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FOR EVERY APPLICATION

IMMEDIATELY AVAILABLE —FROM STOCK

Over 1,000 items to cover virtually every electronic application. . . . 400 Hermetic items,
proved to MIL-T-27A, eliminate costly test delays. . . . Highest reliability in the field. . . .
immediately available from your local distributor. Write for catalog.
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UNITED TRANSFORMER CORPORATION

150 Varick Street, New York 13, N. Y.

And Special Units to
Your Specifications

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: “*ARLAB"




'8X-110 Receiver. Advanced features and design make
the SX-110 an exceptional value for the radio amateur
and short wave enthusiast alike. Standard broadcast
plus three short wave bands (540 ke-84 me). Slide rule
bandspread dial, calibrated for ham and citizens’
- bands; built-in ““S” Meter, antenna trimmer, crystal
_ Blter.-Seven tubes plus rectifier.

'+ $-108 Receiver. (not shown) Exceptional value and

% performance. Same as SX-110 in frequency coverages

" but without “S” Meter, antenna trimmer and erystal
filter. Built-in speaker.

$-107 Receiver. Outstanding new styling and impres-
sive features. Standard broadcast plus four short wave
bands—unusually wide coverage (540 ke-34 me and
48-54.5 me). Separate bandspread and logging scale;
slide rule dial; phono jack and headset tips. Seven
tubes plus rectifier. -

EXPORT SALES: International Div., Raytheon Company, Waltham, Mass,
CANADA: Gould Sales Co., Montreal, P.Q.

ALL NEW! S-120 Receiver. Finest expression of Hal-
licrafters’ dedication to precision performance at low-
est possible cost. Maximum flexibility provided by
three-antenna system—ferrite loop for 550-1600 ke
broadcast . . . adjustable whip or wire for three short
wave bands (1600 ke-30 me). Electrical bandspread
with easy-to-read slide-rule dial. All-new design and
compact styling. Headphone jack and B.F.O./selec-
tivity control on front panel.

S-38E Receiver. Modern styling, improved circuitry
for utmost in performance and dependability. Stand-
ard broadcast. plus three short wave bands (540 ke-
#2 me). Electrical bandspread; slide-rule overseas dial;
headset output;. built-in speaker.

(b hallicrafters

Chicago 24, Ill.



Night falls and you are alone in your ham shack. With just a touch of your fingers andi
turn of a dial your call of goodwill spreads afar. It surges beyond the Baltic and the
Sulu, over the Pyrenees and the Andes, across the Sahara and the Mojave. Your mes-
sage penetrates curtains of iron and bamboo; it transcends blinds of prejudice and
nationalism. And from Collins Radio Company go the best wishes of this season to you
and to all your fellow members in the world-wide fraternity of amateur radio operato
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4E27A/5-1258

4CX1000A

40X2508

EIMAC FIRST...

for all band transmission

4-65A Radial-Beam Power Tetrode

Smallest of the Eimac internal-anode
tetrodes, the 4-65A has a plate-dissipa-
tion rating of 65 watts and is ideal for
deluxe mobile as well as fixed-station

service.

cwW AM SSB
Plate Voltage 3000v  2500v  3000v
Driving Power 17w 2.6w 0
Input Power 345w 275w 195w

4-400A Radial-Beam Power Tetrode

ideal for high power amateur rigs, it
will easily handle a kilowatt per tube in
CW, AM or SSB application. Forced-air
cooling is required. M

CW SSB
Plate Voltage 3000v 3650v  4000v
Driving Power 6w 4w 0

input Power 1000w 1000w 1000w

4E27A /5-125B Radial-Beam Power
Pentode

The Eimac 4E27A/5-1258B is intended for
use as a modulator, oscillator or ampli-
fier. The driving-power requirement is
very low, and neutralization problems are
simplified or eliminated entirely.

cw $SB

Plate Voltage 3000v  2500v  4000v
Driving Power 1w 2w 0
Input Power 500w 380w 360w

4CX1000A Ceramic Power Tetrode

Specifically designed for SSB operation,
the ceramic-metal 4CX1000A Class AB,
linear-amplifier tube achieves maximum
rated output power with zero grid %ré‘ée'

Plate Voltage 3000v
Driving Power 0
Input Power 2700w

4CX250B Ceramic Power Tetrode

A compact, rugged tube unilaterally in-
terchangeable in nearly all cases with
the famous 4X150A, with the advantages
of higher power ang weasier (:oolmg.ssB

Plate Voltage 2000v 1500v  2000v
Driving Power 28w 2.1w 0
Input Power 500w 300w 500w

4-125A Radial-Beam Power Tetrode

The versatile tube that made screen grid
transmitting tubes popular. This favorite
for commercial, military and amateur use
is radiation cooled.

cw AM SSB

Plate Voltage 3000v 2500v  3000v
Driving Power 25w  3.3w 0
Input Power 500w 380w 315w

4-250A Radial-Beam Power Tetrode

A high power output tube with low
driving requirements. A pair of Eimac
4-250A's easng handle a kilowatt input
in AM, CW or SSB service.

cW AM SSB
Plate Voltage 3000v 3000v 4000v
Driving Power 6w 3.2w 0
Input Power 1000w 675w 660w

4CX300A Ceramic Power Tetrode

A new ceramic-metal high power tetrode
designed for rugged service. Will with-
stand heavy shock and vibration and
operate with envelope temperatures to
250° Centigrade.

cw AM SSB

Plate Voltage  2500v 1500v  2500v
Driving Power 2.8w  2.1w 0
w 300w 625w

Input Power 625

Information on these popular tubes for
amateur applications is availahle from

our Amateur Service Department.

EITEL-McCULLOUGH, INC.
CARLOS, CAL
The World's Largest Manufacturer of Transmitting Tubes
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.« « the Mark —
of the Maker’s

Confidence in
His Product

PRs are built to PERFORM ... under good

conditions and bad. They have that extra

measure of stability and dependability

BUILT-IN . .. that plus of rugged precision

that guarantees years of unfailing service.

Thousands of pre-war PRs are still per-

forming . . . still right on the kilocycle! No

wonder PRs can be UNCONDITIONALLY

GUARANTEED.

40 and 80 Meters, PR Type

Z-2, =500 Cycles.................... $2.95 Net 6 Meters, PR Type Z-9A,

Third Overtone, PR Type Z-9A, 50 to 54 Mc., £15 Kc.....$6.95 Net

24,000 to 24,666 and 25,000 Citizens Band, PR Type

to 27,000 Ke., *3 K $4.95 Net  Z-9R, .005% ..ccooverrerernnns $2.95 Net
|

USE m AND KNOW WHERE YOU ARE

PETERSEN RADIO COMPANY, INC.
2800 W. BROADWAY » COUNCIL BLUFFS, IOWA

5




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especinlly Learue members, are invited to report station activities on the first of each

month (for preceding month) direct to the SCM, the administrative

ARRL official elected by members in each Section.

Radio club reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station appointments are
available in the aress shown to qualified Leazue members holding Canadian or FCC amateur licenge, General or Condi-
tional Class or above. These include ORS, OES, OPS, OO and OBS. SCMs also desire applications for SEC, EC, RM and
PAM where vacancies exist. OES appointment is available to Novices and Technicians.

ATLANTIC DIVISION

kustern Pennsylvania
Maryland-Delaware-1). (.
Houthern New Jersey
\Western New York
Western Pennsylvania

W3ZRQ
W3BKE
K2BG

KZHUK
W3UHN

Allen R. Breiner 212 Race 5t,
‘Thomas B. Hedges 2902 Culver St.
Herbert C. Brooks %00 Lincoln Ave.
Charies T, Hansen 211 Rosemont Drive
Anthony J. Mroczka 475-5th 8

CENTRAL DIVISION

1llinots
indiana
Wisconsin

WYPRN
W9sWD
WIKQRB

Ta

Washlnzv.on 21, D.C.
Lalmyr:

Buﬂalo 16

Donora

Eidmond A. Metzger 1520 South 4th St.
¢«'llford M. Singer 7070 East 218t St.
CGieorge Wolda 2023 Routh 10 St.

DAKOTA DIVISION!

North Dakota
South Dakota
Minnesota

WPHVA
WPRRN
WPKJIZ

Springield
Indianapolls
Muanitowoc

Harold A. Wengel 821-14th St,
J. W, Sikorski 1900 8. Menlo Ave.
Mrs. Lydia 8. Johnson 1258 Van Buren 5t.

Arkansas
Louisiana
Mississippi
‘Fennessee

WS5ZZY
WS5FMO

WsMUG

W4UTIO

Blsmarck
Bloux Fallg
St. Paul ¢

DELTA DIVISION

Ulmon M. Golngs . Box 207
‘Thomas J. Morgavi .;409 Beaulleu 8t.
2469 Paden

Floyd C. Teetson
R. W. Ingraham 105 West Park Drive

GREAT LAKES DIVISION

Kentucky
Michigan
Ohto

W4SUD
W8IFX
WS8AL

Osceola
Metalre
Jackson 4
Kingsport

Robert A, Thomason 6826 Eastwood Drive

Ralph P, Thetreau 27209 W. Six Mile Road
wuxon E. Weckel 2118 Tuscarawas 8t., W.
HUDSON DIVISION

Kustern New York
. Y. (., & Long Island
Northern New Jersey

W2EFU
W2TUK
K2MFF

)wensboro
Detrolt
Canton 8

tieorge W. Tracy 1138 North Country Club Drive
Harry J. Dannals RFD 1, Arbor Lane, Dix Hills
J. Sparks Remeczky 30 Kelly Parkway

- MIDWEST DIVISION.

lOWD

K ansa
Mlaaourl
Nebraska

WOBDLR

Schenectady
Huntington, L. I.
Bayonne

Russell B. Marquis 807 North Fifth Ave.
Raymond E. Baker

Gosch
~.hnrles b McNeel
NEW ENGLAND DIVISION

Connecticut *
Maune

¥astern Massachusetts
Western Massachusetts
New Hampshire
Rhode Island

Vermont

Marshalltown
Neodosha
Webb City
North Platte

Henry B. S8prague, jr.

Jeffrey I. \Weinstein

Frank L. Baker, jr.

Percy . Noble

Ellis'F. Miller

John E. Johnson

Mrs. Harrlet Proctor P (). Box
NORTHWESTERN DIVISION

{regon
Washington

l\)V eston

\!nrth Qulncy 71
Westfi

\Volreboro

Pawtucket
East Middlebury

John P. Trent P. O. Box 82
Mrs. tielen M. Malillet  Route 1, South
Ray Woode

Hubert R. MeNally 11908 8.E. Madison St.
Robert B. Thurston 7700-318t Ave.. N.E.

Ha.wau

Nevad:

Hunta uara Valley
Eaust Bay

San Francisco
Saecramento Valley
San Joaquin Valley

PACIFIC DIVISION

Kodlak
Pocatello

Brady
Ponland 16
Heuttle 15

Samuel H. Lewbel 0. Box 3564

«'harles A. Rhines Box 1025

W, Conley Smith 67 Cuesta Vista Drive
W. Southwell 200 South Seventh St.

Leonard R, Gerald! 1500 Cayuga Ave.

Jon J, (’'Brlen 86(16-51, St.

Ralph sarovan 8204 E. Townsend Ave.

North Carolina
South Carollna
Virginia

West virginia

Honoluu
Blko

Monterey

Dixon

Han Franclsco 12
Rio Linda
¥resno

ANOKE DIVISION
B. l«uley l-'owler X 143

Dr.J. Dunla; P ﬁ Box 447
Robcrt L. Follmar 1057 Dune St.

Donald B. Morris 1111 Alexnnder Place

(*olorado
Ttah

New Mexico
Wyoming

W7AMU

Morganton
Rock Hill
Norfolk 3
Fairmont

..-ROCKY MOUNTAIN DIVISION._
Carl I, Smith 1070 Locust St.
‘Thomas H. Miller 1255 Iast 17th St.
Newell F. Greene 504 West ‘lecond Bt.
L. D. Branson 342 South Elk
OUTHEASTERN DIVISION

Alabama
Kastern Florida
Western Florida

Cieorglia
West Indies (Cuba-P.R.-V.L)

(’anal Zone

K4A0Z
KGJ

W
KP4DJ

Denver 20
%alt Lx;,lke Clty 5

Casper

Wllllam 1), Dotherow 572 Park Ave

Jobn K. Porter Box 7295, Ludlam Branch
Frank M. Butler ir. 494 Elliott Rd.

Willlam F, Kennedy 1687 Falrway Hill Drive, 8.E.
Willlam Werner 563 Ramon Llovet

’I‘homu B. DeMels P.O. Box 1111
OUTHWESTERN DIVISI{ON

T.os Angeles
&rlzona
San Dlegt

Hanta Barbara

WeJQB
W7QZH
W6LRU
KE6CVR

Birmingham 9
Miami 55
Fort Walton Beach
Atlanta 17
urb. Truman

Rlo Pledras, P. R,
Balboa

Alhert . H|Il r. 861 No. Millard Ave.
Kenneth P. Cole 4132 North 18th Ave,
on Stansifer 4427 Pescadero
Robert A. Hemke 728 W, Misrlon
\VEST GULF DIVISION

Northern Texas
Oklahoma
Southern Texas

W5BNG
W5DRZ
W5QEM

San Dlego 7
Santa Barbara

1. L. Harbf: 515 t:almnm
Adrian V, Rea 9170
Roy K. Eggleston 1109 Vemon Drive

Maritime

f)ntario
Quebec

Alber
Brmsh Columbla
‘Yukon

3¢ nmt.oba
tSaskatchewan

VLIWB

Fort Worth 7
Muskogee
Corpus Christ!

mm.ntl:}(NADIAN DIVISION

D. E. Weeks
Richard W. Roberts 170 Norton Ave,
! W. Skarstedt 62 St. Johns Rd.

Kenneth G. Curry 11114-80th Ave.
Peter M. Mclntyre 981 West 26th Ave.

M. S Watson 249 Lanark 8t.
H. R. Horn 2121 Ewart Ave.

*Official appointed to act temporarily In the absence of a regular official.

Harvey Statfon, N. B.
\Villowdale, Toronto, Ont.
Pointe Clalre

Montreal 33, P. Q.
kidmonton, Alta.
Vancouver, B. C.

Winnip peg
Saskatoon
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HIRAM PERCY "BAXIM, WITAW, 1914219136
CEUGENE C.oWOQODRUFF, WBCME, 193621940
GEORGE W BAILEY, W2KH, 1940-1952-

Oth'cets o
GOODWIN L."DOSLAND, WGTSN
_ Moorhecd Minnesota )
First Vice-President . .. :::i:WAYLAND M. GROVES, W3N!
i PO ‘Box 586, Odessa, Texus i
Vicé-Président i . CFRANCIS E."HANDY, WlBDI
38 La Solle Rood West Hurtford Connecticut -
Vice-President . & ST UALEX REID, VE2BE.
240 lmgcm Ave Sl Lamberf P. Q., Canada
Secretary . . ’ A L BUDLONG,” WIBUD
38 Ln Sclle Road West Hartford Connecticut "

L H.. HOUGHTON
38 La Salle Road West Horrford Connerhcu' ;

President ...

