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THE STANDARD OF COMPARISON FOR OVER 20 YEARS

HIGH FIDELITY
TRANSFORMERS

FROM STOCK...ITEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B.

TYPICAL UNITS

LS-10X Shielded Input
Multiple line (50, 200, 250, 500/600, etc.)
to 50,000 ohms . . . muitiple shielded.

m_
Pl

LS-19 Plate to Two Grids
Primary 15,000 ohms.
S y 95,000 ohms C.T.

s 20
Il

LS-50 Plate to Line

: e 15,000 ohms to muitiple line . .. =15 db.
4 ; level.
¥ 1
O IC W R L3-63 P.P. Plates to Voice Coll X ¥ %

=5 - Primary 10,000 C.T. and 6,000 C.T. suited f!AnSEth :I,',xhl 4,’"7s/fs~ 5?:,315.,
g to Willlamson, MLF, ul.linear circuits, Wit 20~ e o
H T S y 1.2, 2.5, 5, 7.5, 10, 15, 20, dth__ 2%~ 3%~ &
H 30 ohms. 20 watts. * Height..3vs¥ 4.3/16" 4-11/167

Unit Wt.3 Ibs. 7.5 Ibs. 15 Ibs.

HIPERMALLOY seories
This series provides virtually all the
characteristics of the Linear Standard
group in a_more compact and lighter
structure. The frequency response is
within 1 db. from 30 to 20,000 cycles.
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +10db.
Circular terminal layout and top and
bottom mounting.

ULTRA COMPACT series

UTC Ulfra Compact audio units are small
and |ight in weight, ideally suited to re-

B,
H A-10 Line to Grid
5 Multiple line to 50,000 ohm grid.

mote amplifier and similar [ [T Tasial" T T M A-18 Plate to Two Grids
equipmentl.) The frequency response is e 1 15,000 ohms o 80,000 ohms, primary and
within 2 db. from 30 to 20,000 cycles. ¥ T L 4 P

Hum balanced coil structure plus high
conductivity die cast case provides good
inductive shielding. Maximum operating
level is +7db. Top and bottom mounting
as well as circular terminal layout are
used in this series as well as the ones
described above.

3 =7 A-20 Mixing Trans!ornlur
H Multipte line to muitiple line for mixin,
14 mlkesp, lines, etc. P ¢
H -

=0 A-26 P.P. Plates to Line
ﬂo,ooo ohms plate to plate, to multiple
ne.

OUNCER CASE

Diameter ... . [)
Helght -3/16'
Unit Welght . 102,

UNITED TRANSFORMER CORP.

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




 New heavyweight champion !

- Hallicrafters new SX-101 receiver employs heaviest

chassis in the industry . . . offers selectable side-

band . . . has complete coverage of seven bands.

It’s all amateur—and as rugged as they come! Hallicrafters -
presents the complete answer to ham reception, with every =
essential needed for today and for the future. )

First—built like a battleship. Bigger. Heavier. Second—a
marvel of stability—the result of 22 years of experience and *
development. Third—it brings you a long list of new features: -

."ﬁ}m ‘AX& B o ] i
' EROM
o Complete coverage of 7 bands—160, 80, 40,20, 15,11-10 meters. ‘ A Ot
® Special 10 mc. pos. for WWV.

[ i
o Exclusive Hallicrafters upper/lower side band selection. ) .
o S-meter functions with A.V.C. off.

o Tee-notch filter.

PLUS: Band in use individually illuminated...built-in crystal WHEKE THE BEST(OFAS i
calibrator...antenna trimmer...dual conversion...full gear ;- : R
drive from tuning knob to gang condensers.. . five steps of selec- (/)

riy nder : ONSARE 50RN
tivity from 500-5000 cycles. . .sensitivity—Iless than 1 microvolt S ) i
onall bands. .. direct coupled series noise limiter...50 to 1 tuning Available with convenient terms
knob ratio...and many more. from your Radio Parts Distributor.
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STABILITY

Exceptional frequency stability is another reason why
Collins amateur equipment sets performance stand-
ards. To develop oscillators capable of maintaining
frequency stability over a long period of time, Collins
constantly carries on oscillator aging tests. In these
tests, groups of oscillators produced with different
materials and techniques are operated over one and
two year periods. The frequency drift of the high,
middle and low frequencies is charted on an aging
curve. The aging curve shown above charts the perfor-
mance of a particular group of oscillators which
showed superior long-range stability. Note the end
point spread in the curve (1.955—2.955) is less than
1 kc. In other words, after continuous operation for
one year, the frequency difference between the high
and low ends was only 900 cycles. Oscillators with the
changes indicated necessary by these tests were incor-
porated and are one reason why you get outstanding
year-to-year frequency stability in Collins amateur
equipment.

Temperature stability

1000
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To produce the minimum effect of temperature. varia-
tion on frequency stability, each PTO on a Collins
equipment is individually temperature compensated.
In final testing, the PTO is placed in a temperature
controlled chamber. The correct compensation is
selectea to bring it within the 750 cps (hot) and 1200
¢ps (cold) limits as shown on the curve.

CREATIVE LEADER IN COMMUNICATION

Calibration accuracy

When the PTO dial in your Collins KWS-1, 75A-4, or
KWNM-1 indicates a frequency, you are closer than
anyone c¢lse with a VFO. Production limits of 750
cycles, and actual figures much hetter (see curve),
give you the best frequency calibration available,
other than a crystal. Frequency deviation is also
limited to 250 cycles per 50 ke of frequency change
to eliminate any sudden variation within the band.

1YPICAL CURVE
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20 N——" \30
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Vibration

An outstanding characteristic of Collins KWM-1 mo-
bile transceiver is its amazing frequency stability
despite vibration. (The oscillator in the KWM-1,
though smaller and of different construction, has the
frequency stability of the 75A-4 oscillator.) A vibra-
tion table oscillating at 60 cps in 2 g shocks varies
the frequency less than 75 cycles. An automobile
traveling over washboard roads produces considerably
less than this.

The 75A-4 will take a shock of 5 g’s — approximately
the same as dropping it six inches onto a very solid
surface — with less than 50 cycles of frequency shift.

The 75A-4 was not intended to be a frequency stand-
ard, but where else can you get the features of 1 uv
sensitivity, Mechanical Filter selectivity, precise dial
calibration, and rock-like stability?

See your Collins distributor for the finest in amateur
equipment — the 75A4-4, KW'S-1, and KWW M-1,
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EIMAC 4-400A powers
new Viking Thunderbolt

“Full communications power".is the slogan at E. F. Johnson
Co., designers and manufacturers of the well-known Viking
transmitters. To insure this full communications power in their
new Thunderbolt table top linear amplifier, quality minded
Johnson engineers specified a pair of Eimac 4-400A's. These
tubes loaf along at 1 kw/cw, 750 watts AM linear, and 2 kw
P. E. P. linear input.

Eimac offers the amateur a complete line of transmitting tubes
— tubes extensively used by equipment manufacturers in
amateur, commercial and military transmitters. For complete
information on any Eimac tube, contact Eimac's Amateur
Service Department or visit your Eimac distributor. Of pattic-
ular interest is Application Bulletin #9, a comprehensive
booklet titled “Single Sideband.”

