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for High Q Inductors...

For Maximum Stability ...

Permalloy Dust Toroids

The UTC type HQ permalloy dust toroids are ideal
for all audio, carrler and supersonic applications.
H coils have Q over 100 at 5,000 cycles . . . HQB
coils Q over 200 at 4,000 cycles . . . HQC coils Q over
200 at 30KC ... HQD coils Q over 200 at 60 KC. The
toroid dust core provides very low hum pickup...
excellent stability with voltage change . . . negligible
inductance change with temperature, efc. Precision
adjusted 1o 1% tolerance.

Inductance Net Inductance Net
Value Type No. Price Value Type No. Price

5 mhy. HQA-1 $7.00 | 70 mhy. HQB-3 $16.00
125 mhy. HQA-2 7.00 | 120 mhy. HQB-4 17.00
20 mhy, HQA-3  7.50 hy. HQB-5 17.00
30 mhy. HQA4  7.50 hy. HQB-6 18.00
50 mhy. HQA-5  8.00 hy. HQB-7  19.00
80 mhy. HQA-6  8.00 .5 hy. HQB-8 20,00
125 mhy. HOA-Z7  9.00 hy. HQB-9  21.00
200 mhy. HQA-8  9.00 hy. HQB-10 22.00
300 mhy. HOA9 10.00 hy. HQR-11 23.00
hy.  HOA-10 10.00 hy. HQB-12 24,00
HQA-11  10.00 mhy,  HQc-1  13.00

HQA-12 11.00 mhy. HQC-2 13.00

HQA-13 11.00 mhy. HQC-3 13.00

HQA-14 13.00 mhy. HQC-4 13.00

HQA-15 14.00 mhy, HQC-5 13.00

HQA-16 15.00 mhy.  HQD-1 15.00

HQA-17 16.00 mhy.  HQD-2 15.00

HQA-18 17.00 mhy.  HQD-3 15.00

HQB-1  16.00 mhy.  HQD-4 15.00

HQB-2  16.00 mhy. HQD-5 15.00

For Maximum Flexibility...
The VIC Variable Inductor

The set screw on VIC units permits positive adjust-
ment of inductance to plus 90% minus 50% from
rated value. Revolutionary approach for tuned audio
circuits. Q and L vs. screw adjustment for a typical
coil are illustrated.

Type Mean List . Type Mean List
Hys. Price Hys. Price

viC-1 .0085 $11.00 | Vic-11 .85 $14.00
Vvic-2 013 1100 | Vic-12 1.3 14.00
vic-3 021 11.00 | VIC-13 2.2 14.00
vic-4 .034 11.00 | vic4 3.4 14.00
vIC-§ 053 11.00 | vic-15 5.4 16.50
VviC-6 .084 11.00 | VIC-16 8.5 16.50
vic-7 13 14.00 | Vic-17 13 16.50
vic-s 21 14.00 | Vic-18 21 16.50
vic-9 34 14,00 | VIC-19 33 16.50
vic-10 54 14,00 | VIC-20 52 16.50

vic-21 83 17.50

HQA, C, D
141" Dia. x 1" High,

HQB
2%" L x 1%"” W. x 24" H,

UNCASED TOROIDS
(Deduct $1.50
for uncased units)

THA" L x 1% W. x Th" H.

Write for catalog PS-408




LL SUMMER off the air?
) No ham likes the idea.
Yet a large rig isn’t prac-
tical in most lakeside or
shore cottages. Inconven-
ience and cost are against
a high-power transmitter,
plus the handicap of a local
Eower source which may
e unreliable. ‘
Will a medium-to-low-
power rig serve? Yes, for
those familiar contacts you
want to keep alive the year
’round. You can build such
a rig—economical, simple,
small in size—about Type
GL-815, a multi-purpose
twin beam power v-h-f mar-
vel that’s shaped to your
summer needs.
Whether your interest be
in 80-meter CW or 2ls-

V=h-f twin beam power
tube with 75 w max
CW input (ICAS), 60 w
phone. Compact, rug-
ged, a handy=-andy for
applications—and low-
priced!

meter phone, the GL-815—
two tubes in one—will
prove as indispensable an
aid as his outboard motor
toa fisherman. One GL-815
will handle your final-am-
plifier requirementsin push-
pull . .. or serve as a Class
AB> modulator tube. .. or
act as two single-end driv- .
ing stages in your rig. Best
of all, the tube takes full in-
put with only 400 v on the
ﬁiate, meaning you need no
igh-voltage power supply.
And isince the GL-815’s
low price sets a real econ-
omy pace for your layout,
et this saving figure foday
ﬁ'om your G-E tube distrib-
utor! Electronics Department,
General Electric Company,
Schenectady 5, New York.

ELECTRICAL CHARACTERISTICS

Cathode (indirectly  Series Parallel
heated)
Filament voltage 12.6 v 63 v

Filament current 0.8 amp 1.6 amp

" Avg interelectrode capacitances,

each of two units:
Grid-plate (with

external shielding) 0.2 mmfd
Input 14 mmid
Output 8.5 mmfd
Frequency at max. ratings 125 me

Tube Ratings for Typical
Operation, Phone (ICAS)

Plate voltage 400 v
Screen voltage 175 v
Plate current 150 ma
Power output A5 w

. See 4
he discussion
June Ham N Iscussion i May.

Sformer.

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

GENERAL @ ELECTRIC

161-GA6-8850



The Collins 3108-3

RN Y

The Collins 310B-3 band-switching, self-
powered transmitter has a logical place in
any ham shack.

Designed around the very stable and accu-
rate Collins 70E-8A PTO for use on the 80,
40, 20, 15, 11 and 10 meter bands, the 310B-3
starts the beginner in amateur radio with a
low investment but with top performance. It
has an antenna network of the universal type
which can be connected for either series or
parallel tuning. It is possible with this antenna
tuner to match balanced or unbalanced an-
tennas as well as a wide range of impedances.

Then, if and when he gets the itch for
higher power, none of his initial investment
needs to be sacrificed. The same 310B-3 will
furnish ample excitation for a kilowatt final
using the new tetrode tubes that are now
available.

For the active, experienced ham, the 310B-3
is an excellent standby transmitter, a natural
for spot frequency network, and, because of

FOR BEST RESULTS IN AMATEUR RADIO, IT'S... =

e

its low power source requirement, an ideal rig
for emergency service.

Collins also offers the 310B-1 exciter unit.
This is identical with the 310B-3 except that
it has a link circuit output to work into a final
of higher power. It can also be used as a low-
powered transmitter with an external antenna
coupler.

Ask your dealer for the Collins exciter
bulletin which describes these and other units
at greater length. If you do not have the name
of the dealer in your community who is carry-
ing Collins equipment, we will be glad to
furnish his name and address promptly.

Net prices to amateurs, complete with tubes
and instruction book, F.O.B. Cedar Rapids,
Iowa:

310B-3 Transmitter-Exciter..... $215.00
310B-1 Exciter................ $190.00

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, New York

458 South Spring Street, Los Angeles 13, California
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What hallicrafters [ IELLBE
variable master oscillator does
for improved amateur transmission

The HT-18 is called by hams who have used
it the most efficient, flexible piece of gear to
be developed in recent years. Easily added
to your present transmitter, it brings it right
up to date. Narrow band FM and calibrated
5 band V.F.O. complete in one compact cabi-
net with all coils and power supply concen-
trates and simplifies your entire operation.
Put your transmitter anywhere, place the
neat, highly functional HT-18 on the operat-
ing table and you’re in action. Narrow band
FM quality like you’ve never heard before.
The HT-18 places your signal anywhere in
the band with excellent stability. Go to your
nearest Hallicrafters distributor today
for a demonstration and complete technical
data on this splendid

instrument . . . . . . $ oo

’ Amateur Net
Copyright 1948, The Hallicrafters Co.

EASY, PRECISE, FLEXIBLE OPERATION
FOR THESE REASONS:

e Converts any good CW transmitter
to a high quality phone transmitter.

o Eliminates 90 % of broadcast inter-
ference.

e Puts your signal anywhere in the
band with stability comparable to crys-
tal controlled transmitter.

e Gives you direct calibration, direct
output on all bands 80, 40, 20, 15,
11, 10.

e Simplifies operation of entire sta-
tion. Puts both frequency selection and

‘power control at your finger tips.

72 ohm output. Remote power control
terminals.

] T——

RADIO

. THE HALLICRAFTERS CO.
4401 W. Fifth Ave., Chicago 24, lllinois

:  MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT




hallicratters

MODEL SX-42

Greatest continuous frequency coverage of any
communications receiver—from 540 kc to 110
Mec in six bands AM, FM, CW—-with exception-
ally fine performance on CW. Offers in one
superbly engineered, precision instrument a top
flight standard and VHF communications re-
ceiver; standard, short wave and FM broadcast ‘
receiver. Freedom from drift and maximum sta-

bility are provided by temperature compensa-

s
tion and the use of a type VR-150 voltage regu-

Continuous frequen‘cy lator tube. The tremendous frequency range is

made possible by the development of a new

coverage from 540 ke 7 PoUUF
split-stator” tuning system and

: I‘O "O MC in 6 bands: the use of dual intermediate fre- $27 00
AM—FM—-CW ' qquency transformers. 5

‘The SX-43 provides custom quality, precision °
engineering, excellent performance and wide
frequency range at a medium price. The 5X-43
offers continuous coverage from 540 ke to 55 Mc
and has an additional band from 88 to 108 Mec.

AM reception all bands. CW on four lower

A I I t h e essen ¥ i a l bands and FM on {requencies above 44 Mec. In
the band 44 to 55 M¢, wide band FM or narrow

amateur frequencies .. i ju righ for narrow § 50
from 540 kc o 108 Mc band FM .reception, is provided. Bg
Copyright 1948, The Hallicrafters Co.

LISTEN FOR THE GATTI
HALLICRAFTERS EXPEDITION

o ‘
Hallicrafters mobile, radio-equipped 3 h al I I :ra{*e rs
expedition now operating via short

wave from the Mountains of the

Moon, Africa. Listen for these call ) RADIO ‘
letters: ) : THE HALLICRAFTERS CO.
VQ5-GHE VQ3-HGE VQ4-EHG VQS5-HEG 4 4401 W. Fifth Ave., Chicago 24, lllinois

Visit your distributor for maps, itiner- SIS UL IR ATV LR VLRt LR VL
ary, schedules, other details. ]
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ATLANTIC DIVISION

Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially L.eague 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. All ARRL Field Organization appointments are
now available to League members. These include ORS, OES, OPS, OO, and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, and PAM. In addition to station and leadership appointments for Members, all amateurs
are invited to join the ARRL Emergency Corps fask for Form 7).

