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Cooler days and autumn foliage remind us that
crystal nights of DX are just around the corner.
Now is the chance to put the new ideas of 1930 on
the air in your station. Whether you’re rebuilding
or a new man just breaking into the game, you need
as your constant companion and mentor

!

o i Y L
Rebuilding Time—*The Season to
Get the Old Station Qverhauled

for a Fine Winter’s Work.”

By HANDY and HULL

Now in its 84th thousand

This book is a publication of the American Radio Relay League,
the amateur’s own organization, written by amateurs for amateurs. It
is hailed everywhere as the greatest help that an amateur ever saw.
#] Because it starts in at the very beginning of the story and tells
what amateur radio is, how to become an amateur, how to learn the
code, and how to operate a simple station, it is an invaluable and a
sympathetic guide for the beginner. €I, Because it progresses through
working descriptions and building instructions for many varieties of
receivers, transmitters, power supplies and antennas, and because it
goes into all the intricacies of station operation and message handling,
it is an indispensable necessity for the proficient amateur.

A world of valuable information, printed in “QST" format and
bound in durable paper covers so that the price may be modest.

Blue-and-Gold Paper Cover, $1.00

Stiff Buckram Binding, $2.00

We honestly don’t see how you can get along §
without the Handbook. Order yours today!

AMERICAN RADIO RELAY LEAGUE
HARTFORD, CONN,, U. 8. A.




Net Price: $30.00
Characteristies of

Type 5034 de Forest dudion

Fil.Voltage. ...... v ievuins
Fil. Carrent . oo eonnn ot
Plate Voltage. . ....oovvuonn. {Max.}
Plate Current

.32

1250

{Max.) 0.175

Max, Plate Dissipation, ........ 100 watts

Amplification Factor. ... oo
. 5000

Average Plate Resistance. . ..., ...
Average Mutual Conductance. ... . ..

28

5000

‘ i(AUDIONs)z

RECEIVING AND
TRANSMITTING TUBES

503 A

the good old ‘‘fifty-watter”
in modern dress

Just the tube for the 3500 K.C, phone or any mod-
erate power intermediate frequency work, this new
de Forest Audion 503A. A particulariy stable oscil-
lator and r.f. power amplifier, developed for general
use in amateur transmitters, or where high voltage
gain is desired. Can be employed in parallel, provid-
ing resistance of approximately 100 ohms is inserted
in grid circuit to prevent parasitic oscillations. The
plate resistance is sufficiently high to prevent dam-
age in event tube stops oscillating. Can also be used
as an audio frequency amplifier, providing plate
dissipation does not esceed 75 watts. Interchange-
able with UV-203A. In brief, here is a 50-watter
that the best DeForest traditions in
&nllamﬁﬂ

maintains
eircles.

~ \,

For further technical information
address our Engineering Department

DE FOREST RADIO COMPANY
PASSAIC, NEW JERSEY

Export Department:

304 E. 45th St., New York City, N. Y., U. 8. A

La .
These are net prices
on
de Forest
Transmitting Tubes
510 —]5-Watt Oscillator,........ $ 9.00

503-A— 50-Watt Oscillator and R, F.

Power Amplifier 30.00
511 —50-Watt Oscillator, R, F

Amplifier, Modulator or R. F.

Power Amplifier. ., ... ...... 20.00
545 ~-50-Watt A, F. Amplifier and

Modulator. ............... 33.75
552 -——75-Watt Oscillator and R. F.

Amplifier. . ... .o 24.25
504-A—250-Watt Oscillator, Modula-

tor or R, F. Power Amplifier 105.00
504 -—Heavy Duty 250-Watt Oscil-

tator or R. ¥, Power Amplifier,

Tungsten Filament......... 105.00
500 —500-Watt Special Oscillator. . 97.50
A320-B-—5000-Watt Oscillator, R. F,

Amplifier and Modulator,

Water Cooled............. 187.50
565 -~-714-Watt Screen-Grid R. F

Amplifier 16.50
560 -—75-Watt Screen: .

Amplifier. oo oo 37.50
561 --500-Watt Screen-Grid R. F.

Amplifier, ....... ... 292.50
566 ~Half-Wave Hot Cathode,

Mercury Vapor Rectifier. ... 9.00
572 ~—Half-Wave Hot Cathade,

Mercury Vapor Rectifier. 22.50
569 ~High-Power Half-Wave Hnt

Cathode, Mercury Vapor _

Rectifier. .. .......o.o00 o 200,00

N
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THE NEW TYPE 334-Z
VARIABLE CONDENSER

Maximum Capacitance, 500 puf

SPECIFICATIONS
THIS condenser is made in two sections so placed that the rotor ig balanced without requiring a
counterweight. Both rotors are connected, but the stators are igsolated from each other.

Breakdown Voltage: 3500 volts, peak. Condensers atre built in jigs so that the 0.088 inch spacing
between rotor and stator plates is accurately maintained,

c M.ozl;ngng: For panel or table mounting. Four feet supplied with each unit. Drilling tempiate
urnished.

Dielectric Suspension: First-quality hard rubber.

Type Capacitance Cperall
Number Max. Min. Dimensions Weight Price
334-7 500 pui 35 pul M x1il in. 334 1b. $10,00
*#334-R 250 puf 30 pul 33 x 6% in. 2 1b. 5.50
#*334.T 100 upf 15 auf 2% 4 im 114 b, 2,75
#334-V 30 pauf 10 puf 331 x 334 in. 34 1h, 2.50

* Single section models, with counterweight.

Order from this ad and if cash accompanies it we will pay the transportation charges anywhere
in the United States or Canada. We ship within twenty-four hours after we get your order.

GENERAL RADIO COMPANY

CAMBRIDGE A MASSACHUSETTS
274 BRANNAN STREET, SAN FRANCISCO
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BYRD’S Antarctic
Radio Equipment
The advanced types of receiv-
ers, transmitters, and naviga-
tion aids that triumphed on
this epochal flight now fully

described in this book.

TELEVISION

Mr. C. F. Jenkins, father of
tetevigion and radio movies,
gives you in his own words
romplete directions for bulld-
ing practical television equip-
ment.

INTERFERENCE
ELIMINATION
‘Tracking down troublesome
interference and eliminating

it, systematically outlined by
W. F. Fleming, radio engineer.

RADIO
AUTO-ALARM
Wew automatic device on
ships to keep the BOS watich
while operator is off duty—
fully deseribed in this book.

Latest
BROADCASTING

Equipment
Temperature-sontroited
Piezo erystal osclllator,
1009, modulation panel, uid
other npew apparatug, coin-
pletely deseribed, with  in-
structions for operation.

SHORT-WAVE
Apparatus
Latest types of commercial
and amatear short-wave ap-
paratus; direetions for secur-
ing operator's and station

license,

MARINE and
AERJIAL Radio
Equipment

Radio heacons: sre radio
trunsmitter for ships; Reed
course tndicator; atest devel-
upiments in mgh frequency
transmitters.

New RADIO LAWS
and REGULATIONS

New regulations governing all
elasses of operators’ licenses,
7. 8 Laws, and 1. R. T, <,
laws.

New Developments!

Complete Instructions and Data on All Recent
Radio Inventions Now Yours for Ready
Reference in This One Big Guide Book of Radio

THE
RADIO

MANUAL

A Handbook for Students,
Amateurs, Operators

and Inspectors

Here’s the answer to every question
about the principles, operation and
maintenance of apparatus for radio
transmitting and receiving. No detail
has been omitted. from elementary
electricity and magnetism for the be-
ginner to television and radio movies,
Ym ortant new chapters have been
added to brmg it right up-to-the-minute, and an
immense volume of facts never hefore available is
now presented in the bhook. Included are detailed
descriptions of standard equipment, fully illustrated
with photographs and diagrams. It is now more than
ever the one complete handbook covering the entire
radio field.

A Complete Course in Radio Operation IN ONE VOLUME

Enables You to Qualify for Gov’t License as Operator or Inspector
20 Big Chapters Cover:

Elementary I:lectnclty and Magnetism; Motors and Generators; Storage Batteries and Charging
Cireuits; ‘The Vacuum Tube; Circuits Employed in Vaeuum ‘Tube Transmitters; Modulating
Hystews and 10075 Modulation; Wave-meters: Piezo-Electric Oscillators; Wave Traps: Marine
Vacuum Tube Transmitters; Radio Bm&dcastmg Equipment: Are Transu:utteta Spark 1'rans-
mitters; Commercial Radio Keceivers; Marconi Auto-Alarm: Radio Beacons ‘and_Direction
Finders; Aircraft Radio Equipment; Practieal Television and Radio-movies; Eliminating Radio
Interference; Radio Laws and Regulations; Handling and Abstracting Traffic.

Prepared by Official Examining Officer

The suthor, G. E. Sterliny, in Radio Inspector and Examining Officer, Radio Division, U. 8.
Dept. of Commerce, The book has been edited in detail by Roberi N, Kruse, for five years
Technical Editor of QST, the Magazine of the Awmerican Radio }(elav League, now Radio
Consultant. Many other experts assisted them,

Mail This Coupon Today!
—— e - — —_— e ey

Examine it

~ D. Van Nostrand Co.. Inc.
P REE ! : 250 Fourth Avenue, New York I

The 1930 editton of Send me the Revised edition of THE RADIO MANUAL for !

“The 0 Manual” !} examination, Within ten days after recelpt 1 will either return |
has just l« T abe i the volume or send you $6,00, the price in full, (ST 10-30)
lished. Nesrly %00 I
pages, 369 illustra- ]
tions, Bound in Flexi- - Nawo i
ble Fabrikoid. ‘The | F s e i
(‘("ilflol]f bta‘mzs the
volume for free exam-~
inution. If you do ;mt l Bt and No . oot irersranrr s csnarersassssasaans '
imrceRt‘t:ﬂt tl)t. l; Lhe 1 §
ERT adio pook you s
bave seen, return it 1 City and State. ... oooieiiieiiein s e areerreie s i
and o nothing. If l
g};%ekf‘f}"&}na'“'},gtgfg Business Comnection. .., cooivviinirriiiiiiiiniriieiiaees i

S |

ten duys.
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Section Communications Managers of

THE COMMUNICATIONS DEPARTMENT, A.

