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Please do not write for this
25,000-word free hook unless
you are really interested.

It’s pretty expensive.

26 Ibs. of pure “‘hurricane”
—maximum legal input, in
a box no bigger than an
overnight bag.

Receiver Incremental Tuning ... Amplified Automatic
Level Control . .. and a tremendously effective new
noise hlanker are among the exclusive features
of Hallicrafters’ SR-2000 that you'll read about in
voluminous detail. '

SR-2000 Hwuvuecane ba/ iC'fa/ ers

A Subsidiary of Northrop Corporation
5-BAND TRANSCE‘VER WITH M.L. P. 5th & Kostner Aves., Chicago, lllinois 60624
(Maximum Legal Power) Export: International Division, Canada, Gouid Sales Co,
Specifications in brief...s I F d Receiver Offset Control (RIT) permits 12 ke adjustment of receiver fr

r T
independent of transmitter, for round-table, net or CW operation. Hallicrafters exciusive Amplified Automatic Level Control. Frequency Coverage: Full
coverage provided for 80, 40, 20, 15 and 10 meters, Upper, lower sideband and CW operation. All crystals provided for 28.0 to 30.0 mcs. Generai: Dial cal.,
1 ke. Linear gear drive with less than 1 ke readout. Adjustabie IF noise blanker. Provision for plug-in externai VFO/DX adapter. Buiit-in VOX plus break-in
CW and PTT. Built-In CW sidetone. Hi-Low power switch for S5B.* 2.1 ke 5-pole crystal lattice tiiter, S-meter-RFO-AALC and final screen metering.* Two-
speed blower. 100 ke crystai cal, VFO covers 500 ke. Transmitter Section: Two 8122 output tubes. Variable Pi network. Power input, 2000 watts P.E.P, SSB;
1000 watts. CW, Carrier and unwanted SB suppression, 50db; distortion products, 30 db. Audio: $00-2600 cps @ 6 db. Receiver Section: Sensitivity less
than 1 uv for 20 db S/N. Audio output, 2W.; overall gain, 1 uv for % W. output, $R-2000 transceiver—$995 amateur net, P-2000AC Power Supply—$395
amateur net.

*Meters for final plate current and voltage built into P-2000AC power supply. Also Hi-Low power switch, and loudspeaker.




If the
'Electro-Voice
Model 664
picks up
sound here...

@ The holes in the top, sides
» and rear of the Electro-Voice
Model 664 make it one of the finest
dynamic cardioid microphones you
can buy. These holes reduce sound
pickup at the sides, and practically
cancel sound arriving from the rear.
Only an Electro-Voice Variable-D®
microphone has them,

Behind the slots on each side is
a tiny acoustic “window” that leads
directly to the back of the 664
Acoustalloy® diaphragm. The route
is short, small, and designed to let

only highs get through. The path is.

so arranged that when highs from
the back of the 664 arrive, they are
cut in loudness by almost 20 db.
Highs arriving from the front aren’t
affected, Why two “windows” ? So
that sound rejection is uniform and
symmetrical regardless of micro-
phone placement.

The hole on top is for the mid-
range. It works the same, but with
a longer path and added filters to
affect only the mid-frequencies. And

near the rear is another hole for
the lows, with an even longer path
and more filtering that delays only
the bass sounds, again providing
almost 20 db of cancellation of
sounds arriving from the rear. This
“three-way”’ system of ports insures
that the cancellation of sound from
the back is just as uniform as the
pickup of sound from the front—
without any loss of sensitivity. The
result is uniform cardioid effective-
ness at every frequency for out-
standing noise and feedback control.

Most other cardioid-type micro-
phones have a single cancellation
port for all frequencies. At best,
this is a compromise, and indeed,
many of these “single-hole” car-
dioids are actually omnidirectional
at one frequency or another!

In addition to high sensitivity to
shock and wind noises, single-port
cardioid microphones also suffer
from proximity effect. As you get
ultra-close, bass response. rises.
There’s nothing you c¢an do about

What are
all these

other

holes
for?

this varying bass response—except
use a Variable-D microphone with
multi-port design* that eliminates
this problem completely,

Because it works better, the E-V
664 Dynamic Cardioid is one of
the most popular directional micro-
phones for demanding communi-
cations applications. To learn more
about Variable-D microphones,
write for our free booklet, “The
Directional Microphone Story.”
Then see and try the E-V 664 at
your nearby Electro-Voice micro-
phone headquarters. Just $85.00 in
satin chrome or non-reflecting gray.

#*Pat, No. 3,115,207

ELECTRO-VOICE, INC., Dept. 972Q
631 Cecil St., Buchanan, Mich, 49107

EleiltoYoree'

SETTING NEW:STANDARDS IN SOUND
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In fact, the Collins 75S-3B Receiver now has the sharpest selectivity available
in a ham receiver. Improved cross-modulation characteristics immunize it to
nearby transmitters. CW DXers using the 75S-3B easily dig that one signal
from a pileup. Mechanical filter options provide just the right degree of
selectivity for operating conditions in SSB, CW, or RTTY. Have you tried the
755-3B lately? See your Collins distributor.
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{ grated circuit,
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1 in the article
i on page 11.

—CONTENTS —

TECHNICAL —

A Low-Noise Converter For 144 Mec.
Doug DeMaw, WICER

Forced-Air Cooling of Transmitting Tubes
William I. Orr, W6 SAI

Gimmicks and Gadgets:
A Solid-State Amplifier/Modulator.ceeeecessccsnee

A Handy Speech Amplifier-Clipper
Charles Utz, WIDET

An Admiitance Bridge for R.F. Measurements
Francesco Cherubini, I1ZV

The Swiss Quad at ZS6PP.....E. P. Towers, ZS6PP

A Ten-Meter Harmonic TVI Filter
H Edward E. Wetherhold, W3NQN

Choosing Batteries for Portable Ham Gear
Edward P. Tilton, WIHDQ

Technical Correspondence....cveesesessessrancscnsne

Recent Equipment:
International Crystal SBX-9 S.S.B. Exciter and
| SBA-50 Mixer-Amplifier.....oivveerenrenneeennas

BEGINNER AND NOVICE —

Clicks And Chirps ~— Let’s Clean 'Em Up!
Lewis G. McCoy, WIICP

§ OPERATING —

1967 VE/W Contest Announcement..ccsecesosereeecnns
V.H.F.QSO Party Announcement. . cccoeevesesrccanans
Seventh World-Wide RTTY Sweepstakes...vsevenenens
June V.H.F. QSO Party...ccs.... Ellen White, WIYYM

GENERAL —

How To Win The 1967 C.W. Sweepstakes
Donald G. Ross, W2JMZ

A Cliff-Dweller's Antenna Farm
Jack Wichels, WB4GAH

QSL Via Box 88 Theodore M. Hannah, K3CUIL,......

ABRPSC....c0000000s0 64 Index to Advertisers.....v00ne
ARRYL QSL Bureau.... 80 “It Seems to Us™” . . cevnerenn .
Coming Conventions 77 League Lines..vovevessvassns .
Correspondence From Members 74 Operating NewS.o.oeeveesenss
Feedback ...voeseeenesennanns 76 Silent Keys...oovereesersonans
Hamfest Calendar.vvvsseverss 24 Station Aclivities,.eesvssrenss
Happenings of the Month..... . 68 World Above 50 Mc...ovveses
Hints & Kinks..ooveiaeronoens 46 YL News and Views,....ceeen

How's DX?..ceaiieiianananns . 88 2B Years Agoin QST...eeves

11

20

26

28

30
34

37

40

48

48

17

88
86
57



torpedo!

hero!
submarine!

The words may be different depending upon
where you live but the meaning is identical—-a
delightful sandwich—lots of goodies tucked into
a small space-and always, most for your money.

Add the words, “SBE COMBO" to the best-buy
section of the menu whenever you want to sand-
wich a plump, four-band kilowatt into that small
car and still have room for the family. (it's right
at home also).

First combo layer—SB-34, 80-40-20-15 meter
transceiver with built-in 12V DC and 117V AC
supply and replete with such condiments as solid-
state switching (no relays), USB or LSB (by panel
switch), steep slope mechanical filter (Collins),
delta receiver tuning (L transmit frequency).
Varactor control dial set, 500 ma receiver-only
standby drain (12V DC), 20 diodes, 23 transis-
tors (only 3 tubes),one-knob dual speed tuning.

Export sales: Raytheon Company, International Sales & Services, Lexington73, Mass. U.S.A.

Second combo layer—SB2-LA, 1000 resounding
watts p.e.p. input on 80-40-20, 750 watts on 15.
And smalllll . .. only 514"H, 1134"W, 115;"D,
43#, Built-in 117V AC suppiy uses silicon recti-
fiers and voltage multiplying to reduce trans-
former size/weight. Low voltage (800V) high
current operation — easier on capacitors, diode
rectifiers, components. Built-in antenna and con-
trol relays (2)—internal blocking bias—-meters for
plate current and output — uses 6 inexpensive
6JE6 paraliel connected tubes.

Write for a menu—errr catalog.

SIDEBAND ENGINEERS—213 East Grand Avenue,
South San Francisco, California 94080,

RAYTHEON



QTC’

{*1 have a message for you)
de Stuart F. Meyer, W2GHK

AEROTRON — pioneer in low-cost two-way FM business radio, is now signing additional
Authorized Agency Contracts in a number of profitable territories. You may qualify and
get in on sales of the greatly improved and expanded Aerotron and Ameco product lines.
Clip the coupon below or write to Stuart Meyer, Executive Vice President, at Aerotron,
Inc., P.0. Box 6527, Raleigh, North Carolina 27608.

AEROTRON —now celebrating 20 years of progress in the two-way radio business was
FIRST with high-frequency crystal filtering, FIRST with truly fully universal base-mobile
units and now another FIRST: An instant interchange base-mobile unit with 1009 tran-
sistorized receiver. Let us hear from you. We'll send you our new color catalog showing
the complete Aerotron two-way product line, or give you complete details on our Autho-
rized Agency Policy.

M AND AM TWO-WAY RADIO . SSB AND ISB COMMUNICATIONS

. CONTROLATOR FUEL CONTROL & DATA EQUIPMENT ¢« AMECO*
HAM, CB AND SWL EQUIPMENT

*@ H ‘

A DIVISION OF AEROTRON, ING. CLIP THIS COUPON—OR WRITE
TO US, MENTIONING THIS AD.

7] 'minterested in the Ameco story.
{1 Send me your new catalog,

NAME
ADDRESS
A E R OT R O N CITY
U.S. Highway 1, North STATE zip

Raleigh, North Carolina  ———
5



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, “the a.dmmxstramve ARRL ofiicial elected by members in each Section.
Radio club reports ure also desired by SCMs for inclusion in @ST. ARRL Field Organization station appointments are
available in areas shown to qua.hhed League members, General or Conditional (lass licensees or higher may be appointed
ORS, OVS, OPS, 00 and OBS. Technicians may be appointed OVS, OBS or V.H.F. PAM, Novices may be appointed OVS,

SCMs desire a.pphcamon leadership posts of SEC, EC, RM and PAM where vacancies exist.

Del.:.w.ue*
lastern Pennsylvania

Maryland D, C,

Southern New Jersey

" Johi L. Penrod

ATLANTIC DIVISION

CGeorge 8. Van Dyke, Jr.
Ctarl K, Andersen
Edward (3, Ruser

Lh()7 (‘nnvpnt Lane
14601 Claude Lane
19 Blackwood Drive

wyrner Gulf Rd,
1463 N. allen St.

‘EN'I’RAL DIVISION

Townsend 19731

Philadelphia 19114

Silver Spring, Md. 20904

Wilburtu Gardens,
Trenton USH2Y

Holland 14080

sState College 16801

1520 south TL6 FF.

Mrs. M, Roberta h.rouhk 401 B! Portal Drive

%22 Wauona Trail
DAKOTA DIV ISION

Than K, Kopischke, Jr. RFD 2

21 Muelid Ave,

ward P. Holt Box 5%

DELTA DIVISION

Springiield 62703
Michigan ¢ty 46361
Portage 53901

Jauesviiie 56018 T
(xra.nri Forks 55201
Clear Luke 57226

1117 North Drive
RED 1, Box J'Si-D
..u.!l-&ﬂh

H200 Oak Mmdow Ave,

GREAT LAKES DIVISION

Western New York K2HUK  'harles T, Hansen
Western Pennsylvania W3NEM  Robert B, Gawryla
Tilinofs WOPHN"" Fdmond A. Metage
Indiana KIvVG
Wisconsin KOOGS Kenugth A. Ehbneter
Minnesofa TWOTCK
North Dakota WODM Harold L. Sheets
Houth Dakota KPTXW
Arkansas KSGKN " Uon W, Whitney
Jousiung W5PM J. Allen Swansoun, Jr.
Alississippl WHEMM 8, H, Hairston
Tennessee ARC Harry A. Phillips
Kentucky WAIKFO "Luwrence F, Jeftrey
Michigan WEEN Ralph P, Thetreau
Ohio WEBAL Wilson 15, Wecket
W2EFU

TP.0. Box 311), Usteola 72570 |
Lovington 70133

Meridian 39301

Memphis 45128

16)5 Antler Ave,
7309 W, dix Mlle Road
,517 Logun Ave., N.W.,

Trster New Yurk
N. Y. C. & Long Island  K2IDB

Oweushoro 42301
Detroit 48240
Canton 44703

HUDSON DIVIS
ey

“66 Cypress 5t.
150 Pleasunt Ave.

ON
138 North Country Clilb Drive

___MIDWEST DlVISION .

Behenéetady 12309
Dassapequi Purk, L. I, 11762
Bergenteld 07621

Hobert M, Bummers

.5045 North 72nd
Alfred E, Schwaneke

Hdgar Stur Rte.
Frank sllen Box 272

21% Barlin Ave.
Frank L. Baker, Jr,

Northern New Jersey W2LQP

Towa CTTWABTYATT  Owen G, UL
Kansas KPBXF

Alissouri wyTeK

Nebraska WUGGP

Clonnecticut WIGVT  JohnJ. MoNassor
Iaastern Massuchusetts W1 ALP

Muaine KIiDYG

New Hampshire W1isWX/K1D34A
Rhode Island AV

»45 sHolar Ave,
FA

FO 1
Box 137-A RFD
30 Frait 8

Herbert A, Davig
Robert Mitchall
John K. Johason

NEW ENGLAND DIVISION. . ____ .

Gilman 50108

Southington 06489
Braintree U21x5
Frankiin 04631
Chester D3D36
Pawtucket 02860
Montpelier 05601
springtield 01119

College 99735
Lewiston 83501
Anaconds 59711
Hillsboro 97123
killensburg 93926

Coneord 91521

Kuneohe 96744

Boulder City 39005
h 2l 9581

2
Cuperuno vh014

salisbury X144
foion 29379
iNorfolk 23503

Fairmont 26554

Clunul Zone*
Iastern riorida

Gieorgia W
West Indies (P.R.-V.L)  Ke4iDV
Woestern Morida W4RKHI

Arizona 78
Los Angeles sU.
Orange W6 DEY
8an Diego WELRU

Banta Barbara

WABOKN tlecil D. Hinson

idaho Springs FiNgs K15
xlamogordo 88.;10
Ogden 84401
Casper 82601

Vermout KIMPN K. Rezinald Murray 3 Hlll(-reit “Drive
Western Massachusetts  WISTR Norman P. Fovest 36 Valley Rd.
NORTHWESTERN DIVISION
Alaska* RL7AEG \lbert ¥, Weber Box 735
Idaho WITZNN LDonald A. (_,risp .5408 Rth 8t B
Montana WITYN .]nszvph A. LY \rey 1916 Haggin Ave,
Uregon K7WWR  Dale T, Justice 310 MK, Uith Ave,
Washmzton K7JHA William R. Watson 1005 E. 1kt Ave,
s e PACIFIC DIVISION
East Bay KSLRN Richard Wilson 1497 Cordova Way
Hawall KHB8BZF Lee R, Wieal 45-601 TLuluku Rd.
Nevada W7PBYV, Leonard M. Nor 852 Utah St
Sacramento Valley WASBIDT  John K. Minke, 111 6330 Rio Bonito Drive
8an Francisco WABATID  Hugh Cassidy 77 Coleman Drive
Han Joaguin Valley WaiPy Ralph Saroyan 6204 k. Townsend Ave,
Banta Ulara Valley WEZRSI Jean A, bmelm 10835 Willowbrook Way
— _ ROANOKE DIVIS ON
North Carolina W4iBNU Barnett 8. Dodd 20 West, Franklin St.
Hauth Caroling K4LNJ Clack M "Hubbard 1 4 Fant Lane
Virginia WA4SHJ H. J. Hopkins %600 Hammett Ave,
West Virginia WHIML Donald B, Morris 11368 Morningstar L.me
. . ROCKY MOUNTAIN DIVISION
Clolorado KAFDH Richard Hoppe Star Route
New Mexico WASFLG  BIill Farley 1306 Spruce
Litah W7Vss Gerald F. Warner 4785 South 275 West
Wyoming WrCQL Wayne M, Moore H South Montuna Ave.
R ‘OUTHE\.STERN DIVISION ..
Alabama ard L. 1808 Spriuz ;Ne.. 8.W.