Eastern Pennsylvania W3BES Ierry Mathm 623 Crescent Ave. Glenside Gardens
Maryland-Delaware-D.C W3IBWT pa W. ne 132 Tennessee Ave., N.E. Washington 2, D. C.
Southern New Jvrsey W20X X (r \V (Bxll) lunnell 22 Wyoming Ave, Audubon
Western New Vork W2PGT Harding A. Clark 753 Westmoreland Ave. Syracuse 10
Western Pennsylvania W3KWL Ernest J. Hlinsky 509 Beechwood Ave. Farrell
CENTRAL DIVISTON.
Illinois WIAND Wesley E. Marriner 524 College Ave, Dixon
Indiana WOFSG Charles H, Conway 3335 College Ave. Indianapolis §
Wisconsin WORQM Reno W. Goetsch 020 S, 7th Ave. Wausau
DAKOTA DIVISION
North Dakota WRGZD Paul M. Boeso‘etu 204 Polk St. Grand Forks
South Dakota WONGM J. 3. Foasl 509 Idaho Ave., S.E. Huron
Minnesota WoC\WB Walter G. Hawkamp 116 3rd Ave., S.W. Crosby
DELTA DIVISION.
Arkansas W3IIC Marshall Riggs 4405 Howell Av: Fort Smith
1.ouisiana w35 W. J. Wilkinson, jr., Room 313, Ieﬂerson Hotel Shrevenort
Mississippi W3IIGW Harold Day Route 2, Box 333 Greenville
Tennessee w4QT Ward Buhrman 1000 Ovorlook Ave. Chattanocoga
GREAT LAKES DIVISION
Koentucky wiacna W. C. Alcock 155 St. Mildred's Court Danville
Michigan W8SCW {uanph R. Beljan, jr. 13959 Tuller Ave, Detroit
Ohio WSPNQ Villiam D, Montzomery 1290 Coolidge Ave. “incinnati 30
HUDSON DIVISION.
FEastern New York W2HZL, Ernest E. George 2044 [exington Parkway  Schenectady 8
N. V. C, & Long island W2KDC Charles Ham, jr. 200 Harvard St. Westbury
Northern New Jersey W2IIN John J. Vitale 57 Sayre St. Elizabeth 3
MIDWEST DIVISION.
lowa werp William ;. Davis 3 . Mitchellville
Kansas \\.’0.\\VP Alvin B. Unruh . Terrace Drive Wichita o
Missouri WaIC Ben H. Wendt RED 1 North Kansas City i
Nebraska WAROK William T. Gemmer 1708 West 6th St. North Platte
NEW ENGLAND l)l\'ISION
Connecticut WivB Walter L. Glover, Glover Ave. Newtown
Maine WIGK Norman Davis RFD 1 Old Orchard Beach
Eastern Massachusctts WI1ALP }<r'mL L.. Baker, jr. 91 Atlantic St. North Quincy 71
Western Massachusetts WI1AZW Prentiss M, B-uley %2 Dexter St. littsficld
Wew Hampshire W1AO0Q Gilman K. Crowell 15 Auadcmy St. Concord
Rhode Island 1HRC Clayton C. Ciordon 70 (Columbia Ave., Gaspee Plateau, Providence §
Vermont WINDL Crerald Benedict 23 Foster St, Montpelier
NORTHW FSTERN DIVISION
Alaska K7CBF August G. Hieber Box X79 Ancharage
ldaho W7T1Wu Alan K, Ross 1017 East Jefferson 3t. Roise
Montana WIEQM Albert Beck 2326 Amherst Ave. Rutte
Qregon W7H.! Raleigh A. Munkres Box 744 Baker
Washington W7ACF Clifford Cavanaugh Route 1 Auburn
PACIFIC DIVISION
Hawaii KHGEL John Souza Wiailuku, Maui
Nevada WICX . Arthur Sowle Box 2025 Reno
Santa Clara Valley WG6BPT Roy L. Pinkham 1061 Fremont St. Santa Clara
Kart Bay W6TL Horace R. Grear 414 Fairmount Ave. Qakland 11
San Francisco WG6NL Samuel C. Van Liew 215 Knowies Ave, Daly City
Sacramento Valley W6MGC John R. Kinney S240 Jay S cramento 16
Philippines* KAICB Craig B. Kennedy 25 Roosevn-lt Road n Franciseo Del Monte
Quezon City, Rizal
San Joaquin Valley WG6FKL ‘Ted R. Souza 3515 Home Ave. Fresno 4
ROANOKE DIVISION ; .
North Carolina W4CYR W. T. \Vortman Duke Fower Co, Charlotte 1 _
South Carolina W4BQE/ANG Ted Fergu: 22 Rosewood Drive Columbia 25
Virginia W4THK Walter l( Bullmzton 1710 Oak Hill Lane, Rt. 1 Richmond 23
West Virginia Donald B. Morris 303 Home St. Fairtmont
ROCKY MOUNTAIN DIVISION
Colorado WOQYT Glen Bond 2550 Kendall Denver 14
Utah-Wyoming WINPU Alvin M. Phillips 3887 Quincy Ave. Ogden, Utah
SOUTHEASTERN DIVISION
Alabama WJ(‘ J\W Dr. Arthur W. Woods 41! Woodward Bldg. Birmingham
Eastern Florida W7 ohn W, Hollister 0 Laurie Jacksonville
Westcrn Florida WJI)A() .uther M. Holt 3 W. Romana St, Iensncola
Creo! W4DX1 Clay Griftin 1557 Athens Ave., S.W, Atlanta
West Indles (Cuba-P.R.-V.1.) KPiKD Everett Mayer P. O, Box 1061 San Juan S, P. R,
SOUTHWESTERN DIVISION -
[L.os Angcles W6IOX Vincent ). Haggerty 1017 Indio Muerto $t. Santa Barbara
Arizona WI7MLL Gladden C. Elliott 39 North Melwood | F'ucson
wan Diego W6GC Irvin L. Emig 4852 Marlborough Drive San Diego
WEST GULF DIVISION.
Northern Texas \VSDAS/MNL N C, Settle 5630 McCommas [rallag
¢iklahoma, SHX Bert Weidner Box 14 (. rescent A
Southern Texas W%HIF Ted Chastain 3037 So. Staplea St, Corpus Christi
New Mexico W5SMA Lawrence R. Walsh P. O. Box 1663 lamos
MARITIME DIVISION.
‘Maritime (Nfid. & Labr.att.) VEIDQ A. M. Crowell 69 Dublin St. Halifax, N. S.
PR ONTARIO DIVISION.
COintario VE3DU David 8. Hutchinson 90 Wellington Road L.ondonn, OUnt.
QUEBEC DIVISION S
Quebec VE2GL Gordon A. Lynn /v Radio Division, i
Qu Mnntrea] Airport Montreal, P. Q.
VANALTA DIVISION. ~
Alberta VEOM, Sydney T. Jones P, Q. Box 373 Edmonton, Alta.
British Columbia VE7TWS W. W. Storey 3913 W, 32nd Ave. Vancouyer
Yukon VESAK W. R. Williamson Radio Range Sta., D.O.T. Teslin, Y. T.
PRAIRIE DIVISION
anitoba VE4AM A. W, Morley 26 I ennox St.
katchewan VESCO Norman Thompson 1120 7th Ave., N. W.

St. Vital
Moose Jaw

—
* Officials appointed to act temporarily in the absence of a regular official.
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GEORGE w. Al .................. 2K.II

cho-Presxdent
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66 Hamilton Place, Oakland 12, Callf.

Canadian General Manager

ALEX REID......... Gp et iaie et VE2BE
240 Logan Ave., St. Lambert, P. Q.
Alternate: 1.enonard W. Mitchell . .. ....... VE3AZ
78 Raglan Ave., Toronto, Ont.

Atlantic Division

WALTER BRADLEY MARTIN........ w3Qv
1033 Arbuta Rd., Abington, Pa.

dAlternate: Flenry W. Wickenhiser, ir.. ... W3KWA
1112 State Ave., Coraopolls, Pa.

Central Dx vision

CLYDE C. RICHELIEU .. ........... WOARLE
\anﬂhﬂeld Wlscousiu
dAlternate: Harold H. Jansen. ............ woDJG

3319 ¢ numrnln Ave . Alton, 111,
Dakota Division

GOODWIN L. DOSLAND............ WoTaN
Moorhead, Minnesota )
Alternate; Robert A, Klmber. ... ........ WOBLK

ber
Canyon L: n.ke Rd.. Rapld City, 8. D,

Delta Division

VICTOR C ANI"TE DL WS5BSR
P. O. Hox 965, Lake (harles, La.

Altemgle .hmeq W. Wa

tking .. W4FLB
N, llmvellblt Lhntumoo:: "‘l'enn.

Great Lakes Division

HAROLD !, BIRD.................. WARDPE
114 Hickory Dr, , Crescent Lake, Pontlac 2, M(ch
Altemu/e John }T Brn b ............... PI‘

H, udson Division

JOSEPO M. JOHNBTON, . ........... W2R0X
Avon-| bs-the-qm N. J.
Alternate. Rnbert A. Kitkman,.......... W2DSY
1910 Oak Drive. »V&t Relmar, N. J.

Midwest Division
LLONARD COTLETT . eouuiuniveass W@DEA
Civll Acronnutlm Administration
Box 7"6 anlln Mo.
Alternate: Alvin G. Keves. ... .., .... WHAKTQ
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New EngIcmd Division
PERCY C. NOBLE, . ... ......uun... WIBVR
37 Broad ht Westfleld, Mass,
Alternate:
Northwestern Division
HAROI7D W: JOUNSTON. ........... W7DXF

utcma/r R. Rex Roberts, .. ........... V7CPY
110 W, Brennan 8t., Glendive, Mont.
Pacific Division

WILLIAM’ A LADLEY.............. WERBQ
() Naylor St., San Francisco 12, Calif.

Alternate Kenneth E. Hughes........... wacts
310 W. Orange Ave., 30. San Irancisco, Calif,

Roanoke Division

H. L. CAVENEBS. . ... .00 uiiien o, W4DW
2607 Vanderblit Ave., Ralelgh, N. C.
Alternate: J. Frank Key ., ................. W3zZA

Box 707, Buena Vista, Va.

Rocky Mountain Division
I‘RAN’KL[N K. MATEJEKA ., ........... WoDD
. Box 212, IXstes Park, Colo.
.memale. P. Arthur Smoll WOKVD
529 No. Nevada Ave., Colorado 8prings, Colo.

Southeastern Division
ELTON............. W4ASR
»7 Revilo Blvd., Daytona Beach, Fla.
ate; Willlam P. hld .............. W4AUP
Fleming Road, Montgomery, Ala.

Southwestern Division
HANS R, JEPSEN .. ooini i vinennns WBEEL
6837 Iithel Ave., No. Hollywood, Calif.

.-1llernatr Arthur ¥, bchm‘ormun [ .W6CGl1
445 Raymonnd Ave., (ilendale 1. Gaitt.

West Gulf Division

WAYLAND l\f (sR()V 1 WSNW
Odessa, Texas
WiENW nc uumble Pipc Line anp, Odessa
Alternate: Jack T. Moore ..W5ALA
4531 Talrway, Ave., Dallas 4, Texas




“It Seems toUs..."