ATLANTIC DIVISION

Hastern Pennsvivania Don Lusk 116 West Wyoming Ave.
Marviand-Delaware-District . .
( olumbia Forrest Calhoun 1036 Thomas Ave,
uthern New Jersey Ravard Allen 416 Mount View Ave,
stern New Yark John R, Blum L* vard St.
catern Pennsylvania ‘Kobert Lloyd 175 Allegheny Ave,

CGENTRAL DIVISION
illinois WOABY }'red | Hinds 3“7 Qak Park Blvd.
indiana WOBK ] e (yraue 4 Home Ave.
Kentucky WORAL Wathen, Iir ckingbird Valley
Michigan WEDVH :5#3 E. Robinwood Ave,
Ohio % WSBAH 2073 West 85th
Wisconsin WOV 443 Newton Ave.
DAKOTA DIVISION
North Dakota WYBVE Gy L. Ottinger 326 6th Ave., nu
uth Dakota WOIDNS Howmd Cashman l\. Spring &
nrthern Minnesota WORVH Carl L. Jahs 2 James St .
Southern Minnesota WOEFK JoC. Pehoushek (r(l Mclbourur Ave, 8, B,

l)!:l ’lA DIVISION

Arkansas WSABL IL E, X Jackson St.
Lunisiana WEWE M \N atts, Jr. Park Avc
Mississippi WEAKP J W, Gutlett Ard Ave.
Tennessen W4sP James B, Witt b . Fifth Ave.
HUDSON DIVISION
Fastem New York W20 . J. Rosenthal Box 740
N. & Long istand WIBGO \ T. Kenney 1836 Hone Ave,
Nnrthem New Jersey W2IWR A, G, Wester, [r. S $rinceton St.
MIDWEST DIVISION
iowa, W‘)I‘)?W H. W. Kerr
Eansas i LT e H. Amis 915 Lincoln Ave.
Missouri WURR 1. B. Laizure 8010 Mercier St.
Nebraska WIFAM munuel C, Wallace
NEW ENGLAND DIVISION -
£ vnnecticut WI1CTT krederick klls, Jr. 7 Union Ave,
Maine WIAQL €. O, Brown 269 No. Main St.
blaqtern Massachusetts WIWV M. Wi Weeks 40 Norfolk Rd.
tern Massachusetts wWiyv R, Peloquin 24 Arthur 5t.
NPW Hampshire WIATT W, Hndge 227 Main St.
Rhode Island WIBCR €, N, Kra 92 keene St.
Yermont . WIIT Clayton Paulette
NORTHWESTERN DIVISION
Alaska WWDN W. B. Wilson U, 8. LHT Fern
idaho WITAGN Jjames L. Young 303 13th Ave., So.
Montana W'IAAI 7QT Q. W, Viers
regon WIUN Nilbur 8. Clavpool Route 11, Box 247
Washington W7ACS h,uuzene A, Piety 912 No. Ainsworth St.
PACIFIC DIVISION
Hawaii Ko6CIB A Walworth 9737 Ferdinand Ave.
Nevada WOLALD ton L. Hamsay 1151 Buena Vista Ave.
Los Angeles WOLOE B. K. bandham 4508 8th Ave
Santa Llara Valley WONX ¥, 1. Quement 1348 Hanrhstt Ave.
ast Bay WOCZR, J, Walter Frates 439 62nd St.
Han Frandscn WAOWER ., B, Bane 262 Castro 5t.
Sacramento Valley WODON Hvereft Davies Rt. 5, Box 380
Arizona WeBWS Kuss Shortman 519 W. Madison St.
Philippines#® KALTR John R, hchultz
Ban Diego werupr Harry A. Ambler 4101 Hamilton St,
. ROANOKE DIVISION
North Carolina wWADW H L. Caveness State College
Virginia W3CA b, Wohltord 118 Cambridge St.
Nest Virginia WM b B. Morris 703 Marviand St.
ROCKY MOUNTAIN DIVISION
€ olorado WAICAA . R, Stedman 1641 Albion St.
Utah-Wyoming* waoenPJ C. R. Miller 144 K. 2nd North St.
SOUTHEASTERN DIVISION
Alabama W4AHP Kobt. k. Tray, jr. 516 Cloverdale Rd.
Klorida W4ALL Harvey Chatin 6002 Suwanec Ave,
Georgia-So, Carolina-Cuba- . I
isle-of-Pines WARZ M. £, Alexander 79 Rogers 5t,, 5. E,
Porto Rico-Virgin lslands WAKD . W. Maver Box 103
WEST GULF DIVISION
Northern Texas WS5RY Ray Lee Tavior 1500 St. Lonis St.
Oklahoma WEGE W. ). Gentry 538 N, Pottenger St,
Southern Texas WSZG H. . sherrod 4715 Crockett Bivd,
New Mexico WSAHIL [ nwurth Whedler, Jr, Box 33
MARITIME DIVISION
Maritime® VEIDQ A. M. Crowell 69 Dublin St.
ONTARIO DIVISION
{ntario VE3IFC ¥, C. Thoumpson 266 Queensdale Ave,
QUEBEC DIVISION
Quebec VE2AC Alphy Hlais Rox 221
VANALTA DIVISION
Alberta VEAEC Fred Barron Warwick Apts,, 95th St.
British Columbia VESAL I K. Cavalsky 4868 Blenheim St.
PRAIRIE DIVISION
Manitoba VE4HR AV, Chase | 109 Lanark St.
Saskatchewan VE4FC W. J. Pickering 514 19th St. W,

R.R. L.

Germantown, Phila,

Balumorc' Md.
| mxnt Holly

ville
hmswurth (Pgh) Pa.

Berwyn

Jamestown
$ 1(7ux kalls

Minneapulis

Little Rock
ohreveport
Meridian

Knoxville

New Rochelle
Tonx
Maplewoad

Little Sioux
Topeka
Ransas City
larks

Nnrwal k

( hesmut Hill
Worcester
Claremont
Providence
North Troy

Ketchikan
Nampa
Red Lod;ze
Milwaukee
Tacoma

Honolulu

(‘alauan Laguna, P.1.
San Diego

Raleigh
Roanoke
Fairmont

Denver
Prove, Utah

Montgomery
Tampa

Atlanta
Ensenada, P. R,

Ft. Worth
Shawnee
Craiveston
Valmora

Halifax, N. &,
Torento, 6
Thetford Mines

Edmonton
Vancouver

Winnipeg
Prince Albert

*Officials appointed to act until the membership of the Section choose permanent SCMs by nomination and election.




Relay League

The American Radio Relay League, Inc., is a non-commercial association
of radio amateurs, bonded for the promotion of interest in amateur radio com=
munication and experimentation, for the relaying of messages by radio, for the
advancement of the radio art and of the public welfare, for the representation of
the radio amateur in legislative matters, and for the maintenance of {raternal-
ism and a high standard of conduct.

It is an incorporated association without capital stock, chartered under
the laws of Connecticut. lts 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 ILeague is non-commercial and no one com-
mercially engaged in the manufacture, sale or rental of radio.apparatus is
eligible to membership on its board.

“Of, by and for the amateur,” it numbers within its ranks practically
every worth-while amateur in the world and has a history of glorious achieve-
ment as the standard-bearer in amateur affairs.

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

”

The American Radio

President
HIRAM PERCY MAXIM
WI1IAW
Drawer 2102,
Hartford, Conn,

Vice-President
CHARLES H. STEWART

3
St. David’s, Pa.
Canadian General Manager
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FREDERICK BES
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13 East Crescent St.,
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K. W. \?\{EINGARTEN

NTBG
219 No, 24th St.,
Tacoma, Wash,
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W6ZD

65 Market St.,
Sonthern Pacific Co.,
San Francisco

Roanoke Division
W TRED\XVA% GRAVELY

Box 245,
Danville, Va.
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PAUL M., 5EGAL
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GENERAL COUNSEL
Paur M. Secar, 1010 Shoreham Bldg., Washington, D. C.
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fellows. Perhaps we shouldn’t lend it the

dignity that comes from mentioning ii in
QN17s pages. We've thought that over, though,
and it seems to us that discussion of these
problems is one of the prime functions of our
magazine, Another reason is that the dust seems
to have risen entirely over earlier statements
in QST

You've probably heard some of the talk your-
self. Possibly vou've already been informed
that the policies of A.R.R.L. and its officers are
killing amateur radio by leaps and bounds:
that the new regulations are a serious blow;
that the requirement of d.c. supply is forcing
hundreds of stations out of the game; that
A.R.R.L. accepts the dictation of the Federal
Radio Commission, commercial corporations,
and wealthy amateurs, as against the interests
of the amateur generally; that the compulsory
jog consumes all an amateur's time in posting;
that the League spousored it either in order to be
able to sell a new kind of log-sheet or as one more
step in its plans to trap hams, for which its
officers doubtless get a rake-off of 5o much a
head from R.CLA.; that A.R.R.L. is trying to
run ‘phone off the air; that the first thing the
fellows know their officers will have shoved down
their throats a new regulation prohibiting every-
thing except crystal-control; that Headquarters
is trying to get the Government to cuncel the
temporary operator’s certificate and confine
licenses to those who can travel to the Super-
visor's office for examination; that the League
used to protect amateur radio but now only
bowls it down; that things would be hetter if
ST would publish some information which
would help amateurs instead of trying to kick
them off the air. And more to the same general
effect,

Thig, it seems, is what comes of efforts on our
part to write ““constructive’ editorials. There is,
of course, the small consolation that is to be
derived from the thought that an inactive organ-
ization wouldn’t get auy letters. We could, we
suppose, arrange to fill this monthly page with
some variety of innoeunus pap that would escape
comment., We like to think that intelligent com-
ment on League policies is a sign of vitality, of
good heaith in the old organization, But amateur
radio would be in for a hard time of it if any
considerable percentage of its adherents had the
view that their officials were unfaithful to them
and, consciously or unconsciously, were selling

THERE’S gome dirt in the air these davs,

_EDITORIALS

o

them out. We must conclude that somehow we
have been failing, in recent months, o put across
our thoughts in an understandable way. Criticism
of our operating practices, inside our family pages,
takes on the complexion of persecution; sug-
gestions for station improvement, intended to be
helpful, are taken as high-handed attempts to
dictate an impossible standard; explanations of
why the Board considered something wise are
considered an endeavor to sell our personal views.
Liet us try once more to unsnarl the haywire:

PRIOR to 1923 this League had the **henevo-
lent-autocracy ” form of government. It had
a hand-picked Board of Directors. They did
their work well but they were all “directors at
large,” they aiways got returned to office, and
those who attended mectings were all in the East.
The system was properly criticized and in 1923
the League adopted the present system of one
director per division, elected every two years by
the membership of the divisions. Now we have
democratic government, and with it, we pre-
sume, some of the insufficiencies of democracy.
One of these is the lack of any adequate way of
satisfying minorities who, having representation,
expect to have their way about things and don’t
get it in the {ace of an opposed majority. Tem-
porary acceptance of such things is supposed to
be an essential in the workings of a democracy,
but most of us in amateur radio are still young
and impetuous, and it's hard to have a pet notion
voted down. We're told, though, that the experi-
ence of the world shows the representative form
of government, with rule by majority vote, to be
the best that man has devised; the only workable
alternative is absolute dictatorship and that
isn’t aceeptable in Ameriea,

Our Board of Directors has a constitutional
right to make policies and give orders. What it
sayvs goes. Headquarters doesn’t decide these
things; the headquarters officers obey their
orders. I, Warner, do not “run the League.”
T'he Board decides what it’s to do about a certain
subject by taking a vote. If there’s any division
of opinion at all, somebody gets left out in the
cold, his views do not get accepted. This is an
unavoidable process in the workings of demoe-~
racy. The idea itself is fundamentally sound.
If you don’t like & League policy, you should
write to your director about it~ the directors
are the ones who decide such things and your
director is your representative. If you, meaning
the general membership, don't like your directors,
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don’t like the things they do, don't like the way
they respond to your suggestions, change your
directors at the next election, If you can’t change
them it's because you're a minority and most
people don't share your view —in which case
vou're not entitled to prevail. If your views are
sound, the majority will agree with you and
there will be chunges. Then if the directors don't
like the officers they can fire them at will. 1f the
directors believe the officers are inefficient or
disloyal, they jolly well will fire them. If the
officers don't do what the directors tell them to
do, they'll be fired. There is a chain of responsi-
bility. What the officers do is what the majority
of the amateurs of the country told their directors
they wanted to have done. If vou didn't have
vour way about something it’s because the vote
was against your point of view when the Board
baloted to find its decision, on the principle of
the greaiesi good to the greatest number.