Ru:seu E. ()bcrhultzer. R X ¢ N

Jesse H, Morris PO, an 1z41
Howard L. Schonher P.O. Box 1912
Albert R. Crumley, Jr. 2.0, Box 10073

Frank M. Butler, Jr. 494 Elliott Rd.

1 tur 35601
Giatum
Ja,cksonvmo Beach 32050
Columbus 31902
Caparry Heights

Han Juan, PR 00922,
Fort Walton 13each .51548

bOUTHWESTERN DIVISION
sal 3411 Waest Plerson dt,

T Flovd alyar
Donald R Etheredge 12040 Redbank wt.
Maxson 1434 sSnuth Olive 86,

Roy R.
Don Stansifer 4427 Pescadero
1933 Loveutrv Ciourt

WEST GULF I)IVIQI

Phaenix 85017

Sun Valley 91352
Santa Ana 92707

Han Diego 92107
Thousand Ouks ¥1360

Northern Texad WEBNG
Okinhoma KHCAY

L. arbin 45815 C ‘almo 9
I);mha\ B Prater 1401 Oklahoma Ave.

Fort Worth 76107 o
nid 73701
Houston 77023

Southern Texas WHAIR G D, Jerry Hears 5634 Fsktrdge St
e e e e —— et et ot e it e CANADIAN DIVISION . __
Alberta VEGTG Harry H;i.rmld 1834-5th Ave,, N.
Hritish Columbia VETFR H, E. Savage 4553 West 12th Ave,
Manitoba VE4JT John Thomas Stacey 19 Cottonwood Cres.
Muritime VELM? J. Harley Cirimmer 40 4 Rosedale Ave.
Ontario VHEING Richard W. Roberts 170 Norton Ave,
Quebes VE20J Jim Ibey 209 Brookdale Ave,
Baskutchewan VESQU el Mills P,0. Box 8§

Lethbridge, Alta, -
Vancouver ¥, B, C,

‘Brandon

'a,lrvlew. Halifax Co., N, 8,
willowdale, Toronto, On.
Dorval, P, Q.

Haskatdon

* ()fficial appointed to act temporarily in the absence of a regular offcial




Meet The Dividers!

ICD SERIES INTEGRATED CIRCUIT DIVIDERS

They'are new from International. Use them for crystal controlled time
bases, scope calibrators, and clock sources.

International ICD- units are totally integrated{circuit’frequency dividers.
They are smaller than a pack of cigarettes (17 x 2¥4"” x 238”). All have
two separate outputs. They are packaged in nine types providing divide

ratios 2 thru 10. No tuning or adjustment is required. The output pulse has.

FREQUENCY RANGE

ICD-10 ta 10 MHz - $19.95 ea.
iICD-2 thru ICD-8 to
- MHz .. ... ...%18.95 ea,

ICD Buffer (for feeding
more than one circuit). $ 9.95 ea.

CRYSTAL MFG. CO, INC.
" 10 NO. LEE ® OKLA. CITY, OKLA. 73102




"t AMERICAN
RADIO RELAY
LEAGUE, ic,

is a noncommercial association of radio amateurs, bonded for
the promotion of interest in amateur radio” communication and
experimentation, for the relaying of messages by radio, for the
advancement of the radio art and of the public welfare, for the
representation of the radio amateur in legislative mattfers, and for
the maintenance of fraternalism und a high standard of conduct.

Itis anincorporated assocication without capital stock, chartered
under the laws of Connecticut. Its affairsare governed by.a Board
of Directors, elected every two years by the general membership.
The officers are elected or appointed by the Directors. The League

is noncommerciol ond no one commercially engaged in the manu-

facture, sale or rental of rodio apparatus is eligible to membership
on its board.,

“Of, by and for the amateur,” it numbefs within its ranks procti-
cally every worth-while amateur in the nation and has o history of
glorious uchievement as the standard-bearer in amateur affairs.

Inquiries regarding membership are solicited. .A bona fide
interest in amateur radio is the only essential gualification; owner.
ship of a transmitting station and knowledge of the code are not
prerequisite, ulthough full voting membership is granted oily to
licensed amateurs.

All general correspondence should be addressed 1o the adminis-
trative headqguarters at Newingion, Connecticut.,

Past Presidents
HIRAM PERCY MAXIM, WIAW, 1914-1936
EUGENE € WOODRUFF, WBCME, 1936-1940
GEQRGE W. BAIEY, W2KH, 19401952
GOODWIN L. DOSLAND, WHTSN, 1952-1962
HERBERT HOOQVER, JR. W6ZH, 19621946

Officers

President . , . . . . . . ROBERT W, DENNISTON WENWX
Box 73, Newton jowa 50208

First Vice-President , . . . WAYLAND M. GROVES, W5NW
1406 West 12th Street, Odessa, Texas 79760

Vice-Presidents , .

GILBERT L, CROSSLEY, W3YA
Secretary . . . . . . . . . . .JOHN HUNTOON, WILVQ

Treosurer , . . .. . . DAVID H. HOUGHTON
225 Mom Sf Newmgton, Connecticut 06111

® o & ¢ =

Honorary Vice-President . ., . . ., FRANCIS E, HANDY, W1BDI
- L] L t 4 L]
General Manager . . . . . . . JOHN HUNTOON, WILVG

Communications Manuger . . ., . , .GEORGE HART, WINJM
Technicol Director . ., . . . . GEORGE GRAMMER, WIDF

Assistant Generol Manager . RICHARD L. BALDWIN, WIIKE

PERRY £, WILLIAMS,” WTUED
WILLIAM [ DUNKERLEY, JR, WAZINB
225 Main St,, Newington, Connecticut 06111

Assistant Secrefaries . .

*® & & o o

General Counsel . . . . . ROBERT M. BOOTH, JR, WSPSY

1100 Vermont Avenue, N, W., Washington, D. C, 20005

Associafe Counsel . . . . . ARTHUR K. MEEN, Q.C,, VE3RY
Svite 2212, 44 King St. West, Toronto 1, Ont.

. . CHARLES G. COMPTON, WOBUO

DIRECTORS

NOEL B. FKTON ..................... VE3CJ
Box 660, Waterdown, Ontario

Viee-Director: Colin ¢, Dumbrille,....... VE2ZBK
116 Oak Ridge Drive, Bale d'Urfe, Quebec
Atlantic Division

GILBERT L, CROSSLEY. ..., ......... w3y,
734 West Foster Avenue, state College, Pa. 16801
Viice-Director; Jesse Bieberman, .......... W3K
RD 1 valley Hill Road, Malvern, Pa. 14355
Central Division

PHILLIP E, HALLER, ... ............ WOHPG
6000 8. Tripp Ave., (_,hlcago. 1L 606"9

Vice-Director: kidmond A, Metzger, ..., .. RN
1520 South Fourth ., bprmgneld, Illlnois 61703
Dakota Division

CHARLES G, COMPTON............. O
Box 226A R.R.1, South 8t. Paul, Minn. 55()25

Vice-tiirector:

Delta Division

PH_ILIP P. SPENCER....... WSLDH/W5LXX
29 Snipe St., Lake Vista, New Orleans, La. 70124
Vice-frirector; Max Arnold. ............ WHN

f12 Hogan Road, Nn.shvllle, Tenn. 67210
Great Lakes Division

DANA BE. CARTWRIGHT......... ... WSUPB
2979 Observatory Ave., uncinnatl Ohio 45208
Hc@-utrecmr Charles C, Miller.......... WRISU

4872 Calvin Drive, Lolumbus. Ohio 43227

Hudson Division
HARRY J. DANNALS, . ....00uivenns WATUK
RFD 1, Arbor [ﬁue).{ Dix Hllls. Huntington,
Vice-Director: Stan Zak. . ................ K28J0
13 Jenuifer Lane, Port Chester, New York 10573

Midwest Division
HUOMNER H, FOSTER. ............... woGQ
4110 Goblin's Gully Dl.;zf :;u Cedar Rapids, lowa
Vice-Director:

New England Division

ROBL’R’I‘ YORK CHAPMAN........... wiQv
% South Road, Groton, Conn. 06310
Vice-])irermr Bigelow Green, . .......... WIEAE

11 Law's Brook Rd.. Bouth Acton, Mass. 01771

Northwestern Division

ROBERT B. THURSTON......,..... W7PGY
700 318t Ave., N. E Seattle, Wash. 98115
Vwe-lmmor R. Rex erts. . ..., .., W7CPY

Pacific Division

HARRY M. ENGWICHT........,.... « WEHC
770 Chapman, San Jose, Calit.’ 95136
Vice—l)zrfrlor Ronald G. Martin. . ......., WEZTF

Roanoke Division

VICTOR C, OLARK............0u.s, WAKFC
12927 Popes Head Road, Clifton, Va. 22024
Vice-1irector: L., Phil Wicker....,....,.. V4ACY

¥
4821 Hill Top Road, Greenshoro, N, C. 27407

Rocky Mountain Division
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“It Seems 10 Us...”

THE OLD MAN

September starts out with ARRL Founder’s
Week, honoring in particular the man whose
brainchild the League is; the man who guided
its destiny as president for 22 yeuts; the man
who, in a fraternity whose male members
are all known as Old Man, stands out as The
Old Man — Hiram Percy Maxim, 1AW.

HPM was born in Brooklyn, N. Y. on
September 2, 1869, the son of Sir Hiram
Stevens Maxim (who invented the Maxim
machine gun) and nephew of Hudson Maxim,
inventor in the field of high explosives. As
could be expected with such illustrious ances-
tors, our Maxim graduated from Massachu-
setts Institute of Technology in 1386, & pu(,-
ticing engineer at the advanced age of 17!
Moreover, he procecded to live up to his in-
heritance in o number of fields, with 59 patents
to his name. The most famous of his inventions
is of course the Maxim Silencer — not only
the gun silencer of Prohibition fame, but its
mueh-more-civilized cousins on internal-com-
bustion engines, air conditioners, and ecom-
pressors. There was even one which would shut
out noise yet permit circulation of air through
an open window.

Maxim was nearly as intrigued with amateur
movies us amateur radio, and founded the
Amateur Cinema League, serving as ibs presi-
dent as long as he lived. Aircraft interested
him intensely too; be helped start the :ero
Club of Hartford and served for years as
Chairman of the Hartford Aviation Commis-
sion, helping to develop Brainard Field, the
eity’s airport until after WIW IL

While in his early twenties he motorized
a tricycle, und that got him into the suto
business. He started the motor-carriage de-
partment of the Pope Manufacturing Co. in
Hartford, makers of the famous Columbia
ears, first gasoline and then electric. Probably
the first auto race in the country featured
Maxim in the Columbia against a Stanley;
Maxim won — the Stanley couldn’t be sturtecd! !

Later he ran the Electric Vehicle Company
in Hartford, and eventually established the
Maxim Silencer Company, the latter still in
existence albeit now as part of another cor-
poration. Incidentally, Maxim gets credit
for shifting American cars from right-hand fo

left-hand drive.

Astronomy, yachting, the Naval Reserve,
the Society of Automotive Engineers, the
American Society of Mechanical Engineers,
the Executive Committee of MIT Alumni,
the Hartford Engineers Club and two popular
books also occupied a share of HPM’s atten-
tion.

The Chief entered amateur radio in 1910
when his son Hiram Hamilton acquired an
interest. He was past forty when he learned
the code. Their first station, excellent for
that day, used the self-assipned call SNY,
With the coming of the fuw HPM became
{WH and later had special-station license
1ZM. The call 1AW and his famous rotary
spark Ol'Betsy came along after the first
World War,

The story of our ARRL beginnings has
been often told; how Maxim foresaw the
need for national unity in amateur matters,
sought carefully for u basis for organizing,
found it in the idea of relaying and then, with
the collaboration of that brilliant Hartford
youth, Clarence D. Tuska, launched our
League, first as a (()mnnttee within the old
Radio Club of Hartford, then on its own as of
May 1914, The following year he and Tuska
started our magazine QST

Our editorial last month touched on another
facet of Maxim’s personality: his delightful
wit and keen sense of the foibles of fellow
amateurs. Anonymously HPM turned out o
score of stories signed **The Old Man” tulmng
the glare of publicity on all sorts of “Rotten.”
The greatest impact arose from the tale,
“Rotten QRM" which futhered our beloved
Wouff Hong, the Rettysnitch, the Uggerumph
and other choice concoctions.

Yet all this only touches on the accomplish-
ments of our founding father. Those readers
whose appetites have been whetted may con-
sult: Two Hundred Meters and Down, by
Clinton B. DeSoto; Fifty Years of ARRL,
compiled from 1964 issues of QST; “The
Hditor's Mill,” April 1936 QST; Gentus in the
Family, and Life’s Place in the Cosmos, all by
HPAL, and Horseless Carriage Days also by
HPM.

And all will want to join in saluting Maxim,
Tuska and the host they lead, during this
“Founders Week, 1967. 4 GET—
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League Lines . ..

Last ¢all for nominating petitions in eight divisions
holding director elections this autumn. See page 68.

Early response to our concurrent survey of CB clubs and
amateur clubs to explore potential areas of mutual interest
indicates (1) a substantial desire among these CB groups

to learn more about amateur radio, (2) a willingness on

the part of most ham clubs to supply help and guidance -——
tempered by some skepticism as to how many CBers are really
potential hams. The evidence so far seems ito suggest a real
opportunity to atiract interested prospects into the ranks
of amateur radio with help and encouragement from amateur
clubs. We'll report more fully when all the returns are in.

Congress briefly interrupted its busy end-of-July calendar
and with unanimous consent passed a bill permitting foreign
Boy Sgout amateurs to operate K7BS and K7WSJ at the
worldwide Jamboree in early August. Congressional GOOp&Ir=
ation was outstanding, a tribute to BSA and ARRL.

Still the amateur's best bargain ... League membership is
the open door ito getting the most out of amateur radio w=
for every ham, whether he's interested in rag-chewing,
traffic-handling, DX, contests, experimenting ... or is
just getting started. How is your selling job doing?

Get a buddy to join today. We need him and he needs us.

Deadline for Charter certificates is past, but Life Member—
ship is still available at one—timec dues of $130 or eight
quarterly payments of $16.25. Write Hgq. for application
forms and join some 300 already in the new class.

DXCC ... new ARRL Awards Committee rules clarification

on DXpedition credit is designed to update requirements

in keeping with expanded DX activities, and to assure
validity of DX credits before they are granted. Committee
now requires gupporting evidence for DXpedition operations
prior to grediting contacts; previous policy was generally
10 accept reasonable assurance that operations were as
claimed until and unless contrary evidence was presented.
Documentation will be required both of license status and
actual presence at claimed locations.