Treasurer

General Mahager
Cémmunications Mono'germ :
Technical Direéfor . . . .
Assistant General Manager

Agssistanf Secrefcries

DIRECTORS

Canada
NOEL B, EATON......ccettosssnnsenn VE3CJ
R.R. 3. Burlington. Ontario
Vice-Director:
Atlantic Dx'vx'sx'on
GILBERT L. CROSSLEY...c0oceaeunes YA

Dept. ot E.E., l'enna State Unjversity
State College, Pa.

Vice-Director: Edwin 8. Van Deusen...... W3ECP
3711 McKinley St.. N.W.. Wa.shlngton 15, D. C.
Central Division

JOHN G. DOYLE ....cootiunterosvvensn WIGPI
1331 N. Wildwood Ave.. Milwaukee ‘11, Wis.

Vtce-l)lreclor Philip k. Haller .......... W9HPG
6000 S. Tripp Ave.. thcuxo 29 In.

Dakota Division

CHARLES G. COMPTON........ .. WoBUO
1011 Fairmount Ave.. St. Paul 5, Minn.
Vlce-l)(rectnr Murtha J. Shirley..... ...  WOZWL

x 78. Black Hawk. 8. D.
Delta Division
SANF()RD B. DE HART........ «.00 s WeRRV
297 8. Purdue Ave.. Oak Ridge, Tenn.
Vlcc-l)(retlor Victor Cantield. ........... WSBSR
414 Weber Bldg.. Lake Charles, La.
Great Lakes Division
DANA E. CARTWRIGHT............ \W8UPB
2079 Observatory Ave., (.lnclnnati 8. Ohlo
Vice-Trector: Robert B. Cooper. ........ AQA
132 Guild St.. N.E.. (.vrand Raptda S5, Mlch
Hudson Division
MORTON B. KAHN.........conveeens W2KR
22 Birch Hill Rd., Great Neck, N'Y.
Vice-Jrector: Lloyd H. Manamon....... W2VQR

709 Seventh Ave.. Asbury Park, N. J.

Midwest Division

ROBERT W. DENN’IHTON .......... WONWX
X 631. Newton. Iowa

Vice-)trector. humner H. Foster.......... woG
2315 Linden Dr.. 8.E., (.edar Rapids, Iowa

New England Division

MILTON E. CHAFFEE . ............. WIEFW
53 Homesdale Ave., Southlngton Conn.
Vice-Director: Carmine A, Polo........... wisJo
17 Park St.. West Haven 16. Conn.
North western Division
R. REX ROBERTS..........coo00.u. W7CcPYy
RA7 Purk Hlll Drive. Billings, Mont.
Vlce-l)lrector Haroid W, Johnston........ W7PN
2727 Belvidere Ave.. Seattle 6, Wash.
Pacific Division
HARRY M. ENGWICHT .............. WeHC
770 Chapman. 8an Jose 26, Calif.
Vice-Iiirector: Ronald G. Martin. . ......... WezZr
1573 Baywood Lane, Napa. Calit.
Roanoke Dzvznon
P. LANIFR ANDERSON, JR.._..,.. W4MWH
28 Maple Lave, Dunvﬂle. Va.
Vtce-vlrrtmr Jaseph F. Abernethy .W4AKC

768 Colonial Drive, Rock Hill, C.
Rocky Mountain Division
CLAUDE M MAER, JR .. WpIC
%5 Race st.. Denver 8. Colo.
Vtce-))(rezlnr John M., Samopson, r....... W700X

$18 Mount Ogden Lrive, Ozdon Utah

uoutheastern Division
JAMES P. BORN,
25 kirst Ave., N E.. Atlanta 17, Ga.

V{ce-l)irermr ‘Thomar M, Mose, ........ W4HYW
2,0, Box 644, Munlcmal Alrnort Branch,
Atlanta 0. Ga.

Southwesrern Division

RAYMOND E. MEYERS..... ...... \WW6MLZ
717 Anderson Way, sau Gabriel, Calit.

Vice-Nirector: Virgll Talbott, ..o, .u.nn. WAGTE
1175 Longhill Way. Monterey Park, Callf.
Weut Gulf Division

GRADY A. YNE

103 I inden St., Bellnire ‘Texak

Vice-l)(rector Robert D. Reer
4339 8. Ycoria, I‘ulsa 5,0
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“It Seems toUs...”

OUR COVER, OUR ANNIVERSARY

We wear several hats — IARU Secretary,
League Secretary, Editor of ST, and General
Manager of the League — and this column
frequently reflects the varied facets of the
multiple job. But this month we speak strictly
~—and with pride — as QS7"’s Editor.

QST is now forty-five years old, the only
radio magazine published with just one pur-
pose for such u long period of time. Our cover
this month depicts our aim, to bring all the
news of amateur radio to all the amateurs.
The satellite symbol-
izes the new and excit-
ing days ahead of us.
Radio bolts bouncing
off an ionized cloud
remind us of the quan-
tity and quality of
amateur experimenta-
tion through the yeurs,
perhaps most notable
in the field of propa-
gation. Schematic
symbols tell of QST’s
firsts in design for ham
weur. A QSL card from
WI1AW recalls our
co-founder and first
president, Hiram
Percy Maxim, while
also symbolizing the
helping hand extended
to newcomers. News
of operating activities
can alwavs be found
in depth in QST, sym-
bolized by the basic
tools of our trade, the
mike and key. The
drafting aids express
the precision QST strives for in all its technical
material, while the beam, mobile whip and
loading coil, the tube and transistor hint at the
wide scope of QST coverage.

The traditions of forty-five years also are
depicted here — The League emblem, the
Wouff-Hong (neither quite as old as QST,
though), und, vne might add, the tradition of

covers drawn by Harry Hick, whose first QST
cover appeared in May, 1916.

It is easy to take for granted something
which has been established as long as QST but
let’s flip back through 45 years of QST pages
and see how the Editor (and then half-owner),
(larence D. Tuska, felt about his first issue:

‘“After considering the matter for several
months, it has finally been decided to issue
regularly some kind of a bulletin to League
members. . . . The difficulty has always
been how to pay for it. The members did not

order the new List of
Stations book and
License Certificates as
fast as they ought to
have, und the officers
had to go down in their
own pockets to pay
the bills. . . . After
obtaining the views of
several members and
thinking it over, the
President {Maxim]
and Secretary [Tuska]
finally decided to risk
a few more clollars on
a different plan . . .
4 magazine, which the
membership would be
willing to support.
. . . After much hard
work, the President
and Secretary out of
their own pocketshave
produced QST Nr. 1.
... They hope to
follow it each month
with 4 new one. . . .”

And follow it, they
did. Tuska and Max-
im published the magazine regularly from De-
cember, 1915 until September, 1917, when
Tuska enlisted. Post-war, the Leugue took
over (ST officially, resuming publication with
the June, 1919, issue, and members have
gotten a copy every month since. And with the
help of thousands of amateurs, QST has gotten
bigger and better all that time.
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WOBRD and/or his family, inveterate Chicago
apartment dwellers, lived happily in one of
three flats at 1517 ¥argo Ave. from 1935 through
1950. This summer, 2 decade later, a piece of
“How's IDX?” correspondence was forwarded
from the Fargo Avenue address accompanied by
a note from KYBDK: *“This must be for you,
M. I found it kicking around the vestibule of
the building I live in."

An item in the weckly newspaper of the
Springfield, Mass., Technical High School read
“WIGCR . . . is also planning a modulator
that will allow transmission without the use of
& microphone.”

W6DIE has a gimmick — “Surplus-of-the-
Month Club.” You sign up with him for a nomi-
nal fee, and each month you rcceive some picce
of surplus gear that he has accumulated in his
travels. Contact him at 833 7th Avenue, Sucra-
mento 18, California, if this intrigues you. He'll
send you the dope.

One of the calls you'll hear on the air these
days is KNACJB. He’s the grandson of the late
K. B. Warner, W1EH, who was secretary and
general manager of ARRL until his death in 1948.

K5RAB is attempting tc compile a list of all
optometrists who are hams. Send all the details
on yourself and your station to KS5RAB ut
Box 609, Gariand, Texas.

You think ham radio is getting complicated?
Admiral Jaap, USN, pointed out in a recent
speech that a light cruiser of World War II car-
ried about 300 pieces of electronic equipment on
hoard, while the same type of ship today, con-
verted to a guided-missile cruiser, carrics more
than 1200 picces of electronic gear.

Speaking of the Navy, a new Naval Communi-
cations Division has been formed in the New
York Clity area and is meeting regularly. It has
an interesting assignment, and if you are an

amateur and a Naval Reservist or if you are
an amateur with your military obligation still
ahead of you, this would be a good unit for you
to investigate. (bviously, you should live in
the New York City area. Contact W2KGO,
15 Foxhurst Lane, Manhasset, who is the coms-
manding officer.
Said the Halo to the (‘ubical Quad,
‘“We're both an ungainly pair:
But I'd rather be round, cool and hep,
Than like you — you square!”
— R8ERZ

The International Ham Hop (lub is looking
for members. This is an exchange deal to help
cut down the cost of overseas travel. Members
volunteer to provide meals and lodging for other
members, on a reciproeal basis. For further in-
formation you should write to Bryan Fogerty,
KI6X, Hillerest, Plassy Av., Corbally, Limerick,
Ireland.

Perhaps DUIRC wasn’t first on a motor
scooter. Along comes WIKCR to say that he
operated mobile from a Vespa in 1957.

Ever try using counterweights on the halyards
to your Hat-top antenna, to keep it taut despite
shrinkage, expansion, and the like? The Navy
is using some on the antennas of its new mega-
watt station in Maine — there are 36 of them
and each weighs 200 tons!

A census enumerator out in ldaho had a bit of
trouble getting to one of the families who lived
up on a remote mountain peak, servicing a TV
station’s relay equipment. It seems that there
was a ham in this family (although the census
enumerator didn’t give out the call letters) and
so the Idaho SCM (W7GGYV) stepped in and
provided the nccessary communication. 'This
saved the census enumerator about a 6-mile
walle! —————

A flodlla of 18 yachts left Bermuda this
summer, bound for Sweden. W2ZXM (remember
the Flying Enterprise?) was aboard one of the
vachts, complete with sideband gear, und was
able to maintain communication with either
Furope or North America all the way across. His
was the only vessel that could do so, the result
being that he handled plenty of traffic.

On June 21 The Antletam Radio Association of Hagers-
town, Maryland, placed a wreath on the grave of Hiram
Percy Maxim, founder of the American Radio Relay
League. The wreath was in the shape of the League
emblem, being made up of red and white carnations
and with the letters and symbols in gold. Present at
the ceremony were, left to right, standing, K3HPG,
KN3MBY, W3LQP, W3VAM, W3EPY, W3OYX and
W3AMX. Kneeling, W3LIl and W3EHA, vice-president
and president of the Antietam Radio Association.

QST for



Radiotelotype HReception

by Jone

(Conversion

A Complete Converter Including Monitor

and A.F.S.K. Oscillator
BY JAMES L. McCOY,* WILQV/AFGLQV

receiving radioteletype signals. One is to

detect, the frequency shift at the receiver i.f.
‘The other makes usc of the two audio tones cre-
ated by beating the receiver b.f.o. against the
shifting carrier.

Tone conversion has two advantages over i.f.
conversion: Audio filters having a band pass of
only 200 or 300 c.p.s. can be used to reduce inter-
ference more effectively than the band pass of the
i.f. system. The tone method can also be used
for reception of modulated signals with audio
frequency-shift keying (a.f.s.k.) as is authorized
on the v.h.f. bands.

This article will discuss the operation and
vonstruction of one type of tone converter as
well as accessory circuits such as a tuning oscillo-
scope and a two-tone gencrator for a.f.s.k. trans-
mission. Two frequencies have been standardized
on for tone conversion. These are 2125 c¢.p.s. for
“mark” and 2975 c.p.s. for “space,” and will be
the frequencics referred to when the terins mark
and space are used.

THERE are two commonly-used methods for

Operation

Fig. 1 is a schematic diagram of the tone con-
verter proper. Mark and space signals coupled
¥ 4844 Booth, Shawnce Mission, Kausas.

SR

This high-performance tone converter
ix all that’s necded between receiver out-
put and teletype machine for both f.s.k.
and a.f.s.k. reception. The circuit dia-
zrams aren’t small. but there’s nothing
in them that should frighten even a new-
comer to RTTY. An oscilloscope-type
monitor, audio frequency shift kLeyer
and power supply are all included. To-
gether with the author’s i.f. converter
article in ST for January, this makes a
fine exposition of the methods of radio-
telctype conversion.

ST

from the receiver through line-to-line transformer
71 are separated by band-pass filters FL, and
K13 BEach filter has a 200-c.p.s. bandwidth cen-
tered on its particular frequency and an imped-
ance of 600 ohms.! The filter inputs are paral-
leled. This does not disturb the match because
the impedance of either filter is quite high at the
center frequency of the other, and only one tone is
present at a time. Potentiometer R, is used to
take off part of the incoming signal for the tuning
scope of Fig. 3.

! These tilters can be obtained from William Gates, 15183
Kneanto Drive, Sherman Oaks, Calif., for $25.00 per pair,
f.o.b. Los Angeles.

LnR A i
LT T

Front view of the tone-conversion unit. The meter on the left indicates keyer plate current, and below it is the TUNE/
OPERATE switch. The meter and control for setting the keying loop current are in the center of the panel, and the two glass
domes immediately below are for the NE-51 neon triggers. To the right is the 902A cathode-ray tube used for monitor-
ing. Below the c.r.t. face are the vertical and horizontal centering knobs, and below them are the intensity and focus
controls. From left to right across the bottom of the panel are the power switch, the THRESHOLD control which sets the neon
firing voltage, the FSK/AFSK switch which transfers the keying loop between an external f.s.k. exciter and the built-in
audio frequency-shift keyer, the BALANCE control for setting the relative amplitudes of the mark and space pulses going
to the trigger driver, a FORWARD/REVERSE switch to reverse the operation of the detector for signals using the higher
frequency on mark, the monitor SCOPE LEVEL control, and a pilot lamp.

December 1960 11
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Fig. 1—Circuit of the basic tone converter, Resistances are in ohms; resistors are Y2-watt composition excapt
as indicated. Capacitors marked with polarity are electrolytic; cthers can be either paper or ceramic,
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Cy, C2—0.005-pf. disk ceramic.

Cs, C5—0.01-uf. paper.

C4—0.008-uf. paper.

FlLi—See Fig. 2.

Flz, FLa—See text.

J1—Closed-circvit jack.

Ja—Qpen-circuit jack.

K1, K2—Polarized relay (Sigma 7AOZ-160T or equiva-
ient).

Kz—S.p.s.t. relay, 115-volt a.c. coil.

Li—100-hy. choke (original taken from BC-733, Stancor
C-2301 usable).

M1, M2—0-100 d.c. milliammeter.

R1—0.5 megohm composition control, auvdio taper.

R2, Ra— 1-megohm composition control, audio taper.

R«— 1-megohm composition control, linear taper.

Rs, Re—3.3 megohms, V2 watt.

R7—0.1 megohm composition control, linear taper.

Rs—4700 ohms, Y2 watt.