F.D. AND PREPAREDNESS

This month there comes what a great many
wmateurs consider the grandest operating con-
test of them all, ARRL Field Day. As that
week-end arrives, several thousand of us will
take to the field in a combination of outing and
practical tests, loaded down with portable
gear, batteries and gas-engine generators,
tents and fly netting, tools and spare wire,
logbooks, swimming suits, hamburgers, lini-
ment - all the traditional paraphernalia of
Field Day. Assuming only that Nature smiles,
a swell time will be had by all.

But let us remember that Field Day is some-
thing more than a picnic. We're practising for
emergency communication, perfecting our
portable apparatus, learning how to succeed
in our job when a real emergency comes — as
sooner or later it will. So try to learn some
lessons from FD and apply them after the
tun is over, particularly in remedying any
shortcomings of your apparatus. o

The supplying of communication when dis-
.aster strikes our community is one of the ways
in which amateur radio repays society for our
operating privileges. It is a duty to be pre-
pared to help. Awareness of the importance of
emergency preparedness is attested by the
part it plays in ARRL planning and in the
expanding membership of our Emergency
Corps. The League is already in touch, by the
way, with the newly-created Office of Civilian
Defense Planning, with a view to knitting our
activities into the national needs. We have it
in mind, too, that our expected new mobile
regulations will considerably facilitate the
tailloring of local communication plans by
obviating the need to rely exclusively upon
v.h.f. for mobile rigs. The v.h.f. gang is right
in there, though, as indicated by recent
progress toward the establishment of a re-
liable 2-meter relay route from Maine to the
District of Columbia with emphasis on
emergency communication. .

Now, in between emergencies, there is one
thing on which it would be well for us to make
a resolution. We propose that we now solemnly
resolve that in future emergencies those of us
- outside the emergency zone, with only per-

sonal traffic to handle, will-observe better
perspective in traffic-handling endeavors than
we have done the last couple of times. It is
natural that great gobs of such personal
messages should come to us whenever there is
a major disaster, but whether or not Aunt
Bertha is all right can, should and must wait
until the priority traffic of the distressed area
has been handled — until it has arranged for
community medical help, food and shelter.
Experienced amateurs know that what we
call “agony tratfic”’ is properly a matter to be
handled only after the critical stage is over,
generally only on the second or third day, and
that the fellows in and around the hot spot
cannot be bothered about Aunt Bertha right
then. Yet in some recent emergencies the night
has been made hideous by chaps two thousand
miles away yelling emergency, calling for the
channel to be cleared, imploring FCC to come
to the rescue with a declaration — with noth-
ing more important on the hook than the
worried inquiry whether Auntie B. is OK.
Let’s get perspective on this thing, fellows.
Hagy does it! Such messages aren’t priority
traffic. There is no point in getting excited
over them. Before attempting to shove them
into an emergency area it is important to
know that the first and critical phase of pro-
viding for communitywide relief is over. Only
thereafter can the personal things be handled.
First you must find out by listening — on
both c.w. and ’phone — just what the score is.
Watch the situation, curtail your own trans-
missions, lay off while conditions are critical
unless you’re a direct participant. To do other-
wise is only to handicap those who have an
important job to do in the name of all of us.
Emergency procedure in all our nets, by the
way, provides for monitoring stations to help
keep the net frequency clear for urgent traffic,
and so.we shall rarely need an FCC order
clearing our channels for emergency work.
In particular, such a closing order will almost
never be justified purely on behalf of the per-
sonal-inquiry traffic; let’s never ask FCC for
one unless the nature of the traffic warrants.
Incidentally, keep it in mind that when a ma-
jor emergency exists there are frequent bulle-



tins from WI1AW with dope on the state of
FCC orders, best routings to the zone, and
lpointers on how to help the most and hurt the
east.

So, OM . . . when your FD trick is over
and you're stretched out on the grass for a spot
of rest, think a little on what’s behind the F'D
idea and plan how you’ll conduct yourself in
the next emergency so that you’ll make the
biggest contribution to assistance and the
biﬁlgest addition to the laurels of amateur
radio.

THOUGHTS ON TECHNIQUE

Have you realized that amateur radio tech-
nique didn’t gain nearly as much from techni-
cal developments during the last war as many
of us had hoped for? It is surprising how little
we got out of it technically. To be sure, there
is a whole world of startling new techniques
in the microwaves, and the apparatus to go
with them, waiting for us when we wake up to
them, but so far they have interested only a
few of us. We have a vast increase in our
knowledge of propagation and in the ability
to predict performance. We have much im-
provement in tubes, and better components
all around, and the low prices of war surplus
have brought good apparatus to many an
amateur who otherwise couldn't afford it.

But doesn’t it seem that the list stops about
there? Nothing of a revolutionary nature ap-
plicable to our amateur problems has come to
us from the wartime developments, free on a
silver platter. We still get our technical ad-
vances the hard way, by grubbing them out
ourselves in terms of the problems peculiar to
congested band-operation. A good prewar h.f.
station is still a pretty good postwar one. If
you take a quick look at the things that are
new — such as ss.s.c., s.s.r., the Qb-er and
all the recent thinking about selectivity --
you’ll appreciate that they’re adaptations ot
amateur origin, not wartime military magic.
Or contemplate the debate in 2-meter circles
on whether vertical or horizontal polarization
is superior: it's obvious that it’s going to he
settled on no war-born scientific knowledge
hut strictly as a matter of practical experience.

Upon balance, we think it’s better this way.
It wouldn’t be good for our souls to have too
much new magic handed us for free. We learn
more and build our own art more soundly when
our developments come from within. And in
any event, of course, even the most wondrous
of new outside concepts. would likely require
considerable modification before they could
be successfully applied to our specialized
problems.

But that reminds us: Even though this is
so, we think yearningly of rumors we heard
during the war of improved antenna designs
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for such frequencies as our 3500- and 7000-ke.
bands. Nothing seems to have come of them.
We're a long way from having the gain on
those frequencies that we get with beams or-
arrays on the higher frequencies. It would be
interesting to have some new thoughts to work
on in that field, something we could expect
eventually to ‘“reduce to amateur practice’’ to
the further improvement of our communica-
tion. Has anyone any ideas?

Lest we prcen ourselves a bit too much on
our technical progress, however, it needs to be
said that we have too many bad signals on the
air. We understand that FCC took advantage
of our recent DX brawl to do a bit of concen-
trated monitoring and that they nabbed sev-
eral hundred of us for this or that. We would
gather that a goodly number of the lads were
found outside the bands or outside the ’phone
subassignments. The rules of the DX contest
are so rigidly applied that we doubt very much
that these cases represented intentional vil-
lainy or unsportsmanlike tactics. We think
these chaps just leaned a little too hard against
the band-edge and that their measurmg tech-
niques weren’t good enough to stand up in the
heat of hattle. In other words, these cases
represent technical insufficiency in our stations
or plain poor operating practice under pres-
sure. We also understand that some scores of
the boys have recently received FCC greetings
on such assorted topics as chirpy notes, inade-
quate filtering, spurious emissions mcludmg
overmodulation products and barmonies, and
key clicks. Of course these are deﬁmtely indic-
ative of technical inadequacies in our stations.
The way we see it, all of this means that there
are still lots of things that we need to do in our
individual shacks to make the heaps behave
and put out more creditably.

- (Good thing we never run out of things to
do, isn’t it? Where would the game be if there
were no technical problems, no new frontiers?

=<
FEED-BACK

David H. Atkins, coauthor of our March article,
“500 Watts of Audio from ABy,” advises that (g
in Fig. 6 should have a value of 0.01 nid., not 0.1
ufd.; also that one of the three VR-150 regulator
tubes of Fig. 3 should be changed to a VR-00
or VR~105 to make the sereen potential approxi-
mately 500 volts. No changes are required in the
series dropping resistors.

A drafting error in Fig. 1 of Paul D. Rockwell’s
“A Balanced-Modulator N.F.M. Exciter,” April
QST, caused the rotor of Sis to be grounded
instead of the switch tap connecting to the lower
terminal marked “VFO Input.” Sorry.
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A Detector for Single-Sideband Reception

Eliminating the Unwanted Sideband by Phase-Shift Networks

BY OSWALD G. VILLARD, JR..,* W6QYT, AND DAVID L. THOMPSON,** W6VQB

and single-sideband detection were reviewed.!

It was pointed out that a change to s.s.s.c.
transmission makes possible a considerable in-
crease in the effective selectivity of present-day
a.m. receivers, whose ability to reject interfering
signals leaves much to be desired. To take full
advantage of the bhenefits of s.s.s.c., a balanced
detector (which eliminates interference attribut-
able to rectification) may be added to existing
sets, and this may be followed by a sharp cut-off
low-pass audio filter for additional selectivity.
The only disadvantage of such an arrangement is
the audio “image’ --- the audible output pro-
duced by an incoming radio frequency on the side
of the beating oscillator opposite to that of the
desired signal. There will be described in this
article a method of eliminating this ‘“‘image”
which makes possible the design of an inexpensive
single-sideband receiving attachment for stand-
ard amateur receivers. The effcctive selectivity of
a receiver equipped with this attachment is sur-

‘[N an earlier paper the basic principles of a.m.

e We’'re so used to getting our selectivity
by tuned circuits that it may be startling
to most of us to find that there are other
ways of getting it — maybe better ways.
T'his article describes a single-sideband
detector circuit that inherently elimi-
nates the unwanted sideband, entirely
independently of the selectivity of the
receiver with which it is used. The ex-
perimental model described here can be
simplified considerably, as the authors
point out.

The method is based on the relatively recent
development of simple 90-degree wide-band
phase-shift networks.? A typical network of this
sort, consisting of 6 resistors and 6 condensers, is
capable of dividing a common audio input into
two parts whose magnitudes are nearly equal,
and whose relative phases are nearly 90 degrees,
over a band of frequencies extending
from 300 to 3000 cycles. One of the

many applications of the networks
mentioned in the referenced article is
the generation of single-sideband ra-
dio signals. It is therefore not sur-

Output
P e——————

prising that these same networks may
be used in a somewhat analogous man-

ner to make possible single-sideband

reception.
A block diagram of the basic system is shown
in Fig. 1. Two balanced detectors are connected

. Common |.F. BALANCED
Input DETECTOR No.1
BALANCED 90-DEGREEAUDIO| |
DETECTOR No.2 PHASE SHIFT
90-DEGREER.F.
PHASE SHIFT OSCILLATOR

to a comnmon i.f. input. Oscillator voltage is fed to
one directly, and to the other through some means

Fig. 1 — Block diagram of single-sideband detector
utilizing 90-degree r.f. and a.f. phase shifts.

passed only by the most elaborate commercial
installations. Single-sideband transmission, plus
this receiving technique, now makes possible for
the first time a truly complete utilization of the
spectrum available in the amateur ’phone bands
-~ something which is hardly possible with con-
ventional a.m. and present-day equipment.