Now and then someone proposes volunteer or $l-per—year
hams become FCC official monitors for more discipline on
the bands. It still isn't feasible under FCC rules, as

the Commission again indicates in a recent proceeding in
another field —— "the employment of unpaid personnel by
the Commission for monitoring purposes is not a proper
matter for rule-making action nor does it appear to be in
accordance with the standards, procedures or requirements
of the Federal Civil Service System." 00s are still the
backbone of the amateurs' proud iradition of self-policing.

Why not join the official team? Field organization
appointments are open in many sectio.. —— ORS, OPS, OVS,
OBS, in addition to 00, to qualified League members. Check
your SCM (page 6) for requirements and availabilities.
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A look ot the completed
2-meter etched-circuit
FET/IC converter and
its 12-volt a.c.-oper-
ated power supply. The
converter is af the right,
mounted in a Vector
case. The power supply
is at the left and is
housed ina 4 x 5 x 2-
inch aluminum chassis. It
has a bottom plate to
which four rubber feet

have been attached.

A Low-Nozise Converter For 144
Me.

A Solid-State Project for the Advanced Builder

BY DOUG DeMAW, WICER

this project, beginners are cautioned to
weigh their ability and experience in build-
iug ham equipment before tackling this job. It is
recommended that the less-experienced econ-
structor cut his teeth on the FET converter
project described in an eurlier issue of Q8T.!
Some knowledge of home-style etched-circuit
processing is also helpful if one is to build this
unit.
Because attention has bheen given to those
points that ure often weak spots in v.h.f. con-
verter performance, this vircuit “delivers the

BECAUSFI of the sbove-average complexity of

#Assistant Technieal Editor,

t DeMaw, *“ FET Converters for 6 and 2 Meters,” QST
May 1967, page L1.

i

This 2-meter converter was designed
with the experienced v.h.f. builder
in mind. It offers low-noise perform-
ance, gain-controlled i.f. amplifica-
tion, adequate frequency stability,
and good overall gain. An i.f. of 28
Me. was chosen to make the ccnverter
compatible with today’s ham-band-
only receivers, thus permitting the
Jower half of the 2-meter band to be
tuned between 28 and 30 Mc. on the
station receiver. The circuit makes

use of FETSs, bipolar transistors, and
an integrated circuif.

goods’’ where rigid requirements are to be met.
The integrated-circuit i.f. amplifier stage has a
manual gain coutrol which makes the converter
nuseful with receivers that suffer from poor
sensitivity on 28 Me., or with those that are
hotter than the proverbial pistol. A noise figure
{n.f.) on the order of 2.5 db. is possible with this
eireuit, providing the operator with u better n.f.
thau is really necessary on this band — u rather
eomforting thought. Voltage regulation is applied
to the erystal oscillator stage, thus assuring the
user of better-than-average frequency stability.
Since FETs are used in the r.f. and mixer stages
of the converter, cross-talk and overload prob-
lems are virtually nonexistent.? Standard com-
ponents are used throughout, and an etched-
circuit board serves us the chassis. As a one-shot
item, or us a club project, this unit is ensy fo
fabricute if undertaken by an experienced
builder, or if assembled under the watchful eye
of a seasoned constructor,

The Circuit

A standard cascode coufiguration makes up
the r.f. amplifier section of the converter, Fig, 1.
Two junction-type FETs, Q1 and @, comprise
that part of the eircuit. Although the circuit was
quite stable without neutralization, Li¢ was
included in the interest of securing a low noise
figure. Q1 and @, have separate d.c. feed, making

2 The dynamic characteristics of FETs make them less
sithject to eross-talk and overioad than bipolar transistors.
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Fig. 3—Layout of the etched-
circuit board. The red lines show

DRILL SIZES
where the key components are Py
mounted and indicate the way the B= “/:,:2'
semiconductor leads are indexed. C= W
This is a bottom view of the board D=3
(copper side). The inked-in areas E = No.33
represent the sections of the board Al other
that have been etched away. The holes use

white areas are the copper strips No43deill

that remain,

it unnecessary to select transistors with similar
characteristics as might be required were they
series-connected. A bandpass cireuit, LzCiLg,
couples @y to the mixer, Qs.

The oscillator chain consists of three bipolar
transistors, Qs, @, and Q. Q4 operates in a
third-overtone circuit and provides output at
58 Me. The high frequency of ¥y was chosen to
reduce the number of multiplier stages required,
and to eut down on harmonic frequencies which
might cause spurious responses and “birdies”
in the output of the converter. Rs, 8 22-0hm
resistor, was added because a parasitic condition
was noted while tuning L. Adding the resistor
cured the problem. Link Ly; couples the oscillator
output to the base of @, which serves ag
doubler to 116 Me. A two-turn link, Ly3, connects
to another two-turn link, Ls, on the mixer coil
(L4) to provide 116-Me. injection to the mixer.

10 5 E} [

oz

Fig. 2—Representafive schematic of the Motorola MC-
1550 integrated-circvit module, The chip contains three
bipolar transistors, four bias resistors, and a bias-network
diode. Other ICs of similar design should be svitable in the
circuit of Fig. 1 provided proper changes are made in the
base connections and the etched-circuit layout. Also,
other types should have an upper-frequency
rating of at least 60 Mc.

September 1967
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Transistor Qs acts as a Zener diode, regulating
the oscillator’s d.c. supply at approximately 9
volts. The collector and base leads of (5 are
grounded in this application.

Output from the mixer, 3, is ut 28 Me. Thei.f.
amplifier stage uses an integrated-circuit device,
ARy, which is shown in representative schematic
form in Fig. 2 so that the experimenter can
substitute other brands, containing similar eir-
cuits, if desired. More on that later. Stage gain
is controlled by applying a positive bias to
terminal 5 of the integrated circuit by means of
Ry. This element of AR; normally has a.g.c.
applied to it when used in the i.f. cireuits of TV
and f.m. receivers. As the movable arm of Ry
ix brought closer to ground the gain of the if.
amplifier increases. B varies the gain from zero
to roughly 30 db.

Diode CRy, an ordinary top-hat type rectifier,
is used in series with the d.c. feed to the converter.
When connected as shown — anode toward the
power supply —-- the transistors cannot be dam-
aged if the polarity of the power supply is wrong.
'Ry acts like an open circuit when the negative
terminal of the power supply is connected to
its anode.

Overall r.f. stability is enhanced by the use of
decoupling networks between stages, and through
the use of flashing-copper shields hetween some
of the tuned circuits. An aluminum shield divides
the etched-circuit board down the center and
isolates the rf. and mixer stages from the
oscillator chain.

The Etched-Circuit Board

A 414X 614X L{s-inch copper-clad phenolie cir-
cuit board (Vector CU65/45-1) is used as a chas-
sis for the unit.? The basic pattern — not to scale

3 The Harris Co, of 56 East Main St., Torrington, Conn.
states that they will supply etched-circuit boards for Q87
projects. Write them for information on availability and
prices.,

13



A head-on view of the top surface of the etched-circuit board. The i.f. gain-control knob is at the upper right. The inpuf
jack for the 12-volt supply is just to the left of the gain control. The Lf. output jack is at the lower right, and the r.f. input
jackis at the lower [eft on the board. The IC is located at the far right, just above the i.f. output connector,

—~ iy given in Fig. 3.4 Etch-resistant material,
such as Vectoresist rub-on transfers, can be used
to protect the portions of the board that aren’t to
be removed. Various brands of etch-resistant
paints are available for this purpose and can be
used with equal effectiveness. The author used
ordinary dime-store quality exterior black ena-
mel paint, upplied to the board with an urtist’s
brush. After allowing a 24-hour drying period,
the etching process was carried out and the paint
proved to be excellent as an etch-resist material.
After the etehing was completed, the paint was
removed by rubbing the board with steel wool.

The choice of etchant solution is up o the
builder. If desired, & Vector 27X A etched-circuit
kit can be purchased for this project. It contains

4 Hoale templates which show where the key parts are
mounted are available from ARRL for 25 cents. Send
SASE,

T

the etceh-resist rub-on transfer atock, the etchant
powder (2 bags), vne 414 X 614 copper-clad
cireuit board with perforations, and one bourd
of the sume size and style but without holes.
The kit also includes plastic bags in which to do
the etching, cireuit-board layout paper, and
complete instructions. The author used Kepro
E-1PT solution, a ferrie-chloride preparation,
which was purchased for under $1 from Allied
Radio Corp. The E-1PT stock contains a pint of
working solution. A one-gallon quantity is
available ag item E-1G.

During the etching period, which takes he-
tween 30 and 45 minutes, the eireuit board
should be thoroughly immersed in the solution,
Frequent uagitation of the solution is necessary
f0 assure even and complete etching of the copper.
The temperature of the solution should be main-
tained between 90 and 120 degrees F. Lower
temperatures result in slow etching action, some-

Fig. 4~Schematic of the converter's

Ja power supply. The 2000-f, capacitor

< is electrolytic, others are disk ceramic,

1000-volt units, The 56-chm resistor

was selected to give the proper powetr-

supply voltage when used with the
circuit of Fig. 1 (12 volts d.c.)

§ + ouTPUT
1 2000uf 12V
15V, I J ?
005,
005uf s OFFu CRi~CRy, inc.—Silicon rectifier, 50 p.r.v., 1T ampere.
'—)H T1—12-volt, 1-ampere filament transformer.
i J) I h—115-volt a.c. neon famp assembly,
Ja—Phono jack,
115V, AC. $1—S.p.s.t. toggle.

14
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Bottom view of the etched-circuit board. Wiring has been completed and the general layout is apparent. The i.f. gain con-

trol and 12-volt power jack are at the lower right. The input circuit and r.f. stages are at the upper left. The mixer is at the

upper center, and the IC i.f. amplifier is at the upper right. The oscillator chain extends along the lower portion of the
board. The interstage shields are in place, but are difficult to identify in this photo.

times requiring several hours to get the job done.
A standard heat lamp, spaced approximately 15
inches away from the etchant bath, will maintain
the desired temperature. A & X 7-inch photo-
graphictray canserve as a container for the bath,
and a low-cost darkroom thermometer will keep
track of the temperature of the solution. A word
of caution: Prevent the chemicals from coming in
contact with the skin or eyes. It is & good idea
to wear rubber gloves when processing etched-
cireuit bourds. If the solution makes contact
with one’s skin, it should be washed off at once
to prevent irritation.

After the unwanted sections of the copper are
removed, the board should be taken from the
solution and given a thorough rinse in clear water.
Next, the etch-resist material should be removed
hy rubbing the copperside of the board with steel
wool. Rinse again to make certain that no strands
of steel wool remain on the circuit board. They
eould cause short circuits.

Once the board is etched and cleaned, the holes
wan be drilled as specified in Fig. 3. A 100-watt
soldering iron — or larger — will be required
when soldering the copper shields to the circuit
hoard. It will be necessary to eut away those
portions of the shields which might come in
contact with ungrounded sections of the etched
eircuit. A nibbling tool is useful for this. Since
patterns are not. given for the shields, some cut-
snd-try effort will be necessary. Ordinary

September 1967

plumber’s-style flashing copper was used for the
shields in this rmodel. Light-gauge brass could
also be used. The center shield is made from
aluminum stock and is bolted to the circuit
hoard with 4-10 hardware. All shields are 114
inches high.

Assembling the Converter

¥ig 3 shows the layout of the under side of
the circuit board (copper-clad side). Key com-
ponents are labeled on the drawing to show
their placemeut. The positions of the various
semiconductors are given to show where the
individual leads of each are connected. Once
the key parts are installed, it should become
apparent. where the rest of the parts will be
placed. The text photos will also help the builder
to determine where the small parts go.

Miniature coax cable is used between Ly and
Lz, A tightly-twisted pair of insulated hookup
wires would no doubt serve as well in that part
of the circuit. The 22-ohm resistor in the collector
vircuit of ¢4 is mounted between the coil terminal
of Lyg and the collector strip of that stage.

Power Supply

A 12-volt d.c. power source is rcquired to
operate this converter. Because the circuit
draws approximately 45 ma., battery power
does not appear to be the most practical answer
to the power supply problem. An a.c. operated

15



12-volt supply is recommended for fixed-station
use. The circuit used by the author is given in
Fig. 4. The complete ussembly is housed in a 4 X
5 X 2-inch aluminum chassis which is eunclosed
by an aluminum bottom plate. Rubber feet
were added to the bottom plate to prevent
damage to table tops.

If portable operation is anticipated, the con-
verter can be powered by eight size-D flashlight
cells, series-connected, to provide several hours
of intermittent use. Needless to say, a 12-volt
auto battery could assure many more hours of
portable or mobile operation. If mobile operation
is planned, it would be prudent to connect an
18-volt Zener diode between the positive ter-
minal of J3 and ground, thus protecting the
transistors from transient peaks which commonly
oceur in the automotive electrical system. Such
voltage spikes often exceed the sufe maximum-
voltage ratings of the transistors being used.
Under normal conditions, the Zener will not
conduct,

Checkout and Testing

Before applying the operating voltage at J3, &
very thorough check for short circuits between
sections of the etched circuit should be instituted.
Make certain that pigtails or small blobs of
solder do not form bridges between the copper
strips.

if available, a v.h.f. signal generator should
be connected to Jy for initial testing and align-
ment. The output of the converter, taken from
Jv, should be fed into a communications receiver
that is capable of being tuned from 28 to approxi-
mately 30 Me. With power applied to the con-
verter, tune in a signal ab approximately 145
Me. (29 Mec. on the main receiver dial). Adjust
Ly, Ly, L, La, Lg, and Lg for maximuin output
from the converter. If the signal caunot be
found, chances are that the oscillator, ()4, has
not started. If this is the case, adjust Lo until
a slight increase in noise is evident, indicating
that @y is receiving injection voltage. The slug
in Lio should be set approximately three turns
toward minimum inductance from the setting
at which the erystal “kicks” in. This will assure
reliable starting of the oscillator each time the
converter is turned on. (s should be adjusted
for maximum converter output.

L4 should be adjusted with the aid of a noise
generator.® It should be set for the best n.f.
possible. Adjustment of the input tap on L1 will
also have a marked effect on the noise figure.
The tap point given for Ly proved to be optimum
for this model and will be satisfactory in most
instances. There will be some interaction be-
tween Ly and L4, requiring two or three adjust-
ments before optimum results are secured.

A reasonably flat response from the converter
can be realized over a two-megacycle range. It is
necessary to stagger-tune the rf. and mixer
coils, ag well as those in the if. channel. The
author tuned L; for best noise figure at 144 Mec,

& (iuentzler, “The ‘Monode’ Noise Generator,” QST,
April 1967.
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Ly was peaked at 14145 Mec., Lz was tuned for a.
peak at 145 Me., and Lg was optimized at 145.5
Me. Those wishing to operate in other parts of
the 2-meter band can use a similar tuning pro-
cedure. Ls was tuned for maximum response at
28.5 Me. The i.f. output coil, Lg, was peaked at
29.9 Mec. The converter response is flat within 3
decibels from 144 to 146 Mec. when tuned in this
way.

After the tuneup is completed, adjust &)
through its range. If A Ry is functioning correctly,
the converter gain should vary markedly from
one end of the control’s range to the other,

Performance

Cross-talk and overload immunity are good
with this circuit. A 100,000-uv. signal failed to
swamp the frout-end of this converter. On-the-
air tests when the band was heavily oceupied
with strong local signals —some very strong
signals that were within two or three blocks of
the test location — proved the converter to be
free of the aforementioned problems. No “bird-
ies’’ or other gpurious responses could be found
when tuning across the lower two megacycles of
the 2-meter band. The converter was being used
with a Collins 75A-1. When the unit was fed into
a Colling 518-1, no spurious signals could be
found when the entire 144- to 148-Mec. range
was tuned. The ogscillator stability was good,
permitting the converter to return to the same
receiving frequency each time it was ecycled.
Line voltage changes had no noticeable effect
on the oscillator stability.