IMES change, naturally. Changing condi-

tions bring their new problems. Radio in all
its manifestations is a seething cauldron all over
the world, in the pains of readjustment made
necessary by great expansion and intolerable
crowding, Fvery branch of radio is yelling its
head off about the injustices it is suffering. Every
phase of radio finds it necessary to acclimate
itself to new surroundings. Amateur radio is no
exception. The changes which have confronted
us the past three years have been profound. Like
the rest of the radio world, we are obliged to
move faster than we wish, Hundreds of new
problems arise to be solved. In A.R.R.L. they go
hefore our Board of Directors for solution. Most
of them are sticklers; some of them are heari~
breakers. What to do about frequency observ-
ance, {requency measurement, stability, rights of
amateurs; what to do about "phone, quiet hours,
portables, alien operation; what- about Madrid
preparation, international publicity; what about
the cost of improvements made necessary by any
change in regulations. Now ask yourself what the
ideal way would be to seitle upon an A R.R.L.
program in these difficulties. You'd take a vote of
the amateurs, wouldn’t you, and the majority
would win. Just that is provided for in the exist-
ing scheme. Amateurs tell their directors, the
directors tell the Board. There may be division,
in which ease the majority rules; the instructions
go down the line accordingly to the officers.
Fundamentally, it scems to us, the scheme is
gound. Conflicting groups can’t hoth have their
way. Hundreds of new decisions have had to
be made and unfortunately some toes have
becn stepped on, some pet ideas left by the
roadside.

We believe that an overwhelming majority of
the active amateurs of the country favor the
Board's present policies with respect to frequency
observance, d.c. plate supplies, ’'phone regula-
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tions, and station logs. We believe these amateurs
back up the League in its decisions to oppose
any compulsory specification of crystal-control
and to oppose any abandonment of the temporary
operator’s certificate. Perhaps you know quite a
few amateurs around you who agree with you in
opposing some existing Board decision. In fact,
although we doubt it, it may be that the majority
of members in some whole division is opposed to
some particular policy. Perhaps your director is
too, in which case he probably voted againgt it.
But A.R.R.L. is national in scope, as it must be,
and again the only feasible way to settle such
¢juestions is by vote of the majority. If these
decisions, or any other League decisions, do not
truly express the wishes of the majority of our
members, then they will not endure — they will
be changed speedily va the existing constitutional
methods within the League, Until it is demon-
strated that they are not what amateurs generally
wish, disappointed minorities should endeavor to
submerge their grief in the realization that the
majority must rule in such an organization us
ours,

NE of @87y duties is to interprei the ever-
changing radio picture, Included in this is
the endeavor to interpret the actions of the
Board of Directors, to explain the reusons behind
the decisions so that the necessity may be ap-
parent, the fairness evident. They are not the
decisions of the @87 staff or of A R.R.L. Head-
quarters, and it doesn't even matter whether the
officers personally agree with the decisions or not
— they’re vrders. With changing conditions, we
have new problems and must devise new ways o
deal with them. Change is not necessarily prog-
ress, but progress requires change, and as we
elimb amongst our difficulties it has been in-
evitable that there were many changes, hateful
to those who oppose change, distressing fo those
to whom change was difficult — hut all of them
necessary if we were not to stagnate and lose our
place in the sun. @37 hag tried hard to explain
these things too, the line of reasoning that showed
them to be desirable, and the solutions that were
available. QST is supposed to be helpful, not a
medium for the hollow parroting of what every-
one already knows, but a forum in which “we,
the people of the AR.R.L,” may discuss our
difficulties, find joy in our achievements, help
each other, and enjoy each other's company. Y our
officers and your editors are expected tobeleaders,
to study conditions in our ari, to know what is
what and how to talk about it, and then they're
supposed to exert some leadership by mentioning
what they find out and suggesting what might be
done about it. This isn’t persecution any more
than the Board’s plans for necesgary improve-
ments are persecution. These are the inevitable
changes of progress.

{Continued on page 35}
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The Dynatron Frequency Meter
How to Build, Calibrate and Use It

By George Grammer, Assistant Technical Editor

This urticle contains iniensely practical injormation on the latest type of frequency meter, and should he read hy every
winuteur whether he intends building one or not. Much of the data on frequency-meter design and colibration is appli-
zable to other heterodyne frequency meters as well as to the dynetron type, — INDITOR,

"N September QST the good and bad points
of various types of {requency-measuring
devices were discussed, and the advantages
of the dynatron oscillator as a hetero-

dyvne frequency meter were pointed out.! In order

to avoid needless repetition we will not go over
vhe same ground again in this story, but will
simply tabulate the three major conclusions

.reached:

1. A heterodyne frequency meter is far su-
perior to an absorption frequency meter as used
by most smateurs.

2. A dynatron oscillator is better than an
ordinary feed-back oscillator for use in a hetero-
dyne frequency meter.

3. With a heterodyne frequency meter using
a dynatron oscillator it is entirely possible and
practical to attain an accuracy in frequency
measurement within -one-tenth of one percent
or better if the meter is calibrated from A.R.R.L.
Standard Frequency Transmissions, and such
aceuracy Is by no means the ultimate,

Deciding on the heterodyne frequency meter
with a dynatron oscillator as the best practical
combination for precise work is by no means the
end of the story, however. Oscillator stability,
even though of utmost importance, is only one
of the factors which necessurily influence fre-
quency-meter-design, The ohject in view is
accurate measurement of frequency, and every
factor which affects the measurement must he
taken into account, from the accuracy of the sig-
nuls by which the meter is calibrated to the errors
which may be introduced by the person making
measurements with the calibruted meter, and
including all the intermediate steps.

The accuracy of standard frequency signals
is within 0.019% of the frequency announced at
the time of transmission. Taking this as a basis,
further errors can be safely considered to be en-
tirely dependent upon the construction of the
frequency meter and the manipulation of it by its
owner. These errors may be divided into five
general classes, as follows:

£ “Bringing Frequency Measurement Up to Date,”
QST, September, 1930.

1. Errors in adjusting the meter to synchro-
nism with standard frequency signals.

2. Errors in reading the dial settings during
calibration and inaccuracies in curve plotting
and interpolation.

3. Shifting of the oscillator frequency from
a0y cause.

4, Error iun adjusting the meter to synchro-
nism with the signal whose frequency is to be
meagured.

5. Errorsin reading dial settings and in reading
the frequency from the ealibration curve.

Nos. 1 and 4 are unlikely to cause any serious
trouble since almost any operator can set an

THE FRONT PANEL
On it are the tuning dial, the milliammeter jor measuring
apuce current, ond the filomeni rheosiat,

ogeillator to zero beat with an incoming signal
and be not more thun a few cycles off true zero,

No. 3 is entirely a function of the suitability
of the oseillator for frequency meter work and
the mechanical construction of the meter. The
dynatron oscillator meets the requirements
nicely, as has been explained previously, and good
mechanical eonstruction is not difficult. When
the total space current taken by a dynatron oseii-
lator — as read by the wmilliammeter connected
in the negative “B” lead — is maintained at
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" This very uncertainty is one of the chief reasons

a constant value the effects of battery decuy,
aging of the tube and wvariations in grid bias
are made negligible. The negative resistance —
the only dynamic tube characteristic which can
affect calibration — is practically constant in
spite of such changes so long as the space current
is constant, We therefore have a visual indication
of the conditions in the tube, and by keeping
the space current at the same value as during
calibration can be sure that no changes have
oceurred which are attributable to the tube or
hatteries. ‘

With a stable oscillator Nos. 2 and 5 are in the
majority of eases more serious than No. 3, al-

)
FIG. 1. DIALS
The bakelite dial depicted at ** A is very poor for precision
reading., The dndicatur and dial markings are too thick for
accurate reading even if there is no parallax, which s always
buad with this tywe of dial, In " B" {5 o better form of dial, the
markings and tndicalor being thin bines. If the dinl is metal

wnth engraved markings fuir readings can be laken, ulthough
quite o nt of esitmating 13 reguired. ** ' 1 mawch better, cven
though the wmechanical consiruction ity the same, because the
half-divestion marker makes close estimuting of fractional di-
pisions easier than wn > B." The vernier arrangemeni shovm in
427 ik best of all, providing the dial and vernier mariings are
accurately made, I'n oll these arranyemenis the ¢ffect of purallax
18 not taken into accouni, but must be considered in practice,
sinew the acowracy will not be as hiyh if purdllax cannet be
avoided,

though very rarely receiving much consideration
in amateur frequency-meter design. The oscil-
lator itself ean do none of the actual work of
measuring, and here, as in the case of the absorp-
tion meter, iy where the bhuman element-—a
most uncertain factor — enters the picture.
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why the heterodyne frequency meter is so far
superior to the absorption meter for amateur
work; personal errors have less chance to effect
the accuracy of measurement.

GOOD CONSTRUCTION

With any frequency meter it is highly impor-
tant that the chances of loss of calibration be
reduced to 4 minimum. This makes necessury
the use of well-bnilt coils and condensers and
rigid construction throughout. Coutinual ban-
dling of any part of the meter which can affect the
calibration should be avoided. Plug-in coils are
particularly bad in this respect, sinee it is almost
impossible to prevent mechanical shocks fo
them by bumping or dropping them, and it is
always necessary to be sure they are fitted into
the sockets in just the same wuy as when cali-
brated.