EITEL-MCCULLOUGH, INC.

S AN BRUNGO - . 1 FORN
Eimae Finot for quality, dependab:hty and performance




40, 80 and 160 Meters, PR Type Z-2

Rugged. Low drift, fundamental oscillators. High activity and
ower output. Stands up under maximum crystal currents. Stable,
ong-lasting, permanently sealed $2.95 Net

20 Meters, PR Type Z-3

Harmonic oscillator. Low drift. High activity. Can be keyed in most
circuits. Stable as tundamental oscillators. Fine for doubling to 10
and 11 meters or “straight through” 20 meter operation......$3.95 Net

COMMERCIAL, PR Type Z-1

Designed for rigors of all types of commercial service. Calibrated _
005 per cent of specificd trequency. Weight less than 34 ounce. f >

Sealed against moisture and contamination. Mecets FCC require-
ments for all types of service.

SPECIAL TYPES ¢

Type Z-1, AIRCRAFT PR PRINTED OSCILLATOR KIT

3023.5 Kc.. .005% $3.45 Net

Has many uses—
e Z-1, MARS and CAP

Offu:mP ssigned transmitter trequencies in the range. ® As 100 Kc. Marker
Calibrated to .005%. 1500 to 10000 Kc. $3.45 Net ® As 1000 Kc. Marker for

Check Points up to 54 Mc.
Type Z-6A

e As Foundation Circuit for
FREQUENCY STANDARD

Low Frequency SSB Crystals
To determine band-edge. To keep the
VFO and receiver properly calibrated.

100Ke. . . .« . . . . $6.95 Net

if

Assembled in minates. Kit con-
tains everything but 6BA6 oscil-
lator tube und crystal.

Each . . . . . $4,50 Net &

: i For Lear, N
{ Suitable for con- [ 3 au?ir siniialgr L‘cqal:i;? TV Marker Cl‘)’St‘OIS
; verters, Cxperlmen' ment Oncratmg n chunnelszthrouqh

5 the 121 Me. region,
requiring crystals
in 30 Mc. range.

1 tal, etc. Same hold-
i er dimensions as
aj Type Z-2.

1600 to 12000Kc, | Each . . . . . . . $4.95 Net
(Fund§3:25 II*I(ct ——— 4.5°Mc. Intercarrier,
. 25000-}; . 5 Ne Type Z-9A RaDIO corg_;gouso . 01% . . - 2.95 Net
c. (3d 5.0 Mc. Sig. Generator,.01% 2,95 Net
Mode) =10 Ke. ... $4,45 Net | 27.255Mc.,.04% . . . $3.95 Net | 10.7 Mc. FM.IF..01% . . . 2.95 Net
ALL PR CRYSTALS ARE UNCONDITIONALLY GUARANTEED. ORDER FROM YOUR JOBBER.

PETERSEN RADIO COMPANY, INC.

13..... $6.45 Net
3100 Kc. . $2,95 Net
4100 Kc. . $2,95 Net

2800 W. BROADWAY + COUNCIL BLUFFS, IOWA

EXPORT SALES: Royal National Corporation, 250 W. 57th Street, New York 19, N. Y., U. S. A.




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, cspeciall)' Leazue members, are invited to report station activities on the first of each
month (for preceding monthi direct to the SCM, the administrative ARRIL official elected by members in each Section.
Radioclub reports are also desired by SCMs for inclusion in ()5T. ARRL Field Organization station appointments are
available in the areas shown to qualified League members. These include ORS, OES, OPS. OO and OBS, SCMs also degire
applications for SEC, EC, RM and PAM where vacancies exist. .1/l amateurs in the nited States and Canada are invitec
to join the Amateur ‘Radio Emergency Corps (ask for Form 7).