Some Final Comments

This circuit is by no means the final word in
2-meter equipment. The builder may wish to
try other types of transistors in the various
stages. Similarly, a Zener diode can be substituted
for the transistor at Qs, although the low-vost
G.E. transistor specitied does a good job of
regulating the uscillator supply voltage. The
MC-1550 (AR;) costs approximately $4.25,
Other brands of ICs could no doubt be used in
that part of the circuit, and at slightly less cost.
Although the author did not have an opportunity
to try one, an RCA CA-3028 seems like a “‘nat-
ural” for that part of the converter. It is quite
similar to the MC-1550 and sells for $1.55 in
single lots. Although other types of JFETs could
be used for @y, Q2, and @3, it is doubtful that
anything available will give better performance
when comparing cost (90 cents each) with noise
figure and gain,

The writer used one of the modern-style
Veetor printed-circuit chassis bases to house this
converter. These boxes are supplied in sections,
enabling the user to fabricate a variety box sizes
and shapes. The side channels are grooved to
accommodate printed-circuit boards. This box
was made up from one pair of Fram-Loc rails
which measure 2 ¥ 654 inches (Vector SR2-
6.6/062) and one pair of rails which are 2 inches
high and 44 inches long (Vector SR1-4.6/062).

(Continued on page 146)
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Clicks And Chirps— Let’s Clean 'Em Up!

comers have and don’t know it. For that
matter, so do many hams who have been
licensed for some time — und they should know it.
‘We recently went through one month’s reports
from ARRL Official Observers to see which vio-
lations of FCC regulations were the most com-
mon. Out of some 1000 notices sent out by OOs,
over half were for clicks and chirps. The notices
were divided fairly equally between Novice and
General Class license holders. General Class li-
cense holders, at least, should be experienced
enough to check their own signals periodically.
Novices, however, are new to the game and may
not know how to check, or how to cure the prob-
lem if it does exist.

wam you got clicks or chirps? Many new-

Chirp

When a transmitter is keyed the r.i. output is
turned on and off. Hopefully, the frequency will
stay constant while this is being done. Unfortu-
nately, in many transmitters, the oscillator fre-
quency shifts slightly at the instant the key is
closed, which causes the output signal also to shift
frequency. This is true of all keyed oscillators,
both self- and crystal-controlled. In a erystal
oscillator, just how much the frequency changes
in going from full off to full on depends on many
factors, but the imnortant point is that nearly all

#* Novice Editor

1 Credit for suggesting the key-click filter goes to Ted
Crosby, W6TC, of HBR receiver fame. Lt isn’t s0 much that
T'ed wants credit as that he wants c.w. overators in his area
to get rid of their blankety-blank elicks! Tnx, Ted.

September 1967

BY LEWIS G. McCOY,* WIICP

Got key clicks or chirps? Bothering
other hams? Afraid of getting cited by
the FCC? Read On!

And incidentally, read footnote 1.

crystal oscillators will shift frequency to some de-
gree. This shift causes a chirp on the signal going
to the antenna. How bad, or objectionable, the
chirp is depends on how much the crystal fre-
quency changes,

Another cause of chirp is poor line-voltage reg-
ulation. When the key is closed the transmitter
puts more load on the a.c. line und this, in many
cases, causes the line voltage at the power supply
to drop. This in turn causes the d.c. voltages out
of the power-supply filter to drop. Any voltage
change at the plate or screen of the oscillator tube
is likely to cause the frequency of the oscillator to
shift slightly, causing a chirp on the transmitted
signal,

How To Check For Chirp

One way to find out whether you have chirp is
to ask another ham to listen to your signal. The
only trouble with this method is that you never
really know for sure how good or bad your signal
is. Many hams are inclined to be uncritical, as
well as too polite, and rather than hurt your feel-
ings, don’t pass along an accurate report.

You can check your own signal simply by listen-
ing to it. However, it isn't as simple as just tuning
to your frequency and listening; there are certain
precautions you must take. First, disconnect the
antenna from the receiver. Turn down the r.f.
gain control to the point where your transmitter
signal doesn’t overload the receiver, If you have a
dummy load of the 50-ohm type, connect it to the
rig. However, don't use a light-bulb load; the re-
sistance of the light bulb changes as the filament
heuts up when the key is closzd, and this leads to
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false results. If vou don’t have a dummy load, do
your testing on the air — but pick a time and fre-
quency when you won't be interfering with other
amuateurs.

Tune your receiver to zero heat with your
transmitter while holding the key down. (For the
benefit of the Novice who doesn’'t know what
7ero beat 13, ag you tune through a c.w. signal
with your b.f.o. on, you’'ll first hear a high-
pitched note which gradually gets lower in pitch
until the tone goes below audibility and then
rises again as you continue tuning. The center of
the silent region between the two lowest tones is
the zero-beat point.) Now tune off zero beuat
slightly so that you hear a low beat tone — about
the lowest tone you can hear comfortably. Next,
make slow dashes with your key. If the transmit-
ter has no chirp, you won't be able to detect any
change in the beat tone when the key makes con-
tact at the beginning of the dash, nor during the
dash itself. If your signal does chirp, you’ll hear a
“voop” in the beat note — most likely right at
the beginning of the dash, but possibly at the
ending as well. For a further check, tune the re-
ceiver to the same tone on the other side of zero
beat: this will make the frequency shift reverse
itself (that ig, the chirp will be a frequency shift
upward instead of downward, or vice versa, de-
pending on which side of zero beut you selected
first). The sound of a chirp is quite different on
the two sides of zero beat, and very small chirps
can be detected this way. A really chirpless signal
will have the same sound, with keying, with the
receiver tuned to either side of zero heuf.

An even better check can be made by tuning to
4 harmonie of your transmitting frequency. T'he
second harmonic will multiply the frequenecy
shift two times, the third harmonic three times,
and so on, Still another, and excellent, method of
checking for chirp or clicks, is to have a local hrin
operate your station while you operate his. This
gives you the opportunity to hear your signal as
others heuar it, and to be your own judge.

How To Cure Chirp

In Novice transmitters it is common procedure
to key a transmitter by opening and closing the
tube cathode circuits to ground. When the cath-
ode circuits aren’t completed to ground (chassis)
the transmitter is not putting out r.f. When the
key is closed, the cuthodes are connected to
ground and the various stages are wovking. A typ-
ical transmitter keying cireuit is shown at Fig.
1A,

A simple way to get rid of chirp in this type
transmitter is to let the oscillator run during
trapsmitting periods, keying only the amplifier
and buffer stages. If the oscillator isn’t turned on
and off, the frequency will remain fairly constant,
thereby getting rid of the cause of the chirp.

The only real drawback to this type of keying
is the problem of switching the oscillator off and
on when going to receiving or transmitting. How-
ever, a very simple modification of your trans-
mitter can be made to permit “one-switch’ oper-
ation. This circuit is shown in Fig. { at B. 1t con-

18

aists of installing a single-pole, three-position
switch S; on the transmitter punel. The oscillutor
cathode lead that is connected to the key-jack
line is removed from the line and econnected to the
arm of the newly-added switeh. In the first posi-
tion of 8y, the keying is the same as it was before,
In the second position, the oscillator alone can be
turned on for spotting your owun frequeucy,
handy addition to your operating setup. Of ecourse
the key would be left open for this. In the last
position, the oscillator cathode is connected to a
position on 8., a double-pole, double-throw
switch mounted at some convenient location on
the operating desk. 8; is used as a transmit-re-
aeive switeh. In the transmit position, the oscilla-
tor cathode is connected to chassis ground via
one arm of Sy. The other arm is used to turnon an
antenna changeover relay. When Sy isswitched to
standby, the oscillator eathode is opened and the
antenna relay shifts to receive. This makes an
ideal operating setup — and gets rid of the chirp.
Alternatively, 4 switch with multiple contacts
can be used at S, to mute the receiver, turn on a
monitor, and so forth. Some hams use a foot
switch for 8y, leaving their hands completely free.
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Fig. 1—A—circuit of o typical cathode-keyed Novice
transmitter. B—method for modifying cathode-keyed
transmitters for amplifier keying.
S1—Single-pole, three-position switch (Malloy 3215) or

similiar).
S2—Dovuble-pole, double-throw toggle switch,
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Fig. 2—Two methods of making "'r.f." click filters {A and
B). See the text for appropriate values for the components,
C-—circuit for a key-click filter.

C3~—0.005-~pf. disk ceramic.

Cs—0.5 to 1.0 uf., 250 volts, paper; see text,

J1—Phone jack, open-circuit type.

lLi—Approximately 1 henry. (Knight 54A1479 or
54A4703, or similiar); see text.

P1;—Phone plug.

Clicks

While the state of the art is such that one
shouldn’t have chirps, normally a chirpy signal
won't, cause interference to other stations. How-
ever, this isn't true of clicks. A c.w. signal with
clicks ean cause considerable interference to many
stations. Probably all hams who operate c.w.
have experienced interference from clicks. This is
one type of signal that nobody should be proud of
and should do his best to clean up.

A recent QST article? provides a comprehen-
sive discussion of how clicks are generated, and it
is highly recommended reading to anyone inter-
ested (and we all should be!) in the “why” of
clicks. Brietly, when a transmitter is keyed, the
power output rises very rapidly to its full value
and just as quickly drops to zero when the key is
opened. The resultant short rise and decay times
produce spurious signals (clicks) on both sides of
thesignalfrequency. Depending on how sharp the
rise and fall of the signal is, clicks can extend out
several kilocycles on each side of the signal fre-
quency.

In some instances, it is possible to hear clicks
from a station as far away as 100 ke. This is usu-
ally due to a low-frequency parasitic oscillation
heing generated along with the fundamental sig-
nal. Still another type of click is caused by v.h.f,
parasitics. These clicks usually are close to the
signal frequency and tend to sound garbled, as if
the basic signal were modulated.

Clicks from parasitics are unusual, and must be
cured by eliminating the parasitic. The most com-

2 Girammer, * Why Key Clicks?,” QS7', October 1966,
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mon clicks are those caused by the steep rise and
fall of the keyed signal. In order to eliminate the
click, it is necessary to slow down the rise and
decay time.

In addition to the type of click that goesout on
the auir und causes interference to distant stations,
we have another type, more of a local nature.
These are called “r.f.” clicks. When you close
and open the key, you are keying a certain
amount of current. This current causes a spark at
the contacts, and the spark, in turn, causes a
brief burst of r.f. energy to be generated. This
click is similar to the type that comes from turn-
ing a light switch on and off, The r.f. click can be
heard in broadcast receivers and, if bad enough,
can be seen on o TV screen. Its range is usually
limited to a few hundred feet, but it can cause
interference problems to neighbors. You can
check for these clicks by using the setup de-
scribed above for checking chirps, but tuning to a
frequency well away from your transmitting fre-
yuency (even on another band) and using a short
piece of wire as a receiving antenna. If present,
the “r.f.” clicks will be heard practically any-
where you tune the receiver.

How to Check for Clicks

In order to check your signal, you must first get,
rid of the “r.f." type click. In your own station,
these clicks usually will mask the clicks that go
out on the air with the signal.

Fig. 2 shows some simple filters that can be
installed at the key contacts to eliminate spark-
ing. The simplest circuit, A, consists of s small
disk ceramic capacitor, (1, mounted on the key
terminals. If this doesn’t prove to be sufficient,
the circuit at (B) should be used. Try values from
0.001 to 0.01 uf. for Cy and from 0.5 to 2.5 mh.
for RFCy. In particularly stubborn cuses another
capacitor of similar value to (7; should be
installed at €. This filter circuit should be
mounted as close to the key contacts as possible.

Onece the r.f. spark is eliminated you are ready
to check for on-the-air clicks. Again, an excellent
method of checking is to swap stations with
another ham. However, if this isn’t possible, you
can make the tests by yourself., Use the chirp-
checking set up described earlier. Tune your
signal to zero beat. Reduce yvour r.f. gain so that
you have a reasonably strong signal but one that
doesn’t overload the receiver. If your receiver
has various settings of selectivity, set the
selectivity switch to the widest possible band-
width.

Once you've set up the receiver in this fashion,
turn off the b.f.o. und open and close the key
slowly. You should get a change in the back-
ground noise, but this is normal. If there is
any trace of a click when opening or ¢losing the
key, you'll have an on-the-air click on your
signal.

Getting Rid Of Clicks

For the common cathode-keyed type of trans-
mitter used by Novices, a simple shaping filter,
(Continued on page 146)
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Forced-Air Cooling of Transmitting Tubes

Some Considerations in the Selection of a Suitable Impeller

and this heat must be removed or the

equipment will eventually burn up. The
heat may be removed by radiation, conduction or
convection !, or by a combination of these meth-
ods. This article examines forced-air cooled sys-
tems (an efficient form of convection cooling),
which are used in commercial transmitting equip-
ments up to the level of tens of kilowatts and,
in amateur gear, up to the su-called “two-kilo-
watt p.e.p.”’ level. Generally speaking, from 20 to
70 per cent of the primary power drain of elec-
tronic equipment is dissipated in heat emitted
from tubes and components, and the resulting
temperature rise must be held within reasonable
limits to insure satisfactory life for both the tubes
and the other parts in the equipment.

The Air System

Two typical forced-air cooling systems for a
power tube ure shown in Figs. 1A and 1B. They
consist of an air blower, or impeller; a conduit to
guide the cooling air to the tube, or a pressurized
chassis; the heut radiator of the tube: and an air
exhaust exit. By stretching the imagination only
4 little, this air system can be compared to the
electrical series circuit of Fig. 1C, in which each
component in the air system is represented by a
resistor which has a potential drop across it
corresponding to the back pressure or resistance *

* Manager, Amateur Service [lept. Eimae, Division of
Varian, 8an Carlos, California 94070

1 Quinn, “* The Stanley Steamer,” QST, May, 1966.

2 The resistance vffered to the flow of air may also be ex-
pressed in terms of * pressure drop’’ or ‘‘static pressure.”

MOST electronic equipment generates heat,
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BY WILLIAM I. ORR,* W6SAI

We live at the bottom of a vast ocean of
air. This invisible, life~supporting elixir
provides the cquipment designer with an
inexpensive and efficient cooling me-
dium for heat-generating devices, such
as fransmilters and receivers. Over the
vears, electroniec equipment has grown
more sophisticated and compact, and
the problem of removing heat from the
gear has become acute. Until someone
miniaturizes the watt, heat-exchange
systems will remain one of the major
problem areas of equipment design.
Aspects of forced-air cooling systems are
discussed in this article.

that the original component offers to the flow of
air. The sum of the back pressures in the air
system must add up to the total pressure of air
supplied by the blower, just as the sum of these
voltage drops in the electrical analogy must add
up to the generator voltage. The blower in the
alr system corresponds to the generator in the
electrical system, of course,

The electrical analogy suffers in that the back
pressure across a component in the air system
does not strictly follow an equivalent of Ohm'’s
Law for electric potential drops. Instead, the

EXHAUST

BLOWER

(anoDE)S Ea=IRA

E total= EctEs*Ep

Fig. 1—A forced-air cooling system. In A, the blower is mounted directly on the chassis
which is used as a plenum chamber. Air is exhausted past filament and plate seals of the tube,
In B, the blower is mounted at some distance from the tube, and cooling air is conducted to
the tube via a conduit or hose, C indicates an electrical analogy of the forced-air system,
The blower is represented by generator E, and various unavoidable back pressures are
represented by voltage drops across resistors Rc and Rs. Useful work (cooling the anode)}

is represented by voltage
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drop (EA} across the tube.
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back pressure across an air-system component
varies approximately as the square of the air-
How rate {volume per unit of time). Thus, if the
volume demand is doubled, about four times the
pressure will be necessary to meey the increased
requirement. Even though the analogy is in-
exact, the transmitter designer who is com-
fortable in the presence of Ohm's Law for series
cireuits cun gain insight of the action of pres-
sure drops incurred in a forced-air cooling system.