Coil troubles may be avoided with the dyna-
tron frequency meter since it is possible to use
but one coil and condenser and calibrate the
meter on the lowest frequency band to be covered,
using barmonies for the higher frequency hands.
There is an additional advantage to this, because
the meter will hold calibration better at the lower
frequencies and this will increase the accuracy
at the higher frequencies as well, since the per-
centage change in oscillator frequency will be
the same on the harmonies as on the fundamental,

¥or amateur work as carried on to-day the besi,
gystem is to cover the 3500-ke. band with the
frequency meter and use the second and fourth
harmonies for the 7000- and 14,000-ke. bands re-
speectively. These harmonies will usually be pres-
ent in sufficient strength to be used easily and
higher ones may be emphasized by special means
if necessaryv. The 3500-ke. band is about ihe
highest that can be successfully used with a maxi-
mum of tube life and 2 minimum of battery
ronsumption with available tubes which will fune-
tion as dynatron oscillators. Even if the trang-
mitter is not used on 3500 ke. it is & simple matter
to listen on that band for picking up standard-
frequency signals for calibration purposes al-
though even this is not entirely necessary, as will
be explained later.

REDUCING THE PERSONAL ERROR

The sgelection of the 3500-ke. band for the oseil-
lator automatically limits the tuning range to a
little over 500 ke. since it is desirable to spread
the band over the dial scale as much as possible.
Too much band spreading should be avoided,
however, since the calibration is least likely to
hold at the ends of the scale. Lopping off fifteen
divisions (100-division dial) at each end will be
sufficient, and will leave 70 useful divisions over
which the band is to be spread. Assuming the
tuning condenser to have a straight curve of
frequency vs. dial reading, each scale division

AL
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will represent a little more than 7 kilocycles.
Obviously it must be possible to read the dial
to less than one scale division, because 7 kilo-
eyeles represents 0.29% at 3500 ke., and is twice
the total error — from calibration to measure-
ment — which should be allowed.

It was pointed out in September QST that a
good dynatron oscillator could be expected to hold
calibration within 1500 cyeles at 3500 ‘F'
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To meet the requirements outlined above, the
dial must be at least four inches in diameter, and
the larger it is the better will be the precision
in reading it. The General Radio dial shown in the
photograph (p. 17) is a good one. The scale has 200
divisions, numbered to 100, and the indicator rides
on the edge of the dial, eliminating parallax. ‘The
four-inch National dial shown in the photographs

ke. under reasofigble conditions. This
figure can be hettered considerably if
certain precautions in operation are
taken, but is nevertheless a good one
to use for the present calculation. It
is desirable that the final frequency
measurements made with the meter be
within 0.19%; of the actual frequency,
which at 3500ke.is 3500 cyeles 3.5 ke i,
Standard Frequency Transmissionsrep-
resent a possible error of 350 eycles at
the same frequency. The oscillator and
calibration source therefore make up a
total of 1850 out of & maximum allow-
able error of 3500 cycles, leaving not
more than 1650 cycles for all other
ErIors.

Personal error is greatest when the
amount of estimating required is larg-
est, Nearly all of us can estimate

accurately to a quarter of a dial divi-
sion if the dial is a good oue with fine
finey —such as the so-called vernier
dials with printed paper scales — and
if the indicator is also « fine line with
negligible parallax.? Bakelite dials with
filled-in lines are very poor because the
line itself spreads over about a quarter
of the division, and the indicators which can be
used with such dials are rarely satisfactory.

If the dial is constructed with readability in
mind; i.e., fine-line divisions, fine-line indicator,
and negligible parallax, and each division is also
supplied with a half-division marker, it is possible
to easily read it to a quarter of a division and
tenths can be estimated well enough to make
accurate readings to a fifth of & division possible.
A fifth of a division is 1400 cyeles on the basis
discussed above, and slightly less than the 1650
(‘VClQ% allowable if the accuracy is to he within
0.1%. If it were possible to read accurately to a
tenth of a division errors from this source would
be reduced just that much more. If the error in
frequeney measurement is to be less than 0.19,
the dial must be such that it can be read to a
tenth or less of a scale division, or the funing
must be restricted to a swaller portion of the
band so that each dial division represents a
smaller percentage of the frequency.

¢ Parallax is the appurent difference in readings obtained
when the dial is viewed from different angles. It is negligible
when the indicator and dial are in the same plane, and
becomes worge as the two are farther apart.

THE FREQUENCY-METER LAYOUT

The tuning condenser 18 nt the ieft, mounted behind the aluminum sideld
to prevent body-capacity effects. The corl 18 mounted directly on the con~
denser terminals,
holding the tube, and the piate by-nuss condenser 13 between the tube wnd the
panel, The fived resistor iy held in place by the wiring, and iz locuted
between the milliammeter and the rheostat,

The screen-yrid by-pass condenser iz under the shelf

of the experimental frequency meter is also well
suited to this work, and is supplied with a vernier
for reading to a tenth of a seale division. The ver-
pier scale is mounted abuve the dial because of
the mechanical difficulty of building such a dial
with the two scales in the same plane, and some
parallax may be introduced unless care is used.
The dial can be read accurately to at least a
fifth of & division, however, in spite of this. The
6’ National dial is the best of all if real precision
in readings is wanted, and is so constructed that
it can be read very accurately to a tenth of a
division, and twentieths may be estimated. With
this dial working under the conditions named
previously (500-ke. spread over 70 divisions) it
is possible to estimate ace umteiy to within 350
eyeles at 3500 ke., or 0.019%,.

Since there are many amateurs who work only
in the 7000- or 14,000-ke. hunds, the dial prob-
fem can be simplified considerably if the fre-
quency meter is made to cover 3500 to 3650 ke.
over 70 divisions of the scale, In such a case there
are only a little more than 2 kilocycles per divi-
sion, and the required aceuracy can be obtained
without difficulty with & reasonably good dial.
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"The uscfulness of the meter in the 3500-ke. band
s restricted, of course. It is not advisable to
attempt to run the oscillator on 7000 ke. directly
hecause available tubes do not always oscillate
well at such high frequencies,

PRACTICAL CONSTRUCTION

With a thorough understanding of the points
discussed above it is possible to proceed to the

TYPE 22

L il e
R 2
Q Ie] <
~A +A ~B 467 +22
FIG. 2, ~ DYNATRON FREQUENCY-METER
CIRCUIT

(1 — Vartable rondenser of good construction, preferably with
« small amount of “itank' capacity. The the
condenser must be adjusted to spread the 55U  basied
over the dial. T he one in the photograph s a (:m«mi

!4—-" 76 turns of No, 80 d.e.c. wire on Y-inch form, no spacing
belween turns.

By — 60-0hm rheostat,

Ho— 15 ohms.

MA — 010 milliammeler.

This eircwil is satisfaciory for tubes with oxide-couted pila~
wients but should not be used with thoriated-filament tubes. Fig.
4 &hondd bhe cmployed for the latter. Separate **A” supBlees
AR used on TTOY neler and receizer.

construction of a {requency meter which will
embody the suggestions which have been made.
Such a meter, using a Type "22 tube as a dyna-
tron oscillator, is shown in two of the photo-
graphs. The reasons for using a Type 22 tube
were explained in September ST and need not
be repeated here. There is an additional advan-
tage over the Type 24, however, because the **A”
and “B” battery power consumption is lower.
The heterodyne {requency meter differs from
the monitor in that it is not intended to he used
as a receiving device, but simply as a miniature
transmitter. Therefore no provision is made for
the insertion of phones in any part of the circuit,
There is likewise no necessity for thorough
shielding of the oscillator and batteries, as is the

case with the monitor. In faet, the same batteries
which supply “B” power to the receiver may be
used to supply the frequency meter also, unless
it is desired to have the coraplete set-up portable,
which is not advisable for ordinary station use.
On the other hand, there is no need for direct
coupling between the frequency meter and re-
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eeiver for satisfactory pick-up. ' eoupling
is Iikely to affect the calibration, aud for har-
monics up to the fourth, «i feast, is not necessary.
If common “B" batteries ure used for both re-
ceiver and frequency meter enough coupling will
be provided. The frequency meter therefore need
not be shielded if it is placed in a suitable loca-
tion on the operating table and left there perm-
anently, with no material near it which can affect
the calibration. Shielding is sometimes helpful if
the frequency meter must be located elose to other
pieces of equipment, however, The question is
largely one for the individual eonstructor to de-
cide. To be on the safe side it may be better to
use shielding than not.

The wiring diagram for the frequency meter
shown in the photographs appears in Fig. 2.
‘This arrangement is quite compact and all the
parts are supported by the panel. The leads be-
tween the tuned circuit and the tube are short —
a desirable feature. The panel is bakelite, 7 x 10
inches, and on it are mounted the tuning con-
denser, the millinmmeter for reading the total
space current, and the filament rheostai. The
tube socket is mounted on a piece of bakelite
which is supported from the panel by two smalil
brass angle pieces. This mounting also holds
the by-pass condensers for the plate and sereen-
grid circuits. The fixed resistor. &y, is used only if
the tube filament supply is a G-volt battery, and
preventsthe application of toomuch voltage to the
filament. It may be omitted with a 4-volt supply.

The tuning coundenser is motmted behind an
aluminum shield to prevent body-capacity ef-
fects, since the condenser has no shielding end-
plates. The eoil, L,, is mounted directly on the
condenser, and is wound with No. 30 d.c.c. wire
on 4 haif-inch dowel. Both dowel and coil are
coated with airplane “*dope.” In spite of the fact.
that a coil of this shape has a very poor form
factor, it was found that the tube would oscillate
more readily with it than with some others of
supposedly lower r.f. losses. A coil of such small
diameter has a rather small field, and the calibra-
tion of the meter is less likely to be changed
when other objects are placed near it. The number
of turns specified may vary slightly with in-
dividual econstructors, and it shouid be re-
membered that the object is to spread the 3500-
ke. band over about 70 divisions on the tuning
dial. To do this it will be necessary to readjust
the fixed plates at the back of the tuning conden-
ser as well as experiment with the coil, until the
desired spread is obtained. With the number of
turns specified, the two circular rotor plates
should he moved toward the stationary piate
between them until the spacing is roughly a
sixteenth of an inch.

If the constructor prefers a different layout it
should be remembered that leads in the eoil-con-
denser circuit should be short, and that the lead
from the plate of the tube to the tank circuit and
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those connecting the tank circuit through the by-
pass condenser to the fillament should likewise
be short. At the same time, however, the coil, con-
denser and tube should be o placed ag to be out
of each others’ fields as much ag possible.