ATLANTIC DlVlSlON - ¢

Kastern FPennsylvania WJIINQ Richard B. Mesirov 1372 W. [ndian Creck Dr., Philadelphia 31
Maryland- Delaware-D. C. \\’%ll( R 9904 Gardiner Ave. Silver Spring, Md.
Southern New Jersey K2BG 800 Lincoln Ave. Palmyra
Western New York K2HUK . Hansen 211 Rosemont Drive Buffalo 26
Western Pennsylvania W3G) v lohn k. \V0|tk|cwlc7 1017 Girard Road Pittsburgh 27
— __ _CENTRAL I)IVIQION ——
Mlinois WOVIX eorge Schreiber 239 S, Scoville Ave. Oak Park
Indiana WONTA ... Baker 276 West Sumner Ave. Martinsville
Wisconsin WOKOB ; i 2103 South 9 St. Manitowoc
,,,,, DAKOTA DIVISION
North Dakota WAKTZ Elmer J, Gabel Hankinson
South Dakota WOFLP, T.es Price Custer State Park Hermosa
Minnesota WOKLG Robert Nelson 1>, O, Box 425 Dassel
DELTA DlVlSlO - _
Arkansas WSZZY Ullmon M. Goings .0, Box 207 Osceola
Louisiana WSFMO Thomas . Morgavi 1409 Reaulicu St. Metaire
Mississippi WSEHH John Adrian Houston, sr. 114 North First Ave. Cleveland
{'ennessce W4SCF Harry C. Simpson $.0. Box 10104 Memphis
-~ _GREAT LAKES DlVlSlO\I .....
Kentucky W4KKW Alhert M. Barnes 830 'hird Ave. Davton
Michigan WERALE Thomas G. Mitchell 4()9 liberty Buchanan
Ohio W3AL Wilson . Weckel 2118 Tuscarawas St., W, Canton 8
[ HUDSON DIVISION .
lcastern New York W2 IeL! Ceorge W. Tracy 1138 North Clountry (lub Drive ‘chencctady
N. Y. C. & Long Island \W2TUK Harry |. Dannals 139 East Zorunne Drive Farmingdale, L. I.
Northern New jersey W2VOR Lloyd iI. Manamon 709 Seventh Ave. Asbury Park
. .MIDWEST DIVISION — S
fowa WOBD R Russell B. Marquis K07 North Kifth Ave. Marshalltown
Kunsas Wity Liarl N. Johnston 1100 Crest Drive ‘Topeka
Missouri WHGED James \V. Hoover 15 Sandringham Lane Ferguson 21
Nebraska WHEXP Charies K. McNecl Route X, I North I'latte
. EW ENGLAND DIVISION
Connecticut WITYQ Victor L. Crawlord RED) S, btadlev Rough Rd. Danbury
ine \WIBPI/VYA Allan I, Duntley Casco
Fantern Massachusetts WIALDP Frank L. Baker, jr. 91 Atlantic St. orth Quincy 71
Western Massachusetts WIHRV C)shorne R. Mcl\crm.han 22 Mutter St. Kasthampton
New Hampshire WIAIT fohn Arthur Knapn 15 North State St. Concord
Rhode Lsland WIVXC Mrs. June R, Burkett 24 Roger Williams Ave. Rumford 16
\Vermont \WIOAK Mrs. Ann I.. Chandler RED 2 Barre
S ORTHWESTERN DIVISION - — |8
Alaska hl JAGU  Dave A, Fulton Box 103 Anchorage
{daho WIRKI Rev, Francis A. l’eterson Bo‘ (m Preston
Montana W7NP\’/\V‘(1 Vernon I.. Phillips Box 971 Harlowton
Orregon W7IDX Hubcrt R. McNally 11908 S. k. Madison St. Portland 16
Washington W7FIX Victor 5. Gish 511 East 71st St. Seattle S
v PACGIFIC DIVISION
Hawaii KHoAKD Samuel H. Lewbel P.O. Box 3564 tlonolulu
Nevada W7JILV Albert K. Chin P ox 14 Reno
Santa Clara Valley WoY HNM (;. Donald Eberlein P Box 372 l.os (ratos
ltast Bay \\'M«l)] Roger 1.. Wixson 3018 Berlin Way Oakland 2
San Krancisco ‘Vﬂ( k1l \V'vher A. Buckley 901 Grafton Ave. ‘San Francisco 12
ﬂt‘ramcnto Valley K¢ ¢ LeVaughn Shipley 3005 Maison Way Sacramento 25
San Joaquin Valley WGJ ru Ralph Saroyun 3639 Mono St. Fresno
ROANOKE l)lVlSlON
\V4RRH 3. Fowler Rox 144 \lorzamown
W4HAIG  Bryson L. McGraw ’27 Kalmia Road mbia
Virgin A h John Carl Morgan /v Radio Station WFVA Box 269 l' redt:nckab
West \'mzima Albert H. Hix 1013 Belmont St. Farest Hills, (_h:u'leaton 4
ROCKY MOUNTAIN DIVISION R —
Colarado WODNIT. R. [Lugene Spoonemore 224 Carlile Ave. Puchilo
Ttah* X W70CX Col. John f1. Sampson, jr. 3618 At, Ogden Drive Ogden
New Mexico WSOz Ray Birch Route 1, Box 700 .\lbuquerque
Wyoming W71so James A, Masterson 851 Bon Ave. Cuasper
- bOUTHE ASTERN DIVISION
Joe A, Shannon Cottondale.
.antorn Monda John i Porter 6890 S.W, Slst St. Miami 55
Western Ilorida WaMs Edward J. Collins 1003 E. Blount St. Penracola
Georgia WA4CF] William ¥. Kennedy 459 Fairway #{ill Drive, S.E. Atlanta
West Indies (Cuba-P.R.-V.I.) KP4D] William Werner 564 Ramon lLlovet Urb. Truman
__Rio Piedras, I'. R,
Canal Zone KZswa P. A White Rox 82 ;amboa
— e = .. SOUTHWESTERN DIVISION___ -
OB Albert k. Hill Jr. 861 No. Millard Ave. Rijalto
W70IF Cameron A, Allen 1020 East Maryland Ave. Phoenix
San Diego W6OLLRY  Don Stansifer = 4427 ’escadero San Diego 7
Santa Barbara WOREF Mrs, Dorothy 1. Wilson Route 1, Hox 415 xnard
JO— —_— -WWEST GULF DIVISION -
" Northern Texas WSTFI* Ray A. Thacker 4700 \Vcst Hanover Dallay
Oklahoma® WSFEC Richurd L. Hawkins 1408 Rell Ave. Lawton |
Southern f{exas WSQEM Rov K. b.gglr:ﬁton 1109 Vernon Drive Corpus Christi
- — —__CANADIAN DIVIGION
Maritime VEIWB . Wecks At Stephen, N.
tintario VEING Richard \V Roberts l70 N’orton Ave. Willowdale, lnronto Ont.
Quebec VE2GL (ordon A. Lynn R.R. No. 1 Ste, Genevieve de
Pierrefonds, P. ().
Alber! VE6GM]J Sydney . Jones 10707-57th Ave, t.dmonton, Alt
{:rmsh Columbia VE7JT Peter M. Mcintyre 931 West 26th Ave, Vancouver, B. C.
ukon —
Manitoba VIR4HIL, John Polmark 1 Portage la Prairie, Man.
“askatchewan VESHR Haroid R. Horn 1044 King St Saskatoon

* OMcial appointed to act temporarily in the absence of a regular otticial.




WE'RE RAISING THE ROOF!

=]

We’ve been pretty lucky and the demand for TMC
Products has been better than we hoped for-
50 _to give us more room
we’'re RAISING THE ROOF
and putting another floor
GPR-50 on our main building.

We think the increased demand is due to
: our policy of telling the customers exactly
ot what our equipment will and will not do.

GPT-750

YOU CAN DEPEND ON IT — — —
TMC MEETS IT'S PUBLISHED
SPECIFICATIONS !

The TECHNICAL MATERIEL CORPORATION

Main Office:

MAMARONECK, NEW YORK.




iz KAMERICAN
RADIO RELAY
LEAGUE, mc,

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 mafters, and for
the maintenance of fratemalism and a high standard of conduct.
It is an incorporated association without capital stock, charfered -
under the laws of Connecticut. tis affairs are governed by a Board '
of Directors, elected every two years by the general membership.
The officers are elected or appointed by the Directors. The League
is noncommercial and no one commercially engaged in the manu-
facture, sale or rental of radio oppcrcfus is ellglble to memborshnp ‘
on its board.
" "Of, by and for the amateur,” it numbers within its ranks prach.
cally every worth-while amateur in the nation and has a history of
glorious achievement as the standard-begrer in amateur affairs. )
Inquiries regarding membership are “solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of a transmitting station and knowledge of the code are not
prerequisite, although full voting membarshxp is granted only fo "
licensed amateurs. :
All general correspondence should be addressed to the admm
trative headquarters at West Hortford, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, W1AW, 1914-1936
EUGENE C, WOODRUFF, W8CMP, 1936-1940
GEORGE W. BAILEY, W2KH, 1940-1952

Officers :
President + « « . . o . GOODWINL.DOSLAND,W;&TSN
Moorhead, Minnesota

First Vice-President . . . ., . WAYLAND M. GROVES, W5NW
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Vice-President . . . . . . . .+ FRANCIS E. HANDY, W1BDI
: 38 La Salle Rood West Hartford, Connecticut

Vice-President . . <« + ¢ « PERCY C. NOBLE, WIBVR
37 Broad Sf., Westheld Massachusetts

Secretary + . . . ..« A, L. BUDLONG, WIBUD
38 La Salle Rocd West Hartford, Connecticut

Treasurer . - : .. " “DAVID H, HOUGHTON
38 la Sulle Road, Wast Hartford Connecticut

e e o o o

General Manager . . . . .+ < . A. L BUDLONG, WIBUD
Communications Manager . . .-, FRANCIS E. HANDY, W1BD}
Technical Dirsctor . . . . . . . GEORGE GRAMMER, WIDF
Assistant General Manager . . . . JOHN HUNTOON, WILVQ "

Assistant Secrefary . . . . . . . PERRY F. WILLIAMS, W1UED ~
38 La Salle Road, West Hartford, Connecticut

o e @ s @

General Counsel . . . . . .. PAULM.SEGAL
816 Connecticut Ave., Wcshington 6 D.C. g