The problem to be solved is that of determin-
ing the size and characteristics of an air blower
that will sutisfy the temperature limitations
imposed upon & particular tube type by the
manufacturer, and reconciling these limits with
available blowers. Muaximuin operating tempera-
tures and air requirements of forced air cooled
transmitting tubes are generally supplied in the
data sheet, or provided upon request by the
tube manufacturer. This simplifies the prohlem
cousiderably, as few engineers have the equip-
ment or time to run temperature checkson trans-
mitting tubes. Blower data, too, is supplied by
the numerous impeller manufacturers. 1t re-
maing, then, to translate this available and un-
f.mnhar data into the proper hardware for the
system ut hand.

Tube Cooling Requirements

Forced-air-cooled transmitting tubes, such
as the 1CX2508, fOX1000A and similar ex-
ternal-atode tubcb, require cooling air to he
passed from base to anode®. Unless otherwise
specitied in the duta sheet, cooling air should
How as long as the tube filaments are lighted.
The external anode cooler of tubes of this family
is usually composed of a number of copper fins
arranged in & circle about the anode core, with
the nir passing vertically across the surface of
the fins. An exchange of heat takes place between
the tins and the passing air, the moving air ex-
tracting heat from the unode core and holding
uverall anode temperature at or below the maxi-
mum lmit. As the air is impeded in its tlow
through the interstices of the unode structure, a
back pressure is created, caused by friction of
the air against the fin surfaces, and by turbulence
of the air in the anode passages.

The cooling sirflow requirement for trans-
mitting tubes may be expressed in terms of the
ratio of watts of unode dissipation to tube tem-
perature (in watts per degree Centigrade) as a
function of either the muss airflow rute in pounds
of air per minute, or the volumetrie airflow rute
in cubic feet per minute*. This information may
he expressed in graphic form (Fig. 2), euabling
the design engineer to determine the acfual
cooling-uir requirement in terms of specific
tube tempemtme and system back pressire.

3 Targe convection- and radmtmn wule:l glass tuhes
(4-400A and 4-10004, for example) also reqnire forced-air
conling to hold seal temperatnres within prescribed limits,

4 Precise caleulation of airflow in cubic feef, per minute
must take into account air humidity and barometric pres-
sure. Bquipment builders often design for a mythical user
living in Denver, Colo., who operutes the equipment ou a
hot, humid day.
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_TUBE DISSIPATION _ Pt

«— VOLUMETRIC AIRFLOW RATE

PRESSURE DROP -~
ACROSS TUBE AND SQCKET

Fig. 2—Allowable temperature rise and dissipation (A}
of power tube determine airflow rate (B} from laboratory
measurements. Pressure drop (C) across the tube and socket
may be measured by o manometer device. The infer-
locking relationship of cooling requirements may be
expressed in graphical form, as shown here,

The total heat to be removed is determined
from a study of the operating characteristics of
the tube, and includes plate aud filament dissi-
pution (plus grid and screen dissipation where
applicable). Maximum element dissipation rating
is normally given in the datasheet, The operating
iemperature rise of the tube is found by taking
the difference between the maximum measured
tube temperature (at the hoftest point of the
tube) and the maximum inlet air temperature
expected. The air requirements expressed by the
plots of the cooling factor and the airflow factor
are usually given as a pressure drop across the
tube and socket expressed in inches of water,
and a corresponding volumetrie airflow is de-
tined in cubic feet per minute (c.f.m.). This in-
formation is necessary to determine the size
and speed of the blower required to provide the
proper airtlow through the system. Volumetric
air flow may be calculated or determined by
experimental means.

Air-Pressure Measuremenits

Air pressure in 8 forced air system may be
defined in terms of an equivalent weight of water.

ATMOSPHERIC
PRESSURE

PRESSURE
DIFFERENCE

Fig. 3—A simple manometer compares system static pres-

sure with atmospheric pressure. In this drawing, air flows

at right angles o manometer input, i.e., into or out of this

page. Pressure difference is expressed in "‘inches of

water.” Placement of manometer to avoid turbulence in
the system should be determined by experiment,

21



I
F———l__| Fo. BM.

No. 210,000 RAM
- B
TWO 3-400Z 5 3-1000z
'*‘*\Naz"ésogn
e LT e
3-4002 Mo Ve~ 11000 7 o
N k
v
i — 0.1~ 20000 4 .
A a L
7 \ Y T 4CX 300A

No.1%-6,000 R.P M|

AIRFLOW (CEM) —

N
\ \-Na‘l-lO,COOF.RM \

\[_

ol o2 03 04 8 08 07 08 Oof IO LI e L3 14

BACK PRESSURE [ INCHES OF WATER)
Fig. 4—Typical performance data for No. i, No. 172,
and No, 2 cenirifugal blowers. Performance of blowers
of different sizes and speeds can be compared with the
cooling requirements specified for various tube types.
Notice that requirement points are shown for a pair of
3.400Zs as well as for a single tube, If the requirement
point falls on or below the performance curve for a par-
ticular blower, that blower will give adequate caoling
under the conditions outlined in the text. The curves show
that blower efficiency drops rapidly after a critical vaive
of back pressure is reached, and that the blower "'wind-
mills” (reaches zero output) at high vaiues of back pressure.
High-speed blowers can withstand more bhack pressure
than can low-speed units {notice the curves for 10,000~
and 20,000-r.p.m. blowers.

{The weight of a uniform column of water 27.7
inches high is 1 lb. per square inch of column
base areu.) The measurement is made by means
of a manometer whose readings are expressed in
inches of water (Fig. 3). A simple manometer for
shop use may be constructed of a short length of
1{-inch glass tubing bent into a U shape, with
one end left open to the atmosphere. The oppo-
site end is inserted in the air system in proximity
to the tube socket and af right angles to the air-
How. Optimum position should be determined by
experiment so as to make sure that the manome-
ter is not influenced by eddy currents in the ajr-
stream. ‘The bottom portion of the manometer is
filled with water and, if the air pressure in the
eooling system is equal to atmospheric pressure,
the water will rest at equal heights in both
vertical sections of tube. Under this quiescent
condition, no air moves through the system or,
if it moves, it euncounters no back pressure.
However, if a difference of pressure between the
atmosphere and the inclosed air system is created
by a blower, the water will be forced up towards
the open end of the glass tube by the hack pres-
sure of the air moving through the system. The
pressure within the duct or plenum, as com-
pared to atmospheric pressure, may be noted by
measuring the difference in height (in inches) of
the two water columns, as shown iu the illus-
tration.
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System Pressure Drops

Pressure drop in an air system is caused by
physical obstruction to the Hlow of air, or by
turbulence in the air. In the case of a tube anode
which contains many fins over which the air
must pass, the pressure drop is intentional and
useful. Other system drops caused by air friction,
pressure drops in the hose or socket, or a change
in the air velocity in the system, are undesirable
and not useful. All pressure drops ecaused by
these factors must be added to the pressure drop
of the tube and socket. Drops caused by an
abrupt change in the cross-sectional area of u
gsystem include both expansion and contraction
drops for variations in conduit areas, and are
additive. While these values may he calculated
far a system of known dimensions, it i# beyond
the scope of this article to cover such ealeula-
tions. Suffice to say that when the overall pres-
sure-drop and airtow requirements are deter-
mined, it is possible to match the requirements
to the blower chuaracieristics to uchieve sutis-
factory system cooling.

Blower Characteristics

Airblowers come in many shapes and sizes and
some are “ good’ and some are *“poor.” The most
vommonly used impellersin air cooled systems are
squirrel-cage (centrifugal) blowers, and axial fans.
The important characteristies of an air cooling
gystem are the relationship between blower-
outlet back pressure (in inches of water) and the
airflow (in cubic feet per minute), und these
characteristics determine the blower to be used.
It is foolhardy to determine the “good” air
impellers from the “poor” impellers by intuition,

Graphsof typicalsquirrel-cage blower perform-
ance for various units are given in Figs. 4, 5
and 6. The areas under the curves are regions
in which the blower does useful work. It can be
seen that as the back pressure rises, the effi-
ciency of the blower decreases until, ut some
eritical value of back pressure, the blower ceases
to function as a useful device and merely ** wind
mills” the air about the impeller blades and
cavity. This is termed “blower cutoff.”” Blowers
vary to a great degree in their ability to cope
with back pressure: low speed, open axial fans
are the least efficient, while high specd squirrel-
cage devices have somewhat higher efficiency.

Squirrel Cages and Axial Fans

The typical squirrel-cage blower has a multi-
bladed impeller wheel rotating within a tightly
fitting housing.® Small units normally have the
discharge edge of the blade inclined forward, in
the direction of rotation, The inexpensive uxiul
fan, on the other hand, has a few, large, wide
blades (usually four), slowly rotating in the open
air or in a short housing section. More expensive
vane-axial impellers bave more hlades (five or
six) and rotate at higher speeds.

5 The most efficient centrifugal blowers have a housing
which closely fits the edges of the rotor. Excessive air gap
between the rotor and the rim of the housing destroys the
ability of the blower to work into back pressure,
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Squirrel~cage blowers are often cataloged ac-
cording to impeller wheel diameter and rotational
speed. Thus a No. 244 blower has a wheel diame-
ter of 214 inches, and may be available in a
number of speeds, of which 2800, 3100, 6000 and
9000 r.p.m. are common off-the-shelf values.
For a given wheel size and design, the c.f.m.
delivered is proportional to blower speed, as is the
ability to withstand system back pressure.
Using the electrical analogy again, it may be
said that the “voltage regulation under load”
(ability to overcome back pressure) of any
blower increases as the impeller speed increases.
Unfortunately, as the impeller speed increases,
the air noise, motor noise, vibration and unit
cost also increase. While a 2800-r.p.m., or even
1 6000-r.p.m. squirrel-cage blower may have a
tolerable noise level, many 15,000-r.p.m. blowers
create sufficient air noise to deafen even the most
dedicated DX-contest operator,

Examination of the blower curves shows that a
“trade-off " exists between rotational speed and
wheel diameter and, generally speaking, a large
impeller wheel running at moderate speed will
be more satisfactory and less noisv than a smaller
wheel running at a somewhat higher speed.

Lnexpensive axial fans deliver large volumes of
air at rather low rotational speeds and are gener-
ally fairly quiet, but suffer more than do squirrel-
cage blowers from the effects of back pressure
(Fig. 7). Mosi smull, low-speed arial fans and
squirrel-cage blowers cannot move sufficient wir
into moderate values of back pressure to properily
cool modern external-anode transmitting tubes, and
their use should be tempered with caution.
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Fig. 5—Typical performance curves, similar to those of Fig.
4, for No. 2V4, No. 234, and dual No, 22 blowers. Notice
that the No, 212 6000-r.p.m. blower will handle the cool-
ing requirements of all of the tube typ- - indicated, since
the requirement points fall below the curve for this blower.,
“Wind-milling” is clearly indicated by the rapid drop of
airflow fo an unacceptable rate at the higher values of
back pressure, Also notice that the use of dual blowers pro-
vides more airflow than a single blower of the same type
at fow back pressures, but does nof project the "'wind-
milling” point.
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Fig, 6—Typical performance data for 3-, 3V~ and 3%-
inch blowers. The low-speed (3100 r.p.m.) No. 3 blower
cannot deliver the required flow of air into the back pressure
offered by 3-1000Z or 4CX300A cooling systems. The
6000-r.p.m. unit, however, will handle the requirements
of any of the tube types indicated, or, in fact, a pair of
any of these tubes. Notice that doubling the speed of the
blower more than triples the back-pressure capability,
Although catalog-rated at 50 c.f.m.,” the No. 3%
1600-r.p.m. blower is suitable for only low values of back
pressure. When the speed is increased to 3000 r.p.m., the
same-size blower will handle any of the tubes indicated.

Designing a Forced-Air Cooling System

An application of this design data, as a prac-
tical exercise, is the determination of a proper
blower to cool a 4CX300A external-anode tetrode
in an airsystem socket, operating at various
values of plate dissipation and 250° . (maxi-
mum) anode temperature. 1f the ambient (room)
air temperature is taken to be 50°C., airflow
requirements to hold the tube temperature rise
helow 200°C' ut sea level, and at an altitude of
10,000 feet are graphed in Fig. 8. (These curves
are bused on figures taken from the data sheets
for the 4CX300A and 4CX300Y.) If full 300-
watt plate dissipution is desired at sea level, the
air system must provide 7.2 c.f.m. of air af the
socket of the tube under a combined tube and
socket pressure drop of (.58 inch of water. At an
altitude of 10,000 feet (where the air is thinner),
cuoling requirerents rise to 10.5 ¢.f.m. at a corre-
sponding back pressure of 0.85 inch.

The additional pressure drops of the cooling
system including back pressure developed by the
cabinet structure, may be substantial, and must
be added to the drop determined for the tube and
socket. Unlesg a manometer is used to check the
operation of the complete system, the additional
back pressure caused by the duct coupling the
blower to the tube and socket is a matter of
speculation. If a pressurized chassis is employed
having a large, internal open ares (plenum cham-
ber) into which the blower works, the additional
system back pressure will be obviously lass than
if the blower has to force air through a Hexible
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hose and around large under-chassis components.
Experience has shown that it is generally safe
to estimate an additional 50-percent back pres-
sure requirement when the blower works directly
into a reasonably clear pressurized chassis areu,
und this is the most common situation in ama-
teur practice.

Taking the 50-percent extra back pressure
requirement as par, an additional back pressure
of 0.29 inch of water must be overcome for a total
back pressure requirement of 0.58 + 0.29 = 0.587
inch of water for the system. The use of an inex-
pensive manometer to verify this educated esti-
mate is recommended in the design of new
equipment,

Turning to the squirrel-cage-blower data
charts, it can be determined that a No. 1 wheel
running at 20,000 r.p.m., or a No. 2 wheel run-
ning at a speed of 6500 r.p.m. will do the job,
as will a No. 214 wheel operating at 6000 r.p.m.%
A No. 3 wheel operating at 6000 r.p.m. is more
than satisfactory. The No. 3 wheel running at
3100 r.p.m., however, is unsatisfactory, as the
graph of Fig. 6 indicates that the impeller ¢ wind-
mills” above approximately 0.6 inch back pres-
sure, and that its eutput falls rapidly to cutoff
zero slightly above this figure. In the interest of
minimum noise it would seetn prudent to choose
a No. 214 blower running at 6000 r.p.m. to
properly cool the 4CX300A with a suitable safety
margin. If blower size is a problem, it may be
necessary to use a No. 2, higher speed blower at
some increase in noise level.

Glass Tubes

Large glass transmitting tubes (above approxi-
mately 200 watts plate dissipation) require mod-
erate amouuts of cooling air passed over the
filament and plate seals to hold the seul tempera-
ture below a safe maximum value. As a large
quantity of heat is digpelled by infrared radiation
from the hot anode, the air requirements of the
glass-style tube are usually less than that amount
required for an equivalent value of dissipation
from an external-anode tube whose anode tem-
perature is limited by the insulator seal. Proper
cooling of the glass tube requires that the air
pass over the filament seals and then be guided
past the glass envelope by a chimney. The
chimney must be transparent to infrared radia-
tion from the tube. Lastly, the air passes over
the plate seal and is exhausted from the system.

The 3-100Z zero-bias triode, for example,
requires 13 e.f.m. at a back pressure of 0.13 inch
at the socket, while the 3-1000Z requires 25
e.f.m. at a hack pressure of 0.43 inch at the
socket. While the amount of air required is of
about the same quantity for comparable values of
plate dissipation in external-anode tubes, the
back pressure demand is considerably less for the
glass envelope design, as the air is not required
to flow through interstices of a cooling anode.