The capacity values for the by-pass condensers
are not critical, but should be fairly large to pre-
vent hand-capacity effects at the battery leads
and the tuning dial. The larger the plate by-pass
condenser is made the less will be the hand capac-
ity during tuning. A half- or one-microfarad
condenser ig suflicient.

In the previous article the desirability of hav-
ing a small amount of fixed capacity in the tuned
circuit was pointed out. The General Radio
condenser illustrated is ideal from this standpoint,
the two circular plates supplying a fixed eapacity
which is easily adjustable within sufficiently
wide limits. The only objection to this model is
that the operator’s hand is not shielded from the
stationary plates. 1t is probable that a new con-
denser of the same general type but with metal
end-plates will be marketed shortly, in which case
the shield on the panel would be unncecessary.
Other condensers without the fixed-capacity
feature may be used, of course, either with or

without an external fixed condenser to supply it. -

Be sure to select one that is solidly built and
which has wide spacing between plates — and
good bearings — or the calibration of the meter
is likely to change.

The desirability of a comparatively low L/C
ratio (High-C) is illustrated by the curves in
Fig. 3. Both curves were taken with the dynatron
oscillator beating against a erystal-controlled
oscillator, and in each eage the dynatron tube
was ‘‘cold” when the run was started. In Curve 1
the L/C ratio in the dynatron tuned circuit was
about the same as would be used in a receiver
designed to spread the 3500-ke. band over most
of the dial, in Curve 11 the L /C ratio was approxi-
mately that used in the frequency meter shown
in the photographs. The change in frequency is
noticeably less with the lower L/(' ratio, illus-

“trating the point that the capacity between the
tube elements changes as the tube temperature
rises, and also emphagizing the fact that such
variations in capacity can be ‘“washed out” if the
external capacity across the tube.elements is
made comparatively large.

If a separate fixed condenser is to be used in
parallel with the tuning condenser it should
preferably be an air condenser with low dielectric
losses, since the ‘22 will not oscillate as a dyna-
tron if the losses become too large. The capacity
necessary. will be in the vieinity of 50 pufd.
although the exact value will depend on the
minimum capacity of the tuning condenser being
used. A low-loss. midget condenser should be
satisfactory, provided the plates can be locked
in position by some means or other after the
correct setting has been determined.
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After the frequency meter has been constructed
it should be connected up, using the same “B”
batteries as are used on the receiver, and tested
for oscillation. A separate ‘““A” supply should
be used; otherwise the milliammeter will give no
indication. Listen in on the 3500-ke. band and
turn the dial on the meter, If it is working at all
there will be no difficulty in hearing it ~— most
of thé time the signal is R9 plus. If there is no
sign of oscillation check all connections carefully
and make sure there is nothing in the field of
either the coil or the condenser to cause losses.
It may be that the dynatron is oscillating at some
frequency outside the range of the veceiver, al-
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These curves were obtained by adjusting the dunatron oscil-
lator to zero bent wnth a erystal escillator and taking readings of
drift every fiftcen minutes, In Curve I the capacity was very
amall and the tnductance large — about the same ratio as is
commonly used in recevvers, In Curve IT the L/C ratio was
about that used in the jinal frequency meter. The iniroduction
of a small fixed capacity across the condenser reduces the drift
eonsiderably.
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though this should not happen if the specifica-
tions given in Fig. 2 are followed carefully.
If thetube is oscillating the milliammeter willshow
a deflection when a finger is touched to the plate
terminal or the stationary plates of the condenser.
It may be that the tube is a “dud,” in which case
the only thing to do is try another one.

In the diagrams the plate voltage indicated is
22 volts and the screen-grid voltage 67 volts. It is
well to operate the tube at these voltages, but if
the oscillations are too weak or there is no oscilla-
tion at all, 45 volts on the plate and 90 volts on
the screen-grid will result in greater output.

While on the subject of tubes it is well to
remember that the dynatron characteristics of
individual tubes vary greatly. Some fifteen dif-
ferent d.c. screen-grid tubes (including both
Type '22 and Type ’32 and also the DeForest
422-A) of various makes were tested in the fre-
quency meter illustrated and every one of them
oscillated, but the amount of space current re-
quired for oscillation was different in almost every
case, varying anywhere from 2.5 to 9.5 milliam-
peres. Obviously the tubes taking the lower cur-
rents are less likely to be deactivated in a short

time, and it is important that the space current be .

kept at the lowest value which will give the de-
sired results if the tube is to have long life.
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In using tubes with thoriated filaments (the
ones which light up rather brightly as contrasted
with the dull red of the oxide-coated filament)
it is a good plan to operate the filament at the
rated voltage rather than above or below it.
‘When using the filament rheostat to control space
current, as in Fig. 2, the actual voltage on the
filament is often 259, or more below the rated
value. The space current, on the other hand, is
likely to be somewhat greater than the rated
plate-plus-sereen-grid current for the tube.
This may result in rapid deactivation because the
thorium is torn off the surface of the filament
more rapidly than it is boiled out from inside.
To remedy this condition the filament should be
operated at rated voltage and the space current
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FIG. 4.~ ALTERNATIVE FREQUENCY-METER
CIRCUIT

This dingram should be used if the Type '22 tube tneor-
porated in the meter has o thoriated filament, for reasons ex-
platned in the text, Constants are those of Fig. 2, with the addi-
tion of Rs, which is a 2000-0hm potentiometer. Space current vs
controlled by the potentiometer instead of the fil t rheostat
The A" supply must be separated from that used for the
recetver.,

controlled by other means. This may be readily
accomplished by using the circuit shown in Fig, 4.
The **B” current flowing through the 2000-ohm

resistor causes a voltage drop which may be used.

as bias for the control grid, the value of bias being
regulated by the movable contact. This voltage-
divider allows smooth adjustment of space current
within rather wide limits.

This {requency-meter, although only an ex-
perimental model, performed well enough to
justify all the nice things that have been said
about the dynatron osciilator. Starting with the
tube cold, the total change in frequency while the
tube warmed up over a period of about two hours
was less than 800 cycles.

DYNATRON METER WITH TYPE '24 TUBE

While the "22 seems to be the more satisfactory
oscillator for frequency-meter use, many ama-
teurs will prefer to use the ’24 because of its
greater availability, lower cost, longer life, and
the advantages of a.c. filament operation. In
addition, no separate ‘““A’ supply is necessary,
gince the cathode is insulated from the filament.
The construction of such a meter differs very
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little from that-of the d.c. model, the only dif-
ference being in the heater and cathode wiring.
The wiring diagram appears in Fig. 5.

With the 24 the grid-bias method of controll-
ing space current is preferred to regulating the
filament temperature because of the time lag
with filament regulation. A rheostat may be in-
serted in one of the lLeater leads, but close ad-
justment of space current by this means is
difficult because the temperature of the cathode
thimble — and hence the cathode emission —
changes very slowly. Variation of grid bias, how-
ever, gives quick and positive control of space
current.

The construction of the oscillating circuit is
just the same as with the frequency meter using
the Type '22 tube. The filament of the 21 may be
run from either a.c. or d.c., preferably the latter,
because some tubes will be hummy with a.c.
supply. The hum is the result of varving grid
voltage, and since the grid voltage controls the
negative resistance of the tube and consequently
affects the frequency of oscillation, a sort of
wobbulation results. Many tubes are entirely
free from hum, however, and are entirely satis-
factory with a.c. filament supply. Batteries
should always be used on the plate and sereen
grid.

The ‘24 tube requires a greater length of time
to reach a stable operating temperature, and the
tube-capacity change is somewhat greater than
with the ’22, The 24 should always be allowed
to warm up about a half hour before calibration
or before making measurements intended to be
accurate. The change in frequency at the end
of the half hour will be between 2000 and 3000
cycles from the *“cold” value, but after that time
is not large enough to affect the performance of
the meter unless the accuracy desired is more
than 0.19,. If this precaution is observed the
Type ’24 is equally as good as the '22,

HOW TO USE THE FREQUENCY METER

Before going farther, let’s get one point
gtraight — the heterodyne frequency meter is
not to be thought of as just a glorified monitor.
It is not; and there is no provision in it for
phones. It ig intended to be used with the receiver
and monitar; with the receiver for calibration
and measurement of frequency of incoming
signals, and with the monitor for measurement
of our own transmitter frequency. In certain
cases, the dynatron frequency-meter may he
used as 2 monitor if the phones are inserted in the
screen-grid lead, and if this is done the by-pass
eondenser from screen-grid to filament, or from
scereen-grid to eathode, should be made small
enough so that it will not by-pass too much audio
frequency — 2000 upfd. or less. In this case, how-
ever, listening must be done on a harmonic of the
frequency meter or else the frequency meter and
its batteries must be shielded after the usual
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fashion of monitors. The frequency meter must
likewise be calibrated with the phones —or a
resistance equal_to_ that of the phones—in
cireuit, or the calibration will be *“off.””}

1t is best to separate the functions of monitor
und frequency meter, though, and we will proceed
on that bhasis for the moment. The meter is
supposed to be oscillating satisfactorily by this
time, and a good signal from it can be heard on
the receiver on the 3500-ke. band. At this time
the strength of the second and fourth harmonies
should be checked, unless the builder is inter-
ested In the 3500-ke. baud alone, which is uot
often the case. If the signal strength on 3500 ke.
is ubout RS, for the sake of an example, it should
he about R6 on 7000 ke. aud about R4-5 on
{4,000 ke. If the 14,000-ke. harmonic is not
strong enough to suit, increase the space current
until the audibility is satisfactory. Try to keep
the current down (below 4 milliamperes if pos-
sible} to prolong the life of the tube. 1f the current
gets too high, connect the screen-grid lead to the
receiving antenna through a small condenser —
10 to 25 pufd. or go. This will usually give plenty
of coupling, and may allow the use of lower space
current. The condenser should be large enough to
wive good coupling, and yet not so large as to
tmpair the strength of outside signals.

When satisfactory strength has been obtained
on all the harmonies to be used, read the space
current indicated by the milliammeter and jot
it down somewhere where it won't get lost. This
reading is vour reference point, and the space
current should always be adjusted to the same
value thereafter whenever the meter is used.

Naturally the first step in making the meter of
value after the constructional work has been
finighed is to ealibrate it. The frequency coverage
of the instrument should be adjusted first of all
by tuning it to zero beat with “marker” signals
picked up on the veceiver. Such marker signals
may be simply those from commercial stations
working near the edges of the amateur bands,
many of which can be picked up at various times
of the day. The **Radio Amateur Call Book”
lists practically all of the high-power commercial
stations in order of frequency assighments, and
ig helpful for this preliminary work.