DIRECTORS
Canada
ALBEX REID. .. \0ovuneianeenneens ;.. VE2BE
40 Logan Ave., 8t. Lambcrt. ’ Q.
Vice-Director: Willlam R. Savage...... VEGEO

Sav:
X33 10th 8t. A Lcthbndge. Alta.
Atlantic Division

GILBERT l.. CROSSLEY............ Ww3vYa
Dept. of Penna. sStute (“niversity
dtate College, Pu.
Vice-Istrector: Charles O, Badgett...... W3LVF
725 Garden Road, Glenside, Pa.
Central Division
JOHON G. DOYLE, .. ..., . iceiesuin WIGPT
4331 N. Wildwood Ave., Milwaukee 11, Wis.
Uice-/strector: Cieorge Ii. IKelth........ wWoQLZ
RFD 2, Box 22-4, Utlea, Il
Dakota Divx'sion
ALFRED I, GOWAN.............. VOPHR
1012 South Willow A\e sfoux ifulls, 3.
Vice-Idrector: fforrest Bryant,......... m“D‘S
%40 Larriet Ave., Minneapolls, Mlnn
Delta Division
VICTOR CANFIELD............ .. W5BSR
130x 965, Lake Cuaries, La.
Vice-/Arector: Milton W. Kirkpatrick. .. \WSKYC
4014 Floynell Dr., Buaton Rouge, Li.
Great Lakes Division
JOAN H. BRRABB.................... W8SPF
708 Ford Bldz Detmlt ’h. Mich.
v lc&birertnr Robert. 1., Duvig..... ... WSLYE
[le:hl.md Ave., S.LIem Ollo
Hudson Division
GEORGE V. ‘OOT‘E. JR....ovnun W20BU
Dalsy Lane
. ¢ nmmncl\ L. I,N. Y.

Vice-irrector: Tloyd M. Munamon ...... W2VQR
709 Seventh Ave., Asbury Park, N. J.
Midwest Division
ROBERT \\'. DENNIRTON. ....... WoNWX
Rox 631, Newton, Iowa
Vice-Director: Sumner [T. Toster........ WHGQ
2315 Linden Dr., 8.1, Cedur lmpld* Towa
New Envland Division
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‘It Seems t0Us...”

SWITCH TO SAFETY

Two recent reports of death by electrocution
have forcibly reminded us that amateur radio
equipment must be treated with respect and
caution. This is not to suy that you must be
afraid of your gear, nor should your family
have to worry because of the nature of your
hobby, but there should be an awareness of
what is involved. Unfortunately, however, the
old saw “familiarity breeds contempt’ is all
too true. Probably all of us at one time or
another have been guilty of making a *‘tem-
porary’” hookup, in which there were & few
exposed connections or terminals which carried
more than a hundred volts or su. Likewise, the
prevalence of 110-volt juice in every household
has caused even that low voltage to e treated
with far less caution than is wise.

So you think that low voltage is harmless?
Well, bear in mind that it isn’t the voltage that
kills you, but the current. And Ohm’s law
applies to you just as much as it does to your
radio equipment.

Some figures supplied through the courtesy
of the National Safety C'ouncil and the Pacific
Telephone and Telegraph C'ompany tell the
story very clearly. Dry skin has an average
resistance of 100,000 to 600,000 ohms, while
wet skin as a resistance of only 1000 ohms.
Internal body resistance from hand to foot is
roughly 400 to 600 ohms, while the car-to-ear
resistance is approximately 100 ohms. So, with
120 volts and a skin resistance plus internal
resistance of some 1200 ohms, the result would
be u current of 100 ma. That isn't much? Look
at the table below for the effects of various
currents passing through the human hody.

Safe Current Values

1 ma.: causes no sensation — not felt.

! to 8 ma.: Sensation of shock, but not painful.
The individual can release his contact at will,
as musculsr control is not lost.

Unsafe Current Values

8 to 15 ma.: Painful shock; individual can let
eo at will. Control is not lost.

15 to 20 ma.: Painful shock. Muscular control
of adjacent muscles is lost. The individual can-
not let go.

20 to 75 ma.: Painful shock. Severe muscular
contractions with breathing extremely difficult.

100 to 200 ma.: Painful shock, causing ven-
tricular fibrillation of the heart. This is “ir-
regular twitching of the wall of the ventrical
of the heart.” It 7s a fatal heart condition, for
which there s no known remnedy or resuscitation.
It means DEATII!

200 ma. or over: Severe burns, severe muscular
contractions, su severc that chest muscular
reaction clamps the heart and stops it for the
duration of shock. This reaction prevents
ventricular fibrillation. Artificial respiration
should be administered immediately and in
most cases the vietim can ve revived.

Thus, current is the killing factor in electri-
cal shock, and the voltage is important only
in that it determines how much current will
flow through a given body resistance. \\’ha»t to
do? Be careful, and “Switch to Safety.

Do you work on the rig only when all volt-
ages are turned off? (cven the 110 can kill)
Daes your family know where the main switch
is, so that all power to the transmitter and
receiver can be killed if you get into trouble?
Does someone in the family know how to ad-
minister artiticial respiration? (See QST for
July, 1956, p. 65.) Are all racks and chassis
grounded for protection against wecidental
shorts?

Ham radio is fun, but don't make fun of its
dungers.

ALways
Be

CangeruL
* K &

(A) Kill all transmitter circuits com-
pletely before touching anything behind
the panel.

(B) Never wear *phones while working
on the transmitter.

() Never pull test arcs from trans-
mitter tank cirenits.

(D) Don’t shoot trouble in a lransmit-
ter when tired or sleepy.

(E) When working on the transmillter,
avoid bodily contact with mectal racks or
frames, radiators, damp floors or other
zrounded objects.

(k) Keep one hand in your pocket.

(G) Develop your own safety tech-
nique. Take time to be careful.

* K *
Death Is Permanent!
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Kentucky — The Blue Grass Amatcur Radio Cllub will
have its annual hatnfest on Sunday, Sept. 29, at the Kecen-
lund Racing Purk in Lexington. Further details are available
from W4PRT.

Manitoba — 'I'he Amatcur Radio League of Manitoba,
in couperation with the Winnipeg Sports Car ('lub and the
Model Aircraft T.cague of Manitoba, will hold a hawfest
over the Labor Day week end. Besides the usual hamfest
activities, there will be demonstrations of sports cars and
model aircraft. For further details, cuntact Al Jebb.
VISATJ, 1115 Sherburn St., Winnipeg.

Missourli — The Southwest Missouri Amateur Radio
Club will sponsor a hanifest in Springficld beginning at 0900
on BScpt. 8, ut Fassnight Purk. Registration fee will be 50¢,
with free buffet. ‘There will be a transmitter hunt, an s.s.b.
dewonstration, and a talk by the SCM.