8 The curves shown in Fig. 4 and those following, apply
to specific models. All models of the same size number
and rotational speed (even those of the same manufacturer)
do not necessarily have the same performance ratings.
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Referring aguin to the blower and fan charts,
it can be seen that a 3-400Z may be adequately
cooled by a No. 2 blower (6500 r.p.m.}, or a
No. 234 blower (3100 r.p.m.), when a 50-percent
margin is allowed for extra system back pressure.
Two 3-400Zs will require twice the c.i.m. af
the same back pressure, or a total of 26 e.f.m. at a
system pressure of 0.2 inch. In this case, the
No. 234 blower (3100 r.p.m.} would suffice.

A single 3-1000% requires 25 c.f.m. at a system
baek pressure of 0.64 inch (including the 50
percent safety factor), and a single No. 214
(6000 r.p.m.) blower will do the job.

Hither a single 3-400%, or a pair, may be cooled
by a 4-inch axial fan (2800 r.p.m. or higher), as
such a device will work into a back pressure of
about 0.2 inch. The 3-1000Z, however, cannot be
properly cooled by the axial fans listed in Fig. 7.

In all of these examples, full plate dissipation
1 assumed, and the proper air-system socket and
chimney for the tube in question is employed.

The unknown factor in the determination of
the overall air-system requirement is the addi-
tional back pressure caused by the conduit sys-
tem or plenum chamber arrangement. This is the
reason that the tube manufacturer is reluctant to
specify a particular blower for a given tube, as
he does not know the characteristics of the over-
all air system to be used. If the blower works into
2 reasonably clear under-chassis area sealed for
uir leaks, and the air is exhausted through the
tube socket, the safety factor of about 50 per-
cent in back pressure mentioned earlier should bc
satisfactory. If, on the other hand, the blower is
placed at some distance, with & connecting hose
to the socket, blower requirements may rise by a
factor of ten or more. The only safe way to deter-
mine the actual requirements of a given air system
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Fig. 7—Performance data for typical small axial fans.
Medium-speed axial fans are suitable for a single 3-400Z,
or a pair of this type. Axial fans must operate into a pienum
chamber that transmits the air to the tube socket without
introducing prohibitive additional back pressure. Tube date
shown includes 50% extra back pressure, as
discussed in the text.
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TABLE 1

Air requirements and suggested blower data for various air-cooled tubes.
Data is given for single tube, with 50 percent back-pressure allowance.

Back
Tube , Pressure | Blower
Type Socket | Chimney | C.F.M.J5 | (In. Water)® Size R.P.M.
3-400Z SK-410 SK-416 13 0.2 3 1600
, _ 215 6000
3-1000Z BK-510 SK-516 25 0.64 -
334 3000
4-400A1 SK-410 SK-406 13 0.25 3 3100
, ' - 214 6000
4-1000A2 BK-510 SK-506 25 0.64 -
334 3000
4CX250B8 | ERA600 | BI-6U6 6.4 112 214 6000
deries Series
JCXI000A | SK800 | SK806 | o " .
1CX1500B¢ | Series Serics 2 0.3 3 3100
- e
50X1500A | SR-840 4 HK-80G a7 112 3 6000
Series deries
1 §K-400 socket requires 14 e.f.m. at 0.37 inch. 13
2 §IK-500 socket reguires 25 c.f.m. at 0.9 inch. 350w,
& Data applies to 1X150A for 250 w. dissipation, 12 7
4 Air requirement for 1000 w. dissipation. P
& Sea level reciuirements. u AR Y Y T S S O - T-1-T9
10 6000 FT. :
is to muke back pressure measurcinenis with a ALTITUOk pdl
manometer. , ! 20w [0
Whel? ig doubt as to ‘the air-system requ:ir(?— = 8 S ET TEVEL
ments, it is wise to provide au oversupply of air | T A J00W.
at somewhat greater back-pressure values than S (5 !
estimated by a study of system requirements. N 250W- 1 !
It is impossible to damage a tube by too much  S[OWA AW, T i
air, unless the tube is blown out of the socket by S 4 . t
the air blast! All low-speed blowers and axial g ,joov oo : ;
funs should be avoided, too, unless a manometer < Aow ) !
is used to check out the system under full tube-~ 2 ' :
dissipation conditions. 1 ; ;
A summary based upon a 50 percent back-~ X

pressure safety factor for various tube and blower
combinations is given in Table 1.

Tube Temperature Measurements

Measurement of tube temperature is possible,
and the most reliable technique is to us¢ & thermo-
couple attached to the tube. A somewhat simpler
technique for the radio amateur is to determine
tube-surface temperature by the use of tempera~
ture-sensitive puint.” The paint is applied in a
very thin coat to the tube and dries to a powdery
finish after application. At its critical tempera~
ture, it melts and virtually disappears. After
subsequent cooling, it has a crystalline appear-
ance which indicates that the surface with which
it is in contact has exceeded the critical tem-
perature.

Reliable temperature measurements can be
made with temperature-sensitive paint only if
it is applied in a very thin coat over small areas
of the surface to be measured. The substance as

" TTemperature sensitive “decals” are also available
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Fig. 8~—Typical curves indicating how the cooling require-
ments increase with an increase in tube plate dissipation.
These curves are for a 4CX300A mounted in an air-system
socket, The dashed lines point out how the airflow require-
ments also increase with altitude because
of the thinner atmosphere.

supplied by the manufacturer is too thick for
use in the presence of forced-air cooling and must
be thinned, using only the thinner recommended
by the manufacturer. The paint is applied with an
air brush or atomizer {or with an aerosol dis-
penser) in a well-diluted spray, as the amount
required to produce a reliable indication is vir-
tually unweighable. A conveuient set of equip-
ment for using the temperature-sensitive paints
is an atomizer with several vials, each equipped
with an airtight cap. One vial may be filled with
thinner for cleaning the atoraizer, while the re-
(Continued on page 142)
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‘Gimmicks ang Gadgets

A SOLID-STATE

2 Watts of Audio for the Experimenter

uis little andio assembly, a follow-up to an
Tmrlier item in “(immicks and (fadgets” !

was part of a 6-meter solid-state portable
stution shown on the front cover of July 1966
(NT. The transmitter, a l-watt phone rig,
aronsed considerable reader interest.

This amplifier/modulator is » modified version
of the front-cover unit. An output transformer
und terminal block have heen added, making
possible the selection of two output impedances,
3.2 and 24 ohms. Formerly the circuit wus useful
only as a modulator, but now it can serve as an
audio amplifier as well, matching into & nominal
4-ohm speaker impedance. The circuit operates
from 12 volts, d.c., and draws approximately
500 milliamperes. Up to three watts of output
are availuble before significant distortion 0Ceurs.
Inexpensive transistors are used in the circuit.?

The Circuit

A schematic diagram of the unit is given in
Fig. 1. The input eircuit is designed to match
a low-impedance microphone, The author nses
an HA1 dynamic earphone from a surplus tele-
phone hundset. A good impedance match results
and the microphone's output is ample for
developing the required audio power. If a high-
impedance microphone is to be used, the circuits
of Figs. 2A and 2B offer a meuns by which to
match the microphone to the input transistor, ¢Jq.

The connection between the base of ¢y and

L “Gimmicks and Gadgets.” QST, June 1967,

¢ This series of RCA transistors is Jisted in the industrial
version of the Allied Radio catalog and can be ordered by
the RCA numbers, The 40231 costs 47 eents, the 40300
70 cents, and the 40310 sells for $1.21,

Underside of the amplifier/modulator.
The layout is not critical. D.C. supply is
brought in by means of the twisted
hookup wires at the lower left
of the chassis.
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Top-front view of the audio assembly. The output trans-
former is mounted on the rear wall of the case. The fer-
minal block at the left rear of the chassis is used as
connector for the speaker or for the transmitter
being modulated.

the emitter of (J; provides negative d.c. feed-
back which assures bias stability over a wide
range of operating temperatures. Kmitter resistor
9 issomewhat rare as far as junk-box availability
is concerned. The easiest way to obtain one is to
make it yourself, by winding 73 inches of No. 322
enameled copper wire on a I-watt, high-valiue
(1000 ohms or greater) resistor as a form.
Nichrome wire is available in various per-inch
resistances, and could be used instead: also,
Allied Radio Clorp. sells a [-ohm, 3-watt resistor
which will work satisfactorily. If a hand-wound
unit is used, the wire ecan be seramble-wound on
the resistor body and the pigtails of the resistor
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VIEW ™.

p ;13. N
3@ 0% sopf. 2200
£0 15V,
&

Fig, 1—Schematic of the amplifier /modulator. Polarized capacitors are electrolytic, others are disk ceramic, Resistance
is in ohms, K = 1000. Resistors are Y2-watt composition unless otherwise noted.

J1—To mate with microphone.
R1—1000-0hm audio-taper control,
Ra—Seetext.

RFCi—7-uh. choke (Ohmite Z-50 suitable).

used as tie points for the ends of the wire.

Output from the microphone is amplified by ¢,
and is then fed to the output stage, (J3, through
emitter-follower (Js. QI3 operates Class A, hence
the high value of current drawn by the modulator.
T has a 18-ohm, center-tapped primuary, lending
itself to practical use as a modulation trans-
former with a one-to-one impedance rutio.
When used as a modulator, the unit should look
into & secondary load of approximately 24 ohms,
This means that the transistor tor transistors)
heing supplied with modulated d.c. should take a
combined current of 500 ma. d.c. A mismatch as
great as two to one is tolerable, however, giving
sowe latitude in the design of the final stages of
the transmitter.

A homemade modulation transformer having
separate primary and secondary windings and
a tapped secondary, otfering a host of impedauce-
matching possibilities, was built and tried by
the author. An old S-watt, tube-type output
transformer wus tised us the foundation., The
windings were stripped from the ecardboard

4,7 MEG.

J2  RFC?2 Otuf,

Hi-Z
MIC, pb.

(a)

Fig. 2—Alternative input circuits for
high-Z microphones. Capacitors with
polarity marking are electrolytic;
others are disk ceramic. Resistances are
in ohms, K == 1000; resistors are Y2
watt  composition.  A—Darlington

Ti—6-watt transistor output transformer; primary, 48
ohms, c.t., secondary, 3.2 ohms (Lafayette
Radio 33R8578).

TBi—Insulated terminal strip {Millen E-302).

bobbin and a new primary having 150 turns of
No. 24 Formvar-insulated wire was wound,
A layer of Kraft paper was added, then a second-
ary winding consisting of 225 turns of No.
24 Formvar wire wag scramble-wound on the
hobbin, The secondary was tapped every 2f
turns, up to the last 50 turns, to provide the
multimatceh feature. Although « voice-coil wind-
ing for 4-ohm speuakers wus not added, a third
luyer consisting of 62 turns of No. 24 enameled
wire could have been included for that purpose.

Although the circuit is designed for use with a
12-volt d.c. supply, it can be operated sufely
with as much as 14 volts applied. It will perform
nicely with as little as 6 volts, but at reduced
output.

Construction

The amplifier/modulator is built on a 234 X
3 X 5Y-inch Minibox. Rubber feet were added
to the bottom cover to prevent damage to table
tops or other surfaces upon which it is placed.
"Transistor suckets are used for @1 and Q. (3 is

BOTTOM VIEW

2v.
Lo-Z
QUTPUT
{TO ARM
OF Rl IN
FIG.I
Hi-2
T2 1o
FLAT J3 L9072 ;10 ARM
OF RI IN
-z [1] FIG.
Mic.
(8)

hookup, @ modified version of the WBS6FDR/WA2AED Hint and Kink in November 1966 QST. This circuit, if used, should

be built on the same chassis as the circuit of Fig. 1. Jz is same fype as Ji of Fig. 1. RFCz is same as RFC; of Fig. 1. B—

Transformer coupling. T2 can be any transistor input transformer with a primary impedance of 20,000 ohms or more and

a secondary impedance of 500 or 1000 ohms. An Argonne AR-100 would be satisfactory. Tz should be mounted near
Q1 of Fig. 1, and on the same chassis,
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attached to the chassis for heat-sinking purposes,
but is insulated from it by the mica washer that
comes with the 40310, A thin layer of silicone
grease is nsed between the chassis and the mica
spacer, and between the spacer and @; This
results in better heat transfer between Q3 and
the chassis. Although it is desirable to use the
grease, it isn’t a requisite.

Operation

As a modulator, this unit can be used with any
solid-state transmitter whose power input is 6
watts or less. Since it is capable of as much as 3
watts output, 100-percent modulation should be
possible. If the transmitter does not present
4 load that is within the 2-to-1 mismatch ratio
mentioned earlier, Q3 may be damaged by high
asudio peak voltages. If the transmitter runs less

than a couple of watts of input, chances are
that its modulating impedance will be somewhat
higher than 24 ohms, and in such case less audio
will be required for 100-percent modulation.
A 24-ohm, 2-watt resistor can be connected
between the 12-volt bus and terminal 2 of
TB,, to provide the modulator with a suitable
load. This will help to prevent damage to Q3.
Keeping R; adjusted for only the amount of
audio needed will also help proteet @3 when a
mismatch exists.

As an audio amplifier, this unit can be con-
nected to a 4-ohm speaker and used as an audio
channel for a receiver, as a mobile p.a. system, or
as u low-power amplifier for musical instruments.
Because of its high current drain, it is not recom-~
mended for use with a dry-battery pack.

—WI1CER
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A Handy Speech

Amplifier-Clipper

BY CHARLES UTZ,* W1DEJ

clipper to that v.h.f. rig or need a preampli-
fier for that microphone that is low on output,
the following is just what is needed.

The circuit (Fig. 1) uses three transistors.
When no clipping is used, the transistors work
a8 straight amplifiers, Gain for the circuit is
adjusted by £2. The maximum gain is about 15
db. if Ry is set just below the clipping point. To
use the circuit as a clipper, Ry is adjusted for the
amount of clipping desired. The silicon diodes,
'Ry, UR., will begin clipping at an audio level of
about 0.6 volt peak. @3 makes up for the gain
lost by clipping.

IF vou have been thinking of adding an audio

# 39C Salmon Brook Dr., (lastonbury, Conn, 06033,

The speech-amplifier/clipper is contained, with battery
supply, in a 3 X 4 X 5-inch Minibox.

AMR AMR CUPPER QUTPUT AMR
J IBOK 47K
2N3391 ]—l 2N2925 I\N\I N292 e
v 2N2925
47K CR1 CRZ II n
s
R2
.>33K 10K
70 1sv GAIN
4700
.L+
,__A'_‘
BTI =% 51
9v. T
PT.TLINE o A
.

Fig. 1—Circuit diagram of the speech- -amplifier /clipper. Decimal-value capacitances are in uf.; others are pf.; capac-
itors with polarity indicated are electrolytic; 0.1-uf. capacitors are paper {Sprague 4PS-P10); 0.02-uf. capacitor is
disk ceramic. Fixed resistors are Y2-watt; resistances are in ohms (K == 1000).

CRy, CRa—Any type silicon diode,
J1—3-conductor microphone jack,
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Jz—3-terminal strip {Millen E-303).
Ri, R3—10,000-ohm control, linear taper,
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Inside view showing the efched circuit board. The clipper

diodes are near the upper edge of the board in this view,

Qs is at the left, Q2 is at the right, and Q) is below Q2
with a paper capacitor in between,

Construction

The clipper is built in the topof a3 X 4 X 5-
inch Minibox. The input jack, audio gain control
and clipping control are mounted on one end,
with the output strip on the other end. A three-
terminal strip is used for the output connection
to permit the clipper to be used with a push-to-
talk microphone. Cables can be made up to fit
the type of input connector used on the trans-
mitter.