¥ Department of Eleetrical Kngineering, Stanford Uni-
versity, Calif.

** Building 202, Stanford Village, Stanford University,
Calif,

1 0. G. Villard, jr., ‘‘Selectivity in 5.5.5.C. Reception,”
QST, April, 1948,

2 R. B. Dome, ‘' Wide-Band Phasc-Shift Networks,”
Blectronics, December, 1946.
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for obtaining a 90-degree r.f. phase shift. The
audio output of the second balanced detector is
delayed 90 degrees by means of a suitable net-
work, and is then combined with that of the other.

The method of operation may be visualized
with the aid of the vector diagrams of Fig. 2. It is
assumed for simplicity that the incoming signal
is pure c.w. The reasoning is equally valid, how-
ever, if more than one incoming c.w. signal is
present, or if (which is the same thing) the in-
coming signal is a modulated wave consisting of
carrier and sidebands. A vecfor diagram may be
likened to a high-speed flash photograph: it is a
way of viewing the situation when all action is
“stopped.” We may tag each a.c. voltage being
studied (no matter what its frequency) and
examine its instantaneous relationship to the
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. Phase of oscillator tnput to detectorNo.1
A
( / Phase of oscillator input to detector o.2
(B) /\: Incoming signal lower in frequency than ascillator

P/mse of A.F oulput, detector Mo.1
Phase of A.F.output, detector No. 2
|‘ 4‘,/ 7 ycle ataudw uzm;y

TIME ———

(Bderence)

Oscillator input to detector No.1
{(A)repeated
Oscillator input to detector No. 2

©
(E) ;\ Incoming signal higher in /mguzmy than oscillator

Phase of A.F.outout, detector No. 2
—
- o Phase or A, F output. detector Wo. 1

. l._ ’:‘/;c//ck at audio frequency
(F)

TIME ——o=

A
(Reference)

Fig. 2 — Vector diagrams illustrating the operation
of the single-sideband detector.

others. A succession of vector diagrams re-
sembles a stroboscopic view: If we flash the lamp
in synchronism with one of the a.c. voltages, that
particular one will appear to be stationary. Volt-
ages of a frequency slightly higher than our
reference will appear to rotate in one direction,
while those lower in frequency will ro-
tate in the other.

Fig. 2-A is a representation of the rela-
tive phases of the oscillator voltages be-
ing fed to Detector 1 and Detector 2.
These two voltages will be taken as ref-
erence —i.e., our stroboscope is flashing
at the oscillator frequency and these vee-
tors will always appear stationary. The
vector in B, however, represents an in-
coming signal lower in frequency than
the oscillator; consequently it would be
found to be rotating clockwise if a suc-
cession of vector diagrams were drawn.
This motion is indicated by the curving
arrow. It can easily be seen that this
rotating vector will Be parallel to that of
the oscillator input to Detector 1 before
it becomes parallel to that of the input
to Detector 2.

We may consider the instant in time
at which these vectors are in phase as a
reference point in the audio output of
the two detectors, since it is a charac-
teristic of frequency translation of this
sort that audio phase relationships are
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exactly determined by radio-frequency phase re-
lationships. Fig. 2-C represents the audio outputs
of the two detectors plotted as a function of time.
The vertical lines represent the instants in time
at which the incoming-signal vector is in phase
with the two oscillator voltages, and therefore .
will equally well represent the relative phase of
the audio output of each detector. It is quite ap-
parent that the output of Detector 1 has a phase
which is 90 degrees ahead of the output of De-
tector 2.

In E, the counterpart of B, the incoming fre-
quency is higher than that of the oscillator, and
therefore its vector rotates counterclockwise.
Under these conditions this vector becomes
exactly in phase with that of the input to De-
tector 1 after it has become in phase with that of
Detector 2. The audio output of Detector 1 now
has a phase which is 90 degrees bchind that of
Detector 2.

Now let us suppose that we delay the audio
output of Detector 2 by one-quarter cycle, as
shown in Fig. 1, by means of a 90-degree wide-
band audio phase shifter. The output of Detector
2 will wind up one-half cycle behind  that of
Detector 1 in C of Fig. 2 (i.e., the two voltages
will be 180 degrees out of phase), whereas in F
the delayed output of Detector 2 winds up ex-
actly in phase with that of Detector 1. This is
the basis on which the scheme works~- for
c.w. or single-sideband signals lower in frequency
than the conversion oscillator, the two detcctor
outputs cancel; for signals higher in frequency,
they add up in phase. By reversing the polarity
of the oscillator voltages (or that of the detector
outputs) the detector may be made to respond to

Experimental set-up using the single-sidchband detector. The
separate i.f. oscillator and the two balanced detectors are to the
right of the receiver. The chassis housing the 90-degree phase-shift
networks, the gideband selector switch, and the 65L7 tube is to the
right. In the background is the low-pass audio-filter unit.
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90° Mhase-shift network
o7 (UPPER OUTPUT)
FONETWOR
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Fig. 3 —- Simplified schematic diagram of the single-
sideband detector. Circuits of the phase-slnftmg net-
= works and the low-pass filter are given in Fig. 4.
Demodulate ﬂ% between the oscillat.or volt?,ges fed to the two
sciator Coup /%d . balanced deteciors is obtained by means of a
clreun O+

(GIVES 90-DEGREE R.F.
PHASE -SHIFT)

signals either on one side of the beating oscillator
or the other.

Practical Circuits

Fig. 3 is a simplified schematic showing how
two balanced detectors, two 90-degree phase-
shift networks, and a low-pass filter may be
combined to make up a single-sideband detector.
The circuits of the phase-shift networks and of the
low-pass filter are shown in Fig. 4. A complete
schematic of the entire unit is given in Fig. 5.
This unit is by no means the best way to carry
out the functions indicated in the block diagrams
— it merely represents a first experimental model
whose only merit is that it does work! It is hoped
that it will serve, however, to illustrate the prin-
ciples involved.

Referring to Fig. 3, the 90-degree phase shift

¢

Top view of the balanced-
detector chassis. The i.f.
tuning contro} for r.f. phase
shifting is brought out to
the front by means of a
flexible shaft. The large
knob is the oscillator tuning
control.
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coupled tuned circuit. When this circuit is tuned
to resonance, the phase of the voltage across it
will be found to be 90 degrees from that of the
voltage across the tank circuit to which it is
coupled.

It will be noted that two 90-degreec audio phase-
shift networks of the type shown in Fig. 4 are
required. The reason for this is that while each
network produces two output voltages 90 degrees
apart in phase, the relative phase of these two
voltages bears no fixed relationship to that of the
input voltage. Therefore two identical networks
must be used in order to get the necessary 90-
degree audio delay between the outputs of the
two detectors. Fig. 6 gives vector diagrams illus-
trating the action. A c.w. input signal is assumed;
therefore the audio output is sinusoidal. In A,
the relative phase of the audio output of ‘the first
balanced detector is shown. This is split into
two portions, 90 degrees apart in phase, but bear-
ing no fixed phase relationship with the input
voltage. It is assumed that at the particular




sudio frequency chosen for the example, the
phase shift between input and output happens
to be that shown. Fig. 6-B shows the output of
the second balanced detector, and it will be seen
that the upper output voltage of Network 1 is
of just the right phase to eancel the lower output
of Network 2. C and D show how the situation
is reversed when the incoming signal is on the
other side of the oscillator frequency.

Two other characteristics of the phase-shifting
networks should be mentioned. It will be ob-
gerved that each requires a push-pull input; this is
essential for their correct operation. The output
impedance of the two networks is very high, and
as a result it does not appear to be possible to
connect them in series or in parallel without up-
setting their normal operation. For this reason
their outputs are combined in the 6SL7 twin
triode.

The “sideband selecting switch’ in Fig. 3
makes it possible to listen to c.w. and s.ss.c.
signals either higher or lower than the oscillator
frequency, the othcrs being rejected. The reason
for this can be seen by following through the vec-
tor diagrams of Fig. 6

Notes on Circuit Details

Construction of the phase-shift network of
Fig. 4 offers only one difficulty. The values ac-
tually used should be as close to those shown as
possible. It has been found that reasonably good
performance is obtained if the values are matched
to within plus or minus 5%; but the closer the
match, the better the network may be expected
to perform. Since the condensers and resistors
most commonly used have a tolerance of the
order of plus or minus 10%, it is very desirable to
check the actual values on both resistance and
capacity bridges. Most well-equipped radio serv-
ice shops have both types, and the job of picking
values close to the desired is not an especm.lly
tedious task when a large assortment is avail-
able.

If picking items from an assortment is too
time-consuming, an alternative method is to
measure & condenser or resistor accurately (no
matter what its value, provided it is less than
that desired) and then parallel or series it with
additional units whose rated values make up the
difference. The error will then be small. As an
example, suppose one wanted to make up a
0.00535-ufd. condenser. A 0.005 is picked from
the box, which when measured is found actually
to be 0.00510. This may be paralleled with a
0.00025 109, tolerance condenser to give 0.00535
plus or minus 0.2,

The low-pass filter shown in Fig. 4 happens to
be an experimental unit left over from another
job, and its description is included here merely for
the sake of completeness. It is fairly easy to make.
Since the design of such filters has been widely
discussed in connection with speech-clipping cir-
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cuits,® no comment is peeded here, other than
that filters of this type are now commercially
available. Since the phase-shifting networks are
good up to 3000 cycles, a filter cut-off frequency
of 2500 cycles may seem unnecessarily low; how-
ever, it is found to be perfectly satisfactory in
practice from the standpoint of intelligibility, and
gives greater effective selectivity.

Fig. 5 looks quite a bit more complicated than
Fig. 3, but most of the extra details are circuit
components added for the sake of convenience in
the experimental model. Much could have been
cut out if economy had been the primary con-
sideration. Coupling to the last i.f. stage of a
standard communications receiver (in our case
a National NC-200) is accomplished by means of

0.354hy.  0.354hy.

. . fd. uitd,
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LOW ~PASS FILTER
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A o
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b oooos

> e
o.
;‘3}9;.2 E %E/zok ,{ E fw
0.0242utd.

0 oUT

x ,"..
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WIDE-BAND PHASE-SHIFT NETWORK
300-3000 C.P.S.

