of the second of the motor driven
clock. Heveral successive intervals may be
timed and an average taken from which
the rate of vibration of the rod may be
obtained.
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The timing of the 1000-cycle rod could
be made directly hecause the synchronous
clock was designed to be driven by a 1000-
cycle wave. However, if a higher fre-
iuency rod is to be calibrated it will be
necessary to beat a harmonic of it against
the 1000-cycle rod. The 1000-cycle rod is
adjusted to zero beat with the nearest har-
monic of the rod to be calibrated and the
vibrations of the 1000-cycle rod checked
against the standard clock. The exact fre-
quency of the 1000-cycle rod may be ob-
tained from which ¢can be computed the
frequency of vibration of the =maller rod.
It is not necessary to depend upon the
beats as heard in the telephone receiver
because a d. ¢. milliammeter made be con-
nected into the circuit and a visual indie-
tion obtained.

Fig. 6 shows the circuit arrangement
for comparing the two vods. The motor-
driven e¢lock takes the place of the choke
that would be used for coupling hetween
the first and second amplifier stages. The
second stage i8 used for amplifying the
higher frequency harmonic of the 1000-
cycle rod circuit and the small coupling
rondenser between its grid and the plate of
the first stage tends to reduce the ampli-
fication obtained on the fundamental fre-
quency. A radio frequency choke con-
nected across the input of the grld circuit
of the second stage also aids in reducing
the smplification of the 1000-cycle funda-
raental frequency, still allowing the high
frequency harmonic to be amplified. The
two output circuits are coupled by means
of the coils Lb and 1.6 and as the beat fre-
quency approaches zero it will be indicated
visually on the milliammeter. The motor-
driven clock may therefore he used to
gtandardize both rods at the same time.

While magnetostriction oscillators may
not be directly applicable for the stabiliza-
tion of transmitter frequencies in the ama-
teur bands, this does not indicate that they
are of little or no use to the amateur. Their
use in the calibration of frequency meters
is extremely valuable particularly when
one vealizes how much cheaper it is to
obtain a series of rods as compared to the
cost of an equal number of quartz plates.

We have already accepted frequency
doublers in our crystal-controlled transmit-
ters and there is no reason why we may not
find it to our advantage to pwk off a more
remote harmonic of a magnetostriction os-
cillator for the stabilization of our em-
mitted frequency. The rod is inexpensive
and extremely rugged; two factors which
are decidedly important from the amateur
view point.
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Some Suggestions For 1929

By H. M.

AYBE you have built that new 1929
transmitter and find that the wave
is not as steady as the book says it
should be, or you have just re-

vamped your plate supply to get a good
clean-cut smooth tone but have found that
it has a rattle in it. Since my daily grind
takes in locating and fixing all kinds of
such troubles in about all kinds of trans-
mitters, it is natural that I have learned
some of the kinks. Not having seen many
such stunts described I want to pass a few
suggestions along to add to the many excel-
lent articles that have appeared in QST
designed to take the hay-wire out of ama-
teur radio for 1929

At the last Atlantic Division Convention
at 8XE I made a remark at a general argu-
ment session to the effect that 19290 signals
should be strictly pure d. ¢.! I wonder now
how I got home alive<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>