The remainder of the circuit is mounted on an
stched circuit board.! A Vector board can be used
by those who do not wish to make up an etched
board. The battery is held in place with a Key-
stone No. 95 battery clamp. The circuit board is
mounted on l-inch spacers. Rubber feet prevent
the cabinet from scratching desk tops.

In use, Ri is adjusted to the desired level of
clipping and B3 is set for the audio output level
needed for full modulation of the transmitter.
The adjustment may be made either with an
oseilloscope or by on-the-air checks.

t A full-size template for the atehed circuit board is avail-
able for 25 cents from the American Radio Relay League,
225 Main $t., Newington, Conn. 06111,

“@-Straysal

014 time radio historian? If so, you might be
interested in attending their meet to be held at the
Ford Science Museum in Dearborn, Sept. 23. As an
annual event, old time hams, wireless operators and
collectors from all over the country convene once a
year at a large public museum for a program de-
seribing development and operation of early radio
gear including demonstrations. Their Guest of Honor
this year will be Mrs, Edwin Armstrong, widow of
Maj. Armstrong. For additional information write
Link Cundall, W2QY, 69 Boulevard Pkwy., Roch-
ester, N. Y. 14612,

The Puerto Rico Amateur Radio Club will hold
its own Field Day operation from 0001 GMT on
Sept. 2 until 2400 GMT on Sept. 4. The club station,
KP4ID, will be located at San Lorenzo, P. R. for
operating on all bands and modes. Contacts with
KP4ID during this activity will be econfirmed
through a special QSL card.

The RSGB Q8L Bureau will be closed from Sep-
tember 9 to October 9. It is requested that no cards
be sent to arrive at G2MI between these dates.

ZS6AQU has an interesting way of using his anfenna on 15 and 20 meters. Three of the elements are telescoping
and are extended or retracted by air pressure, A relay switches gamma matches for either band,
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An Admittance Bridge for R.F.

Measurements

The layout of components is shown in this view
of the bridge. The *'hot” binding posts for the
generator and unknown, along with the screw
terminals for the shorting bars, are on a plastic
plate mounted over an opening in the panel
at the upper left. The two capacitors for
initial adjustment of balance (Cz and Ca) are
in the extreme upper left corner. The d.c.
balance control is at the lower leff.

BY FRANCESCO CHERUBINIL* 112V

With a modest amount of ingenuity and
workshop effort, many seemingly difficult
projects can be brought to a successful
conclusion. In this article I1ZV describes
an easily-built admittance bridge that
will permit measurement of resistance,
capacitance, and inductance along with
complex impedances. The ham trans-
mitter can be used for the signal genera-
tor.

Frur reading o recent QST article! on the
measurement, of R-+7X, I must agree with
the reasons given on why impedance

bridges are so seldom used by hams. I have been
faced with many of the problems mentioned.
During the past two years I have examined sev-
eral commereial bridges so that I could study
the circuits used in their design. Finally, 1 have
built a simplified version of an admittance
bridge which has given me rather good results.
The bridge c¢an be used for measuring complex
impedances, v.f. resistance in the 10- to 1000-ohm
range, capacitance from 0 to 500 pf., and can be
calibrated for various inductance ranges, 1 to
50 ph. being chosen in this case.

The fundamental circuit, shown at A in Fig.
1, is u balanced resistive hridge with the arms

* Via Flaminia 695, Rome, Ifaly.
! Doyle, * Amateur Measurement of B = jX,” QST, June
1965,
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having the values shown. An unknown resistance
or reactance connected across one arm, such
as Rj, will unbalance the bridge. Balance may
then be restored by connecting the identical
value of resistance or reactance across R4. The
setup for resistance measurement is shown at
Fig. 1B, where R, is the calibrated standard
resistance which is adjusted for balance when
the unknown resistance is connected af X.
Capacitance measurements are made by using
a calibrated standard capacitor, Cs, as in Fig, 1C.
For inductance measurements the standard
capacitor is connected across the unknown, Fig.
1D, and adjusted for parallel resonance at the
frequency of the generator, . Since the im-
pedance of the parallel resonant circuit is usually
quite high compared to 1200 ohms, the detector
will show a null, indicating that balance has been
restored. The inductance may then be calculated
from the known frequency and capacitance.

In the bridge shown in the photographs, the
capacitor scale is calibrated both in picofarads
and in microhenrys, the latter calibration being
for a generator frequency of 7120 ke. This
frequency was chosen because it gives the follow-
ing simple relationship between inductance and
capacitance:

The calibration can be extended to other
induectunce ranges by using a different generator
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frequency. For example, if 14,240 ke. is used the
7120-ke. readings will be divided by 4, and if
3560 ke, is used the readings will be multiplied
by 4.

In the practical bridge cirenit, Fig. 2, provision
has been made for balancing ou$ stray capa-
citances (by means of ('3) and for balancing out
the minimum capacitauce of the standard
capacitor, (1 (by means of ("s). Three resistance
decades, 10-100, 100-1000, and 1000-10,000
ohms, can be placed in parallel with R4 or eut
out eutirely, and ¢ may be connected in parallel
with either Ry or K3, or disconnected. The
parallel components of complex impedances may
be measured by using whatever combination of
these connections makes the detector show a
null,

The way to obtain reliable results with resist-
ance decades is to avoid putting the resistors in
series. Using parallel resistances reduces stray
inductance to a minimum. Stray capacitances
are of no consequence since they are balanced
out by 3. The construction of the bridge is
simple, and no special items are required. How-
ever, it is preferable to use precision resistors of
the metalized variety because the values are
accurately known.

How It's Built

The bridge is built on a Masonite panel to
which copper sheeting has been added to serve

100,

D-INDUCTANCE

P
C~CAPACITANCE

Fig. 1 —Basic circuits of the admittance bridge.

as a ground bus for the circuit. The resistors in
the decade-switch assemblies, Z; through Zs,
are connected from the switch terminals to the
copper plate with short leads, no more than one
quarter of an inch in length.

The high-potentinl X terminal, .Jy, (Fig. 1)
and the ¢uN. terminal, J3, are mounted on a
Plexiglas plate to reduce losses. For the same

Y%

X ¢
3
(UNKNOWN)  ~37

da2

0 S1: 5283

Rg R Re ReRiod Rug Rz Rizg Ria Ris

WIRING OF Z;, Z,, AND Z3

Fig. 2—=Circuit of the admittance bridge. Decimal values of capacitances are in uf., others are in pf. (upt.); fixed
capacitors are ceramic. Resistances are in ohms,

Ci—App. 500 pf. {value not critical). A dual-section 250-
pf. per-section variable such as the Millen 28250
may be used by connecting the sections in parallel.

C3, C3—35-pf. midget variable or air frimmer.

Ji, Js3, J5—Binding post, red (""hot" terminals).

Ja, Ja, Jo—Binding post, black {ground terminals).

Ri, R2—100 ohms. 1 watt composition {see text),
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R3-—1210 ohms, /2 watt, 1% tolerance, film type.

Ri—1000 ohms, V2 watt, composition.

R5—500-0hm carbon control, linear taper.

Re-Ris, inc.—V2-watt, 1%-tolerance film-type. See Table |
for vaives,

Si-83, inc.—Ceramic rotary, 1 section, 1 pole, 11 positions.
St isin Zi, Sz in Z3, and Sz in Za.
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reason, the connectors for capacitors ¢y and Cs
{terminals A, B, (, and D) are mounted on the
same sheet of insulating stock. Four terminals,
mounted st the corners of a square, and two
shorting bars are used at A, B, C, and D instead
of 1 switch because 1 feared that o rotary switch
would introduce too much stray inductance.
Another attempt to reduce stray induetance
in the circuit resulted in the use of & 21-inch di-
ameter copper bus, tixed to the panel with two
cerumic standoff insulators, to which the mov-
able-contact terminals of switches 8y, 8y, and
Ng are counected with 14-inch lengths of 14-inch
wide copper strip. The high-conductance range
decade assembly, Z, is mounted nearest to the
I} terminal of the bridge circuit. Wherever
possible, use wide strips of copper for circuit
connections, keeping the length of each lead as
short as possible. This will help to keep stray
induetance to & minimum.

The case for the bridge is a wooden box taken
from an old 1925 model radio sel. The box is
not screened, but I believe that thorough shield-
ing should be recoiumended to avoid external
r.f. pickup.

Testing

During the initial testing it is necessary to as-
certain whether a perfect match exists between
resistors Ky and Ke. This c¢an be checked by
eounecting o 1.5-volt battery to the generator
terminals, J3 and J4, with the negative terminal
of the battery connected to J4 Next, connect
2 low-range d.c. voltmeter from terminal A to
terminal D. A perfect null should be possible by
adjusting Ks. If Ry and Ry are now interchanged,
the null should remain the same without changing
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Internal layout of the bridge
showing the conductance dec-
ades, Z1, Zz, and Z3 at the
upper right. Ry is just to the
left of the decades, Ca-
pacitor C1 is in the center of the
panel. Strips of copper are
used for intercircuit connections
fo keep lead inductance to a
minimum,

the setting of Rs. If a close match is not obtained,
other resistors should be tried. Usually a matched
pair can be selected from an ussortment of four
or five 3-percent resistors. The null should oecur
when Ks is near the mid-range setting, and the
null position should be marked on the panel
for future reference.

The next step is to remove the two shorting
bars from terminals 4, B, €, and D and connect
an r.f. source to J3, J4. The r.f. generator should
be able to deliver five to ten volts of r.f. at the
chosen frequency. 1 used 7120 ke., but 1.4 Me. or
some other h.f.-band signal can be chosen.
Adjust C3 for a null as indicated by a v.t.v.m.
or 20,000-ohms per-volt voltmeter connected
across Jp and J¢. Now reconnect the jumper burs
asg in Fig. 1 and set ¢, the main tuning control,
for a near-minimum capacitance. (My bridge uses
2 minimum-capacitance setting of 20 pf. sv that
('y can be used as a calibrated capacitor for
other measurements [ may wish to make.)
Adjust (2 for a new null: this is the condition
that establishes the () setting for ;.

If a 28-Me. generator frequency is used, it may
be necessary to add a small eapacitance (Cy)
across Rq in order to secure a null. In my case,
a 2.2-pf. capacitor was needed at 28 Me.

Proper operation of the bridge can be checked
by measuring an assortment of small resistors
and capacitors of known value, If the capacitor
has not previously been calibrated, it should be
done by comparison with an accurate standard
if the builder has uccess to one. Otherwise, a
reasonably-accurate calibration can bhe made
Ly using 2-percent-tolerance tixed mica capacitors
of various values (using as many as are available)
within the range of the instrument. The induec-
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TABLE I
Assembly Kesistor Value (ohms)
Rg Ity Rsg Ry R Ry g R Ry s
Z
High-Conductance 100 50 333 25 20 16.7 143 125 111 10
Range
Medium-Conductance 1000 500 333 250 200 167 143  12f 111 100
Range
Z3
Low-Conductance 10,000 5000 3300 2500 2000 1670 1430 1250 1111 1000
Range

Table I—Resistance values for the three conductance decades. See Fig. 1 for types used. Off-standard values can be
secured by using series or parallel combinations of available units. For example, for 25 ohms, a 27-ohm and a 330-ohm
resistor can be placed in parallel. Depending upon the accuracy desired, a valve such as 33,3 ohms
can be changed to 33 ohms, which is standard.

tance scale can be added by ecaleulation, as
outlined earlier.

Using The Bridge

A low-power transmitter can be used as the
r.f. generator?, but to prevent damage to the
bridge, some form of attenuator should be placed
between the output of the transmitter and the
input of the bridge. The transmitter can be loaded
into un incundescent lamp or other dummy load
and a small quantity of r.f. picked off the lond
for use with the bridge. A 2-watt noninductive
resistor whose value is between 1000 and 5000
ohms can be inserted between the dummy load
and the input terminals of the bridge to get the
attenuation needed.

A vernier drive on (1 will enable the builder
to spread the calibration over 360 degrees,
which would not be possible with a direct-drive
system. 1 used a capacitor which has a 3:1 vernier
drive.

As the three resistunce decades are in parallel,
the switch calibrations are in terms of conduet-
ance rather than resistance. This permits direct
addition of the readings to find the actual value
heing measured. The range of Z; is from 0 to 100
millimhos in steps of 10 millimhos (the open
position of Sy is 0); Za covers O to 10 millimhos
in steps of 1 millimho; and Zz covers O to 1
millimho in steps of 0.1 millimho. If, for example,
the bridge is balanced with Sy at 1, Sz 0t 7, and
Sy at 4, the conductance of the unknown resist-
ance at X is 1047 -+ 0.4 = 17.4 millimhos.
The conductance reading can be converted to
resistance by dividing it into 1000. In this ex-
ample 1000/17.4 = 57.5 ohms.

For making resistance and capacitance meas-
urements at r.f. the shorting bars should be as
shown in Kig. 2 - that is, one bar from A to B,

2 A low-powser erystal-controlled oscillator should serve
as an r.f. source should the builder wish to have a perma-
nent unit on hand. £ditor.
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and one from (' to D. The capacitor dial and
all switches should initially be set at “0”, in
which case the indicator should show a null
hefore the unknown is connected. After connect-
ing the unknown, balance should be restored by
manipulating the conductance switches and Cy.
If the impedance heing meusured is complex, the
bridge indicates the conductance and sus-
weptance, the latter measured in terms of shun$
eapacitance which ean be converted to mbhosg,
if desired, by the formuls

B =2 fC

with appropriate regard for the units (if f, the
generator frequency, is in megacycles and € is in
picofarads, B will be in micromhos).

If a null cannot be obtained with the shorting
bars connected as above, the unknown is indue-
tive. When this is the case the bars should be
counected between A4 and ¢ and B and D,
respectively. 'y then indicates inductive sus-
ceptance, which can be calculated from the
capacitance reading as above, with the knowl-
edge that it is of the opposite kind to capacitive
susceptance. Or the measured capacitance can
be converted to inductance (parallel component)
by the usual formula relating ' and L for reso-
nance at the generator frequency.

‘When measuring very low impedances it is
essential {o keep the leads between the bridge
and the unknown very short. Otherwise, large
errors will be introduced by the lead inductance.

Finally, the r.f. signal should have very low
harmonic content. An appreciable harmonic
percentage can obscure the null and make exact
determination of balance very difficult, espe-
eially if the nnknown is a complex impedance.

The good results I have gotten from this ad-
mittance bridge have been well worth the work
it took to build it. If you have frequent need
for such an instrument, you will find this circuit
easy to build and operate, I'm sure. mEF]
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The Swiss Quad at ZS6PP

Rotatable Antenna with Phased Elements

This antenna, designed originaily by
HBI9CV, has not yet received wide-
spread attention in the Western
Hemisphere. Measurements made by
the designer indicate that its per-
formance is superior fo the conven-
tional two-element quad, while the
structureis much simplerand sturdier.

P omol SRR R R RS O RO

the majority rated the quad as the “ Number

(One” antenna. However, as we ull know, this
antenna is more difficult to construet and erect
than a conventional Yagi beam. It iy for this
reason, presumably, that it is not in such general
use ag its reputation would lead us to expect.

After conducting extensive experiments,
HBOCV was so successful in simplifying the
construction and design of the quad that he
filed a patent application in (960 for an eutirely
new concept of this antenna, and named it the
“Swiss Quad.” ? Since then, the design of this
antenna has been treated in additional articles
by others.? Reference to this previous material
is recommended for full information.

In constructing a Swiss Quad for 20 meters, the
author found that he had to modify and adapt
details suggested by these articles, In response
to requests from other hams around the world
for information on his design, these notes from
his ovwn experience and that of others who have
constructed similar antennas are presented. Due
acknowledgment is made here to the inventor
and to the authors of earlier articles.