Rv—50,000-ohm composition control, linear taper.

Ri10—70,000-0ohm wire-wound control, linear taper.

R11—2500-ohm, 25-watt adjustable.

Ri2—5000-0ohm, 10-watt adjustable.

S1, S2—D.p.d.t. toggle.

S3:—S.p.d.t. toggle.

S4~—S.p.s.t. toggle.

Ti—Line-to-line transformer (Stancor A-4350).

FL,, a band-pass filter with cut-off frecuencies
of 2000 and 3100 c.p.s., can be switched in ahead
of the tone filters by throwing 8,. This filter is
only used under extremely noisy conditions to
provide better rejection of random signals.

The separated tones are applied to two separate
but identical channels starting off with amplifier
stages 114 und Vs, the two sections of a 12AU7.
Then each signal is clipped to a level of about
7 volts in cathode-coupled limiter stages V> and
V3, two 12AX7s. Then come equalizing controls,
R aud R3, which are used to compensate for any

unequal response in the above stages or the re-
ceiver audio section.

After additional amplification in ¥V, another
12AU7, the tones are rectified by voltage-doubling
detectors, ¥ and Vs, two 6ALS5Ss. 'y and
bypass the sudio components. On mark about 80
volts negative is applied to the upper end of bal-
ance control R4, and on space about 80 volts
positive is applied to the lower end of R4. Throw-
ing S, reverses the action for any signals which
use the higher frequency for mark instead of
space.

The arm of R4 connects to a low-pass filter
made up of L,, ('3, ('4 and Cs. This filter cuts off at
about 140 c.p.s. and helps to remove noise and
keying transients. From the filter the signal
passes through isolating resistor Rjs to the grid of
trigger driver ¥7a. This 12AX7 section is di-
rectly coupled to V7p, the trigger stuge. When u
negative mark pulse appears on the grid of 174,
plate current to that stage is cut off, and the plate
voltage rises to the supply value. Since the plate
of V7a is connected to the grid of Vg, the latter

1 Ly Ly ,T---os
33 L4 33
m --—{ (—fYT .

,394
2 . 4

Fig. 2—Schematic of the band-pass filter marked FLi in
Fig. 1. Capacitors are molded paper and should be
within 5 per cent of the values shown.

Lz, La—12.3 mh.; 272 turns No. 24 Formvar on toroidal
form with Y%-inch mean diameter, tapped 68 t.
from bottom end. (May be wound 4-filar; see
text.)

14—10.3 mh.; 248 turns No. 24 Formvar on toroidal form
with Y%-inch mean diameter.

The 902A cr.t. and the centering,
intensity and focusing potentiometers
are all mounted on an aluminum
bracket fastened to the chassis. The
three scope amplifier tubes are
toward the rear of the chassis. The
high-voltage supply for the cr.t. is
in the bottom corner. Band-pass filter
Fli is housed in the cluminum shield
can in the center of the chassis near
the back. In front of FLi are the her-
metically-sealed Gates mark and
space filters, and the tone converter
tubes are grouped between these fil-
ters and the neon sockets on the panel.
The polarized keying relays are near
the upper corner of the chassis along
the panel edge. The two tubes next to
them are the as.fk. oscillator and
amplifier. Main power transformer Ta is
in the right corner, and the 80-puf.
filter capacitor and regulator and
rectifier tubes are lined up in front of it.

December 1960
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Fig. 3—Circuit of the monitoring oscilloscope. Resistances are in ohms; resistors are 2-watt composition except as indi-
cated. Capacitors with polarity marked are electroiytic; others are ceramic except as specified.

Cs—0.05-uf. molded paper.
Cz—About 0.03-uf. mica (to resonate with Lg at 2550
c.p.s.).
Ls—120-mh. TV width control (similar to Miller 6324).
Ls—100 to 500-mh. toroid (to resonate with Cs at 2550
c.p.s. similar to UTC MQA-7).

will conduct and there will be a large voltage drop
across cathode resistors K7 und Rs. Therefore, the
two NE-51 neon lamps will fire through the 6AL5
diode, V3. Ry is a threshold control aund is sct so
that the ncons show u normal orange glow under
these conditions. Positive space pulses cause the
trigger driver plate current to increuse until all
but about 2 volts of the supply voltage appears
across plate load resistor /. The redueed positive
voltage on the grid of V7p decreases its plate cur-
rent and extinguishes the ncons.

Two 6AQ5 keyer tubes, Vo and Vg, are paral-
leled to handle a current of 60 ma. Kg is used to
set the negative grid bias to a value above cutoff
(about 45 volts) when the ncon lamps are not
conducting (space). During mark pulses the
neons fire, and the bias voltage is neutralized:
then the 6AQ5s conduct, operuting polar relay K.
The plate current of the keyer tubes is metered
bv Al and adjusted to 60 ma. with screen-
voltage control Ria.

The mark contacts of Ay arc connceted in
series with a 60-ma. local loop. With Sz in the
AFSE position as shown, this loop consists of
loop current adjustment £y and meter A7, an
external 120-volt d.c. supply, the teletype selector
magnet circuit (connected through Ja) and the
keving coil of Arsk polar relay Ko Relay Aj
i# used to short the mark contacts of Ky during
transmitting periods so that there will be no
possibility of & circuit interruption causing er-
roneous keyving. The mark contacts can ulso be

14

Riz—About 4700 ohms, V2 watt (see text).

R4, R15—0.5-megohm composition control, audio taper.

Ris, Riz7—2.5-megohm composition control, linear taper.

Ris, Rns—O.I)-megohm composition control, linear taper.
c.p.s.).

shorted with OPFRATE-TONE switch Sy.

The converter was designed to be compatible
with an f.s.k. exciter requiring 60 ma. for its
keying circuit, and S3 transfers the 60-ma. loop
current from the a.f.s.k. relay to a pair of termi-
nals provided for the exciter. Bias current of 30
ma. for both polar relays is taken from the 300-
volt plate supply; the current is meuasured with o
meter plugged into /1 und adjusted with £1..

Monitor Scope

Since the converter operates with two sudio
frequencies which must be held within a few
cycles tolerance, it is quite desirable to have
some mecthod of monitoring these frequencies.
About the best method the writer has found is
the ec.r.t. display circuit designed by \WOHZR 2
and modified for use in this converter.

Fig. 3 is a diagram of the monitor. The heart of
the unit is the phase-shift circuit consisting of
I3, C7 and Lg in series. (7 and Lg are resonated at
2550 e.p.s., halfway between the mark and space
frequencies of 2125 and 2975 c.p.s., respectively.
The voltage across Cy and Lg is amplified by
12AN7 scctions Vipa and Viga and applied to
the horizontal deflection plates of the 902A c.r.t.,
I'14. The voltage across Lg is amplified by 28
and Vizs and applied to the vertical deflection
plates.

The trace displayed on Vi3 depends on the
frequency or frequencies fed to £13. At the res-

2 Meyer, * .S, K. Tuning Indicator,” CQ, May, 1956.
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Some parts in this bottom view can be identified by comparison with the top view. The a.f.s.k. oscillator and amplifier
components are in the upper left. The oscillator inductance, L7, is the dark object between gain control R2; on the left and
the line-to-line transformer. Resonating capacitors C7 and Cy are just below L7 in this view. Farther toward the back of
the chassis are shorting relay K3 and the controls for setting keyer-tube screen voltage and grid bias. Filter capacitors
Cu1 and Ci2 and choke Lz are mounted underneath the power transformer. The switch for FL; is just visible to the right of
Ls, and input transformer Ti is mounted between the terminals of Fl: and the mark and space filters. Toward the front
of the chassis is the converter section, where much of the wiring is done to ground and high voltage bus wires running
between tie points. The metal can between the converter tubes and the panel is low-pass filter inductor, L). The extension
shaft to the right connects the SCOPE LEVEL control, Ri, with its panel knob. The monitor scope amplifiers and power sup-
ply are in the lower right-hand corner. From left to right along the rear apron are Jo, the jack for connecting the teletype
printer; a 115-volt accessory socket; bias current jack Ji; bias current adjustment Ri2; and another accessory socket.
Then comes a terminal strip for making connections to the receiver output, the f.s.k. keyer, the 120-volt loop supply, and
modulator of a v.h.f. transmitter for a.f.s.k. Finally, there are male a.c. connectors for the power supply and control
relay, K3 and the power-supply fuse.

onant frequency, 2550 c.p.s., the voltage across Ris and Rys are used to adjust the gains of the
the (';L¢ combination is very small compared horizontal and vertical amplifiers. Since much less
with that across Lg, and the trace is a vertical  gain is required in the vertical channel, the cath-
line. At higher frequencies the horizontal signal
is larger than the vertical one, and both ure in
phase. The resulting trace is u line that slopes
up to the right. The horizontal signal also in-
creases at frequencies below 2550 c.p.s. but is 180
degrees out of phase with the vertical signal. For
these frequencies the trace will be a line sloning
up to the leit. The relative gaing of the horizontal
and vertical amplifiers cun be adjusted so that the
mark and space frequencies produce the arms of a
perfect 10-degree “ X ™ on the c.r.t. face. So ad-
justed and calibrated, the scope will disclose
several things about the incoming signal as shown
in Fig. 4.

Mark and space signals from voltage divider
Ry in Fig. 1 are amplified in V734, one section
of a 12AU7. Follower stage Vs cathode-
couples the tones to scries-tuned circuit ('gls
resonant at about 2200 ec.p.s. This provides

(A) SHIFT CORRECT,

SHIFT CORRECT,
TUNING CORRECT (B) *TiNing ’

TUNING HIGH

(C) SHIFT NARROW (D)

SHIFT WIDE

Fig. 4—Patterns observed on the monitor scope. Hori-
zontal and vertical gain controls should be set so that
mark and space signals of correct frequency and spacing

slight peaking at the mark frequency and com-
pensates for the lower @ of the phase-shift net-
work at 2125 c.p.s.

December 1960

will produce a perfect 90-degree “X" as in (A). (B), (C)
and (D) show the effects of incorrect tuning and frequency
shift.
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Fig. 5—Circuit of the a.f.s.k. oscillator section. Ta feeds the carbon microphone input of a v.h.f. transmitter. Resistances are
in ohms; resistors are Y2-watt composition except as indicated. Capacitors with polarity marked are electrolytic; except
for the 5000-uuf. capacitor which is mica; others are ceramic except as specified below.

Cs, C10—970-uuf. mica trimmer.

Co—About 0.0128-uf. mica (as required to resonate with
Cx-C10-C11-L7 at 2125 c.p.s.).

Ci1—About 0.01-pf. mica {as required to resonate with
Cw-L7 at 2975 c.p.s.).

odes of Vieg and Vizg are left unbypassed as
show.

A conventional voltage-divider circuit is used
to obtain ventering, focusing and intensity po-
tentials for the U02A.

Audio Frequency-Shift Oscillator

A.f.s.k. operation on the v.h.f. bands requires
an audio oscillator for producing the mark and
space tones. Such an oscillator was incorporated
on the converter chassis. The circuit, shown in
Fig. 5, is a slight modification of one used by
W2JTP.3

115, & 12A U7, functions us a cathode-coupled,
diode-keyed oscillator. The diodes, ('R and ('R,
are in turn controlled by polar relay Ko iu the loop
eircuit. On marlk, K3 grounds the lead from Ko,
and on space, this lead is left open. In the latter
eondition there is no d.c. path through C'I; and
(‘Re, and they do not conduct. The diodes then
appear as small capacitors of about 1 puf., and
the frequency of oscillation is determined essen-
tially by the (*19C11L7 parallel combination. (1o
tunes che combination to the space frequency.
When 2 is grounded, rectification of the audio
voltage across ('R; causes u current to tlow
through CRy, C'Ry and Rso. The resistance of
('R drops to a low value, and Cg and (g are effec-
tively paralleled with €'19C11Ly. Trimmer (‘g
adjusts this new combination to resonance at the
mark frequency.

Oscillator output is coupled through gain con-
trol I2y; to the prid of amplifier stage 115, one

% Kretzman, “ W2JTP A.F.S.K. Oscillator,” The Radio
Amateur's RTTY Handbouvk, 1957, This circuit originated
with Bernstein, who used it for r.f. keying; see “ Some Notes
on Irequency-shifting Crystal Oscillators,” @87, July,
1953.
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CRy, CR2— 1N34 or equivalent.

L7—100_300-mh. (250 mh, toroid similar to UTC MQE-9
used in original).

R20— 150 ohms, V2 watt.

R21— 1-megohm composition control, audio taper.

T:—Tube-to-line transformer (Stancor A-3250).

section of a 12AU7. 7' matches the output of this
amplifier to a 500-ohm line which cun be connected
directly to most earbon microphone input cir-
cuits.

Power Supply

The built-in power supply, diagrammed in Fig.
6, provides all necessary voltages for the con-
verter, scope and a.f.s.k. oscillator. 73 supplies
150 volts regulated for the oscillator and $00
volts regulated for the remaining stages through
full-wave rectifier 117, a capacitor-input filter
and regulators V13 and Vye. A half-wave rectifier,
§"an, connected to one end of the seceondary of T's,
is used to get 125 volts of negative bias for the
keyer tubes.

T's and half-wave rectifier 1’5, supply 600 volts
for the c.r.t. The 8.3-volt winding on 74 takes
care of the U02A heater, which must be un-
grounded because of the high negative voltage
on the cathode.

Accessory sockets /4 and Js can be used for
auxiliary cquipment and are¢ controlled by power
switch Ss.

Construction Notes

The converter and its associated circuits are
built on a 17 X 13 X 3-inch chassis with » 19
X 10Y4-inch panel for standard rack mounting.
The locations of most components can be discov-
ered from the photographs and their captions.
Since only audio frequencies are involved, layout
is not critical.

Toroids I and L3 are tapped 4 of the way
from one end, so it may be casier to wind these
coils 4-filar. To do this, start with four wires and
wind them together around the core. Each wire
then becomes 14 of the coil if properly connected
to the others. Take one of the wire ends thut went

QST for
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Fig. 6—Power-supply section. Resistances in ohms; resistors are wire-wound; capacitors are electrolytic except as specified

Cig, C13—8-uf. 700-volt electrolytic (Aerovox 07B110).

Cia—2-uf. 600-volt bathtub (Aerovox P30ZN).

F1—Fuse (rating determined by accessory load).

h—6.3-volt pilot lamp.

Ja—115-volt male connector, chassis mounting (Amphenol
61-M).

Js, Js—115-volt female connector, chassis mounting
(Amphenol 61-F).

on the core first as the bottom end of the coil.
Clonnect the other end of that wire to the starting
end of u sccond wire; this is the tup point. Now
ronnect the other end of the second wire to the
starting end of a third wire und the other end of
the third wire to the starting end of the fourth
wire. The other end of the fourth wire will be the
top of the coil.

1t is recorumended that an audio generator and
oscilloscope be used to get the tuned circuits of
the monitor scope and a.f.s.k. oscillator properly

Ls—Filter choke, 8.5 henries at 200 ma. (Stancor C-1721)

Raa—2000-ohm, 20-watt adjustable.

Ss—S.p.s.t. toggle.