< Fig. 4 — The low-pass filter and wide-band phase-
shift network. Tn the phase-shift nctwork the values
shown should be matched as closely as possible. The
filter coils used in the experimental unit shown use No.
25 g.c.c. enamel wire scramble-wound on wooden spools
134 inches in diameter and 2 inches between sides. The
0. 3‘34-hcnry coils have 1.74 pounds of wire each, the
0.258-henry coils 1.5 pounds, and the 0.035- heury cail
0.64 pound. The sides of the spools are 43§ inches in
diameter. )

a 6C4 cathode-follower tube built into a plug-in
adapter. The second detector of the receiver is
removed, the adapter containing the 6C4 plugged
in, and then the detector tube is plugged into the
adapter. The 6C4 derives its filament and plate
currents (which are negligible) from the receiver,
and provides a low-impedance i.f. output of sev-
eral volts for connection to the single-sideband

8 W. W. Smith, *Premodulation Speech Clipping and
Filtering,"” QST, February, 1946; W. W, Smith, **More on
Speech Clipping,'”’ QST, March, 1947; J. W. Smith and
N. H. Hale, "“Let's Not Overmodulate,” QST, November,
1946; Galin, “Audio Filters for the Speech Amplifier,”
ST, November, 1947.
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detector. The grid of the 6C4 connects to the
secondary of the last i.f. transformer, the other

grids of the 6L7s. Connected to the plates of each
pair of 6L7s is a small step-down transformer of

the Class AB driver type (turns ratio primary to

side of which is grounded. Addition of the 6C4
necessitates only a very slight retuning of the

i.f transformer to restore perfect alignment.

15 secondary = 3:1). The step-down is needed
to provide a low source impedance with which to
feed the networks. To prevent resonances in the

The i.f. signal from the 6C4 is attenuated by
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variable resistors connected across the trans-
former secondaries may be adjusted to equalize
the outputs of the two detectors so that complete
cancellation can take place when the correct
phase relationships exist.

The oscillator was made push-pull, although it
could equally well have been single-ended. Both
balanced detectors require oscillator voltages of
opposite phase, however. A 68J7 buffer tube is
used between the oscillator and the phase-shifting
coupled circuit, in order to prevent any reaction
on the frequency of the oscillator caused by
tuning the secondary of the phase-shifting i.f.
transformer. (By connecting the coupled circuit
to the plate of an electron-coupled oscillator, it
would have been possible to eliminate the butfer
tube while still providing isolation between this
circuit and the oscillator tank.) The 6SJ7 is not
required to produce any gain; therefore its input
from the oscillator is cut down by use of a small
coupling condenser. Resistance loading of the i.f.-
trarnsformer secondary can also he used to reduce
the gain and has the advantage that the circuit
Q is thereby reduced, making the tuning less
critical. The desired phase shift is obtained by
tuning this circuit, and when it is at resonance,
the phase shift will be approximately correct.
However, at resonance the rate-of-change of
phase with tuning is greatest, and is proportional
to the circuit Q: hence it is desirable to make the
tuning less critical and the phase setting easier
by reducing the secondary .

Testing & Adjustment

Testing and tuning up the circuit is quite
straightforward. The first step is to see that the
correct oscillator voltages are applied to the
6L7s. (A 20,000-ohm-per-volt voltmeter plus a
crystal rectifier makes a convenient substitute
for a vacuum-tube voltmeter, as suggested by
W@TQK.)* The injector grids may have up to
15 volts r.m.s. applied, in accordance with con-
ventional converter practice. It is desirable that
all four tubes receive roughly the same oscillator
voltage. Maximum voltage at the signal grids
should be held to one or two volts r.m.s. The
balanced detectors are balanced by applying a

4 A. H. Nichols, “A Single-Sideband Transmitter for
Amateur Operation,”” QST, Junuary, 1948.

strong a.m. signal with the oscillator detuned.
The cathode resistors are then adjusted for mini-
mum audio output.

If the phase-shift networks have been con-
structed with accurately-measured components,
they may be relied upon to operate as planned.
To test them, only a variable-frequency audio
oscillator and an oscilloscope are required. For
best results, the networks should be fed from the
oscillator via a push-pull audio transformer of
fairly good quality, preferably of the step-down
variety. The horizontal and vertical amplifiers of
the oscilloscope are then connected to the two
network output terminals, and the relative gains
adjusted until the pattern becomes as nearlv
circular as possible. The audio frequency may
then be varied from 300 to 3000 cycles; if the
pattern remains approximately circular over this
range, the network is functioning properly. It is
important that both networks behave as nearly
alike as possible. Actually, even if the network
design values are duplicated exactly, the patterns
will not remain precisely circular over the range
because in a simple network of this sort both
phase and amplitude deviate somewhat from the
ideal condition. However, the phase should hold
within a few degrees and the amplitude within a
few per cent.
~ While set up for this test, it is interesting to
feed a voice signal into the network and observe
the result. A complex voice wave produces a
remarkable pattern of curlicues and circles within
circles — & pure ‘““pear-shaped” tone, of course,
always produces a circle no matter what the
frequency, provided it is within the range of the
network. It is possible that patterns of this sort
might be useful for voice training, or in connec-
tion with teaching the deaf to speak.

With the detectors balanced, the networks con-
nected, and the oscillator at the correct frequency,
the radio-frequency phase shift must be set.
Tuning the i.f.-transformer secondary to reso-
nance will give approximately the correct setting.
An easy way to find the correct setting exactly is
to connect the horizontal and vertical plates of a
'scope to the outputs of the two balanced de-
tectors. With a c.w. signal applied to the input and
adjusted to a frequency that produces, say, a
1000-cycle beat note, the tuning is adjusted until

Bottom view of the balanced-

detector_chassis.
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Fig. 6 — Vector diagrams showing operation of the
practical detector circuits of Figs. 3 and 5.

the pattern on the oscilloscope is a perfect circle.
It should be a perfect circle when the incoming
signal is on either side of zero beat, and its shape
will not be dependent on the exact frequency of
the beat note. If the incoming signal is modulated
with speech or music, it may be possible to see the
direction of rotation of the ’scope pattern reverse
as the incoming signal slowly passes through zero
beat! : ‘

Once the correct r.f. phase has been found, it
should be possible to observe a noticeable, differ-
ence in output when the sideband selector switch
is thrown. (It is assumed that a steady c.w. signal
on one side of zero beat has been tuned in.) With
the switch thrown to the position at which the
signal is weaker, the two amplitude-balancing
resistances (across the audio-transformer second-
aries) may be adjusted for greatest rejection of
the incoming signal. These resistors could be
ganged in such a way that when one opens the

¢

Underncath the phase-shift net- -
work chassis. The two networks side -
by side are electrically the same, al-
though the components are not al- -
ways identical.
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other closes, and one control would thereby be
eliminated., . .

The single-sideband detector is then ready to
go. Its output may be fed back to the audio input
of the receiver, or it may be fed to a separate
amplifier. By touching up the r.f.-phase as well
as the amplitude-balance controls, it is possible
completely to eliminate a signal on the wrong
side of zero beat. The procedure is much like
balancing a bridge. Changing the r.f.-phase set-
ting, as well as the amplitude balance control,
compensates for any deficiency in the audio-
phase-shift networks, both as to output phase and
amplitude. However, it should be realized that
these deficiencies can only be compensated for at
one audio frequency; at all others, the balance
will again be imperfect and some signal will be
heard. Therefore it is best to choose a frequency
of roughly 1000 cycles, where the ear is most
sensitive, for perfect cancellation; at other fre-
quencies, some signal will leak through because
of imperfect operation of the phase-shift net-
works, but the leakage will then not be quite so
noticeable.

The solid curve in Fig. 7 is the ratio of the input

.to the output voltage of the low-pass filter as a

function of frequency. The dip at 5200 cycles
represents the frequency at which the shunt
M-derived end sections are series-resonant. It is
seen ‘that signals 10 kilocycles away from the
beat-oscillator frequency are attenuated 1000
times by this filter — in other words, its selectiv-
ity is equivalent to that of the i.f. stages of, say, an
NC-200 receiver! For referenee, the selectivity
curve of this receiver is plotted as the dotted
curve in Fig. 7. The over-all response curve of an
NC-200 followed by this filter would, of course,
be the product of these two curves.

An idea of the image-signal or unwanted-side-
band rejection made possible by the two 90-degree
networks, whose B and C values are within plus
or minus 5%, may be gained from the following
typical measurement:

Frequency Ratio, Desired to Undesired Sideband
(Voltage) (db.)
300 e.p.s. 10 20°
400 17 24.6
600 50 34
650 100 40
900 100 40
1000 65 36.2
1500 17 24.6
2500 20 26




The shape of this curve is to a large extent
dependent on the exact frequency chosen for
perfect balance — in this case somewhere be-
tween 650 and 900 cycles. '

In operation, this amount of rejection is rea-
sonably adequate. (Selection of condensers and
resistors of closer tolerance would probably have
meant still better performance.) It is very striking
to be able to throw the sideband selector switch,
when listening in a crowded c.w. band, and hear
an entirely different set of signals! An attachment
of this sort effectively halves the bandwidth of
the c.w. receiver, thereby removing half of the
signals one would normally hear.® A remarkable
feature is that this great increase in selectivity is
obtained without resort to crystal filters or other
highly-selective circuits which require great
stability or careful tuning for proper operation.

Another remarkable feature is the fact that two
audio outputs can be provided, so that two
operators can listen simultaneously and without
interference to the output of the same receiver —
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Fig. 7— Response curve of the low-pass filter (solid
curve). A typical receiver selectivity .curve is shown for
comparison (broken curve).

one hearing all signals lower than the beat oscil-
lator, and the other all those higher. It is only
necessary to add a second 65L7 connected to the
unused terminals of the 9(-degree networks in
Figs. 3 or 5. This ought to be an ideal arrangement
for more-than-one-operator stations in DX or
i8S contests; each operator can listen for replies to
CQs on his particular side of the transmitter
frequency!

It must be remembered, when tuning in single-

% The authors refer here to a ‘‘straight’’ super —- one
without a erystal filter. — Ed,
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Close-up of the plug-in adapter unit for connecting to
the receiver.

sideband signals, that the selector switch must be
thrown to the.correct position. If it is on the
position which rejects the sideband being trans-
mitted, the station will be heard very poorly.

In certain types of s.s.s.c. transmitters, it is
possible to select the sideband transmitted at will.
When, at the receiving end of a circuit, the
receiver is equipped with a sideband selector, it is
possible to change frequency instantaneously
from one sideband to the other merely by throw-

_ ing a switch. Thus a QSY of one channel-width

can be accomplished without any rctuning. In
ham work, this should be ideal for avoiding QRM.

Y% Strays

Numerous BCLs in Kendallville, Ind., com-
plained loudly about/the radio ham who was
making it impossible for them to hear any pro-
grams. They carried their demands that some-
thing be done to the local politicos. It was, too.
Intensive investigation disclosed that the cause
of all the listeners’ woe was centered right in
City Hall — not high-powered oratory, mind you,
but a high-tension line carrying 2300 volts which
was arcing over at intervals! — Indianapolis
Star, via WIRDW

We're in, gang! The new American College
Dictionary (Random House), distributed by the
Book of the Month Club, gives listing to the
expression “ham radio,” defining it as slang for
“an amateur; a radio ham.” — WI1BT

Nonmetallic permanent magnets, known as
“Electrets,” are now being made of plastics,
usually by solidifying a molten wax in a strong
d.c. electric field. -— Ohmite News

“ Amateurs modifying surplus gear and looking
for a solvent for Glyptal will find a friendly ally
in ethylhexanedoil, commonly sold as the insect
repellent ‘612" Twelve hours after the solution
is applied, the Glyptal will brush off.” -— C. ¥
MacLean

Swell tip, Mac; we'll try it. But please tell us,
OM: Do you think the stuff also might help in
debugging that pestiferous 807 of ours?
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Amplifier Instability in Transmitters

Its Investigation and Treatment
BY DONALD H. MIX,* WITS

e Although quite a bit has already been
published about how to build and adjust
amplifiers in transmitters, it is apparent
that what has been said hasn’t been en-
tirely adequate, for many still have
trouble confining the output to one fre-
quency at a time. This article reviews
some of the measures for stabilizing
triodes and tetrodes suggested in the
past, finds that some of them can be
improved upon, and ends up with an ar-
rangement that gives a rcasonable guar-
antee of complcte freedom from am-
plifier oscillation in any form, without
relying on loading as the stabilizer. It
should be of particular interest to those
having trouble with 807s.

vcH has been written on the subject of
M stabilizing r.f. amplifiers in transmitters.