Refer to the sketch of Fig. 1 for a general
idea of what the Swiss Quad looks like. It differs
from the conventional quad electrically in that
both elements are driven — with a phase dif-
ference of 180 degrees. Construction is simplified
by making the horizontal members of aluminum

IN a worldwide survey of 60 D X-minded hams,*

# P O, Box 783, Johannesburg, Republic of South Africa.

! Ross, *“ How DX Kings Rate Antennas,” QST, January,
1064,

? Baumgartner, * The Swiss Quad Beam Aerial,” E.5.G.B.
Bulletin (England), June, 1964,

3 DL-QTC (Germany), October, 1964,

Amateur Radio Bulletin (Australia), April, 1965, Kudio

Z& (Republic of South Africa), August, 1965.
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BY E. P. TOWERS,* ZS6PP

tubing sufficiently rigid to support the weight of
the vertical members, which are made of wire,
thereby eliminating the customary spreaders,
Additionally, the horizontal members are bent
insuch a manneras to provide the desired element
spacing without the need for a boom.

The author’s antenna is fed with coax line and
gamma match, as shown in Fig. 2.

Supporting Mast

The vertical members are 230 inches long for
14,250 ke. Thus the supporting mast must be
about 20 feet long, plus sutficient length at the
bottom for mounting in a rotator socket or tower

,,,,,,,,,,,,,,,,, T 246 e )
e (WIDTHS) 1
................. - 22202 ] 2307
; 230"
Dural pipe
L~ mast
P - o
Wire=""
d
7FE R
S

Fig. 1—The Swiss Quad anfenna needs no spreaders or

boom. Dimensions shown here are those used by the quthor

for a center frequency of 14,25 Mc. See Table | for sug-
gested dimensions for other frequencies.
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Fig. 2-—Matching system for coax line. The outside con-

ductor of the line is connected fo the ground fug on the low-

er element bracket. The center conductor is connected to the
center point of the gamma matching section,

hearing. It may also be desirable to add rigidity
to the untenna by extending the mast 22 or 3 feet
above the top horizontal members so that the
outer ends of these members can be guyed to the
mast with nylon cord. In any event, it will usually
be necessary to splice sections of tubing together
to obtain the necessary mast length. A method of
splicing that the author found satisfactory is illus-
trated in the sketch of Fig. 3. Sections of 2-inch
10-gauge dural tubing were used for the mast.
Further strength can be added by applying a seli-
guying or truss system to the mast. However, the
asuthor did not consider this necessary.

Mounting Brackets

The horizontal members are fastened to the
mast at the cross-over points by means of two
hrackets (one for the top set, and one for the
bottom set). The brackets are made up of three
pieces of aluminum or steel angle, as shown in
Iig. 4. An alternative that would avoid welding
would be to use wider angle stock which would
provide space for attaching the element-support-
ing angles individually to the mast with U bolts
and serrated yokes. If this method is used, care
must be taken to make sure that the two angle
pieces are oriented at exact right angles to each
other. (The welded arrangement assures this
sutomatically. )

The antenna elements must be insulated from
the brackets. To accomplish this, the author cuf
sections of flexible 1-inch polyethylene pipe to

o

Y Aluminan,
vr.steel

Vo Ej

method of splicing mast
sections.

Fig. 3—One satisfactory j

\:
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lengths slightly longer than the bracket. The pipe
was then slit lengthwise so that it conld be spread
and forced over the 74-inch aluminum tubing of
the elements. The angles should be notched as
shown to allow the clamps (gear-type, stainless
steel) to secure the elements firmly. The fop
bracket can be mounted permanently on the mast
before assembling the antenna. Mounting of the
bottom bracket should be postponed until later.

Elements

The sketch of Fig. 5 shows the dimensions of
the horizontal antenna members used by the
author for 14,250 ke. All four members are made
identical. Forty-five degrees bends are made at
equal distances from the centers of a 16-foot
length of Tg-inch 18-gauge aluminum tubing
which forms the center section. (Borrow a con-
duit bender from your local electrician, or have

Fig. 4—Suggested mounting bracket for horizontal sec-
tions, See text regarding insulation.

him do the job; otherwise, the tubing is sure to
kink when the bends are made. ) The ends are slit
to take extensions of 34-inch 16-gauge tubing.
The junctious are becured with stainless-steel
gear-type hose clamps. The ends of the extensions
should be flattened and drilled for screws that
will be used to fasten the horizontal members
and the vertical wire members together. The
extensions are not added until final assembly.

Assembly

The assembly can be started by laying the
mast, with upper bracket attached, ucross the
tops of a pair of stepladders at least 5 £t. high.
Clamp the top pair of horizontal members not
too tightly in the bracket while their positions
are adjusted so that the members cross ench other
at their exact centers. Then twist the members in
the bracket, if necessary, so that they lie in the
same plane, at right angles to the mast. Clamp
the members firmly in this position while hole
centers are marked ut the exact centers, and in
the mast bracket, as shown in Fig. 4. Drill the
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Fig. 5—All four horizontal members are identical. Dimen-

sions shown are for a center frequency of 14.25 Mc. Notice

that end extensions are not of equal length. See text for
proper orientation in mounting.

holes for sheet-metal serews, attach soldering
lngs, line up the members accurately again, and
tighten the clamps. Wire the three lugs together
with the shortest possible leads. Do not allow the
leads to touch the bracket at any point. The
sguthor found this precaution necessary to obtain
a satisfactory matching adjustment.

The end extensions can now be added, and the
telescoping adjusted to give the widths shown in
Fig. 1. The two extensions in exch element should
be maintained at equal length, of course. (sive
all four ends of the horizontal sections a slight
upward bend to help compensate for the weight
of the vertical wire members.

The vertical wires cun be made of No. 14
vopper wire, or stranded wire of equivalent cross
section. No. 8 aluminum TV ground wire is also
suitable, 1f solid wire is used, stretch the kinks
out, and try to avoid reintroducing them during
the assembly. Measure off the vertical lengths
shown in Fig. 1. Mark the wires plainly at the
measured length, then add several inches for
adjustment. Attach the top ends of the wires
securely to the ends of the top set of horizontal
members. Then spray all connectious with acrylie,
or apply other suitable protection against corro-
sion, or loosening of the securing bolts.

At the center of the clearest avuiluble space,
drive u section of pipe whose inside dinmeter is
slightly larger than the outside diameter of the
mast into the ground. Swing the must vertically
und insert the bottom end into the pipe. i an
extension can be added temporarily to the mast
to bring the lower horizontal members at step-
ladder height above ground, su much the better.
(It may be necessary to guy the mast temporarily
withrope.)

Fig. 6—Matching sections are made of insulated wire

supported on aluminum clamps attached to horizonfal

members. Matching sections should be spaced from an-
tenna elements by about 1 /200 wavelength.
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TABLE 1
Freq. Reflector  Director Spacing
Ke.  Height Width Width 0.1
25,500 116 1215 110 41.3
21,200 156 16t 148 53.5
14,150 234 246 222 83.5
7,050 470 493 143 168

All dimensions ave in inches, and are based on
a design retlector perimeter of 1.148 wave-
length, and director perimeter of 1.092 wave-
length, suggested as optimum by HBICV.
Width is the overall length of the horizontal
members, as indicated in Fig. 1. Height
should be adjusted for antenna resonance
at the desired center operating frequency.

Temporarily clamp the bhottom mounting
bracket to the mast, while the mounting and
adjusting procedure described previously for
the upper set of horizontal members is repeated
for the bottom set. Be sure that the longer exten-
sions are on the sume side of the mast as those of
the upper set, and that the sets are lined up as
accurately as possible in the same plane. At the
conclusion, give the ends a slight downward bend.

Attach the vertical wires temporarily to the
bottom horizoutal set at the meusured points.
Then slide the bottom bracket down on the mast
until the vertical wires are reasonably taut, und
reclamp the bracket,

Adjustment

The author made the matching section of 3-
conductor plastic-insulated electrician’s house
wire, conductors in parallel. The wire was spaced
about 1/200 wavelength (about 4 inches for 14
Me.) from the elements by means of a series of
aluminum clamps spaced at intervals, as shown
in Fig. 6. (In some other instances, it has been
necessary to use either wider or closer spacing to
obtain & mateh,) The insulation was removed
from the wire only at the ends for connection to
the adjustable elamps, and at the center for con-
nection to the feed line. Notice that the matching
taps must be made ut equal distances from the
cross-over point. ‘The distances from the taps to
the ends of the horizontal members will not be
equal because of the difference in lengths of the
reflector and director members,

The matching taps were set initially about
halfway between the bends and the ends of the
horizontal members. A short length of line
terminated in a loop of 2 or 3 turns of wire wus
connected to the feed point. Resonance was then
checked by coupling a grid-dip osecillator to the
loop. All four lengths of the vertical wires were
then adjusted equally until the g.d.o. showed
resonance at the desired center frequency, The
hottom bracket was then repositioned to bring
the vertical wires taut, and the bracket was
fastened permaunently in place.

The line was then connected and the matching
{Continued on page 142>
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Although the filter described in this g
article was designed particularly for 10- w
meter TVI requirements it is, like all low- f:
pass filters, useful on all transmitting
frequencies below the cutoff frequency.
The circuit is simple and the components 2
are inexpensive. ™
]

n

ESERREREERBNER

A TEN-METER

HARMONIC

TVI FILTER

BY EDWARD E. WETHERHOLD,* W3NQN

or increasing activity in the 10-meter band

iy very likely to cause un increase in TVI,

because of the large number of color TV re-
ceivers now in use and because of their sus-
ceptibility to 1l0-meter harmonie interference.
In addition to the picture carrier at 1.25 Mec.
above the low edge of the TV channel, the color
TV signal also has a color subcarrier region 4.8
Me. from the low end of the channel. In TV
Channels 2 and 6 both these carrier regions are
susceptible to 10-meter second- and third-har-

#* Honeywell Inc., Annapolis Operation, Test Instruments
Division, P, 0, Box 391, Annapolis, Maryland 21404

mounic interference.! Because of this, there is less
opportunity to avoid harmonie interference by
choice of operating frequency than was previ-
ously possible with the black-and-white TV
receivers.

For the case of a 10-meter transmitter having
excessive second- and third-harmonie radiation,
a low-pass filter placed in the 50-ohm coaxial
transmission line between the transmitter and
antenna is probably the easiest way to obtain
the necessary additional harmonic attenuation
to eliminate TVI. An article describing the design
and construction of such a low-pass filter was
presented in QST lust year?; however, this
design was intended primarily to provide high
attenuation throughout the entire v.h.f. TV
bands and also at 40 Me., a common TV inter-
mediate {requency. Because of a 50-waitt 10-meter
power limitation the design was not entirely
suitable for general 10-meter use.

In view of these facis, it appears that a new
low-pass filter design intended especially for
10-meter application would be useful. In this
article » filter is described which requires only
two tuned sections and which, in addition to
providing 50 db. attenuation at all frequencies
above 55 Me., can also be adjusted to provide
more than 65 db. at any particular second or
third harmoniec of the 10-meter transmitter. The
insertion logs in the passband is less than 0.5 db.

Design Requirements

The second and third 10-meter harmonies full
ir the frequency bands of $56.0 to 59..4 Me. and
54.0 to 89.1 Me., which also are in the center of
TV Channels 2 and 6. To obtain maximum
harmonic sttenuation, a filter having attenuation
peaks at about 57.7 BMe. and 86.5 Me. is re-
quired. The filter cut-off frequency should be
several megacyeles above 29.7 Me. to assure
that a slight mistuning of the filter will not
cause unwanted attenuation in the passband.
For this reason, s cutoff frequency of not less
than 32 Me. is desirable. Since the filter is in-
tended to be used in a 52-ohm coaxial line having
4 low v.s.w.r. the v.s.w.r. caused by the filter
should ulso be low, and a value of about 1.5
for the filter appears reasonable. In addition to
the performance characteristics, the tilter should
be simple and inexpensive to construct. The filter
shown iu the photograph is suitable for use with
transmitters having power outputs up to 200
watts.
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L¥igure 23-3, page 566, Radio Amateur's Handbook,
1866.

2 Welsh, ““An Effective Low-Pass Filter,” QST, January
1966,

The filter fits easily into a 2% X 24 X 4-inch Minibox.
A centfer partition has been added to shield the two tuned
circuits from each other. C2 and C¢ are mounted inside
Lz and L4, respectively. Power may be applied at either
end and output taken from the other; the filter is
insensitive to direction of power flow,
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Design Procedure

The proczdures and tabulated data preseuted
in Simplified Modern Filter Design® were used
in the design of this filter. Since two tuned
sections and a v.s.w.r, of 1.5 or less were desired,
the many available design choices in the book
were restricted to those found in Table A4-6,
which contain the normalized elliptic-function
tabulations for a filter with two tuned seections,
a passbaud ripple of 0.1 db., and a v.s.w.r. of
.35.

In this table, there are data for eight different
filterdesigns with minimumstopband attenuation
{(«1s) values ranging from 35 to 70 db. in 5-db.
increments. The optimum choice of filter values
is made after noting the ratios of the desired
filter frequencies, f., {(cutoff frequency), f1 (No. 1
peak attenuation frequency), and f» (No. 2
me attenuation frequencv ). These are 32.0/
37.7 and 32.0/86.5 = 1/1.8 and 1/2.7, respec-
tively., HExamination of the tabulated peak-
attenuation frequencies normalized to f,, shows
that there are attenuation peaks occurring at
1.765 and 2.682 times f,, for the data associated
with a flter having 4. = 50 db. For all practical
purposes, this is just what is desired! If the cut-off
frequency is adjusted to 32.3 Mec., to zero in
on the center of the 10-meter harmonic bands,
f1=57.0 Mc. and f2 = 86.5 Mc. These are
sufficiently close to the required peak-attenuation
frequencies previously chosen.

To obtain the actual filter component values
of the A, = 50 db. filter, the tabulated normal-~
ived capacitance values for 'y through (g are
multiplied by 1/Rw, where B = 52 ohms and
w = 2xfe, and the tabulated normalized iu-
ductance values for Ly and Lg are multiplied
hy #/w. The filter schematic and caleulated
eomponent values are shown in Fig. 1.

Filter Construction

The inductors for Ly and Ly are both obtained
from a two-inch length of B & W Miniductor,
Type 3002, having a 14 inch diameter and a pitch
of 8 turns per inch. Both coils have between
534 and 6 turns. All capacitors are tubular ceramic
Centralab type TCZ (zero temperature coeffi-
cient), 600 v.d.c., with a capacitance tolerance
of =29, (These capacitors are listed on page
306 of the Industrial Electronics Catalog No. 67
of Newark Electronics (lorporation, Chicago.)
The capacitors are connected in series or parallel
to obtain the calewlated capacitunce values

Fig. 1—The filter circuit diagram. Capa-
citances are in pf. (puf); inductances are
in ph, The capacitors are fixed ceramie,
selected as described in the text, and the
inductances are made from Miniductor.

within o few perceunt. The values of € (9.2 pf.)
aud Cy (26.8 pf ’) are realized with single standard
(100 pf. and 27 pf.) capacitors; however, the
values of (ly, '3, and Cs euch require two ca-
pacitors. The value of 4 is most conveniently
achieved by connecting two 22-pf. capacitors in
series; the value of Cz is achieved by paralleling
100-pf. and 62-pf. capacitors; and (' is achieved
by paralleling 22-pf. and 62-pf. cupacitors.

The filter is housed in a natural-aluminum
Bud Minibox, 21 X 214 X 4 inches, with an
aluminum partition centered in the box to pro-
vide isolation between the two tuned circuits.
Holes for sheet metul screws are liberally placed
around the perimeter of the box and its cover
(see photograph) to prevent leakage of the un-
desired harmonics from the filter. Also visible in
the photograph are the angle brackets at each
end of the box which provide a base to which the
cover ends may be fastened, thus closing the
senms whic