Ta—Power transformer, 800 volts c.t.; 200 ma.; 5 volts, 3
amp.; 6.3 volts, 5 amp. (Stancor PC-8412 sug-
gested).

T«—Power transformer, 470 volts c.t., 40 ma.; 5 volts, 2
amp.; 6.3 volts, 2 amp. (Stancor PC-8401).

adjusted. The oscilloscope should also be used to
check pulse shaping in the tone converter.

The value of I3 determines the hand-pass
chracteristics of the (7Lg resonant circuit in
the monitor. if the trace obtained at 2550 c.p.s. is
much larger than those at the mark and spuace
frequencies, then the value of R;3 is too small.

The toroid or coil used for /.7 in the a.f.s.k.
oscillator should not have too high a @ or the
frequency shift during shorter pulses will be
incomplete. [gs7—]

e Strays "%

Two reports of stolen equipment this month.

Sometime during the evening of October 7
K1MOQ'’s car was broken into and his Collins
KWM-2 and its mobile mount were stolen. The
power supply, however, was not touched. The
KWM-2 was Serial No. 484, and on its eabinet
was a plaque with the call letters KIMOQ/W8-
IWK. KIMOQ is offering a $100 reward for in-
formation leading to the recovery of this rig. If
you can help, contact police lieutenant Rourke,
Brookline, Mass.

While WA2CJL was attending the Syracuse
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VHF Roundup, somcone broke into his car and
stole. his -meter Communicator III, Model No.
3136, Serial No. B. 2256. A reward of $50 is
offered for information leading to the recovery
of this unit. Contact either WA2CJL or the
Rochester Amateur Radio Association, Box 1388,
Rochester, N. Y.

KElsewhere in this issue we report on a QSO
from ground to ferris wheel. Well, now it seems
that K4TRY, K4YEI and K4VIU did it too.
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A Cathode-Ray Transmitter Monitor
Tncorpornating the Moot Heeded Features for sfmatewn Openation

BY R. WADE CAYWOOD,* W1KRD

HE cathode-ray monitor to be described will

display cither the r.f. envelope or the trape-

zoidal monitoring pattern of single-sideband
or amplitude-modulated transmitters. It will
show lincarity or nonlincarity in Class B r.f.
amplifiers, parasitic oscillation, neutralization,
and r.f. output. The cathode ray beam responds
instantly and provides information that moving
coil meters can never provide. In addition, it
gives a continuous complete picture of the over-
all performance of the transmitter -— and we can
all understand pictures.

The monitor shown here was designed to rem-
edy the annoyances and shortcomings of oscil-
loscope lash-ups, which have had a habit of
growing like Topsy: external tuned circuits hung
on the input terminals, the wrong sweep, uncom-
pensated phase shift, no blanking so that the tube
hecame burned or — even worse — the intensity
turned down so that the scope does not fulfill its

* Cthief Engineer, James Millen Mfg. Co., Inc., 150 Ex-
change St., Malden 48, Mass.

The circuit that is the subject of this
article was designed solely for the
purpose of checking and monitoring
amateur transmitters. It incorporates
a number of features — such as tuned
ham-band r.f. input, send-receive
blanking, and audio phase correction
~— that are not found in scopes built
for general measurement work.

function of monitoring, and so on. Neverthelcss,
Fig. 1 shows that the circuit is relatively simple
and straightforward.

The heart of the monitor is the 2BP1 two-inch
cathode-ray tube. Experiment with one-inch
tubes, two-inch round and rectangular tubes, and
three-inch round and rectangular tubes showed
the two-inch round tube to be the best choice for
the job. The two-inch round tube provided an
eutirely adequate display of envelope, trapezoid,

This is a manufactured version of the circuit, and although its mechanical construction could not be duplicated with ordinary
home-workshop facilities, it illustrates some features that are desirable in any scope layout. One is the magnetic shield,
which in this case is a type (such as the Millen 80042) that serves as a support for the cathode-ray tube and includes a
base clamp for secure positioning. A molded bezel supports the face of the tube and dresses up the panel. Another fea-
ture is the mounting of the intensity control, which is at high voltage with respect to the chassis; it is on an insulated exten-
sion coupling (Millen 39023) as shown in the near comer of the panel. The principal constructional point is that a really
effective magnetic shield should be used so that magnetic fields from the power transformer will not influence the beam.
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and bow-tie patterns. The one-inch display
scemed inadequate. The rectangular tubes were
fine for cnvelope display but the vertical height
proved inadequate for trapezoidal and bow-tie
monitoring. The three-inch round tube provided
good display but was no longer compact.

Two-inch tubes are fairly inscnsitive, particu-
larly when the accelerating voltage is high enough
to give a bright, sharp trace. However, in this
monitor lack of sensitivity proved to be no prob-
lem. In fact, with the link-coupled tuned circuits
foeding the deflection plates, the monitor is so
sensitive that a grid-dip meter coupled to the
pickup loop provides usable vertical deflection.
The horizontal deflection voltage for the envelope
display is casily provided by the 115-volt GO-
cycle power source.

Power Supply

The over-all power-supply voltage is slightly
over 1000 volts d.c., but since the maximum
current drain is only 114 ma. the power trans-
former can be quite small. The most economical
way to get this voltage is to use a replaccment-
type power transformer rated at 700 to 750 volts
total secondury voltage. Such u transformer will
have the 6.3-volt winding for the 2BP1 heater
and will also have a 5-volt winding that can be
used for the rectifier, which may be a 2X2A,
5R4GY, or other tube having sufficicut voltage
rating (some tubes may require dropping the
heater voltage to the rated value). Selenium
rectifiers may be used instead of a tube, six of
the ordinary 130-volt type being required in
series to stand a.c. voltages of this order. How-
ever, the smallest current rating available can
be used, so the cost does not greatly exceed that
of a tube rectifier.

An K-C' filter is used to smooth the half-wave
rectified d.c. so that the remaining peak-to-pcak
ripple is only about 0.35 per cent. /214 is used to
limit the charging current of (‘7 and thus protect
the rectifiers. The filter capacitors are rated at
1500 volts d.c. working because the pealk voltage
is quite substantial.

All d.c. voltages are taken from the series
divider made up of Ry, Rs, Rz, Ry, Rs, R, 1211 and
Rye. This divider is directly across the output
of the filter system. A high-resistance blecder,
Rigl17, is also used, for reusous of satety. The
bleeder uses two resistors so that the voltage
across any one resistor will not be excessive.

A separate 6.3-volt filament transformer is
used to operate the beam blanking relay and pilot
light, because the 6.3-volt winding that supplies
the 2BP1 heater is several hundred volts above
chassis. The separate transformer avoids the
possibility of voltage breakdown in the relay.

Balanced deflection and balanced centering
are not required for the 2BP1 tube. This greatly
simplifies the circuit and construction. If tubes
other than the 2BP1 are used, it is quite likely
that keystone distortion (greater deflection sen-
sitivity at one side of the tube than at the other)
will result.

The intensity control is at a very high negative
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potential with respect to the chassis and must he
insulated from it. Although the current available
may not be enough to cause death, contact with
the high voltage can be very painful. Use caution!

Vertical Deflection Circuit

Low-voltage r.f. can be picked up by means of
a small single-turn coil loosely coupled to the
transmitter output circuit, the antenna matching
vircuit or any other convenient point. If a mul-
tiple outlet box is used in the feed line, one outlet
jack can have a small loop across it. The pickup
loop can be connected through a convenient
length of small coaxial cable to the terminals
marked ‘““r.f. input.”” One wafer of S;, the hand
switch, selects the link coil coupled to the desired
tuned circuit, and the other two wafers of S;
select, the coil to be placed in the tuned circuit.

The relatively high r.f. voltage developed
across the tuned circuit is coupled to the ec.r.
tube vertical deflection plates through a blocking
capacitor, ("4, s0 the coil will not short-circuit
the d.c. centering voltage. Rg and Cs make up a
filter network to prevent the r.f. from going back
to the centering-voltage supply.

Horizontal Deflection Circuit

For trapezoidul or how-tie display, audio
voltage from the output of the transmitter
modulator must be supplicd to the audio input
terminals. ("10Ry13Ry9 i8 a phase-shift network for
precise audio phase correction. The phase-
corrected audio is applied to the *“width’’ control,
Ry3, through So. The output of the width control
voes to the horizontal deflecction plates through
("s. An audio tilter network, C'3/2;0, prevents the
audio from getting to the centering supply.

For ecnvelope display the horizontal sweep
voltage, applied to the width control through
Sy, is a 60-cycle sine wave taken from the 115-
volt line.

Blanking

The blanking bias is developed across Ria.
When the relay is elosed, Ryq is shorted out and
the normal bias developed ucross #;; and I?)
fixes the trace intensity. The relay may he
operated either by the transmitter send-receive
relay or by the “beam’ switch, S;. When the
beam switch is on, the relay is closed and the
transmitter switch can no longer control. A cable
should be run from the blanking terminals to an
extra set of contacts on the transmit/receive
relay. This method of blanking is positive and
requires no careful adjustment of anything. It
would be casy to rectify a little of the r.t. voltage
to provide the blanking but this requires careful
adjustment of the r.f. level. The relay was quite
incxpensive and scemed a good investment in
reliability.

Installation

Three cables connect the monitor to the trans-
mitter. The one which conncets to the r.f. input
terminals should be & small-diameter coaxial
cuble with a single-turn loop coupled to the
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r.f. amplifier. Some modulators have a built-in

divider to supply audio to a monitor. It is impor-

ay already described.

The cable which feeds audio into the monitor
should be connected to the audio outpuni of the

transmitter r.f. output,

tant to connect to the output of the audio system
rather than to some other point in the modulator.

m a filter rig

f the phase-shift

If the audio level at the pickup point in the
5.8.b. transmitter is too low to provide adequate

display width, it will be necessary to use addi-

On a single-sideband rig o
type, the audio should be picked up at the input

to the audio phase-shift network. (
the audio should be picked up at the input to the

bulanced modulator.

L Sec chapters on radiotelephony and speech equipment,

The Itadio Amateur's Handbook.
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transmitter. On an a.m. rig it may be nccessary
to install a high-resistance voltage divider across
the sccondary of the modulation transformer.!
The coupling capacitor should have a high enough
d.c. rating to withstand the peak voltuge on the

secondary of the modulation transformer — this
is ubout twice the plate-voltage supply to the final
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400V.
) ————o
500K
GAIN ==
INPUT 3.3 ouTPUT
MEG. ¥ 8
+
35V, ;57—\,T_ %3900
o— ,.]_, -0

Fig. 2—Audio preamplifier for use with low-level modu-
fators. Unless otherwise indicated, resistances are in
ohms, fixed resistors are Y2-watt composition; capaci-
tances are in uf.; capacitors with polarities marked are
electrolytic, others are paper. Power requirements are
2.6 ma. at 315 volts d.c. and 0.3 amp. at 6.3 volts a.c.

Ri—Carbon control, audio taper.

tional amplification. Fig. 2 shows a circuit which
can provide full horizontal deflection without
distortion with an input of 0.6 volt r.m.s. It is
essential that there be an input gain control, Ry,
in the amplifier, to avoid overdriving the grid of
the first triode scction. This amplifier reyuires
only 2.6 ma. at 315 volts d.c. and heater voltage
of 6.3 volts a.c. at 0.3 amp. It can be tucked into
the transmitter or into 4 corner of the monitor os-
cilloscope. In most applications it will be possible
to take the required power from the transmitter.

If only envelope display is required, no con-
nection need be made to the audio terminals on
the monitor. For monitoring purposes, the en-
velope display is adequate, but the trapezoidal
and bow-tie displays divulge more information

The coils for the tuned
circuits are mounted in
a circle around the

about linearity.

The cable to the blanking terminals should
connect to a pair of contacts on the send,/receive
switch {or relay) or the VOX relay. The contacts
should close when the transmitter is on.

Checking and Trouble Shooting

The monitor is relatively simple and probably
will work properly immediately on completion.
In a circuit which contains six potentiometers,
it is often possible to have one or more wired so
that it functions backward, but this is easily
remedied. The d.c. supply voltage may be checked
with a d.c. v.t.v.m. Since the voltage will exceed
1000 volts, it may be necessary to connect a
resistor (10 megohms, 14 watt, will do) in series
to put the reading on scale; it is then necessary
to determine the multiplying factor by measuring
a voltage which is between 500 and 1000 volts,
first without the multiplier and then with i6.
If the power-supply voltage is significantly under
1000 volts, the wiring should be checked. Do not
attempt to measure the voltage with a low-
resistance voltmeter as it will draw enough cur-
rent to cause considerable voltage drop in fys.

With the transmitter off but with Ss closed
and 8, at “trapezoid,”’ a small bright spot should
appear on the face of the cathode-ray tube when
Ky is turned clockwise. Adjust R so the spot is
not too bright and then adjust 223 for the smallest
(sharpest focus) spot. If no spot appears, set 2y
full clockwise and set 3, K7 and Kg at about
half scale. If all is well, a spot will appear, but if
not, check the voltage between chassis and either
end of I2g. It should be possible to sct this voltage
to zero by adjustment of 7. If there is still no
spot, check the voltage between chassis and cither

band switch. Input links
connect to the r.f. termi-
nals on the rear of the
chassis through a length
of coax. The leads
from the tuned-circuit
coils to the deflection
plates should be kept
reasonably short.

An interesting space-
saving feature here is
the use of a switch with
concentric shafts, the
inner one being used to
operate the tuning
capacitor.
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end of Ry¢; it should be possible to set this voltage
to zero by adjustment of Rg. If there is still no
spot, check to be certain that Riz is shorted out
by the relay. Once a focused spot is on the face
of the tube, it should be possible to blank it out
by turning R; counterclockwise.

Next, set Sy to *“‘envelope.” The spot should
become a line. It may be necessary to advance
Ry slightly clockwise. If no line, set R13 to about
hulf scale and try reversing the polarity of the
power cord. If there is still no line, check the
wir'mg of (,'9, Sg, Rla and 6’5.

With a line on the face of the tube it should
he possible to control its length by Ri3 and its
sharpness by Kj3.

If the line is not horizontal, note approximately
how much rotation of the tube is required to make
it so, shut off the monitor and rotate the tube;
then turn the monitor on and get exactly the
right position, being very careful to touch only
the wocket and not the wiring. Shut off the
monitor again and sccure the tube without allow-
ing it to rotate. Proper ulignment of the trace
will result when the tube locating pin is at about
11 o’clock. viewed from the front.

("lockwise rotation of Rg should move the line
to the right and clockwise rotation of 27 should
move it up. If both directions are backward, the
tube is upside down. If only one direction is
wrong, check the wiring of the centering control
and the deflection plates.

Operation

With S2 on “cnvelope,” set the monitor band
switch, S1, to the desired band and turn on the
transmitter. With an unmodulated u#.m. trans-
mitter or an s.8.b. transmitter with single-tone
modulation, adjustment of (‘g, the monitor tun-
ing capacitor, should produce a smooth rec-
tangular raster whose height can be contrclled
by the tuning knob. With no modulation on an
s.8.b. transmitter only a horizontal line should
appear if the carrier suppression is adequate.
If the height of the raster cannot he controlled
satisfactorily, it may be necessury to adjust the
position of the pickup loop at the transmitter.
If the raster appears at one end of the capacitor
range, the circuit is not tuning properly: note the
position of the capacitor rotor and make the re-
quired alteration in the coil. 1f no raster appears,
check the cable, pickup loop, and the wiring of
S1 and the coil in use.