And yet many of us are still having plenty
of trouble with the various types of instability to
which modern tubes with their high power-
sensitivities scem to be prone. Still others are
operating unconscious of the probability that
much of the widespread clicking and splattering
within the bands, as well as spurious signals
frequently found outside, may originate' in an
unstable amplifier which appears on the surface
to be quite innocent of such transgressions. No
amount of click filtering will remedy this sort of
trouble, of course. The fact that an amplifier

doesn’t oscillate when fully loaded and biased to.

cut-off is no guarantee that it may not take off
intermittently with keying or modulation, ot
when detuned from some fortunate adjustment.
Neither is a clean signal at the operating fre-
quency proof that parasitic oscillation at some
other frequency is not taking place simultane-
ously. The power sensitivity of beam. tetrodes in
particular is so great that oscillation of one type
or another can hardly be avoided unless more-
than-ordinary precautions are taken.

For the sake of completeness, some of the fol-
lowing will constitute repetition of things that
have been said before. In the light of more ex-
tended experience, some principles which have
been more or less generally accepted will have to
be questioned. It is believed, however, that it is
now possible to point toward a procedure which
seems to give reasonable assurance of real sta-
bility without the need for complications in con-
struction or difficulties in adjustment. Except

* Agsistant Technical Editor, QST.
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for the specific references to the screen, the re-
marks and eircuits which follow apply to triodes
as well as beam tetrodes. Under the measures to
be prescribed, it has been possible to operate a
pair of 807s in push-pull at zero bias, without
load, running at an input up to the rated plate-
dissipation level, with no sign of instability of any
kind. Most users of 807s will agree that this is
not a usual experience.

Checking Procedure

Transmitter amplifiers are subject to one or
more of three common modes of oscillation, all
of which appear to be of the t.g.t.p. variety.
There may be others but they are not often en-
countered. Tn addition to oscillation at the
operating frequency (the frequency to which the
amplifier is tuned by the conventional input and
output tank circuits), parasitic oscillation at
frequencies in the vicinity of 150 Me. will almost
invariably take place in both triode and tetrode
amplifiers unless steps are taken to suppress it.
The plate-grid capacitance of tetrodes designed
for transmitter use is seldom sufficient to support
t.g.t.p. oscillation at low frequencies. But parasitic
oscillations at frequencies as low as 100 ke. have
been experienced with triodes and poorly-screened
audio tetrodes, such as the 61.6 and 6V6, when
suitable circuits have been permitted to exist.

Fig. 1--Diagram of indi-

Xtal cating absorption wavemeter

—C I a2, for checking amplifier instabil-
L2 ity. LiC), with plug-in coils,
o should cover a range from 200

Me. to 200 ke. L2 is a pick-up

<2 coil of several turns coupled to

L 7~C L1. The crystal is a Type 1N34.
Cz by-passes the meter (1-ma.

scale). The portion of the circuit
= to the right of L2 is used as a
neutralizing indicator.

Troubles of this sort often are difficult to diag-
nose under normal conditions of bias and load.
The best step toward assurance that transient
oscillation won’t take place during normal
operation is to adjust voltages and reduce loading
so that couditions are favorable for sustained
oscillation, when observation is easier, and then
devise means for suppressing it. This can be done
by using grid-leak bias with no fixed bias and
operating the amplifier without load, reducing
screen and plate voltages as necessary to limit the
input to the rated dissipation level. Each stage
in the transmitter should be tested separately.
The only tool required, in addition to the usual
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grid and plate milliammeters, is an indicating
absorption wavemeter of the type described in
the last several editions of T'he Radio Amateur’s
Handbook. The diagram is shown in Fig. 1. In-
cidentally, this little gadget is something no ham
should be without. It has many important uses
around a transmitter.

V.H.F. Parasitics

Parasitics in the v.h.f. range perhaps are the
easiest to segregate. Apparently the oscillatory
circuit is composed principally of the leads from
the grid and plate to their respective tanks, series-
tuned by the tank condensers, as indicated by
the heavy lines in Fig. 2-A. The same sort of cir-
cuit exists if the tank is balanced. It is chiefly
with this circuit in mind that the importance of
short leads often is stressed, the theory being
that if the leads can be made short enough, the
resonant, frequency will be 8o high that the circuit
losses will prevent oscillation. Unfortunately
this objective seems hardly possible of attain-
ment, since even if the lead length could be
reduced to zero, there remains the inductance of
the tank condenser and the leads within the tube.

Before turning on the amplifier power, the 10-
meter grid coil (the plate tank coil of the driver in

(c) :

Fig. 2~ A — V.h.f. parasitic circuit hidden in high-
frequency amplifier. B— Common method of suppress-
ing v.h.f. parasitic with tetrodes. R), however, is not
recommended. C -— Recommended circuit for bheam
tubes. Chokes in both plate and grid suppress v.h.f.
parasitics without the disadvantages of B. Suggested
dimensions for RFC; are 15 turns No. 22 wire, }{-inch
diameter, close-wound; for RFC2, 8 turns No. 14 wire,
44 inch long, self-supporting (see text).
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the case of capacitance coupling) and the 80-
meter plate tank coil should be plugged in. This
is to make sure that the amplifier can’t oscillate
at other frequencies by means of the regular tank
circuits. The tank coils should not be short-
circuited as an alternative, because the amplifier
may oscillate at & frequency determined by the
inductance of the shorting leads! A jumper should
be placed across the plate r.f. choke if one is used.
Thus whatever oscillation takes place will be
confined pretty well to the v.h.f. parasitic we're
looking for. If the stage is an intermediate one,
the tubes in the preceding and following stages
should be removed to eliminate loading. If a
Variac isn’t available, a lamp socket can be con-
nected in series with the plate-transformer
primary and lamps of various sizes tried until one
is found that will limit the power input to the
amplifier to just under the dissipation rating.
Screen voltage, in the case of a tetrode, should be
obtained from the plate supply through a drop-
ping resistor of recommended value.

With power applied to the amplifier only, a
careful search should be made by adjusting the
yrid tank condenser to several settings, especially
including minimum and maximum, and turning
the plate tank condenser through its range for
each of the grid-condenser settings. Any grid-
current reading or any dip or slight flicker in
plate current indicates oscillation. This can be
confirmed by using the absorption wavemeter
held close to the plate lead of the tube. As the
wavemeter will indicate, when tuned to obtain a
deflection, the parasitic usually falls somewhere
in the vicinity of 150 Mec., regardless of whether
the tube is a triode or a tetrode. The oscillation
may take place only at a certain combination of
tank-condenser settings, but it may happen to be
just the one most used in normal operation of the
amplifier.

The most common way of suppressing v.h.f.
parasitics with tetrodes has been to use a small
choke in the grid lead in conjunction with a small
unby-passed noninductive resistor at the screen,
as shown in Fig. 2-B, RFC; and R;. While this
combination seldom fails t0 suppress the parasitic,
it has been found that even a small amount of
resistance — as low as 10 or 12 ohms — used in
this manner has a very serious effect upon the
plate-grid isolation at the operating frequency.

In searching for an alternative method of sup-
pressing a v.h.f. parasitic with 807s, tuned traps
were tried at the grid, at the plate and in both
positions simultaneously. While this was effective
over a portion of the tank-condenser range, the
condenser changed the frequency of the parasitic
enough so that one adjustment of the trap would
not hold over the entire range. On the chance
that a long plate lead might result in a parasitic
plate circuit tuned to a frequency lower than
that of the grid where the t.g.t.p. circuit, if it
was such, could not oscillate, the plate lead was
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lengthened. This proved to be a complete remedy,
although the grid choke is necessary also, for a
reason that isn’t quite apparent. Accordingly, the
plate lead, which was about a foot long, was
wound into a coil and inserted close to the plate,
as shown in Fig. 2-C, RFCs.

In several 807 amplifiers built within the last
couple of years —single tube, tubes in parallel or
push-pull — a grid parasitic choke of
about 15 turns of No. 22 wire close-
wound on a Y4-inch form has always
worked. It seems to be critical only
to within a turn or two. With this as

a starting point, the plate lead
should be lengthened until oscilla-
tion ceases, making sure that the
long plate lead is kept well away
from the input circuit. When the
minimum length has been found, the
wire can be wound on a small-
diameter form and inserted in the
plate lead close to the tube terminal.
The ones we have used with success
in a push-pull 807 amplifier consist
of 8 turns of No. 14 wire, 3{g-inch
inside diameter, 34 inch long, self-
. supporting. Since there has been
insufficient time for extended ex-
perience with this arrangement in
other amplifiers, it is possible that
these dimensions may nced changing .
in another layout. Fig. 3
A grid choke of the dimensions
given above usually suffices to
rquench v.h.f. parasitics in triode
amplifiers. In stubborn cases, a tuned trap
consisting of 4 turns of No. 14 wire, !4 inch in
diameter, 34 inch long, tuned by a 30-uufd. mica
trimmer inserted in the plate lead, may be re-
quired. No grid choke is used.

Low-Frequency Parasitics

So much for v.h.f. parasitics. Attention can
now be turned to any low-frequency parasitic
which may exist. As stated previously, a parasitic
of this mode seldom is experienced with well-
screened tubes. But it is just as easy to arrange
the circuit so that it can’t happen anyway. Oscil-
lations of this.type may take place in amplifiers
where r.f. chokes are used in both plate and grid
circuits when coupling and blocking condensers
or, more often, the tank condensers themselves
combine with the chokes to form tuned circuits
of low frequency. The belief that a sequence of
r.f. chokes in a succession of parallel-fed circuits
in itself necessarily leads to low-frequency
parasitics is not uncommon. However, t.g.t.p.
oscillation requires that the plate circuit be tuned
to a frequency higher than that of the grid circuit
and this condition seldom prevails with values
used in practice, so far as single-ended circuits are
concerned.
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A — Conventional
parallel feed throughout B — Possible low-frequency parasmc circuit
in heavy lines. Values in this circuit seldom are appropriate for oscilla-
tion, however.