New Jersey — The Nouth Jersey Radio Associxtion will
hold its anuual picnic on Sunday, Sept. 8, at Girenloch Park
on Route 42 ncar Blackwood. Registration starts at 1100,
with v.h.f. transmitter hunts starting at noon, Activities for
the whole family, including swinnming. Pre-registration
31,00, at the gate $1.50, for single ham or family. Contact
Win Davis, W2LBX, Martin Ave., Merchantville, N. J.
Tulk-in transmitters will be on 75, 10, 6 and 2

New York — The 13th uannual Hamfest and Ladics
Night of the Oncida aren hams will be held on Saturday,
Sept. 28, ut the Masonic Temple Dining Roon:, 230 Main
St., Oneida. Admission is $3.00 per person, by advance
registration only, and is limited to the dining hall capacity
of 150 pereons. Registration begins at 5 r.M., with the ban-
quet at 7 p.M. Make all rescrvations prior to Sept. 26 by
contacting Walter L. Babcock, \W2RXW, 405 Suyles St.,
Oneida.

North Carolina — The annual hamfest of the Shelby
Radio C'lub will be held on Sunday, Sept. 1. at Brackett's
*edar Park, 14 miles north of Shelby on State Highway 10,
Southern fried chicken, **hush puppies™ with all the trim-
mings, all you can eat. Swap table and auction. Entertain-
ment and contests. Talk-in on 3X65 and 249,000, For map,
further info, and dope on hotel/motel reservations, contact
Malcolm IS, Spangler, Box 181, 509 Suttle St., Shelby.

Ohio — 20th Annual Stag Hamfest on Sunday, Sept. 8,
sponsored by the Cireater (lincinnati Amatcur Radio Assn.
The focation is two miles south of (reenhills, on Winton,
Road, at Kolping Cirove. Remstration $2.50 at the pate,
which provides you with hot dogs all day long, donuts and
cotfee until noon, beer und pop served all day, and full pienie
dinner and supper (ull you can cat). Rain or shine. Games,
~sontests, racdio-controlled model plune demonstration. For
further information, contact Paul R. Wolf, W8IVE, 711
Delta Ave., Cincinnati 26,

Ohio — The Findlay Radio Club will hold its annual old-
fashioned hamfest on Sunday, Sept. &, at Riverside Park.
Advance registration iz $1.00: §1.50 at the gutc. WSIF'T
talk-in on 3812 ke. Swap shop, contests. Concessions will
be operating, Bring your family and your picnic basket. For
advance registration and further information, contact Dick
(Corhin, 858 Summit St., Iindlay.

Quebec — On Sept. 21 the Montreal Amateur Radio
lub will hold its annual hamfest in Vietoria Huall, West-
wount, There will be u Friday night tour of the Molson
Brewery, for those who arrive early, und a banguet on
Saturday night. Registration $5.00 each. For further infor-
mation contact Mr. J. L. Miller, VE2TA, 535 Lansdowne
Ave., Westmount 6.

Re the National Convention

Say, those of you attending the Nationul Con-
vention will be glad to heur that there is a city-
owned parking lot near the Palmer House which
will help keep your expenses down. If you drive,
try the Monroe Street Municipal parking lot,
east of Michigan Avenue, on Monroe St. It is
only three blocks east of the Palmer 1louse, and
will also be the site of the Mobile judging contest.

A.R.R.L. SOUTH DAKOTA STATE
CONVENTION

Huron, South Dakota — September 21-22

The Huron Amateur Radio (‘lub is sponsoring
the South Dakota State Amateur Radio Conven-
tion to be held September 21 and 22 in Huron.
The two-duy affair will be highlighted by talks
and demonstrations in the fields of transistors,
single side band and v.h.f. communications.
Other strictly-ham activities will include & hidden
transmitter hunt, mobile-judging and tulks by
T.eague officiuls. For the XYL and YL not in-
terested in amateur radio, special ludies’ activitics
will be featured.

No mutter what your interest, you'll find the
program entertaining and instructive. The pre-
registration fee of $6.00 and the at-the-door regis-
tration fee of $6.50 includes tickets for a *“(Chuck
Wagon" feed on Saturday evening and the Sun-
day afternoon banquet. The club will be glad to
handle hotel and motel reservuations. For detuils,
write Huron Amateur Radio Club, Box 1234,
Huron, South Dulkota.

ARRL MIDWEST DIVISION
Kansas City, Kansas — September 21-22

T'he 1957 ARRL Midwest Division C'onvention
will be Lield under the sponsorship of the Johnson
Jounty Amateur Radio Club at the Town llouxe
Hotel, IXansas City, September 21 and 22, Head-
guarters Representatives will discuss current
problems. Special sessions will be held for Novices
and Technicians and for those interested in DX,
traffic handling, ultra-high frequenciez, the carth
sutellite, Operation Smoke-puff, and ICGY. A
specinl display of radioteletype in action will he
presented by the Midwest Amateur- Radio Tele-
type Society, featuring many different. models.
The drill team from Sulina, Kansas, will conduct
an initiation ceremony for the Royal Order of
the Woulf lHong ut Midnight Saturday, under
the direction of WOMVG,

Advance registrations are $10.00 per person.
Contact Jim McCay, WOELQV, 4844 Booth St.,
IKansus ity 3, Kansas. After Scptember 7, regis-
tration will be $12.50. Make reservations for
accommodations direetly with the hotel.

COMING A.R.R.L. CONVENTIONS

August 30-31-Sept. 1 — ARRL National
Convention, Chicago, [llinois

August 31-Sept. 1-2-— Maritime Prov-
inces, Charlottetown, Prince Edward
Island

September 21-22 — Midwest  Division,

Kansas City, Kansas

September 21-22 — South Dakota Stalte,
Huron, South Dakota

October 18-19 — Ontario Province, To-
ronto, Ontario

November 8-11 — Far East Pacific Divi-
sion, Guam

SEE YOU AT THE A.R.R.L. NATIONAL CONVENTION IN CHICAGO,
LABOR DAY WEEK END




The "third method" ex-
citer built by WI1PNB
was laid out for easy
circuit modification dur-
ing experimental work,
and is therefore con-
siderably larger than
would be necessary in
a “final” design. The
avdio circuits are along
the front and the bal-
anced modulators oc-
cupy the rear section of
the chassis.

The Third Method of S.5.B.

How It Works in Theory and Practice

BY HOWARD F. WRIGHT,* WIPNB

of the IRE contains a thought-provoking

article entitled, “ A Third Method of Gener-
ating and Detecting Single Sideband Signals,”?
The circuit is interesting in that, although the
halanced modulators, filtering, wnd phasing are
individually commonplace in s.8.b. techniques,
the way they are used here is unique. It is quite
unlike present practice.

Fig. | i the diagram of the basic ““third
uethod” generator. A common source of wudio
is parallel fed to two ordinary balanced modu-
lators. The currier signal for these first modu-
Intors — and this is novel — ix centered in the
speech range at 1800 eycles. The carrier voltages
are in quadrature.

[lach modulator is followed by an identical
low-pass filter designed to pass frequencies below
the first carrier at 1800 cycles and reject those
above that frequency.

The output of cuch filter feeds another bal-
anced modulator. The quadrature currier voltage
for these second modulators is at the desired r.f.
output frequency. ‘The r.f. outputs of these

¥ 55 Sigourney St., Bristol, Conn.

¥ Weuver, A Third Method of Ceneration and Detection

of Single-Sideband Signals,” Proceedings of the IRE, Dec.,
1956.

rrum SINGLE side-hand issue of the Proceedings

modulators are combined by series connection of
the links.