After a satisfactory raster is on the tube face,
apply a test tone to the a.m. transmitter. Since
the horizontal sweep on the monitor is 60 cycles,
the frequency of the test tone must be very close
to some harmonic of 60 cycles to give a recogniz-
ahle envelope pattern. At 100 per cent modula~
tion the down peaks thin just to points. If these
points become lines, the transmitter is over-
modulated and splatter is resulting. Adjust the
tuning countrol for convenient height of the peaks,
and mark the height when there is 100 per cent
sine-wave modulation. Regurdless of meter in-
dications, this point represents 100 per cent up-
ward modulation.
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In the case of an s.s.b. transmitter, a two-tone
test signal must be used. Adjust the transmitter
audio level so that there is no Hattening at the
peaks.

The tuning control on the monitor need not
be adjusted for maximum height; it is necessary
only that the height be sufficient for convenient
viewing.

\Vith S, in the “trapezoid” position, single-
tone modulation on an a.m. transmitter should
cause a trapezoid to appear on the monitor tube.
If not, check the wiring of S» and the audio
connections at the transmitter, When the trape-
zoid becomes a triangle, 100 per cent modulation
is indicated. Overmodulation will put a horizontal
spike at the point of the triangle. 1f the top and
bottom of the trapezoid are elliptical instead of
straight lines, adjust the phase control, Ris, so
that a single sharply-focused trapezoid is dis-
played. If it is not possible to set the phase con-
trol properly or if it does not function at all,
check the wiring of Cyp and IR1s. If Ri3 cannot
adjust the trapezoid width properly, adjust the
voltage divider at the modulator.

After completing the performance check, turn
the beaum switch to ““off” so the scope pattern
will appear only when the transmitter is on.

Applications

Since the monitor is quite sensitive, it may be
used as a ncutralization indicator. Use the en-
velope display. Remove the plate and screen
voltage from the stage to be necutralized, and
couple the monitor pickup loop fairly tightly
to the plate circuit of the stage to be ncutralized.
Apply excitation and tune both the plate circuit
of the transmitter and the monitor for maximum
raster height. Adjust the neutralization control
for minimum raster while keeping the plate cir-
cuit tuned for maximum raster. This method of
neutralization indication is considerably more
sensitive and simpler than using meters.

The linearity of a modulated r.f. stage is best
studied by the trapezcidal display. At 100 per
cent modulation. the sides of the triangle should
be straight lines. Leveling off at the top indicates
flattening of the peuks. In a.m. this is usually an
indication of insufficient r.f. excitation or of
insufficient modulator power. In the vase of an
s.s.b. linear amplifier, such Hattening indicates
either ovcrexcitation or poor driver regulation.
The fat-topped envelope corresponds to this
Hattened triangle display.

With an s.s.b. lincar amplifier, a two-tone
test signal should result in a straight-sided
symmetrical display with no discontinuity at the
point of crossover. This is truc whether the en-
velope or double trapezoid display is used. Ex-
cessive bias will result in a narrow envelope with
discontinuitics at crossover, Too much drive
or incorrect loading will cause a fat rounded
envelope.

Parasitic oscillations usually cause drastie
discontinuitics in the smooth patterns which
should result from sine-wave modulation. Al-

(Continued on page 190)
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Substituting Transmission Line Sections for

Lumped-Constant Traps

BY WILLIAM J. LATTIN,* W4JRW

Multiband Antennas Using Decoupling Stubs

more than one band, several methods have
been devised to use a single antenna on sev-
eral bands. The earliest arrangements employed
various combinations of feeder lengths, antenna
lengths, and series or parallel tuning of the cou-
pling circuit. Later on, the use of parallel-tuned
“traps’ with lumped constants which act as
insulators at u particular frequency was invented.!
A practical arrangement of this system for ama-
teur use was developed 2 and is in rather wide use.
1t is well known that the parallel-tuned circuit
and quarter-wavelength shorted stub of Fig. 1
are very similar electrically. Both configurations
show a high impedance across points A and B.
However, if a stub is connected to an antenna
in this manner it does not act as an insulator
but rather as a phase changer. The collinear
antenna uses such stubs to operate a series of half-
wave sections in phase.

There is a different connection possible for the
stub, that is from A to C, which will result in
insulator action or decoupling in an antenna.?
For instance, shorted stubs a quarter wavelength
long at 28 Me. can be attached to the ends of a
28-Me. dipole as in Fig. 2. The 28-Mec. dipole
is effectively isolated or decoupled from the bal-
ance of the antenna which can be made long
enough to resonate at 14, 7 or 3.5 Me. If another

SIN(‘E amateurs usually desire to operate on

* Box 44, Owensboro, Kentueky.

i Morgan, *“ A Multifrequency Tuned Antenna System,””
Llectronics, August, 1940,

? Buchanan, " The Multimatch Antenna System,” QST
March, 1955.

8 Lattin, Patent No. 2,535,298,

: 2 A O
B o—~————-—-——3 ¢
B O__-ET-; "‘“—“ ;\/3-_”

Fig. 1—A parallel-tuned circuit has a high impedance
at its resonant frequency, and so does a Y4-wavelength
shorted transmission line,

INSULATOR CLAMPS

Since W4JRW obtained «a patent on this
multi-frequency antenna system nearly ten
years ago we can’t call it “new,” but at least
it shonld be welcome news to those seeking a
simple way to get good radiation on several
bands. Shorted Vjy-wavelength stubs provide
r.f. insulation and also serve as part of the
antenna.

pair of stubs is added for 14 Mec., there will be
isolation at both 28 and 14 Me., and a 10-20-40-
meter or 10~-20-80-meter antenna can be made.

The stubs can be made of open-wire line, Twin-
Lead, or coax. Their lengths can be found from
the tormula

246 X Velocity Factor
Frequency (Me.)

Length (feet) =

The over-all length of an antenna containing
decoupling stubs will be somewhat less than the
figure given hy the usual formula for a half-wave-
length  dipole — Length  (feet) = 468/Frequency
(Me.). For instance, au antenna tor 10 and 20
meters must be 29 feet, 10 inches long for reso-
nance at the lower frequency, whereas the formula
gives a length of 33 feet.

If open line with a velocity factor of nearly
unity is used for the stubs, the over-all length
of a two-band antenna would be nearly a full

|28Me. DIPOLE |
L 1
F“\’;ﬁ' 1

- 28-MC STUBS —

Fig. 2—A two-band antenna for 28 Mc. and some lower

frequency. The center portion is an ordinary 10-meter

dipole. The shorted stubs are Y% wavelength long at 28

Mec. and look like an open circuit at that frequency when

connected to the dipole as shown. Extensions on the ends of

the stubs can be used to resonate the antenna at any fre-
quency less than half of 28 Mc.

PAINT JOINT WITH

-~"MADE OF ¥4~INCH BAKELITE ~.._

CORONA \DOPE AND TAPE

@ = P ° P °

°. B o = EE T AN T 138 3 o

3, ' PP : I
WIRES ONE WIRE CUT AND ' , | o |

SOLDERED SOLDERED TO OTHER t‘v 8 I o-11 —i

TOGETHER CONDUCTOR !

Fig. 3—Construction and dimensions of an antenna for 10 and 20 meters using 300-ohm tubular Twin-Lead for both
the dipole and stubs. Either a 50- or 75-ohm transmission line can be connected at the center of the dipole,
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(A) For 10,20.40 METERS

Fig. 4—Dimensions of stub-decoupled an-
tennas for 10, 20 and 40 meters and 10, 20,

— t &2 11 40 and 80 meters made of tubular Twin-Lead.
. s . Either antenna can also be used on 15 meters
(B) FOR 10,20,40,80 METERS }‘—e'-.-e-n 13-10" e 27-5—---{ where the 40-meter section is

[ 1 T3¢ —1

] 34 wavelength long.

free-space wavelength at the higher frequency
and the whole antenna would resonate at some-
thing less than half that frequency. Very fortu-
nately, the velocity factor of 300-ohm tubular
Twin-Lead (0.8) gives such lengths for the stubs
that, in most cases, adding the stub makes the
antenna resonate at just half the original fre-
quency.

Fig. 3 shows how tubular Twin-Lead can be
used for the antenna itself as well as the stubs
and includes dimensions for 10- and 20-meter op-
eration. The foam-filled type of Twin-Lead is
recommended to keep out moisture. Lengths for
three- and four-band antennas using the same
construction are given in Fig. 4. Fig. 5indicates the
standing-wave ratiosobserved across various bands
when these antennas were fed with 50-ohm coax.

The antenna of Fig. 6 can be used when only
40- aud 80-meter opcration is desired. Since the
40-meter portion is not made up of stubs it must
he longer than the antenna of Fig. 4A. However,
the isolating stubs must still be {4 wavelength
long (allowing for velocity factor), and the whole
antenna would resonate at a frequency below
3.5 Me. if the stubs were simply added to the ends
of the 7-Mec. dipole. To get around this, the
dipole is shortened until the whole antenna tunes
to 80 mecters. Then resonance at 40 meters is
restored by adding extra lengths of wire at the
stub junctions. These wires arc short and can just
hang down from the antenna as shown.

Any of the antennas which will operate on
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Fig. 5—From top to bottom, s.w.r. characteristics of the
antennas shown in Figs. 3, 4A and 4B. A 50-ohm coaxial

transmission line was used, and the measurements were
made with a Micromatch.
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40 meters can be used on 15 meters as the 40-
meter stubs will be approximately %{ wave-
length long and will provide decoupling. The re-
sult is equivalent to operating a 7-Me. dipole at
three times its resonant frequency, and we have
found the s.w.r. is usually not lower than 3 to 6
when using 40-meter sntennas of any type on
15 meterq

iy Theoretically, 2 center-fed antenna workmg on xts
third harmonic shouldn’t be more than ubout 50 per cent
higher in resistance than on the fundamental. One would
expect an s.w.r. on the order of 2 to 1 rather than such high

figures. — Ed.
s 3.5-MC. DIPOLE——m— .
o 28 efearist
L ‘ $ 4 ]
== 7~MC. DIPOLE ~. _Lz‘-e" s
\——-—<w7 MC. STUBS -~/

Fig. 6—A stub-decoupled antenna for 40 and 80 meters.
In this case wires must be hung from the ends of the 40-
meter dipole to resonate the antenna in that band.
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Fig. 7—Dimensions and suggested construction for coaxial,
ground-plane and tubing dipole antennas for 10 and 20
meters. The arrangement in A might be mounted with
standoff insulators attached to the 1Y%-inch sections near
the center of the antenna. The dipole in C could be closed
at the center and fed with a gamma or "T"-matching sys-
tem. Similarly-constructed parasitic elements could be
added to make a multiband beam.
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The power ratiag of the antenna will depend on
the insulation at the stub junctions. These junc-
tions can be painted with corona dope and cov-
ercd with vinyl tape. It has been our experience
over several years that the insulation will not
break down with a kilowatt-input transmitter,
100 per cent modulated, except when wet or very
damp. In this case, the input should be reduced
to perhaps 500 watts unless special precautions
have been taken to seal up the junctions at the
open ends of the stub. Of course, on the lowest
band for which the antenna is designed the stubs
do not have voltage across them and will not be

subject to breakdown or flashover. The high volt-
age across the open end of a stub occurs only at
the resonant frequency of that stub.

Fig. 7 shows the construction of several 10-
and 20-meter antennas which have been built and
the dimensions required for resonance in these
bands. The spacing between the rods forming the
shorted stubs is not critical -—-- the same lengths
were ohtained with 1-inch instead of la-inch
spacing. Insulators should be made of low-loss
material. Reflectors and directors for a multi-
band beam could be made up the same way.

RsT—]

My Salvation!

BY BERNARD J. COVNER,* K1IOX, ex-W8AWD, ex-WS8IDI

YETTING back into hamdom after an 18-year

¥ absence presented un unanticipated prohlem
of major proportions — where to locate the rig?
The notion of a clean, dry basement retreat was
nipped in the bud by two children who com-
plained they had lost their father, and an XYL
who was allergic to microphone chit-chat that
permeated the bedroom floor (directly above the
rig) in the wee small hours.

BEvery possible location (4 la W9BRD’s recent
scholarly discourse) was tried out mentally, only
to be rejected for failure to satisfy one criterion
or other. Sympathetic to the problem, and not

*75 Barrett Ave., Stamford, Conn.

December 1960

wanting to limit the progress of ham radio, the
XYL granted temporary use of the dining room,
pending solution of this knotty problem. This
deal was warm, dry, paved with wall-to-wall car-
peting, accessible, sociable, and —in contrast
with my boyhood experiences in the early *30s —
an unheard-of luxury!

The move patched up relations rapidly, but
then reality began to “close in.” With a group
of 10 for dinner there is a limit to the containment
capacity of even the best-made girdles. And who
likes the rig turned on inadvertently (and
illegally) by milady’s posterior as she takes her
place at the table. Further, despite the current
craze in ‘‘science,” some guests were so uncul-
tured as to consider a ham rig “not pretty.”

What to do? Trade in the bulky equipment for
a tiny transceiver of equal power? Too expensive!
Built-in customized cabinet? Too much money,
and would it look right even then?

Just prior to giving up, the solution shown in
the photo was conceived. An internal portable!
No company, king in the dining room. Guests for
dinner, disconnect coax and a.c. plugs and in 4
minutes the complete rig is safely hidden in the
den (without blocking the childrens’ view of TV).

Any ham who has set foot inside a factory will
recognize “my salvation’ as an ordinary portable
tool stand stocked by mill supply houses. This
one comes knocked down, has three 24" X 36"
tray-type shelves, legs punched for adjustable
shelf heights, and 5” rubber caster wheels. Sells
for about $30. Keys, beam indicator, and speaker
rest on a simple wooden platform whose top
surface is at a comfortable operating height for
e.w. The bottom shelf is large enough to house
certain lincars, and presently serves as a con-
venient and socially acceptable catch-all. How
many hams can get away with having tools,
soldering iron, instruction books, odd bits of
wire, and so on, in the dining room?
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There are nearly as many different
attitudes toward what constitutes the
“‘best’’ electronic keyer as there are
c.w. men. Here's W4DFR’s version
with one-knob speed control, no re-
lays and a built-in sidetone monitor.

000000000
e 00000000

A Synched-Multivibrator Electronic Key

Combined Key, Keyer and

Monitor with No Relays

7

o

BY DR. ROY R. CAMPBELL,* W4DFR

there has been considerable circuit develop-

ment aimed at a hand sending device that
would imitate the perfection of punched tape
eode. Such keys tend to make for pleasant re-
ceiving, but they can also place a strain on the
sending operator, particularly if he is called upon
to-send at vurious spceds. While the keyer de-
scribed here is not offered as a machine for perfect
sending, we do think it is an economical step in
the right direction for better and easier sending.