Fig. 3-A shows a conventional arrangement
with parallel feed throughout. For low frequencies
the tank coils, L; and Ls, have negligible reactance
and may be considered simply as long leads short-
circuiting the tank condensers, C; and Ca. The
circuit for low frequencies then becomes that
shown in Fig. 3-B. Even if the by-pass condensers,
Cs and Cj, are small, or omitted entirely, the

capacitance-coupled amphﬁer with

circuit still will be completed through power-
supply filter condensers or a biasing battery, both
of which have negligible reactance to low fre-
quencies. The tanks then are composed essentially
of the grid choke, KF#Cs, tuned by the coupling
condenser, Cs, and the plate choke, £FCs, tuned
by the blocking condenser, Cs. It will be noted
that neither the plate choke of the preceding stage
nor the grid choke of the following stage comes
into the picture, because the only connection is
the common ground or chassis connection.

In practice, the coupling condenser seldom ex-
ceeds 100 ppfd., while a 2.5-mh. r.f choke is used
universally for RFC,. This gives an LC product
of 250. In the plate circuit, a blocking condenser
of 1000 uufd. (0.001 ufd.) is most often used and
the plate choke is seldom less than 1 mh. in
transmitters working no higher than 30 Me.
These values give an LC product of 1000. Thus,
it is obvious that t.g.t.p. oscillation should not
take place with ordinary values.

The situation changes considerably, however,
when a conventional balanced circuit is used in
either grid or plate with r.f. chokes in both. Fig.
4-A shows such a circuit with balanced output.
Fig. 4-B shows the low-frequency circuit that lurks
beneath the surface. This time, the tank coil, Ly,
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serves not to short-circuit the tank condenser
but, considerably worse, to connect the two
sections in parallel across the plate r.f. choke.
The difficulties are the same with either a single
tube or two in push-pull.

The grid-circuit LC' product, we have seen, is
about 250 with usual values. The plate tank con-
denser seldom will exceed 100 uufd. per section,
or a total of 200 uufd. maximum across RFCa
which usually is 1 mh. Thus we see that even with
the tank condenser at maximum capacitunce, the
LC product cannot exceed 200. A 2.5-mh. plate
choke will bring the figure up to 500 bui only af
maxtmum capactiance of the tank condenser. At
all settings below half capacitance, the plate cir-
cuit will be tuned to a frequency higher than that
of the grid circuit. In fact, the plate choke can be
increased to almost any size within practical
limits without improving the situation materially,
because the plate circuit always can be tuned to a
frequency higher than that of the grid when the

®)

Fig. 4 — A — Conventional capacntance -coupled am-
plifier with halanccd output circuit and parallel grld
feed. B — Resulting low-frequency parasitic eircuit in
heavv lines.

tuning condenser is set at or near minimum.

The most obvious remedy is to eliminate at
least one of the chokes. However, the grid choke
eannot be replaced by a resistor without involving
considerable loss in excitation. The plate circuit
is series fed but the choke is necessary to break up
any harmful resonances which may be set up in
the individual tanks that arc formed when the
coil center-tap as well ag the condenser rotor are
grounded. A check also showed that the second-
harmonic output increased with this connection.
The condition was even worse with the condenser
rotor floating. In considering the substitution of
a resistor for the plate choke, it had been assumed
that any value sufficiently high to iselate the
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center-tap would cause a greater voltage drop
than could be afforded. However, this did not
prove to be the case when it was tried. As little-
as 100 ohms could be used. This ig fortunate be-
cause the low resistance substituted for RFCs in
Fig. 4-B effcctively shunts the grid choke of a
following stage, which in this case can serve as
the inductance tuned by Ca.

In link-coupled push-pull circuits, the grid
choke, which is tuned by the sections of the grid
tank condenser in parallel in the parasitic eircuit,
can be eliminated by the substitution of the grid-
leak resistor, as shown in Fig. 5-A. With capaci-
tance input coupling as shown in Fig. 5-B, how-
ever, the plate choke of a parallel-fed driver can
serve as the parasitic grid inductance. The low-
frequency circuit is shown in Fig. 5-C. Thus it is
seen that Ry must be of low value if oscillation is
to be prevented. This can be accomplished by
making K, 100 ohms or so, by-passing the lower
end to ground, and then adding grid-leak re-
sistance or any other biasing system desired, as
shown in Fig. 5-D. This permits the use of the
series choke in the plate circuit or parallel plate
feed if desired.

In scarching for low-frequency parasitics, the
tubes in the preceding and following stages
should be removed as before, The wavemeter
should be held close to the grid or plate r.f. choke.

Operating-Frequency Oscillation with
Tetrodes

When the statement is made by the manu-
facturer that a beam tetrode does not require
neutralization, tight shielding and the fact that a
screen-grid tube should never be operated without
load to prevent damage to the screen doubtless
are taken for granted as a consideration. But
there is some doubt a8 to whether or not it is safe
to rely too heavily on normal loading as a de-
pendable means of stabilization. A condition is
frequently encountered in practice when an 807
will appear perfectly stable when running loaded
with uninterrupted excitation and without modu-
lation and yet will develop widespread clicks
when the transmitter is keyed, or splatter when
the amplifier is modulated. We have scen more
than one commercial installation with heavy
loading resistors across the tanks and they
weren't  put there to increase tank-circuit
efficiency!

A check with an r.f. indicator will show that
there is plenty of driver r.f. getting through to
the plate tank circuit in any unneutralized 807
amplifier. Neutralizing shows that most of it is
coming through the grid-plate capacitance, be it
internal or external. Even though a tetrode may
ncver be operated without load, it is pretty safe
to say that if it is made stable without load, there
will be little chance for trouble when load is
applied. It isn’t difficult to arrive at an arrange-
ment of components which will permit the intro-
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duction of simple homemade spaced-disk typc eliminated as previously described, by removing
neutralizing condensers. The ones we have used  the screen suppressor resistors. After reneutraliz-
with 807s consist of a long flat-head machine ing, the amplifier became perfectly stable on all
screw with its head working against a stationary bands without load. There still remained some -
15-inch disk. The leads to the condenser should slight indication of energy in the plate circuit at.
be kept short, of course, so that they will not 20 and 10, but the feed-back was insutficient to
couple into other parts of the circuit. support oscillation. It was found that the ampli-

The indicator part of the absorption wavemeter, fier required different neutralizing adjustments
that is, the crystal and by-passed milliammeter for the extremes of 80 and 10. This condition was
in series, makes a very sensitive neutralizing improved considerably by returning the neutral-
indicator. When building one of these wave- izing condensers to the tank side of the grid
meters, it is a good idea to bring out terminals so ’
that this portion of the instrument can be used
separately. These terminals are simply connected
to a link coupled to the output tank coil. Neither
grid-current fluctuation nor a neon bulb is a satis-
factory indicator for neutralizing tetrodes.

With the exciter running, but with the ampli-
fier plate and screcn voltages off, the neutralizing
indicator normally will show considerable energy
in the plate tank circuit when it is tuned to
resonance. The neutralizing condenser should be
adjusted to the point where the indicator reading
dips to its lowest point. It should be possible to
find a minimum with a rise on either side some-
where within the neutralizing-condenser range.
"The neutralizing condenser should be adjusted
with a long rod of polystyrene, wood or bakelite,
sharpened to a screwdriver edge at one end, so
that hand capacitance will not complicate the
adjustment. If the amplifier is push-pull, the
two neutralizing condensers should be kept at
equal settings. Adjustment of the neutralizing con~
denser will have some effect upon resonance, so
the tank condenser should be readjusted for reso-
nance after all but minor changes
in neutralizing capacitance. The
output circuit of single-tube am-
plifiers should be carefully bal-
anced by connecting a condenser
across the neutralizing-condenser
end of the tank circuit to com-
pensate for the tube output cu-
pacitance across the other end,
as shown in Fig. 6, Cy.

Before neutralizing, a pair of
807s with which we were working would oscillate
at the operating frequency on all bands unless
some load was coupled to the amplifier. The load
required to stabilize the amplifier at the higher
frequencies was considerable — in spite of the fact
that there was plenty of shielding between the in-  Fig. 5~ 4 —
put and output circuits. With neutralizing, all ((3?3:3"0?1:{11‘“51
trace of fecd-through of driver energy to the plate ;ml‘,li’ﬁerp cirguit
circuit disappeared at 80 meters, and the am-  with grid leak, K1,
plifier was perfectly stable with all load discon~  replacing custom- 8 (D)
nected. However, although the amplifier did not ary(g;)dacc?tofglsg °
oscillate at 40, the indicator showed some energy  coupled push-pull input circuit with series grid feed and
getting through to the plate circuit. It became  parallel driver plate feed. C - Low-frequency parasitic
so great at 20 and 10 that the amplifier oscillated cirenit resulting from arrangement of B. D — Ri, whose

value is low, serves both to isolate the (,011 center-tap
readily on these two bands unless heavily loaded, ;4 joad the low-frequency parasitic circuit. Ra is the
and could not be neutralized out. This was ﬁnally usual grid leak. C; should be not less than 0.01 ufd.
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parasitic chokes as shown in Fig. 6, instead of
directly to the grid terminals. No further im-
provement was found by tapping along the grid
leads within the latitude permitted by the con-
struction. When the amplifier was neutralized on
10, the adjustment held satisfactorily for the
lower frequencies.

To some, the introduction of neutralization
may be considered a complication which shouldn’t
be necessary with screen-grid tubes. However, a

-C L+se. 8

Fig. 6 —In neutralizing single-tube amplifiers, a
balancing condenser, Ci, equal to the tube output capaci-
tance, should be used.

push-pull stage, or one with balanced output,
requires the addition of only the neutralizing
condensers, A compensating fact is that tight
shielding becomes unnecessary. In this particular
instance, the feed-through of driver energy to
the plate circuit actually decreased when shield-
ing surrounding the lower portions of the push-
pull tubes was removed. It was found that
removing the shield from the grid coil, which
was at right angles to the plate tank coil but not
far from it, added nothing noticeable to the small
amount of energy fed through after neutraliza-
tion was completed.

Quite & bit has been said, from time to time,
about the importance of avoiding long or com-
mon return paths for by-pass condensers in
relation to stability. Such a thing is difficult to
confirm in practice, especially when the am-
plifier is already stabilized. But we did move the
grounding points for the screen by-passes around
on the chassis within the radius of the condenser
leads with no detectable change in operation.
Using a 10-inch clip lead, the plate by-pass was
grounded at points spread all over the chassis,
top and bottom, with equally unimpressive re-
sults at a highest frequency of 30 Mec. Short
returns discourage harmonics, however.