The marker stations need not be near the edges
of the band which is fundamental for the fre-
quency meter. The 3500-ke. limit may just ag
readily be found by tuning in a 7000-ke. signal
on the recelver and adjusting the frequeney
meter so that its second harmonie is at zero beat
with the incoming signal, in which case the fre-
quency meter will be tuned to 3500 ke. A 14,000-
ke. signal could be used equally well, For instance,
two good stations to use are WIZ on 6965 ke, and
NAA on 4015 ke. When the second harmonie
of the frequency meter is tuned to WIZ the
dynatron frequency is 3482.5 ke. — very near
the low-frequency edge of the band. NAA would

QOsT 15

of course be tuned in on the fundamental. Many
other stationg could be used in like manner.
If the coil and condenser in the meter are ad-
justed to tune to WIZ at 10 and to NAA at 90
on the dial — assuming the dial is set so that
increasing numbers mean increasing frequency,
which is the only logical way to do it — the
band-spreading is just ubout right. To make the
dial read right the indicator should be ut zero
when the condenser plates are meshed.

With band-spread all set and the final working
value of space current noted, the stage is set for
calibration. A rough culibration cun be obtained
by picking up various marker stations as de-
seribed above and transiating their frequencies,

TYPE
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FIG. 5.— USING A TYPE 24 TUBE
Clonstants are the same as those of Figs, & and 4. The heater
may be supplied with evther a.c, or d.c., which may be taken
Jrom the receiver supply.

if necessary, to the 3500-ke. band. In fact, u
fairly good calibration curve can be obtained in
this way, although some of the points will not
be inside the band and none of them will mark
the edges exactly. It is possible, however, to get
quite o few points inside the 3500-ke. band by
listening to commercial stations on the high-
frequency side of the 7000- and 14,000-ke. bands
4 great many points between 3600 and 4000 ke,
can be secured by this method.

For example: WKU on 14,830 ke, might be
picked up on the receiver and the fourth har-
monie of the frequency meter tuned to zero-beat
with the signal, giving a calibration point at
3707.5 ke. Or the receiver might be tuned to
WEM on 7400 ke. and the second harmonic of the
frequency meter tuned to the signal, giving a
ealibration point at 3700 ke. Again, WEG on
7520 ke. could be used, giving a point at 3760 ke.
Innumerable examples of this sort could be cited,
and with ten or fiftecn scattered points a fairly
decent calibration curve ¢an be worked up.

it is in fact advisable to make up a culibration
eurve of this sort because you will become famii-
iar with the operation of the frequency meter and
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the eurve will be helpful in finding the Standard
Frequency, Transmissions against which the
meter is to he checked,

And now for the actual calibration from Stand-
ard Frequency Transmissions. By the time this
story appears in QST WIXAM will have started

THE FIVE-BAND FREQUENCY-METER BUILT BY
F. E. HANDY
The small double-pole double-throw suwich below the fila-
wiend-rheostat knob puis the vscillator on either 1750 or T0006 ke,
Harmonics are used 0w, 14,000-, and 28.000-ke.
banris. The dinl s the siz-inch National ternier,

its schedules, in addition to those which have
heen transmitted by WI1XP (formerly WIXV-
WI1AXYV) for so long a time, and it is probable
that the new S.F. station in California will be
ready to go within another month. When the
three stations are in operation there will be at
least one transmission a week available to ama-
teurs in every section of the country, so there
will be no lack of signals from which the fre-
quency meter can be calibrated. The whole story
of the Standard Frequency system will be found
e{sewhere in this issue, with complete schedules.

Suppose the 3500-ke, S.F. transmission from
WI1XP is to be picked up, and that the great
night has arrived. Looking at the schedules, we
find that the one for this band is marked “A,”
and that it starts at 8:00 p.m., E.S.T. Make sure
the station Big Ben is on time, because these
schedules are sent right on the dot and there is no
waiting for those unfortunates whose clocks may
be slow,

Now take a look at the calibration curve which
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bas been made up from points obtained by listen-
ing to commercial marker stations and find the
dial setting on the frequency meter for 3500 ke.
The meter should have heen turned on fifteen or
twenty minutes bhefore the schedules start to
allow the tube to reach a stable operating temper-
ature, Tune in the signal from the frequency
meter on the receiver and the latter will be set
approximately to WIXP's frequency -~ maybe
xactly if eare has been used in making up the
sliminary ealibration ecurve.

When the clock shows $:00 p.m. start tuning
around for W1XP until you hear his QST. After
two minutes of this he will start gending “G"
very slowly, signing now and then, for threc min-
uies. During this period the regeneration oun
the receiver should be reduced until the detector
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FIG, 8. — HOW TO MARKE UP THE CALIBRATION
CHART

Each of the blocks represents o hulfeinch block on ordinary
crase-gection paper (20 lines fo the inch). Two sheets muy be
required if the meter covers the entire 3alkiske. band, and should
be used $n the interest of acewrate veading., The chart must be
farge enough to iniroduce no additional errars to those already
inhierent 1o the frequency wmeter, It is a gowd plan to jui down
the exact readings taken on the calibration puints, as chown in
the abuve draunng, The <nterpolated portious of the curve will
a0t be as accurate as these points, It 9= also a good plan to put
down the harmonic frequencies so the chart can be vear divectly
on all bands,

ig just out of oscillation, and the frequency meter
tuned to zero beat with the S.F. signal just the
same ag with the receiver — except that in this
case, we have a separate heterodyne. The sixth
minute ig the important one, beeause it is then
that W1XP announces the exact frequency at the
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woment, and the figure announced is aceurate to
hetter than (.01Y%, — often better than 0.0019,
Copy down this frequency on a sheet of paper and
immediately alongside it jot down the dial reading
on the frequency meter, Ciet this reading to the
nearest tenth of a dial division, if possible.

At the end of this minute, W1XP will announce
the next frequency to be transmitted and will go
off the air for two minutes to make adjustments.
The next frequency will be 3550 ke. according
to the schedule, and transmission will start at
8:08 p.m. Follow the same procedure again in
getting the 3550 ke. and succeeding calibration
pointg,

The procedure in the ease of the “B” and “C”
schedules is exactly the same, except that har-
monics of the frequency meter are adjusted to
7ero beat with the incoming S.F. signals instead
of the fundamental. The points on the higher
frequency bands will be fewer, of course, because
these bands are not so wide as the 8500-ke. band.
O the 14,000-ke. hand the harmonic of the fre-
quency meter may not be strong enough to give
a good signal when beat against the incoming
signal, and in this case the receiver should be
allowed to oscillate weakly and all three adjusted
to zero heat., Whenever possible, however, it is
better to have the receiver out of oscillation be-
eause receiver tuning is eliminated from the pic-
ture and there iy consequently less confusion in
getting everything tuned up. Furthermore, the
interference from unwanted signals is less when
the receiver is out of escillation,

PLOTTING THE CURVE

When the Standard Frequency Transmission
is finished and the sel of calibration points com-
pleted, the next thing to do is to make up a curve
for the meter. This curve should be drawn to
such a scale that it can be read to a greater degree
of precision than the dial on the frequency
meter. Lhere is certainly no logic in having a dial
on the meter which ean be read to a tenth of a
division and then plotting a curve which is so
cramped that it is difficult to estimate to half a
division. Ordinary cross-section paper will do
very well — but use at least two rulings to repre-
sent a dial division and allow not more than 5 ke.
to the ruling — preferably 2.5 - on the fre-
quency side.

Fig. 6 shows a satisfactory “spread” for the
culibration curve, based on the use of ordinary
eross-section paper (20 lines to the inch). A
rather large sheet of paper would be required to
take the whole chart covering the 3500-ke. band,
but the curve can easily he split in two parts —
one running from 3500 to 3750 ke., with some
overlap on each side of course, and the other from
3750 to 4000 ke. The first chart will take eare of
the lower frequency half of the 3500-ke. band and
all of the 7000- and 14,000-ke. bands. It is also
a good idea to jot down on the chart the actual
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dial readings at the calibration points — the
eurve is only for convenience anyway, and the
best acctracy is only obtainable at the actual
calibration points, While the curve drawn be-
tween the points may be—and should be —
very smooth, it is really only an estimate. The

THE NEW Q. R. DIAL

This metal dial, developed by the General Radio Company, 18
Jour inches in rhnmetm‘, and has 200 divisions, numbered to 100,
It may be obtained in either 180- or 270-degree rotation. The
indicator Tides on the edye of the dial, eliminating puralla:c The

division marks are jine lines, king close reading p

important thing for an amateur frequency meter
to do is to define the Wimits of the hands aceu-
rately, and the Standard Frequency Transmisg-
sions make this possible. Therefore note particu-
farly these transmissions which mark band limits.

The 3500-ke. calibration is of course useful on
the other two bands as well. Simply multiply
all frequency readings by 2 for the 7000-ke. band
and by 4 for the 14,000-ke. band. It is a good
idea to put all three down on the chart as shown
in Fig. 6.

Great strides have been made in frequency
measurement and frequency stability of trans-
mitters during the past few years, with the result
that tolerances have heen tightening up all along
the line. The present requirement for fixed sta-
tions above 1500 ke. is roughly 0.19;, and for
stations on lower {requencies, particularly
broadcasting, somewhat more rigorous. With
hundreds of such stations on the air between 500
and 20,000 ke. a rather good calibration can be
made for a frequency meter with the aid of the
receiver and a list of stations and their assigned
frequencies.

Although the frequencies do not fall directly
in the amateur bands, a check on almost any de-
sired frequency can be obtained by juggling
harmonies to fit the case. It is a very interesting
field for experiment for the fellow who thinks
of something besides DX now and then — and
when you get & large number of points which check
out into a good curve you know you're right no
matter what some fellow with a twenty-dollar
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‘“wavemeter” may say about it. Besides, the
Standard Frequency Transmissions can be used
nearly every week to give a good check,

After. an accurate calibration from Standard
Frequency Transmissions has been secured, note
the position of a few commercial stations who are
on the air regularly and make & record of them
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. b
quency Transmissions and read the frequenecy
from the calibration curve. The transmitier, how-
ever, must be freated a little differently.

Every good station has a monitor, and with its
aid measurement of fransmitter troquencv is
quite simple. First tune the transmitter to zero
heat with the monitor. Then leaving the monitor

get at this point, pick up the signal

from the monitor in the receiver and
treat it in the same way as any other
incoming signal in measuring its fre-
quency. .The transmitter must be
turned off, of course, during this step,
In making a measurement in this way
the phones used with the receiver, or
else a resistor of the same value as that
of the phones, must be plugged in the
mouitor. This will avoid the change in
monitor frequency which would aeccur
if the phones were removed and a
short-circuiting plug used instead. The
process would simply be reversed to set
the transmitter on a desired frequency.
The only difference between ihis and
the common stunt of placing the trans-
mitter at a given point on the receiver
dial with the aid of the monitor is that
an accurate measurement, of the fre-
quency is made.