The circuit will be discussed further, but
first let's take a look ut the claims for this
method:

1) It does not require sharp-cutotf filters.

2) No wide-bund phase-shift networks uare
needed.

3) Faulty phasing and baluncing doesn’t cause
unwanted energy to full outside the channel;
instead, inverted in-channel energy appears.

Through a mcthod of side-band fold-
ing and a.f. (iltering, the system dis-
cusscd here generates a single-side-band
signal having the unique feature that
the suppressed side band is in the same
channel as the transmitted side band.
This **third method.” devised by D. K.
Weaver., produces the s.s.b. signal di-
rectly on the desired output frequency,
but does not require wide-band audio
phase-shift networks.

2
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4) Undesired signal components are at least
30 db. down.

5) The s.s.b. signal cun be generated at any
desired radio frequency.

6) Operation can be bilateral; that is, the
method also cau be used for s.8.b. reception.

7) Quality is good.

8) The unit can be small and rugged.

Fig. 2 shows the speech spectrum to be applied
to the system. These frequencies heterodyne

Fig. 2 — Speech spectrum considered in the system
described.

(modulate) with the 1800-cycle first carrier in
each initial modulutor. Except for the quadrature
phase »hift, the outputs of both modulators are
identicul. For the present we need consider oniy
one.

First Modulator and Low-Pass Filter
Fig. 3 shows the output spectrum of either

FIRST BALANCED
MODULATOR

LOW-PASS FILTER

']
Ll

o DIUC Ldss Aduareur ndulu Lot it

initial modulator. Notice that the upper side
band of this modulation process (sum frequency’)

DIFFERENCE
SIDEBANG i
t SUM
1800 300 : SIDEBAND
oo 3300] 1 [300 2300 |
¥ T 1
° 1500 1800 2100 3600 5100
f—=cps te,

Fig. 3 — Output spectrum of first balanced modulator.

occupies a conventional relation to the 1800-cycle
carrier, fo. The lower side band (difference fre-
quency) is folded upon itself. This occurs because
there can be no “minus frequencies” and be-
cause the carrier is within the speech range. For
the lutter reason there are two speech frequencies
- one above, and one below 1800 cyeles — which
mix to produce identical frequencies in the
modulator output range of 0 to 1500 cyecles.
This is shown graphically in Fig. 4. Here, each
frequency in the difference side band may repre-
sent either of two originul audio frequencies. The
exception is 0 eycles (d.c.), which now represents

SECOND BALANCED
MODULATOR

R.F. OUTPUT

8Suh
Oo—
AUDIO
IN §
T
AT
Y'Y Y
. |
o o RE
PLA
SUPP}E ’J-' o:rT
VAAAS )
— YYY\L_ A.F, OSCILLATOR ;:,_—' N R.F OSCILLATOR
1800 cps
Ly Ls Ly
asuh
»t p A *
750
‘é = 2000
1800 3000
ppf.
g — ANA,
7%0
FIRST BALANCED LOW-PASS FILTER SECOND BALANCED R.E OUTPUT

MODULATOR MODULATOR

Fig. 1—Circuit of the "third method" single-side-band generator (Weaver, Proc. IRE, December, 1956). Constants of

output circuits of second balanced modulators (3000 uuf. and 8.5 uh.) and the RC values in the r. f. oscillator phase-

shift network (160 ohms and 1000 uuf.) are for an output frequency of 1 Mc. and should be modified appropriately
for other output frequencies. Low-pass filter constants are as follows:

Cy—0.15 uf. C2~—0.20 uf, C3 — 0.11 uf. L —27.5 mh. L» — 100 mh.

Ly — 75 mh.
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original audio of 1800 cycles. Referring to Fig. 1,
notice that d.c. coupling is used between first and
second modulators so that audio information at
and around 1800 cyeles will not be destroyed.

Referring again to Fig. 3, we are interested
only in the difference side band — below 1500
cycles. The sum side band — ubove 2100 eyvcles
— must be effectively removed. If it. is not
removed this bhand of frequencies will appear
in the final signal as a normal, readable, unfolded,
“unwanted side band.”

The dashed line in Fig. 5 represents the low-
pass filter requirements necessary for an arbi-
trary 40-db. suppression of out-of-channel un-
wanted side band if the speech range starts at
300 cycles.

Second-Modulator Operation

The output spectrum passed by the filter is
applied to the second modulator. In this case
(the second modulator) the carrier is at approxi-
mately the desired output frecuency. Quadrature
phase is also maintained between the carrier
voltages applied to both second modulators.

Fig. 6 is the individual output of either second
modulator. The »ignal at this point is a double-
side-band suppressed-carrier signal. Both «ride
bands are 1500 cycles wide. However, all 3000
eveles of original audio information is contained
in each of these side bands because of the folding
effect of the first modulator. Both sidé. bands
contain two components. One represents the low
half of the original spcech and the other, the high.

Both modulators have this same output spec-
trum. The phasc relationship of the individual
outputs, duc to the guadrature carrier supply
to both modulators, is such that combining the
outputs of the second modulators results in one
component being phased out of euch side band.
Thus, in Fig. 6, the signal components contained
in the shaded areas will be suppressed and those
in the clear arecas transmitted; or, if either the

Fig. 4 — Frequency components in the speech band

that are spaced equally either side of 1800 cycles are

converted to the same frequency in the difference side
band. This occurs in the first balanced modulator.

Fig. 5 -— Audio-frequency filter characteristic for 40-
db. suppression of out-of-band components.

Fig. 6 — The signal channel contains two sets of com-

ponents, corresponding to an upper side band {shaded)

or lower side band (clear). One set can be eliminated

by the r.f. and audio phasing. The receiver local

oscillator frequency is set 1800 cycles to one side of

the suppressed transmitter carrier frequency. The side
to be used depends on the side band transmitted.

Fig. 7 — An error in phasing results in an inverted
side band superimposed on the desired side-band signal.

September 1957

audio or r.f. phase is reversed, the opposite will
be true. If the components in the unshaded areas
are transmitted, an s.8.b. receiver tuned to u
svothetic carrier frequency of feo 4 1800 will
reproduce a normal audio spectrum. If the
components in the shaded areas are used, the
receiver would switch side bands and tune to
fea — 1800 for proper demodulation.

Fig. 7 demonstrates the first case and shows
the presence and location of the folded-back,
unwanted side band. This “unwanted” is due to
imperfect phasing. It occupies the same channel
as the “wanted.”

Operating Characteristics

Fig. 8 is the complete output spectrum of the
finul signal. If the receiver is set at f.2 -~ 1800
or fee + 1800 (depending on the side band trans-
mitted), proper reception of the original audio
will result. Any unbalance in the second modu-
lators resulting in leakage of the true suppressed
carrier at f.o will result in an sudible [800-cycle
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Fig. 8—Complete spectrum of the signal,

showing the positions of out-of-band un-

wanted components not suppressed by the
low-pass audio filters.