Balancing Push-Pull Drive

Before concluding, perhaps it is well worth
while reminding those who build push-pull ampli-
fiers of the importance of balancing the drive to
the two tubes. This becomes even more impor-
tant when using tubes like 807s, since underdriv-
ing of one tube can combine with the harmful
effects of overdriving the other to give some
pretty discouraging performance. In the capaci-
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tance-coupled push-pull amplifier with which we
were working, provision for balance, as shown
at C1 in Fig. 7, was included. The output capaci-
tance of the driver tube was looked up in the
tube data and the balancing condenser, €, was
set to what was estimated roughly by eye to be
an equivalent capacitance. The amplifier per-
formed very poorly. The output was consider-
ably below the rated value and the dip in plate
current at resonance was negligible when the
amplifier was loaded to rated input. Finally, it
was noticed that one plate was showing some
coloring. A check of the individual screen cur-
rents (a convenient indication of balance in a
push-pull amplifier, since the tank circuits don’t
have to be opened up for the meter) showed that
one tube was drawing almost no screen current,
while the screen current of the other was consid-
erably in excess of its rating. It was found that a
very careful adjustment was necessary to bring
the two screen currents to the same value. The
difference in performance after accurate balancing
was remarkable. Good efficiency was obtained
and off-resonance plate current increased to
between 350 and 400 ma., giving a very pro-
nounced dip to the rated 200 ma. at full rated
load — and this with the screens supplied from
a dropping resistor. Apparently, before balancing,
one tube had been doing almost all of the work.
With one tube loaded up to nearly 200 ma. it
isn’t surprising that the plate-current dip was
negligible!

Let us repeat, too, another reminder. Hold the
grid current of 8078 and other beam tubes to
the rated value at the recommended operating
bias. Overdriving spoils the performance of tet-
rodes by running the screen current up unneces-

|]|‘1
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Fig. 7— The excitation to push-pull tubes can be
balanccd by use of a balancing condenser, Ci, in the
input circuit. Its value should be the same as the output
capacitance of the driver tube.

sarily. With a series resistor, this drives the screen
voltage down, making it difficult to load the
amplifier properly.
Summary

The important points of the foregoing can be
summarized by the following list of dos and
don’ts:

1) Suppress v.h.f. parasitics with v.h.f. chokes
in the grid and plate, following the dimensions

(Continued on page 110)
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A Coaxial-Line Receiver for 220 and
235 Mec. |

Making the Most of the Superregen on 1Y, Meters

BY C. VERNON CHAMBERS,* W1JEQ

¢ Tube for tube and dollar for dollar it’s
still pretty hard to beat the old supefre-
gen for v.h.f. applications. Here, through
the use of a simple tuned r.f. stage and a
coaxial-line detector circuit, the weak-
nesses of the superregenerative receiver
are largely corrected.. Sensitivity and
selectivity are improved, and annoying
detector radiation is held to a minimum.

esTS made in the ARRL lab on the coaxial-
line receiver recently described in QST by
WINXY! indicated performance so much
better than other superregens on 144 Me. that
the possibilities of & similar technique for 220 and
235 Mec. were investigated. Though the con-
ventional superregencrative circuits used for
years on lower frequencies can be made to work
on 235 or 220 Mec. with almost equal performance,

their inherent weakness, broad tuning and severe.

radiation, make them of dubious value for use on
any band where there is appreciable activity.
Just as was the case with the 144-Mec. job built
by WINXY, the 1}{-meter receiver built in the
ARRL Lab shows improved selectivity, smoother
performance, and lower radiation than are possi-
ble with the simpler types. The detector circuit is
similar to the WINXY receiver, except for the
modifications required for the higher frequency.
The r.f. stage differs, in that a 954 triode is used.
‘This stage not only provides appreciable gain but,
by reducing the effects of antenna resonance, it
makes the tuning of the receiver and the setting
of the regeneration control much less critical. It

*Technical Assistant, QST. ;
! Santangelo, ‘“‘Coaxisl-Line V.H.F. Receivers,"{ QST,
March, 1948.

¢

Front view of the coaxial-line receiver. The r.f.-
amplifier tuning control is at the left and the main con-
trol, for the concentric-line detector circuit, is at the right
side of the unit. The audio gain control, send-receive
switch, "phone jack, and regeneration control can be seen
in that order, from left to right, across the front wall of
the chassis, ‘

¢
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also prevents most of the radiation which would
occur if the detector were coupled directly to the
antenna. The r.f. circuits of the receiver can be
made to cover both the 220- and 235-Mec. bands,
or it can be made to tune either one of the bands
with a considerable increase in bandspread.

Otherwise, the receiver is of the old rush-box
variety. It still is the type of receiver that can
be thrown together with the least amount of work
and expense and, after the screwdriver and hack
saw have been put away, it doesn’t take an E.E.
to make it behave properly.

Circuit Details

The circuit diagram of the receiver is shown in
Fig. 1. The plate circuit of the r.f. amplifier em-
ploys a self-resonant loop, L3, which is tuned to
the middle of the operating range by the tube-
and-circuit capacitance. A slight increase in re-
ceiver sensitivity can be obtained by tuning the
plate circuit, but the small improvement does not
appear to warrant the extra complications in-
volved.

The detector is a 6AKS5, with the concentric
line connected in its grid circuit. In most respects
it is similar to that of the WINXY receiver, and
the points made by Santangelo apply equally to
this model, except that somewhat higher screen
voltage may be needed for superregeneration at
the higher frequency.

The audio output of the detector, which is fed
through a quench filter consisting of C's, C10, Cu1
and RFC,, is low, with the coupling arrangement
shown, and this could be corrected (if a single
audio stage is desired) by connecting the primary
and secondary windings of the audio transformer
in series, and using it as an audio choke. The




Fig.

Cy — Midget variable condenser (Millen 20015 reduced
to one stator and two rotor plates).
Cz — MMidget variable condenser (Millen 20015 reduced
} to one stator and one rotor plate).
(s —-—.1-—’()-;;;4!(1. ceramic trimmer (Centralab 820-B).
Cla, Ce — 100-ppfd. (National XLA-C).
27 —— 22.4pufd. mica.
Cs, Ciz, Coy = 47 O-p;tfd mica.
Cg — 0.0022-4fd. mica.
Ci10, C11 = 0.0068.-4fd. mica.
Ciza —0.2-ufd. 400 volt paper.
Ci4 —47-ppfd. mica.
Cis — 10-pfd. 25-volt clectrolytic.
Ci1a — 8-ufd. 450-volt electrolytic.
Ci7, C18 — 0.01-4fd. 400-volt paper.
Ci9 — 0.0047-ufd. mica.
(G20 —100-pfd. 25-volt electrolytic.
Ri, Ra— 1000 ohms, !4 watt.
R2 — 33,000 ohms, Y5 watt.
R¢ — 0.1 megohm, 15 watt.
Rs — 50,000-ohm potentiometer.
Re — 47,000 ohms, 1 watt.
R7, R9 — 1500 ohms, 10 watts.
Rs — 22,000 ohms, 1% watt.
Rio — 0,25-megohm potentiometer.

quality of the audio is good with the circuit
shown in the schematic, however, and output,
with the conventional two stages, is adequate for
’speaker operation. Resistor Rs, across the audio-
transformer primary, helps to eliminate the
howling which often develops in such reccivers
when the audio gain is advanced to the maximum
position. Its value may require change for differ-
ent audio transformers. The highest value which
will eliminate the trouble should be used.

The audio scction is similar to the WINXY
receiver, except for the addition of the decoupling
condenser, Cig (which was found necessary in this
model because of motor-boating), and the trans-
fer of the ’phone jack from the first audio stage
to the second. It is entirely possible that the de-
coupling condenser will not be necessary in a re-
ceiver of slightly different construction and it
need not be hooked into the circuit unless trouble
oceurs,

The receiver is built on a standard aluminum
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1 ~— Circuit diagram of the superregencrative receiver.

"Phones

——
ax S
= 83V — 250V.+

Ri1t — 2200 ohms, '% watt.

Ria —-0 1 mcgohm, }/o watt.

Ri3 — 0.47 megohm, 14 watt.

Rig — 270 ohms, 1 watt.

L1— 2 turns No. 18 e., !{-inch inside diamcter, close-
wound.

T2 — 2 turns No. 12 e., Vi-inch inside diumeter, 1§-inch
space between turns.

L.a— A 5. -inch length No. 12 c., bent to form a U- °
shaped loop having a ¥{ -m«,h space hetween
conductorx. Plate side of [onp is 134 inches long
and the opposite side is 234 inches long

~ T.4 — Concentric line. Inside conductor is a t-inch length

of !4-inch o.d. copper tubing. Grid tap 1 inch
from grounded end for both 220- and 235-Mec.
operation or 34 inch from grounded end for
220 Me. only. Outﬁidc conductor is a 4-inch
length of 2-inch i.d. copper tubing.

J1 — Open-circuit jack.

RFCi — 80-mh. choke (Meissner 19-5596).

RFCz — 1-mbh. r.f. choke (National R-33).

S1 — S.p.s.t. toggle switch.

T1 — Interstage audio transformer (Stancor A-53C).

Tz — lel_}vgr\;r;al ontput transformer (Cinaudagraph

chassis measuring 2 X 7 X 11 inches and the
small panel for the deteetor tuning dial is cut
from a shcet of }{g-inch aluminum measuring
3% < 3% inches. The shelf for the r.f. section
is made from a piece of 3{g-inch copper stock
measuring 514 X 64 inches which is cut and
bent as shown in the photographs of the re-
ceiver. The horizontal section of the subchassis
measures 314 X 61 inches and the small
vertical panel is 2 inches high and 24 inches
wide. The detector bandspread condenser and the
aluminum panel for the detector tuning dial are
both mounted on this upright member of the
copper chassis. (s is mounted with the two stator
terminals facing toward the right end of the
chassis (as seen from the rear view) and the lower
stator terminal is one inch up from the horizontal
surface and 14 inch in from the left side of the
copper panel. The tube socket for the 6AKS is 2
inches in from the left end of the chassis and is
located as far toward the front edge as possible.
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The L-shaped bracket for the r.f. amplifier is
214 inches high, has a depth of 234 inches, and is
114 inches across the front. Spade lugs ure
holted, and then soldered, to the bottom of the
partition to provide a method of mounting that is
hoth electrically and mechanically sound. The
National XLA tube socket is centered on the side
of the partition at a point located 134 inches in
from the rear and top edges. A %{g-inch hole,
drilled in the bracket at this point, allows the
grid prong of the Y54 to extend through to the
grid-circuit components. ‘The cathode and heater
prongs of the socket face toward the front of the
receiver and the XLA-C by-pass condensers are
mounted inside the socket. The plate by-pass
condenser, 4, is mounted uuderneath socket
prong No. 5 as this prong is used as the support
point for the cold end of the plate loop, Lz. Note
that the No. & prong is a spare as far as the 954
is concerned. A National XLA-S internal shield,
designed for use with the XLA socket, provides
a common path for the condenser ground con-
nections and, of course, this soldering should be
done before the socket is bolted to the copper
partition. The heater, cathode, and suppressor
connections are also made to the internal shield
and, after mounting, the shield is in turn soldered
to the copper plate. -

The r.f.-amplifier tuning condenser is mounted
with the shaft in line with the shaft of Cs. Stator
terminals face to the left so