It bas already been suggested that
the phones could be plugged in the
screen-grid lead of the frequency meter
and the meter used as a monitor Thig
will work best if the transmitter is on
a higher frequency band than that to
which the frequency meter is tuned,
hecause the pick-up on the fundamen-
tal will be too great unless the fre-
quency meter and its batteries are
thoroughly shielded, In this case the
meter must be ecalibrated with the
phoneg — or an equivalent resistance
— in place or the calibration eannot be
depended upon. A separate monitor is
very much to be preferred to such an

INSIDE THE FIVE-BAND METER

The arvangement of the parts is explained in the tert. Buttery connections
are brought out to the ¥ axley socket at the boltom o that the battery cable can

&e plugged in,

also. The meter should be checked against them
now and then to make sure the culibration has
not changed. If such stations seemn to shift more
than a kilocycle or two the calibration should be
checked against the next mandard krequencv
Fransmissions,

MEASURING TRANSMITTER FREQUENCY
Measuring the frequency of an incoming signal
iz a simple matter after the ealibration has been
taken, Simply adjust the receiver and frequency
meter in the same way as to the Standard - Fre-

arrangement.

Another possible way of measuring
transmitter frequency without the aid
of a separate monitor and without
using the frequency meter for listening
purposes is to fisten to the transmitter on a
harmonic of the receiver., For instance, if the
transmitter is in the 7000-ke. band the receiver
may be tuned to 3500 ke., picking up the signal
on the receiver’s second harmonic. The fre-
gquency meter would be adjusted to zoro beat
with the signal, and the frequency read accord-
ingly. The receiver cannot be used out of oseilla~
tion, however, because harmonics are not present
when it is not oscillating.

In using harmonics of a heterodyne frequency
meter or in listening to a trapsmitter on harmon-
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ics of a receiver or monitor be careful that the
transmitter is on the harmonie you think it is.
It would be easily possible to listen on 3500 ke.
to a transmitter supposedly on 7000 ke. but
which wag really on 10,500 ke, Perhaps the first
adjustment should be a rough one with the re-
ceiver on 7000 ke.; although the transmitter
will make & rather heavy noise all over the band
it will reach a peak at some frequency which will
allow identification of the harmonie.

A FIVE-BAND FREQUENCY METER

While & meter covering the 3500-ke. band will
also adequately care for the 7000- and 14,000-ke.
bands, it may be necesgary to cover the 1750- and
28,000-ke. bands as well, F, E. Handy, A R.R.L.
Clommunications Manager, wanted to cover all
five bands and built the meter shown in two
photographs. The diagram appears in Fig. 7

Two eoils are used in this meter, one for the
1750-ke. band and the other for 7000 ke. The
tuning condenser, a Cardwell Taper-Plate which
has been double spaced, is adjusted so that when
eonnected to the 1750-ke. coil the bund is spread
over the dial with a [ittle leeway on each end.
The midget condenser is permanently connected
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PIG. 7.~ A FIVE-BAND FREQUENCY METER

The oscillator operates an 1750 or 7000 ke. by throwing the
dmuhle-pole double-throw suitch,
Cy— Cardwell 3-piate condenser (taper-plate) wdiusted to
cover the 1 T750-ke. band in conjunction with La.
(' — S0-pufd. midget condenser,
! { ufd.
L\ — 260 turns of No. 36 d.s.c. on Va-inch form.,
t2— 45 turns of No. 28 d.s.c. on 34-inch jorm.
By~ -f?l)-ohm rheostat.
18y — Resistor to extend range of milliammeter to 100 milliam~
peres. Hract value will depend on resistance af meter,
This resistor is not required unless the meter is to be
used for externul measurements,
MA — ~10 milliammeter.
The open-cireuit jacks ure provided so that the milliammeter
von be used in other mreutts, and for plugging in o woltmeier to
reqd filament voltage on the tube,

aeross the 7000-ke. coil and is set so that meter
eovers approximately 6950 to 7550 ke., the high-
frequencv limit being chosen so that the fourth
harmonie of the meter will take care of the entire
28-me. band. The 7000-ke. coil is mounted on the
stnall sub-panel which holds the midget condenser,
between the condenmser and the front panel
The 1750-ke. coil is mounted on the underside
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of the sub-panel directly over the main tuning
condenser. Either coil may be selected by throw-
ing the small double-pole double-throw switch on
the front panel to the proper position.

A resistor in series with a single-pole smgle—
throw switch is connected across the 0-10 milliam-
meter so that the range is extended to 100 mil-
liamperes when the switch is closed. The switch
is visible on the front panel to the left of the dial
and below the milliammeter. The milliammeter
terminals are brought out to a jack on the front
panel go that the meter can be used for measure-
ments in other circuits. There is also a jack con-
nected across the tube filament so that a volt-
meter can be plugged in to read the filament
voltage on the tube.

The dial ig a 6-inch National with the vernier
seale,

THINGS TO REMEMBER

The chap who has stuck with this story thus
fur should have a fairly good idea of how a
dynatron frequency meter should be built and
used. Here is a little summary, however, put at
the end to serve as a reminder:

1. Get a good solid condenser with wide
spacing between plates, and which will hold
calibration more than ten minutes, (Get one with
a fixed “tank” capacity if possible.

2. Make everything as solid as it can possibly
be made. Keep the coil small and dope the wire
80 it can't come loose.

3. Keep the space current at the lowest value
which will give satisfactory signal strength on
all bands wanted.

4. When calibrating the meter keep the space
eurrent constant at the most satisfactory value
and always have it at the same value when
takmg readmgs

Allow the tube to warm up from fifteen
minutes to 4 half hour before calibration; also
hefore taking readings which vou want to he
especially accurate.

6. Check the calibration now and then to make
sure it is holding, and recalibrate when necessary.

7. Don’t remove the tube from the meter or
change tubes without checking the calibration
afterwards.

8. When you make use of a Standard Fre-
guenecy Transmission drop a card to Headquarters
and let us know about it.

70 THE RCC ¢
WHAT'S THAT ?

[fraG-cHewERs' LET,
CLUB" = WOULDNTIG
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The President’s Corner
A WORD FROM
HIRAM PERCY MAXIM

PRESIDENT OF THE AMERICAN RADIO RELAY LEAGUE AND
OF THE INTERNATIONAL AMATEUR RADIO UNION

Looking Ahead

NE of the things that has contributed a lot in past years to building up our
O A.R.R.L. has been our ability to look ahead, 1t is one of the very important ingre-
dients of success. I believe it applies to every one of us individually, as well as

to our organizations,

I have been wondering for almost a year now what it is that we vadio mnuteurs ought to
be doing nene in order to have at Madrid, in 1932, the general set-up that is to be needed
at that time. In other words, what is it we shall be kicking ourselves for not having done
along in 1930 and 1931, when our representatives sit down in Madrid in 19327

We can best judge the answer to this yuestion by looking back at the Washington Inter-
national Radio Conference of 1927, We were not exactly greenhorns in international nego-
tiating in 1927, because we had been through the International Radio Congress at Paris in
1925 when our LA.R.U. was formed. But, just the same, we had to wateh our step when
we found we were up against some 150 delegates from some 75 foreign countries, colonies,
protectorates and what not, ninety per cent of whom had sbsolutely no use for amateur
radio. It will be recalled that only by the skin of our teeth and the heroic effort of our
spokesmen, backed up by our U. 8. delegates and those of a very few other countries, chiefly
Australia and New Zealand, were we able to have any amateur radio at all.

We do not want such a fierce fight in 1932, In fact, if you think enough about it, you
wonder if things could not be so fixed by 1932 that instead of having a fight we might be
offered some help. There’s a whale of a difference between the two. I am eveu optimistic
enough to believe that if we do the preparatory job well enough, we may be listened to
favorably when we ask to huve some of our bands widened. Now just what was it at Wash-
ington that caused most of the nations of the earth to be arrayed against us? It was that
they knew nothing about wmateur raio. 1f half of the magnificent story of amateur radio
had been known to those foreign delegates, we would have had an entirely different kind
of an experience. Ours is 2 magnificent story. I happen to know, because 1 have had to tell
it and by actual expenence know that it tells well.

1f, then, our story is u fine one that will stand any amount of searching investigution —
in fact, the more searching the better — then does it not follow that it’s up to us to tell it
to those delegates who will convene in Madrid in 19327 It seems to me it is. If T am right,
then the thing to do is for us to roll up our sleeves and go to work telhng it.

How shall we tell it? It seems to me that, since it is in foreign countries that the telling
is necessary, we of the A.R.R.L. who have the story should see to it that our brothers in all
of the nations where we have LA R.U. repregentation set ahout an organized effort to get
& steady supply of amateur radio knowledge into the hands of those men who will he dele-
gates al Madrid in 1932. If the siory of amateur radio as we know it here in America were to
be got over to those who will be present there at that time, it would make things tremen-

dously different for our representatives.
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A Multi-Range Receiver With Four Tuned
Circuits

By Robert S. Kruse®

There 13 a marked tendency in high-frequency recefver desiyn towards single-confrol tuning of two and more circusts.
T'he receiver described by Mr. Kruse involves irue single-cuntrol tuning of four cireuits, and the trick is successfully accom-
plished. 1'he recetver has o number of features which can be profitably udopted for amateur use. ~— EDITOR,

HE amateur receiver with but one

puned circuit seems to he passing, at

last, as did the “single etreuit’” broad-

cast receiver of evil memory. Two tuned
circuits are now accepted as a matter of course,
even though one is sometimes accompanied by
another confrol. Logically, and surely, we shall
proceed to more tuned circuits, more r.f. gain,
and easier operation.

"The widespread opinion that ssuch receivers
cannot be built to operate with single control at
high frequencies has some basis in faet, but is not
wholly correct. The single-

set. This has been done at Aireraflt Radio Cor-
poration, where the set was designed. Again the
performance was greatly superior to that of the
usual amateur set.

GENERAL ARRANGEMENT

Since the Model D is primarily meant for use
in aireraft, its construction has considered the
requirements of that severe service. As may be
seen from the photograph, a cushioned mounting
is provided for the set, and the inter-connections
hetween the set, the control-head, the junction

eontrol - receiver with two
tuned ecircuits-- has indeed
reached commercial form for
frequencies as high as 33,300
ke. (9 meters), and is in wide
amateur use.