FILTER UNWANTED

i
|
i
]
!
!
1
|
|

FILTER UNWANTED

v + ¥
~5100 -3600 =-2100 -1800 fcl—lsoo ch

tone. Notice that the out-of-channel groups
marked “filter unwunted” are u function of
filter performance. The shaded area indicating
in-channel inverted signal is 2 function of phasing
wijustment. k

Single-frequency steady signals that tune like
carriers will appear at foo — 1800 and foz 4+ 1800
(the spots of proper receiver tuning) if the original
audio frequency carrier at 1800 eyeles is not
perfectly nulled out in the tirst pair of balanced
modulators. .

The novel feutures of the “third method”
aroused considerable interest among my s.8.h.
friends. There was much speculation ws to how
the svstem would work and sound. Accordingly,
having tried everything from n.f.m. to ‘‘super-
modulation,” T decided to give the “third
method” & try. Because of uncertainty as to the
outcome and a desire for cheap, speedy results,
I didn't build a complete exciter but just «
haxic unit which could be connected to an
existing exciter. The results are shown in the
photograph. Since the purts were largely
“serounged”’ from interested bystanders and any
part that would work, regardless of size or
shape, was used, no conclusion as to the possi-
hilities of the system in terms of bulk or com-

=i T T
fclnsoo +1800 42100  +3600 +8100

plexity should be drawn from the picture.

The basic circuit was followed closely. Minor
chunges included changing the crystal diodes
to tubes, moving the output frequency to 455 ke.,
and changing the phase splitter of the second
oxvillator to eritically-coupled tuned circuits. A
Jdual-triode audio stage is followed by a low-pass
audio filter and circuitry to attenuute lows. The
i800-cycle oscillator uses a toroid-wound indue-
tance. The trunsformers supplying audio are
500-ohm line-to-line, aund plate-to-line trans-
formers supply 1800-cycle currier. The output
tuned circuits were scaled down to 455 ke.

When complete, the unit was coupled into the
i.f. stages of the existing 20-ke. filter rig. The
resulting signal was examined and adjustments
made using the highly selective stution receiver,
calibruted attenuator, and oscilloscope which
have been used for several veurs to accurately
measure band width and relative amplitudes of
various signal components of the transmitted
and incoming signals.

The “‘third method” experimental exciter
performed as follows: Referring to Fig. S, the
suppressed carrier at fog is nulled out by balancing
the two second modulators. No difficulty wus
experienced in obtaining a null of at least 40 db.,

The components clustered at top center are for the low-pass filters.

QST for



but any Jrift in this null results in sn audible
whistle of 1800 cycles in the received signal.

The earrier-like signals 1800 ¢ycles above and
below f. are nulled out in the first balanced
modulators. Again, there wus no trouble in ob-
taining u null. This null holds better, but the
null for hoth rignals didn't occur at exactly the
same adjustment — u difficulty that was not
enough to prevent obtaining a good signal. It
may have been due to some peculiarity of this
purticular unit.

At tirst, considerable readable signal in the
region marked ‘‘filter unwanted’ was encoun-
tered. [xperimentation proved that the original
simple constant £ low-pass filters were inudequate
for obtuining out-of-channel suppression com-
parable to that of conventional rigs. Adding a
cupucitor ucross the center coil of the filter, to
give one m-derived section, gave vastly improved
results, but a better filter designed for sharpest
powsible cutoff is desiruble. Although it is fairly
easy to get the desired selectivity at this fre-
(uency, the actual slope (in cyeles) must be us
good as for any conventional filter rig.

When the vut-of-chanuel problem was licked,
the phasing aspect was studied. It is extremely
interesting to note the effect of differing levels
of folded-back side band upon wanted signal
intelligibility and distortion. With no suppression
of one xide band, cither signal cun be copied,
but through fairly heavy interference from the
other. Thanks to the inversion of the folded-
back side baud and the effects of product de-
tection, surprisingly large amounts of unwunted
signul can be tolerated without causing undue
trouble. When the folded side band is suppressed

20 dh. or more it scems to practically disappear
as » factor in intelligibility. At 30 db. its effects
on voice quality are negligible.

Conclusions

Many contacts were made using this exciter.
The results were excellent. Although ull desired
adjustments und investigations ure not complete
some conclusions ¢an be drawn from the work
done.

The system is hasically ecapable of producing
excellent s.s.b. signals. Although these signals
are actually double-side-band suppressed-carrier,
the side-band components are so urranged that
they tune like aund arce otherwise indistinguishable
from regulur single-side-bund suppressed-carrier
transmissions. Although the system benefits from
the extremely low frequency of filter operation,
and poor phasing is not ruinous, the actual
attenuation vs. frequency of the two tilters must
he as good as in any filter rig.

The big obstacle, ut the present stute of design,
is the complete dependence upon maintaining
the null in the balunced modulators to remove
the carrier and its resulting audible beat.

Although it can not he foretold what, if any,
purt the *‘third method” will play in future
s.8.b. voice communication, this article is pre-
sented because this svstem should intrigue uny-
one interested in the various types of modulation.

1 wish to thank those on the 75-meter band
whose parts, interest, and encouragement made
this an enjoyable project. The charts and graphs
accompanying this article were largely prepared
by Tony Sivo, W2FYT, us u result of early
discussions concerning the *‘third method.”

Silent Keps

"[’1‘ 1s with deep regret that we record
L the passing of these amateurs:

W1AKU, Gordon 8. Dayton, Winsted, Conn.
W1DDG, Hyman Yoffe, Revere, Mass.
WNINYS, Ernest W, Sims, Bradford, R. I.
K2MFD, Leonard E. Park. Long Beach. N. Y.
W3BCL, Albert Wolni, Pittsburgh, Pa.
W3AZG, Frederic A, Leonard, Coraopulis, Pa.
WNSBERT. Warren J. Hunter, Allentown, Pa.
W4EAK, Walter R. Hinton, jr.. Greensboro, N. C!.
W4ABN, James E. Brightwell, llendersonville,
N. C.
ox-W4ATS, Harry W. Schiffman, Greensboro, N. C.
W5AFG, Elmer J. White, Beanmont, Texas
W6BLY, Ira J. Schab. Whittier, Calif.
K6DTO, Gilbert L. Beneze, Hawthorne. Calif.
W6FMT, Rcland W. Davidson. Whittier, Calif.
W6LEC, Hubert Sherman, Whittier, Calif.
W7BDP, James H. Ioster, Butte. Mont.
WBWET, John W, Adamson, Port Austin, Mich.
W@KDL, Leonard L. Schnirring, S8ac City, lowa
W@FMD, Arnold N. Svarte, Duluth, Minn.
WOTRE, Everett 5. Stokes, Sidney, Nebr.
WOKTE, Alvig lu. HHagans, Norton, Kan.
WAAFU, David F. Michael, Springfield, Mo.
ZL1MG, Ernie Parkin, Waigeke, N. Z.
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[l i
25 Years Ago ?

this month
P

September 1932

. . . “An Intermediate-Frequency and Audio Unit for the
Single-Signal Superhet’ was the lead-off article 25 years
ago. to be used in conjunction with the unit deseribed the
previous month.

... The “Thirty-Three Watts per bDollar” rig was
ulso featured in this issue, with W6CUII explaining how
to get high output with efficiency and safety from a
type '52.

. . . Another popular article in this issue was the sym-
posium on “Sticks That Have Stuck”, being a roundup of
various types of masts and an attempt to determine which
was best.