Even a Novice can learn to send with this key
and do it better than with a straight key because
the uniform characters are more readable. Yet
the manual control is flexible enough so that it
need not make a robot out of the operator and
wipe out every trace of style. Sometimes in
“pushing’’ a key, one will hit the dot post a split
second too soon after a dash. At high speeds with
a self-completing type key the dot may never be
formed and the letter will be wrecked. With this
kev the dot will be made and the character will
be readable even if the space is a bit short.

A few words about code: Code characters and
words can be broken down into basic timing
olements called bauds. A dot tone and the space
following it are each considered as one band. A
dash tone is three bauds and its following space
one baud. Thus in a string of dots and dashes
the tones are in a 1 to 3 ratio but the total time
for dots is half the time for dashes since the space
is one baud in each case. Now the old-timer who

SINCE the very beginning of the electronic key

T P.O.'iBoxmlﬁS, Lenoir City, Tenn.

is used to rcading most anything and sends on a
“bug” rarely notices differences in these ratios
from one speed to another. In fact, most of us
will set the weights on the dot lever at about 2
w.p.m. and attempt to send slowly by making
rather long dashes and to send fast by making
short dashes. It is not uncommon to hear code
speed extended from 12 to 30 w.p.m. without any
adjustment of the key mechanics. Sometimes an
operator will attempt to QRS by making side-
swiping motions on the dash post, and it is very
difficult to send well by this method. The only
sure cure for these bad habits is to have a system
which simultancously expands and contracts the
dots, dashes und spaces. With this keyer, only
one knob is ever used to adjust for different rates
of sending, and this control works from about
8 w.p.m. until one’s reflexes fail to register.

The clacking of relays operating at their best
i# bothersome, and later in their life they tend to
stick and be generally unreliable. ‘This keyer is
absolutely silent in operation, since it has no
relays to clack or adjust. 1t also features a side-
tone keying monitor that operates independently
but simultancously with the transmitter keyed
circuit. The keyer will operate in adapted cathode
keying circuits up to the current limitation of the
keyer tube, and it will also work with transmitters
that use grid block keying. All parts are standard,
and the cost should not exceed $30.00 if every-
thing must be purchased new.

Those who have tried multivibrator key eir-
cuits in the past have expericnced erratic opera-

A homemade keying lever is built into
the front of WA4DFR's multivibrator-
type key. The speed control on the
side expands and contracts the engths
of dots, dashes and spaces simultane-
ously. The toggle switch adapts the
unit to cathode or grid block keying
circuits. Left to right along the back of
the chassis are 12AU7s V) and V2 used
for the multivibrator and audio oscilla-
tor stages, the 12AX7 sidetone keyer
and amplifier, and the 6CL6 keyer
tube. The black can is the audio trans-
former used in the oscillator, and oppo-
site it is the 10-uf. filter capacitor. The
shafts between them belong to the
tone control and the keyer bias adjust-
ment. The sidetone gain control is to
the left of the keying lever, and the
dash-space and dot-dash ratio controls
are on the right.
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tion. A frce-running multivibrator is very much
like a beagle hound — it will take off and follow
any tramp who whistles. In short, it will react to
very weak ulternating voltages from remote
sources. fHowever, this also has its advantages, for
a multivibrator will synchronize with an a.c.
voltage of Jesirable frequency and sufficient
amplitude introduced at the proper place. In this
keyer a gencrated audio voltage is introduced
into the timing circuit. The amplitude of this
synchronizing voltage is made just high enough
to trigger the multivibrator circuit at regular
intervals, and these intervals arc controlled by
adjusting the speed control. The sume method is
used to synchronize the sweep of an oscilloscope
so waveforms can be viewed. In the time base of
a scope, the reverse phase is made as short as
possible and often blanked out (return trace), but
in the keyer this is not the case. The reverse phase

MULTIVIBRATOR

has a specific time that is cqual to the desired
space time between the dots and dashes. Another
portion of the timing ecircuit operating in the
opposite phase can be used to make the tonc time
of either a dot or a dash. Once the relative lengths
of these times are set up, the actual lengths can
be expanded or contracted without chunging the
ratios. Adequate control voltage is supplied to the
timing circuits so they will not be subject to
extraneous influences like hum or r.f. pickup.

Circuitry .

As shown in the schematic diagram of Fig. 1,
two triode scctions of two 12AU7As, V1 and Vea,
are used for the multivibrator. While the keying
lever is in its neutral position, the cathode lead of
¥71 is open, and Va4 draws current heavily. This
causes the voltage at the plate of Vsa to drop to
a low value. (Cathode resistor K¢ was made just

ézg%' R 1 TRANSMITTER
oor < <SRz
DA?H_ol < IMEG. U |
KEYER
15k ZRp BIAS
2w, ~0-60
— . R,3 500K
S
DECIMAL VALUES OF CAPACITANCE ARE IN ufg
OTHERS ARE IN uuf. EXCEPT AS INDICATED,
SIDETONE
KEYER
100K
AVAVAY,
AUDIO SAIADIEJONER
OSCILLATOR AMPLIFI ot
2o
1| Vas
ng‘_ . SIDETONE
....... - 500K —2 T
10 pf. + [ SIDETONE S ouTPUT

450V,

S 1ok
:> ZW.

12AUTA

<

GAIN ’J—.

6CL6 12AUTA 12AXT

63033
+ 150

Fig. 1 —Schematic diagram of the multivibrator key. Unless
otherwise indicated, resistors are Y2-watt composition;
capacitor with polarity marked is electrolytic, others are
disk ceramic.

C1—0.3-uf. (three 0.1-uf. disk ceramics in parallel).
C2—0.1-uf. disk ceramic.

Cz—About 6800-uuf. (see text),

Cs—0.01-uf. disk ceramic.

Cs, Ce—0.001-uf. disk ceramic.

Rt—3900 ohms, 2 watts.

R2—15,000-0hm 2-watt control, wire-wound.
R3—43,000 ohms, ¥2 watt,
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O ) (1
— i J R

rOCOM.

Rs+—25,000 ohm 4-watt control, wire-wound.

Rs, Rz—100,000 ohms Y2 watt.

Rs, Rs—500,000 dual control (CTS-IRC 11-133 PQ
control and M multisection).

Ra—270 ohms, Y2 watt.

Rio, Rii—2.2 megohms, V2 watt.

Riz—1 megohm, V2 watt.

Riz, Ris—500,000-ohm control.

R14—92,000 ohms, Y2 watt.

Ris—About 68,000 ohms, Y2 watt (see text),

R16—20,000-0hm control.

R17—10,000~56,000 ohms, V2 watt (see text).

Ti—3:1 audio transformer (Triad A31X or similar),
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sufficiently large to self-bias the tube and prevent
a ragged audio oscillation from occuring. With no
excitation coming from 77y, this condition will
continue as long as the paddle is in the neutral
position. The resistance network, consisting of
R0, K1, Rua, Rz, R, is adjusted to put a nega-
tive voltage greater than cutoff on the grid of the
6CL6 keyer tube V3. Thus V3 looks like an open
eircuit to whatever is counected across it.

Operating the key reverses the picture. When
the paddle closes the cathode circuit of V7, plate
current flows and the voltage at the plate of I
is reduced because of the drop across Kz The
voltage across coupling eapacitor 'y cannot
change instantancously, so the voltage at the
grid of VoA goes negative by the same amount as
the drop in plate voltage at V;. In other words,
("1 charges up very quickly through i¢3, £y, the
power-supply impedance, K4 and the cathode-to-
vrid impedance of 5. This charge causes a nega-
tive voltage greater than cutoff to appeur ut the
erid of Vaa. When V4 is cut off, its plate voltage
rises suddenly and a portion of the increase feeds
through resistors Rjq and Ry4 to the grid of 3.
The latter will then draw current heuvily if its
plate and cathode are connected to a d.c. source
of proper polarity. This condition is found at the
key jack of cathode keying circuits as explained
luter. With a slight modification, ¥ will also
control grid-block keying circuits.

1ua will not remain cut off indefinitely. As soon
as the charge on (1 drains off through #7, R and
the resistance of V; so that the grid voltage of
2o reaches cutoff, ¥za begins to conduct. Its
plate voltage then drops, and V71 is cut off in turn
by the voltage put across Cs. As long as the
paddle keeps the cathode circuit of 1 closed, 17,
and a4 will switch back and forth automatically.
The interval when V7 is cut off (space) is deter-
mined mainly by C» and Rsfs. The length of a
dash tone (V7 eathode grounded, V4 cut off) is
set by (Y and R7Rg. Since Rzlg always equals

28

Bottom view of the keyer. The dual-
potentiometer speed control is in the
upper right corner, and the other ad-
justments can be identified from their
positions in the top view. The aluminum
plate on the right is the bottom of the
keying lever assembly. The keying
lead comes out the lower side of the
chassis near the center. On the back
side (to the left] are a power con-
necfor and a miniature jack for the
sidetone output.

RiRg, and 'y = 3 X (s, a dash will be three
times as long as u space. K4 provides a finc adjust-
ment of this ratio and serves to balance the cur-
rents drawn by V', and Via. When the paddle is
thrown to the dot post, ) and Ry are added to
the cathode cireuit of ¥73. The self-bius they
provide limits the plate current, and when 1
begins to conduct, its plate voltage and the grid
voltage of Vaa drop less than before. Fza is cut
off for a shorter period forming a dot tone, and
the relative length of this tone can be set by .

Ganged potentiometers K and f2s become the
sole adjustment necessary for speeding np or
slowing down the dots, dashes and spaces. Rs and
Rg should have the same taper although it does
not matter what taper is used. The speed control
actually works from about 8 w.p.m. to as fast as
anyone can manipulate the key. Please do not
turn it loose on me.

1’1 and Vaa generate a wave shape that is close
to a square wave, und a small capacitor, s, is
used to suppress a transient click that occurs at
the end of a tone. The smallest value that will
prove satisfactory here is the most desirable
because it does have some effect on the timing
ratios. Further shaping of the keying character-
istic is done at the grid of the keyer tube. A large
capacitor at (‘4 makes for soft keying, while a
smaller one malkes sharper characters.

Another 12AU7A scction, 17zm, was used for
the stabilizing audio oscillator in one of the oldest
circuits, the simple feedback. Low plate voltage
is required for smooth operation as the feedback
is very high, and the power supply should be
thoroughly decoupled and filtered. Regencration
and also tone can be controlled by the variable
resistor /216. The exact frequency is immaterial,
aud any tone between 200 and 2000 c.p.s. that
pleases the ear can be used. A small portion of
the gencrated audio is fed to the grid of 17
through s and Rys to synchronize the multi-
vibrator.
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-0 6.3V. Fig. 2—Schematic diagram
of a power supply
suitable for the
keyer. Capacitors
are electrolytic.

| 8] 5Y3GT

S1—S.p.s.t. toggle switch,

Ti—Power transformer:
600 volts center-
tapped, 50 ma,;
6.3 volts, 2 amp.;
5 volts, 2 amp.
(Triad R-7A).

l 20 pf,

The other use of the audio is for the side tone.
We couid see no use wasting a good tone when a
facsimile was needed for monitoring, but using it
proved to he quite an accomplishment. A circuit
had to be used that would not only follow the
operation of the kever tube but also not affect it
in any way. One experimental circuit worked
beautifully until it was tried on the exciter. A
nice modulated tone was found on the signal
output. The solution was again the use of a very
old circuit trick, keying the power supply to
small amplifier. One section of a 12AX7 tube,
Via, was rigged up as an electronic keyer in the
plate lead of Vg, which is a sidetone *amplifier.”’
The latter stage is not necessary to increase the
volume (actually, it operates at a loss), but it is
nccessary to isolate and follow the keyer, I3 Cs
is to prevent any possible reaction on the grid of
5. A small value should be used here or the fac-
simile will not be exactly the same as the actual
transmitted signal. Also, certain values will cause
the sidetone output to ring.

The power supply diagramed in Fig. 2 is a
conventional 40-ma. regulated job, except that a
resistor is included in the center-tap lead to
provide about 60 volts of negative bias. Of course,
power may be obtained from the utility sockets
on a receiver or transmitter if the correct voltages
are available.

Connecting the Keyer

Do not expect to plug this keyer into any old
keying jack and get good results. Ordinary
mechanical keys are not selective as to polarity
and offer almost zero resistance to the flow of
current. Keyer tubes, on the other hand, will
carry current in one direction only, and they do
have some resistance which must be taken into
account. Since the kever tube must carry suf-
ficient current to satisfy the circuit that is being
keyed, heavy duty may require the use of several
such tubes in parallel.

When using this unit with a cathode keying
eircuit, the grid return of the keyed tube in the
transmitter must be connccted to the key jack
tip. If there is « meter in this circuit, it should
be included also, as shown in Fig. 3B. This pre-
vents the transmitter tube from developing self-
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bias due to the internal resistance of 3. If the
grid is returned as suggested, the keyer tube offers
only a small load in scries with the power supply,
ay would a resistor of equal value placed in the
plate-supply lead. The designers of commercial
gear have not considered the use of a keyer tube
at the key jack and they usually make the grid
return to the mearest convenient ground point.
Of course, the keyer can be used to operate a d.c.
relay of rather high current capacity if it is de-
sired to do so. The keying characteristics are then
no longer applied directly to the transmitter, and
suitable click and splatter filters would have to
be inserted as with a regular mechanical key. The
sutomatic operation would, of course, be retained.

In conventional grid-block keying, the negative
blocking voltage is reduced to zero by shorting it
to ground with a mechanical key. This allows the
normal grid leak or tixed bias to remain operative.
The same condition exists if we allow a positive
voltage to neutralize the negative voltage. By
placing a positive voltage on the plate of keyer
tube Vs and connecting the cathode of V3 to the
grid block junction through a resistor, we are
able to key the transmitter. Clonnection is made
through the regular key jack. This arrangement
is shown with a typical 807 buffer or amplifier

(A) (B)

Fig. 3—(A) Conventional circuit for cathode keying. (B)

Modified circuit for use with electronic keyer. The grid

refurn is made through the key jack so that the voltage

drop across the keyer will not add to the grid bias of
the keyed stage.
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stage in Fig. 4A. The keyer power supply de-
seribed provides enough negative bias to cut off
V3 and key the 807 even with the 100K resistor
and blocking bias in the cathode circuit. The
circuit of Fig. 4B should be used if the negative
bloeking voltage is 100 volts or more. The diode
tube reduces the negative voltuge from the block-
ing system which appears at the cuthode of Vj
during spaces but does not prevent the flow of
positive pulses when 173 is actuated. In case you
want to use this Ieyer with both cathode and
gridblock keyed transmitters, a d.p.d.t. switch
cun be added to switch the plate of V3 from key
lead to B4 and the cathode of V3 from ground to
the 27K resistor.

The output of the sidetone monitor may be
connected to almost any audio amplifier. Some
commercial receivers have a “‘phono’ jack which
cun be used. Since the monitor output is high
impedance, there is no deleterious reaction if this
is fed directly to the grid of the first audio ampli-
fier in the receiver with shiclded wire. 1t is a gen-
eral thing to have the audio amplifier portion of
the receiver alive even though the front end is
muted during transmissions. Problems like this
are left to the constructor.