With so definite a tendency
in view it is interesting to look
ahead toward the future re-
eejver, This need not be done
blindly for there has only just
appeared a receiver which, SRR

b

though designed for aircraft
use, may very well be the
forerunner of the amateur re-
ceiver of the future. That is
our story.

The Stromberg-Carlson Model D Aireraft
Receiver operates at frequencies as low as 235 ke.
(1276 meters) and as high as S000 ke, (87.5
meters) with its normal ecvil equipment, main-
taining over this range a very high degree of
gensitivity and geleciivity much above that
found in the usual high-frequency receiver. It is
purely single-control, uses but five tubes, makes
small demand on the plate supply, and is designed
with particular attention to the reduction of
noise. The frequency range, incidentally, can be
perfectly well extended above 8000 ke. by means
of additional coils, not normal to the commercial

* Engineering Consultant. Former Technical Editor of
QS8T, 103 Meadowbrook Road, West Hartford, Conn.

in the center.,

THE AIRCRAFT RECEIVER AND ITS ASSOCIATED EQUIPMENT

The recetoer iz tn the cenier with the spare cotl box at its left and the spectal B battery
case at its right. The control box containing the volume conirol and ** off-stand-by-on’®
switch 18 af the left end of the assembly in the foreground, The junction box is the affair

hox and the battery box, are run through highly
flexible metallic braided hose. This hose provides
electrical shielding and mechanical protection.
It is obtainasble in lengths of 2, 3, 4, 7 and 10 feet;
and is connected to the various units by means of
serew-couplings. This arrangement provides ease
of servicing and great flexibility in the placement
of parts in various types of ships. A remote tuning
control can be supplied, but this has not been
shown here, ag it is solely of aircraft use, being
intended to permit placement of the set in the
fuselage at distance as great as 35 feet from the
pilot or other operator. One may, however, note
that the set cannot be fussy if such an installation
is to be practical.
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From other photographs and from the general
diagram of Fig. 1 it may be seen that there are
3 stages of straightforward r.f. amplification, a
“bias” detector, and one resistance-coupled
audio stage. Study of the diagram will show that
unusual attention has been paid to the “de-
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were to be used primarily for e,w. reception it
would be simple to introduce controllable re-
generation and self-oscillation. This, however,
would be of no advantage whatever for modu-
luted signals.

The antenna used in the plane iy a vertical
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PIG. 1. ~— THE SCHEMATIC CIRCUIT OF THE RECEIVER

The heaters are connected in series and are supplied with Alameni current 1rom @ I&~volt storage

baltmﬂ/ T'Iw wmtcll Sy s part of the 1hr(«'~pus:!um suwiteh in the control box; i

by supply but leaving the heciers om.
csistor €5 dn the neguiive ' B lead to the r.J. amplifiers, The inductances In ard L2 aré interwound
on the plug-in cotl forms. Sugyestions for their construction
Cy are ganged for mnr/lr' control, The trimmer o6
reurdricer when the set iz

' oposition, eulting off the "B

and are set ?n/ a special
by resistors in the vathode
The r.

reuts,

grid efrentt but doe.

o etther high-tmpednnece or low-impedance phones, a speciul culput fra
cationg for the carteus reswsiors und by~puss condengers are nol acatiable but should

the latter. Spe
Jollow usual practice quite closely.

coupling” of different r.f. stages by means of
by-pass condensers and de-coupling resistors. As
shown, the circuit does not provide for oscillating-
detector reception, but this does not mean that
the thing is impossible with this sort of a set.
Much c.w. reception has been done at Aircraft

ndense

tor B in the coupling etrenlt betuween the detector and audvo stage is an 'inttﬂ‘a{ing Jeabure,
It has o vesistance af aboul 250,004 ohms and serces {o precent r.f, vee 'a
nol materially affect audio-frequency coupling, The ouiput 18 arranged to work

opened in the
jume comntrol

The

aré yiten in @ faomw The condensers
integral with the gange iables
. Bivy for the rurious tubes is obtained

adj

{oading of the vwdio tuk

Jormer betny used for

metal mast ——if one may use that {erm for a
stub only & feet high. The pickup is at all times
sufficient so that the ever-present background
makes a great racket when the sensitivity contirol
is at maximum, even though the ignition system
is carefully shielded and the metal parts of the

plane well bonded to prevent loose-con-~

tact noises. When used at a ground sta-
tion the set needs no more than a 10-
foot antenna; even this i8 sometimes
excessive at quiet places miles from
the electrical disturbances of any town,

NOISE LIMITING FEATURES

With such sensitivity the noise
problem is of some importance. 1t is

A COMPLETE SET OF COILS IS PLUGGED IN WITH

ONE MOTION

Eack col carries s oun

Radio Corporation with the set using o separate
heterodyne. As in the case of modulated re-
ception, the only limit on reception has been the
noise level due to electrical disturbances arriving
at the antenna. If, for any reason, the receiver

shield and the four skields are fastened per-
wrnently to the wetal sirip which serves as w side-plate for the set when the
cerls ure {n use ur ay the cover for the coil bow when they are nat in service,

attacked at several points in the set,
The usual breadening effect of antenuna
resistance is avoided because the high
sensitivity permits the use of an anten-
na too small to produce such broaden-
ing. Thus there is good preselection of
the desired signal, as against noise and interfering
signals. The selectivity through the r.f. sysiem
as a whole i3 about that of a very good broandeast
receiver with four circuits, when working in that
frequency range. The selectivity unavoidably




OcToBER, 1930

decreases ut the higher frequencies but remaing
much superior to that of sets with fewer tuned
('iu‘uits-——Mp(’Liaﬂv m the type of dﬂlatCLL[‘
re
noise which reaches the “detector is, of 1.0urae,
passed through to the audio tube. At this point,
it encounters an audio filter which cuts off all
high-pitched noises, passing only audio {requen-
vies below 3000 cyeles. A very large part of the
energy of static and of man-made electrical
noises, agwell as the notes of off-tune c.w. stations,
lie ubove that pitch. These
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not one of which ever contrived to combine ease
of removal with positive action and silent elec-
trical contact.

One other anti-noise provision must not be
overlooked. This is a 3-position switch providing
points for *off,” “‘on’" and “stand-by.” The
third of these is used during transmission and
leaves the filaments hot while cutting the rf.
cathode returns free from ground. The shielding
and filtering of the set is so thorough that this
leaves the detector and audio stage almost com-

things are severely attenuated
without the undesirable fea-
tures of a peaked audio trans-
former which reduces noise
hut, gpoils voice reception for
the phone man and afflicts
the ¢c.w. man with & weari-
some and unchangeable fixed
pitch at which all signals must
be heard. Another feature of
purticular interest to the

headset ian is the output
device. This keeps the “cans”

free from the plate supply
voltage and also permits the
use of either normal high-
impedance phones or the new
120-0hm phones which weigh
but balf ag much as the old

THE TOP OF THE RECEIVER'S WORKS
The controi-grid comnections between the tubes and the tuning condensers dre ex-
tremely short awi pass through the skislding at right nngles. The mechanieal construction
7s obrionsly vigid, The four condenser rotors are all on one shaft. One end-plate of each
condenser (s metal and the other 1x high-yrade bakelite,
~ertiny an bagles. The coid compartment is ~mmedmt?ly below the condenser gung. The

the iniervening metal erdd~plates

surt and are thinner, tlatter
and far more comfortable, _ -

The wuse of heater-type
tubes through the entire sys-
tem is in itself a noise-efiminuting feature in the
plane where u hattery-charging generator is
aperating during reception, On the ground this
is of no great consequence but may be pointed
to as offering a useful suggestion for future sets
with a.c. supply.

Anyone who has used shielded high-frequency
receivers must be aware of the exceedingly
irritating performance given by a set with various
parts of the case in uncertain contact, as for
instance, in the tongue-and-groove aluminum
~ases of several years ago. The noises and jumpy
reception of such a set are bad enough on the
ground and would, of course, be intolerable during
the vibration of a plane. All contacts between
parts of the case are, therefore, either screwed or
riveted permanently or confined to points where
good pressure-contact (spring) can be main-
tained. Thus the removable tube-compartment
cover and the removable panel carrying the coil-
gang are felt lined and make no contact with the
case except at the retaining pegs, where positive
spring contact is made by the latches holding the
part to these pegs. These latches, incidentally,
are in themselves something of an innovation
after o many vears of sets with loose screws,
thumbnuts, snaps, turn-buttons and springs —

the sét.

trimmner d
(Im sddo apparatus is at the left end of the condenser gang. The battery input and audio
cactput maltiple pluy i mounted on the left end and the tuning control on the right end of

i3 in the small compartment to the right of the tube sockels and

pletely silent, even In the prescnee of a trans-
mitter in the same room.

THE FOUR-GANG CONDENSER

To gang four tuned circuits successfully the
stray capacities must be reduced as far as possible
and made as nearly equal as is practical. In
addition to this, the operation of the set, including
eoil changes, should not vary any capacity in the
set, except the tuning capacity. This last ideal is
ot altogether attainable since it is necessary to
change the r.f. cathode-return resistance in con-
trolling volume, also to tolerate s gradual de-
crease of plate potential (if dry ¢ell plate supply is
nsed), together with some small unavoidable
mechanicul irregularities in the gung itself. Siunce
these things aull produce small capacity altera-
tions in one or several stages, one may not work
at too low a value of tuning capacity. The gangs
in this ecase have a capacity of 150 pufd. per
gection and are shunted by an air-dielectrie
trimmer of 25 microfarads capacity, except for
the antenna-input circuit which uses a trimmer of
twice this capacity in series with the antenna
eapaeity. A fairly high minimum capacity is thus
assured and minor variations are decreased in
importance.
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To any possible objection of such a high C/L
ratio one may reply that the set has sensitivity in
excess of any need, and one might as well trade
some of it in for the exceedingly valuable feature
of single control, which would not otherwise he
practicable. The design of hoth the air-dielectric
at very low loss and extreme mechanical rigidity.
Thus, though there is a fairly high minimum
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replacing a plug is provided for by making the
coll shields sectional with the cover secured to the
panel or base and the shallow can bottom carrying
the coil, which is removable by means of & bayo-
net cateh released when the can bottom is turned
slightly. One of the photographs shows a coil
removed from its can, From this picture and the
one showing a set of coils one may see the con-
struction. The coil form is of R-29 low-loss bake-
lite, moulded into a smooth

cyvlinder with a flange at one
end to carry the terminals.
Threads are machined into
the form for earrying the
windings. The flange does not
carry the plugs in the familiar
manner but instead earries
thejacks or sockets. The plugs
are inside the set where they
will not be bent over by
aceident. The primary of each

rf. ecoll is “‘inter-wound”
with the secondary, in other

BENEATH THE CHASSIS

Biyj-pasn condenaers, reststors and supp