Construction and Adjustment

The keyer shown was built on a homemade
5L % 714 X 114 inch chassis, but any standard
chassis of about this size can be used. If the
keying paddle is to be separate, you can reduce
the size somewhat, and if the power supply is
built in, you will need u lurger chassis. T con-
structed my own keying paddle, but no claims
are made as to its being better than a manu-
factured one. A modified bug is probably the
quickest and cheapest way out if vou have one.
If the key is mounted on the chassis as shown, it
will be necessary to cut an opening and submount
it to get the proper operating height. If the key
is remote, a double-circuit jack will take care of
the problem.

The four tubes are arranged in a line down the
back of the chassis, as shown in the photos. The
positions of the variuble resistors cun be arranged

30

Fig. 4—(A) Diagram showing how the
keyer can be used for grid-block key-
ing a typical 807 final amplifier or
buffer stage. A positive voltage ap-
plied through V3 and the 27,000-ohm
resistor neutralizes the negative block-
ing voltage and has the same effect as
shorting it to ground with a mechanical
key. (B) With higher blocking voltages
it is necessary to use a diode tube in
the keying lead. This reduces the nega-
tive voltage appearing at the cathode
of the keyer.

to suit the taste of the constructor. Since there
are no r.f. or high-frequency audio signals in-
volved, wiring can be cabled and dressed to one’s
pet desires. Some may feel that there is an abun-
dance of variable coutrols that could be replaced
by fixed resistors. They do simplify initial adjust-
ment, however, and are very handy for trimming
up the action of the keyer after a tube replace-
ment. Parts for the keyer should be of good
quality but need not be of the precision type.
Beware of bargain-variety paper capacitors, espe-
cially in the multivibrator circuit, since they may
not hold a charge. Gieneral-purpose disk ceramics
are good in this respect and occupy little space.

The first scction of the key to get working is
the audio oscillator. Apply heuter and plate
voltages and adjust R;6 and the value of Ry7 for
smooth operution at the desired frequency. Proper
polarization of the sudio transformer is impor-
tant, so if the stage does not oscillate, reverse the
connections to one winding of T'.

Now connect the sidetone output to an audio
amplifier and apply plate voltage to the remain-
ing stages. With the keving lever closed, adjust
;3 and Ris until a series of dots and dashes is
heard. Adjustment of the multivibrator requires
little effort but only an understanding of what
one is trying to do. Just remember that a dash
should be three times as long as cither a dot or a
space. Using a slow speed (£2¢ and /23 at maximum
resistance) it is fairly simple to set the ratio
adjustments, Kp and 24, with the aid of a metro-
nome or sweep second hand. Once this has been
accomplished, the speed control will compress
and expand all the lengths simultaneously.

To synchronize the multivibrator, connect n
variable resistor of about l-megohm maximum
at R15. Adjust this resistor until the multivibrator
runs about 20 per cent faster than it did with an
open cireuit at Ky5. That is, it should make sabout
five dots or dashes in the time it formerly made
four. There will also be a slight change in ratio
which can be corrected. Discouncet and meusure
the value of the variable resistor, and replace it
with a ls-watt fixed resistor of similar value.
Now the keyer should be ready for business.
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1f keying is to be done in a cathode circuit,
conncet V3 across the key jack after having
changed the grid return as deseribed above. With
the keying lever open, set Ri3 so that V3 is cut off
and no current flows to the keved stage of the
transmitter. Cure should be taken not to operate
the keyer tube too close to cutoff hias since it can
become an effective modulator under these con-
ditions. On the other hand, bias that is too nega-
tive may produce bad key clicks. Once the correct
sctting is established, no further adjustment is
necessary. Capacitors C3 and 4 will also affect
the keying characteristics as mentioned above,
and they can be varied to suit the taste of the con-
structor and the circuit with which the key is used.

Grid-block keying requires a different adjust-
ment procedure. The plate voltage applied to Fa
must be set to allow the keyved stage to draw
normal grid current by the following method:
First, adjust f33 in the keyer until a sidetone is
heard strongly from the monitor. Hook a tempo-
rary voltage divider resistor between B4 and
ground, and conneet the slider to the plate of 1.

Start with the slider near the grounded end and
increase the plate voltage until the grid of the
keved stage draws normal current with excitation
applied. Then increase the bias on V'3 by turning
Itz until the sidetone stops and the keyved stage
blocks. Normal operation with the keyving lever
is now possible. The temporary voltage divider
can be replaced with suitable fixed resistors or
with a voltage source of the correct value.

No further shaping should be necessarv, but
make the r.f. bypass in the grid circuit of the
keved stage of the transmitter us smull as possi-
ble. [Sxcessive bypassing will make the keying too
soft. Sharpening of the characters can be uccom-
plished by using lower values for Ry und Kis to
load both the negative and positive supplies more
heavily.

Operating the finished key is about as simple
as a sciniautomatic mechanical key. One only
has to let the automatic features do the work of
making both dots and dashes. There are no
weights or screws to adjust for different speeds;

merely turn one knob.

‘we-Straysas

The launching of the Courier satellite this fall
was a sustained cffort in which a good many
radio amateurs participated. Among those who
played @ major role (those with in-line design,
development, or managerial responsibility) were
the following: W2BQS, W2CMR, W2IFB,
W21ZQ, W2JBU, W2MOV, K2SBG, W2SLW,
W3GVO, K40FU, W4PPH, \WAGAID, WA6-
ATG, K6DMW, K6GVW, K6IVR. W6KFO,
K6LFI, W6NER, K60PR, K6RTU, and W6-
70Z. Those playing a supporting role in this
project were: K2EBH, W2FTR, W2JJX, W2-
JPF., K3AAP, W3BFH, W3DJV, W3LSZ,-
W3PZH, W4LQV, K6AMF, K6EYD, WA6-

In this photo, left to right, are
W6Z0Z, W2SLW, K6GVW,
W2BQS, and K2SBG. The
flight shells that contain the
solar cells have been removed,
and W6ZIOZ is connecting a
cable to one of the v.h.f. re-
ceivers while W2BQS is work-
ing on the message detector
box of the command decoder.
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EZ0, WAGFLS, WABHZU, W6MHP, W6MHX,
K6MOA, K60KN, K6RHO, W6eWC, W6YFQG,
W71V, and W7PRX.

The prelaunch payload activity at the Atlantic
Missile Range wus supported by a staff that in-
cluded W2BQS, K2SBG, W2SLW, and W6Z0Z.
W2BQS directed Signal Corps puyload activity.
K28BG (president of the Orean County Radio
Club) was Signal Corps Logistic specialist.
W2SLW served as Signal Corps advisor on satel-
lite environmental aund testing problems. W6Z0Z
was the senior Philco electrical engineer, the man
most directly involved in the satellite’s electronic
functioning.
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o focont fquipment —

Heathkit Mohican Transistor Communications Receiver

The new [leath Mohican receiver Model GC-1A
should squelch the cries of the skeptics who
insist that transistors are still experimental and
that their only ham application is in a few
“novel” circuits. Although ull-transistor com-
munication receivers have been described be-
fore,! this is the first one that we know of that
has been made availuble in kit or wired form.
In any case, this should settle the question of
whether transistors are ready for usc in rather
complicated circuits in the kit field.

The Mohican incorporates 10 transistors and
6 semiconductor diodes and is housed in a steel
cabinet measuring 674 inches high, 12 inches wide
and 10 inches deep. These meusurecments are not
much smaller than a vacuum-tube unit but rep-
resent about the smallest practical size one would
wunt a receiver to have without sacrificing dial
area, knob size, and so on. Both the cabinet and
chassis are constructed from heavy gauge steel
which ygives the receiver a rugged, solid feel and
probably contributes to its over-all stability.
The entire unit weighs about 17 pounds.

Power requirements of the Mohican certainly
place it in a class all its own when compared to
vacuum tube reccivers. Even with its comple-
ment of 10 transistors, only 12 volts at about 35
ma. is needed. When powered by batteries (8

) For esample, Priebe, ‘ All-Transistor (Communicstions
Receiver,” QST, Mebruury, 1459,

The 92 X 3-inch edged lighted dial commands most of
the panel space on the Mohican receiver. The tuning meter
is located at the upper left of the photograph with the
a.v.c. switch directly below it. From left to right across the
front panel are the MAIN TUNING knob, AUDIO GAIN, A.N.L.
switch, B.F.O. control, BANDSWITCH, R.F. GAIN control, DIAL
LIGHT switch, ANTENNA TUNING, and BAND-SPREAD knob.
The whip antenna protruding from the top of the cabinet
raises to about 55 inches and telescopes down to about 4
inches. A speaker not visible in the photograph is inside
the cabinet under the perforations at the top left,
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for as long as 400 hours under normal intermit-
tent service.

The GC-1A tunes the broadcast band through
32 Mec. in five bands, and has a separate bund-
spread dial calibration for the 80, 40-, 20-, 15-
and 10-meter amateur bands. The five tuning
ranges on the general coverage dial are 0.55 to
1.6 Mec., 1.6 to 4.0 Me., 1.0 to 9.0 Mec., 9.0 to
20 Me., and 20 to 32 Mec. The five amateur bands
are calibrated from 3.5 to 4.0 Me., 7 to 7.3 Mec.,
14 to 14.35, 21 to 21.4 Me., and 26.0 to 29.7 Me.
The receiver has an r.f. gain control, b.f.o., noise
limiter and antenna trimmer and these are just a
few of its features.

Some Circuit Details

‘The block diagram in Fig. 1 shows that except
for the substitution of semiconductors for vac-
uum tubes, this unit contains about all of the
sections usually found in u conventional vacuum-
tube superhet receiver. Although the M ohican
bas a built-in whip antenna, an external one can
be used (point £), provisions for which are made
at the reur of the cubinet. The antenna is coupled
by tuned circuits to the 2N 13986 r.f. amplifier, @y,
which is connected in a grounded-base wmplifier
circuit. The input tuned cireuit contains a scetion
of the threc-gang main tuning capacitor, (g, and
the proper inductance for the desired band is
switched across the capucity by the band switch.
An autenna trimmer, (', adjustable from the
front panel, is wired in shunt with €' so thut the
input circuit can be tuned to resonance. Ciain
of the r.f. amplifier is controlled by bias voltage
supplied in part from the w.v.c. system, which
may be turned on or off from the front panel.
Also, un r.f. gain control, £2y, is located in the bias
circuit, of the r.f. amplifier and allows for manual
control. All voltuges for the r.f. waplifier, except
the u.v.c. voltage, are regulated.

Output from the r.f. amplifier is voupled, by
tuned circuits selected by the band switch, to the
base of & 2N1225 mixer, (g, which is wired in u
eommon emitter circuit. A variable capacitor, Ca,
also part of the main tuning eapacitor gung,
tunes the mixer input circuit to the proper fre-
quency. Oscillator signal from the local oscillator,
(J3, 18 capucitively coupled to the mixer and in-
jected in the emitter of @, resulting in an i.f. of
455 ke, All voltages to the mixer ure regulated, as
well as those used to power the local oscillator
()3, which is a 2N1225 connected in a common-
base circuit. The oscillator’s tuned circuits are
switched by the band switch and are tuned by the
third section of the main tuning capucitor, (%,
Also located across the oscillator tuned circuit is
the band-spread capacitor, (5. This capacitor
tunes only the oscillator eircuit, but the r.f. am-
plifier can be touched up with the antenna trim-
mer and brought into resonance when necessary.
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Fig. 1—Block diagram of the Heath Mohican receiver.

As Fig. 1 and the photographs show, some of
the wiring consists of printed circuits while other
sections are conventionally wired. The r.f. ampli-
fier, mixer and oscillator circuits just discussed
are all wired circuits and are assembled on a flat
steel plate. All the tuned circuits, including the
variable capacitors, band switch and transistors,
are mounted on this deck and wired before being
attached to the main chussis. The i.f. amplifier,
as well as the detector and audio stages of the
receiver, are part of the printed circuit portion
and are also constructed in u sepurute operation
and then added to the chassis.

The printed circuit i.f. amplifier cousists of
three stages of amplification all employing 2N373
transistors connected in common-emitter circuits,
The first i.f. amplifier, Qs4, receives the 455-ke,
signal from the mixer through a double-tuned i.f.
transformer and the gain of the first i.f. amplifier
is controlled by the a.v.c. system when in that
function. Leuving the first i.f. amplifier, the
455-ke. signal is coupled into a speciul 455-ke.
filter which occupies the position usually held by
a transformer in a conventional i.f. amplifier.
This filter is a ceramic element culled a Trans-
tilter? and it helps to achieve a fixed narrow band
pass in the i.[. stages. One advantage of the
Transfilter is its relatively high input impedance
(2000 ohms) and low output impedance (300
ohms) which make it a natural for use in tran-
sistor circuits where impedance levels of this
order are usually encountered. Actually, the two
filters used in this unit operate somewhat like the
conventional crystal-lattice filters since these

2 Made by Clevite Electronic (Components, Division of
Clevite Corp., Cleveland 14, Ohio.

455KC
2N373 [ 2N373
Qs ; FL 1% —--
-—— 2200 E A’2K% ';
?_ 'I’seoo
Ak Zs60
—[Cﬁ ~9.3VOLTS

Fig. 2—455-ke. i.f. amplifier using a Transfilter interstage
coupler. All resistors are Y2 watt.
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ceramic elements exhibit a piezoelectric effect.
"The small ceramic disk (which is encapsulated in
the holder) vibrates at the first overtone of its
fundamentul radial mode, giving the frequency-
selective properties necessury in this application.
Heath claims an i.f. selectivity of 3 ke. at 6 db.
down and 25 ke. at 60 db. down. Fig. 2 shows an
i.f. amplifier stage using the Transfilters. It should
be noted that the hypass capacitor, (s, in the
emitter circuit of {)s, is u 0.1-uf. unit resonant at
455 ke. Tt is a special frequency-selective ceramic
clement similar to the Transfilter. These special
vmitter bypass elements help improve the i.f.
sclectivity of the receiver.

A h.f.o. is provided for s.s.b. or c.w. reception
and consists of a common-base oscillator using a
2N 409 transistor, Qg. Fig. 3 shows the circuit of
the b.f.o., which incorporates an HD2257 diode,
'Ry, instead of a variable capacitor, to control
the oscillator frequency. A variable back bias is
applied to the capacitor diode by potentiometer
Its, the b.f.o. control. The bias changes the
capacitance of the diode which in turn can tune
the b.f.o. through the pass band of the receiver.

TO I.F.AMP.

2N409 l
_]_310 47

20002, 05/@_‘
7T
1500 IOK? ?470

To REG ©.8VOLTS

Fig. 3—Capacitor diode CR; is used for frequency control
in this b.f.o. circuit. Unless otherwise specified, capacitances
are in puf., resistors are V2 watt,

Output from the b.f.o. is coupled through the
4.7-puf. capacitor and applied to the collector of
the 2nd i.f. amplifier, Q5. To insure v.f.o. stabil-
ity, the voltage to the b.f.o0. circuit is regulated.
A tuning meter, calibrated on a scale of 10 for
indication of relative signal strength, is con-
nected in the collector circuit of the 1st i.f. am-
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Top view of the Mohican's chassis shows the string-driven
pulleys that turn the main tuning and band-spread capaci-
tors. The large black cable at the bottom of the photo-
graph is the power cable which connects to either the bat-
tery or a.c. power pack. The other cable is the speaker
lead and is soldered to the speaker during final assembly.
Although barely discernible in the photograph, the Trans-
filters are located on the printed circuit board between
the two i.f. transformers.

plifier, Q4. The meter is switched out of the circuit
when a.v.c. is not used.

The collector circuit of the last i.f. amplifier,
@7, is coupled to the a.v.c. diode, (!B, which
supplies the necessary a.v.c. voltage used to con-
trol the gain of the first i.f. and r.f. amplifiers.

After passing through the 3rd i.f, amplifier,
@7, the 455-ke. signal is inductively coupled into
the diode detector, CR3, by a 455-kc. double-~
tuned i.f. transformer. The demodulated signal
then passes through the audio gain control and
is applied to the audio driver, ¢s, a 2N407 con-
nected in a common-emitter circuit. The stage
following the driver is shown in Fig. 4, and al-
though it may appear unconventional at first it is
actually a push-pull amplifier operating Class B.
Audio from the driver is applied through the
split-secondary transformer to the bases of the
2N407 audio amplifier transistors, )¢9 and Q.

2N407s
TO
Qs > 12 voLTs
R3
2200
- =2 VOLTS 247
TO AUDIO CRs

5°l'“ d [[ , SPK.
@50)
i4.7

Fig. 4—The Class B push-pull audio stage. Diodes CRs and

CRs are compensating diodes that stabilize the operation

of the amplifier over a wide temperature and voltage
range. Resistors are /2 watt.

CRg
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Resistors R; and R4, along with diodes C('Rj
and CKg, form a voltage divider resulting in a
collector-to-emitter voltage of about 6 volts on
each transistor. This permits the power transis-
tors to operate at equal voltages.

In addition to being part of the voltage di-
vider, the 1N2326 diodes, C'Rs and CRg, also
regulate the operation of the amplifier over a
wide temperature range. Since the diodes exhibit
4 negative temperature coefficient, they tend to
compensate for collector current variations due to
temperature changes. These diodes also com-
pensate for voltage variations from the power
supply and regulate proper bias on the vutput
stage. Output is developed across the 35-ohm
speaker, which can be switched out of the circuit
by inserting low-impedance headphones in u
circuit-closing jack on the rear of the chassis.
Audio output is about 0.4 watt at 10 per cent
distortion.

Power for the Mohican can be supplied either
by batteries or by a 117-volt a.c. supply. The
kit comes equipped for battery supply (without
batteries) but the 117-volt power pack (Model
XP-2) is available from Hecath. In either case,

2 volts at about 35 ma. is necessary. As men-
tioned earlier, several of the stages in the receiver
are voltage regulated. This is achieved by the
use of the IN754 diode, CR7, shown in Fig. 1.
This diode performs the same job as the common
gas regulator tubes but at a much lower voltage.
The one used in this receiver regulates at 6.8
volts.

Construction Details

The Mohican is constructed in several steps
with the various subassemblies wired and then

The front-end circuits in the large compartment appear to

be quite complicated and cramped. However, in the step-

by-step wiring process, this section goes together smoothly,

The four-wafer band switch projects into this compartment

at the right and the antenna trimmer control shaft goes

through at the left. Notice the large cast flywheels used on
the main and band-spread tuning shafts.
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attached to the main chassis. ‘The r.f. amplifier,
mixer and oscillator stages are wired first and
then attached to the flat steel plate visible in the
bottom-view photograph. The most difficult step
is wiring of the band switch after the baftles
have been attached to the flat steel plate. How-
ever, g little patience and long fingers will even-
tually pay off. After the front-end circuits have
heen wired, components ure mounted and sol-
Jered to the printed circuit board. The front-end
deck and printed circuit are then attached to the
main chassis. All of the operating controls, jacks
und connectors are then mounted and the.various
sections are interconnected in the final wiring.
Construction of the unit takes about ;30 hours
and this includes making a parts inventory before
starting. Testing and alignment. are not included
in this estimate and time will probably vary de-
pending upon test equipment and methods used,
but it should not tuke more than two or three
hours.

Alignment and Testing

The Mohican instruction manual contains
excellent step-by-step iuformation for final test~
ing and alignment. An r.f. signal generator and
vacuum-tube voltmeter are used, although the
v.t.v.m. is not absolutely neccessary since the
receiver’s tuning meter can be used as an align-
ment indicator.

Operating controls on the receiver’s front
panel include the MaIN and BANDSPREAD tuning
knobs which are string-coupled to the respective
tuning capacitors, an A.v.c. on-off slide switch,
AUDIO GAIN, B.F.0. on-off /pitch (this ix & push-
pull on-off switch and also a potentiometer),
BANDSWITCH, R.F. GAIN, ANTENNA TUNING,
A.N.L. slide switch, and p1AL LIGHTS spring return
slide switch. The dial-light switch has the spring
return feature to preserve the batteries. Antenna
and ground connections, as well as the muting
terminals and phone jack, are arranged along the
rear of the chassis. The muting terminals are
merely in series with the 12-volt power supply,
since the receiver recovers almost immediately
when power is applied. If the receiver is to be

|

Power for the Mohican receiver is supplied by this 12-volt

battery pack. A power cable connects to the small recep-

tacle at the end of the battery case. This entire unit snaps

into the rear of the receiver’s cabinet. The a.c. power pack

is identical in external appearance to the battery pack

except for the obvious a.c. line cord. Only the battery
pack is supplied as part of the kit.

used along with an accompanying transmitter it
is necessary not only to open the mute jumper
but also to short the antenna terminal to ground
since the signal from the transmitter could dam-
age or destroy the r.f, amplifier transistor.

In the finer details, Mohican performance can’t
be expected to compare with vacuum-tube sets of
the more-advanced type, of course. However, it
certainly can hold its own on s.8.b., e.w., or a.m.
with many communications receivers. A few sus-
picious teletype signals can be heard on the higher
bands, but image response is usually a problem
with any single-conversion receiver. Heath claims
a sensitivity of 2 microvolts for 10-db. signal-to-
noise ratio on all but the broadeast band, and the
receiver sounds ‘“‘hot” right up to the top fre-
quency and does not seem to fall off in perform-
ance even on 10 meters. Une common complaint
usually directed toward all-transistor receivers is
their inability to handle very strong signals. How-
ever, the a.v.c. system, along with the manual r.f.
gain-control feature in the Mohican, seems to
cope with even the strongest ones. — E. L. C.

e Strays }s.

Ever bring a friend over to the house to show
him some new gadget, and then find that it won’t
work? Or take him to a favorite fishing spot and
then find that the fish aren’t biting? This scems
to be a common expericnce for many of us, but
that isn’t the way it worked for Ray Meyers,
W6MLZ, ARRL’s Southwestern Division Di-
cector.

He had as a house guest a TV producer who
wanted to hear some of the doings on an amateur
band. Ray tuned across 7-Mc. and they listened
to some of the local phone nets. After one of the
nets stood by, WS5FFX operating portable in
New Mexico was heard sending QQRRR. This
distress call was answered by W6TSQ aud
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W6MLZ, who were asked to get some sort of
medical advice to assist a man who had just had
a heart attack. (The nearest telephone to W5FFX
was 15 miles away, and the nearest doctor was
40 miles away.) W6MLZ got a local doctor on
the phone, who passed along instructions to
W5FFX on what to do pending arrival of medical
help at the scene. W6MULZ 4lso made some long-
distance phone culls, and got an ambulance dis-
patched from Des Moines, N. M. After a 65-
mile trip the patient was delivered safely to a
hospital in Clayton, N. M.

And so ham radio helped to suve a man’s life,
while a TV producer got an excellent, demonstra~
tion of hams in action.
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Using the 7360 in the FIHBA-16

Beam Deflection Tube for Improved Product Detection

BY JOHN M. FILIPCZAK,* K2BTM

The use of a 7360 beam-~deflection tube in
the HBR-16 receiver results in a much
improved product detector for the recep-
tion of sideband signals. The 7360 detec-
tor circuit not only provides greater
audio output voltage and much lower
intermodulation distortion, but also
adds the feature of impulse noise limit-
ing. The circuit is so designed that tube
replacement does not require adjust-
ment of element voltage.

LTHOUGH pentagrid converters are basically
A product~detection devices, they have some
inherent limitations. Characteristics of the
pentagrid-converter tube ure such that small
changes in element voltages can shift tube opera-
tion out of the “center of the linear range’’ under
large-signal conditions. The pentagrid product
detector shown in Fig. 1, for example, has the
earrier-insertion signal applied to grid No. 1 and
the modulated sideband signal to grid No. 3. Be-
cause of the electronic interaction existing be-
tween grid No. | and grid No. 3, pentagrid con-
verter tubes are seldom used to generate their
own beat~frequency-oscillator signals in product~
detector circuits.

6BE6,6BA7,ETc.

AUDIO

f OUTPUT

o= B.F.0. INPUT 8

Fig. 1—Pentagrid product-detector circuit.

A second method of produet detection: i.e.,
the popular Crosby system,! uses two dual-triode
units which require additional socket space and
components. The limitations of both svstems
can be circumvented by the use of the 7360 beam-
deflection tube.

Features of the 7360

The 7360 is a grid-controlled beam-deflection
tube having a cathode, control grid, screen grid,

* Electron Tube Division, RCA, Harrison, N, J. Home
addrese: 200 Maywood Ave., Maywood, N. J.

1 M. Crosby, ** Reception with Product Detectors, "QST,
May, 1956.
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DEFLECTING
ELECTRODES

-~GRID No.2
- F——GRID No.1

Fig. 2—Sketches showing the mechanical arrangement of
electrodes in the 7360 and equivalent circuit symbol.

two deflecting clectrodes, and two plates in u
nine-pin miniature envelope. The tube was spe-
cifically designed for application in such sideband
circuits as balanced modulators, balanced mixers,
product detectors, and frequency converters.?

‘The tube structure, shown in Fig. 2, is such
that the total beam current is determined by the
voltage applied to grid No. 1 and grid No. 2. The
differcnce in voltage between the deflecting clee-
trodes determines the amount of beam current
collected by each plate. In balanced operation,
the beam current is divided equally between the
two plates. When signals are applied to grid No.
1 and one of the deflecting electrodes, the result-
ant output contains signal components produced
hy the product of the input signals. Therefore,
if the modulated signal is applied to one of the
deflecting electrodes and the carrier insertion
is applied to grid No. 1, the resultant output
contains the desired audio component.

Receiver Modification

The October 1959 issue of QST presented an
excellent article by W6TC on the IIBR-16 re-

ceiver.® Because the pentagrid converter origi-

2 Vance, *8.8.B. Exciter Circuits Using a New Beam-
Deflection Tube,”” QST, March, 1960.

3 Crosby, “The HBR-16 Communications Receiver,'
QST, October, 1959,
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Fig. 3—Product-detector circuit used in the
original HBR-16 receiver. {Values
are revised as per QST for April, o
1960.) TO B.£0.(Cs)

nally used for product detection in my own
“home-brew” HBR-16 left much to be desired
(strong signals produced distortion), conversion to
the 7360 for product detection seemed worthwhile.

The incorporation of the 7360 into the HBR~16
required several modifications of the original
circuit shown in Fig. 3. The seven-contact socket
formerly occupied by the 6BE6 (V9) was removed
and replaced with a shielded nine-contact socket.
All circuit components between the two sections
of the a.m./s.8.b. switch (S7) were removed. The
r.f. filter network, consisting of a 5600-ohm re~
sistor and two 250-uuf. capacitors, was left un-
touched. The bottom end of the second i.f.
transformer (74) secondary was lifted from
ground and connected as shown in Fig. 4. (Good
wiring technique is essential here because of the
limited space available.) Because this connection
places upproximately 35 volts d.c. on the sce-
ondary of T4, a 0.1-uf. capacitor, 'y, was placed
hetween the w.m. position of switch S74 und the
infinite-impedance detector grid (V10a). A 1-meg-
ohm resistor was also added from grid to ground
on T0a. It was necessary to repeak 74 for
maximum guin uafter the conversion was com-

j R > p2ke
'E;+ ,_I_, + L_

4} e
B+ PIN 3,
ACCESSORY
SOCKET

pleted. It was noted that the secondary of T4
oxhibited a sharper peak when tuned; in the
original circuit, the tuning was much broader.

The b.f.o. output-coupling capacitor, C's, was
adjusted to bring the voltage up to 10 volts
peak-to-peak on grid No. 1 of the 7360. Investi-
gation of the particular b.f.o. circuit used in the
HBR-16 indicated an output r.f. voltage slightly
over 10 volts peak-to-peak. This adjustment is
preferably made with the aid of an oscilloscope.
If a scope is not available, (s may be adjusted
for maximum undistorted audio-output signal.
This value will be a little less than maximum
capacitance.

Performance

A quick operating check of the completed
circuit is simple to perform. Turn on the receiver
and place the a.m./s.s.b. switch in the s.s.b.
position with the b.f.0o. on. Tune in an s.8.b.
signal and adjust the b.f.o. for clear reception.
Switching off the b.f.o. at this point should result
in negligible audio at the speaker. (Because of
the good isolation between the two signal ele-
ments, interaction is negligible.)

DECIMAL VALUES OF CAPACITANCE
ARE IN pf.; OTHERS ARE IN ppuf,
RESISTANCES ARE IN OHMS AND
RESISTORS !/2 WATT,

|G-

1000 =5

.-.[-. *
Fig. 4—Diagram showing circvit and connec-
tions for substituting a 7360 in the product
detector of the HBR-16. See text referring to
C1; other component designations
refer to original circuit.
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Fig. 5—B.f.0. circuit for self excitation. Decimal
values of capacitance are in uf.; others in puf.

Self Excitation

If desired, the 7360 may be used to provide its
own b.f.o. excitation, thus eliminating the need
for the separate 6BH6 b.f.o. tube, Ty The
author used this method of excitation in his final
revision and the circuit is shown in Fig. 5. ('y is
used to udjust the signal level on grid No. 1 to u
value of from 5 to 10 volts peak-to-peak with
respect to the cathode. This adjustment shifts
the b.f.0. frequency somewhat, but the shift can
be compensated for by adjustment of the ca-
pacitor in 7%. The pitch control (s is the front-
pancl control and is used to zero beat the incom-
ing signal. The 100-uuf. capacitor shown in
dotted lines was required to provide adjustment
to zero beat but may not he required in all in-
stances. The grid-clamping diode /R, prevents
the No. 1 grid from approaching too closely to
zero voltage, at which point distortion would
result. Using this arrangement in my rtecciver,
the stray coupling to the deflecting electrodes
was in the order of 25 db. below the normal
peuk-signal level. Because the detector conver-
sion gain of the 7360 in the product-detector
eirenit is about 6, the audio-output stage can be
driven dircetly in most cases.

Noise Limiting

Another feature of the 7360 is its excellent
noise-limiting cupabilities. The normal signal
voltage appearing at the deflecting electrodes
should be limited to a maximum value of 8 volts
peak-to-peak. 1f this voltage becomes larger,
the audio signal becomes slightly clipped. Noise
pulses ten times greater than the s.s.b. signal were
only twice the peak audio signal after detection.
It is recommended that the deflecting-clectrode

Resistan