.+ » Anarticle about ‘“Scienre Service Ursigrams' reminds
us that cosmie data was being investigated long before the
1GY rame along.

. . . In IARU News are reported newly-adopted rules for
the issuance of WAC ecertificates — rules which have con-
tinued uuchanged to this date. Incidentally, for the first
half of 1932 a total of 69 WACs had beeun issued. That is
sowewhat under the current rate!

. . . And there were more reports on the use of 56 Me. at
the National Glider Meet.
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- The remotely-tuned v.f.o. is enclosed
. in a Bud Mini-box (CU-3005) measuring
= 4 by 5 by 3 inches. Pilot-lamp jewels
- mounted at the lower corners of the

Millen type 10039 dial indicate the
tuning range for which the v.fo. is
adjusted. Calibration for the 11-meter
= band, added after the unit had been
- photographed, now appears at the
right end of the 21-Mc. scale. The
i control shaft for the range switch, Si,
i protrudes through the bottom of the
: box.

V.F.O. Control for the ARRL Model 6-60-90

low-slung cars of modern design. In fact, the

installation of a completely ““up front” mo-
hile station may be nearly impossible in some cars
unless oue turns the front end of the vehicle into
a  ‘‘no-passcngers-allowed’”  compartment. At
least, that was the situation cncountered in our
'56 hard-top while attempting to dash-mount &
Gonset G66B, renote-control heads for Master
Mount and Radfred antenua gear, James power
supply, control panel and the ARRL Model 6~
60-90.1 After looking over the pile of equipment,
and the mounting space available, it was decided
that the two larger units —'the power supply
and the transmitter — would be mounted in the
trunk so as to make at least a little leg room
availuble for the front-seat riders.

It was only natural thut this decision should
fead to thoughts of u remotely-tuned v.f.o. for
the transmitter. Although we have no objection
to a short trip to the rear whenever the trans-
mitter i8 to be switched to another band, we did
feel that o v.f.o. would be of little value unless
it could be controlled from the driver's seut.

The compact unit to be described is the out-
come of these considerations. It is small enough
to be tucked out of the way under the dash, and it
requires no power other than that used by
single pilot lamp. The crystal-oscillator tube of
the main transmitter is used us the v.f.o. tube
and all of the conneetions between the v.f.o. and
the transmitter aure supplied by a single length
of Twinax cable. A rimple switching arrunge-
ment adjusts the circuit for operating any one
of threc frequency ranges. The first of these

SNPACE under the dash is at & premium in most
N

* Technical Assistant, (ST,
! Chambers, “ The ARRL Model 6-60-90 Mobile Trans-
mitter,” QST', August, 1957.
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tunes 3370 to 3405 ke. for transmitter output
at 11 meters, and the second and third ranges
cover 3500 to 3720 ke. and 3720 to 4000 ke.,
respectively. Splitting the 3500- to -1000-ke.
band in this manner provides exccllent band
spread for the higher-frequency bands (7 through
28 Me.) and spreads the 75-meter speetrum out
over 70 per cent of the tuning dial. An indicator
cireuit ganged with the band switeh keeps the
operator aware of the v.f.o, runge in use.

The Circuit

The circnit diagram of the v.f.o. is shown in
Fig. 1. Actually, the ecircuit is nothing more
than a high-’ tank that may be used to convert
a standard grid-plate crystal oscillator into a
Colpitts v.f.o. Since the capucitance of the
remote-control cable is across the tuned circuit,

High C in a Remote Tuning Head

BY C. VERNON CHAMBERS,* W1JEQ

TR

Here is a remote v.f.o. tuning unit for the
ARRL model 6-60-90 Mobile Transmitter.
Although it was constructed especially for
that particular rig, it may be used with almost
any transmitter equipped with a grid-plate
crystal oscillator. It's a compact unit de-
signed for under-the-dash mounting and the
remote frequency control of a trunk-mounted
transmitter.

TR
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520 Fig. 1—Circuit diagram

of the remotely-tuned

7-4.5uh, = v.f.o. Capacitances are in
Cs wuf. Fixed capacitors are

silver mica.

1430

Ci, C4, Cs5, Cs — See text.

C: — 100-uuf. midget variable (Hammarlund MAPC-
100).

Ci = 100-uuf. variable (Hammarlund MC-100-S).

S; — 2-pole, 3-position tone switch (Centralab 1473).

the v.f.o. frequency will depend upon the length
of the cable as well as other values. The con-
stunts shown are based on a 15-ft. control cable
of RG-22/U between J; of the tuned tank and the
v.f.o. input receptacle, J1, of the Model 6-60-90.
This length of cuble should easily span the dis-
tance between the dash and the trunk of slmost
any make of modern car.

The circuit uses the band-spread capacitor,
('3, in parallel with /7,1 for operation at the highest
of the three frequency ranges. A variable padder,
(s, is switched across the tuned circuit by means
of 8y to lower the tuning range to 3500 through
3720 ke. This padder is replaced by a 270-puf.
fixed capacitor, C';, when Sip is switched. ta the
11-meter position (3370 to 3405 ke.). -

Feedback is controlled by (‘4 and Cs, plus the
cable capucitances shunting them. ,The: capaci-
tance between inner conductors of the fifteen-foot
length of RG-22/U is several hundred wpuf., and
the capacitance between euch conductor and the
shield (ground) is better than 300 puf. The man-
ner in which these capacitances appear in the
¢ircuit is best illustrated in Fig. 2. Notice that (s

Cg

6 A
L {% —E GRID
Cs
Cq Cy I
B
R A CATHODE
o1
rre I

Fig. 2 — Circvit diagram showing how the capaci-
tances of the Twinax coupling cable are effectively
connected across the v.f.o. tuned circuit. Cs, Cs and Cs
are the fixed capacitors shown in Fig. 1. C7 is the capaci-
tance between conductors of the cable, and Cs and Co
are the capacitances between conductors and shield
(ground). A and B are the cable conductors which
terminate at the grid and cathode terminals, respec-
tively, of the oscillator tube.

and (g form a capacitive divider across the
tuned tank and that the grid of the oscillator tube
is tapped down on the tuned circuit as a re-
sult. When a long length of cable is used be-
tween units, the capacitance of (s becomes
somewhat critical. If the value is too small the
oseillator will not perform satisfactorily; if the
capacitance is too large it shunts the tuned cir-
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I, Iz — 6~ or 12-volt pilot lamp assembly; 1 red jewel,
1 green jewel (Johnson 147-503).

J1—Twin cable receptacle (UG-103).

Li — Approx. 3 ph., slug-tuned (North Hills 1300-G).

cuit with nearly the full capacitance of (g, caus-
ing LC-ratio and band-spread problems.

The indicator circuit consists of f;, [y and
S1a, the latter being gunged with the band
switeh, Sys. To balance the panel of the v.f.o.,
and to provide an ‘“off”’ position so that /1 and I
may be extinguished, only two lamps were used.
The “lights out” position of S;4 indicates that
the v.f.0. band switch is set at the 11-meter posi-
tion. A green jewel is illuminated by /1 when the
circuit is switched to the 3500- to 3700-ke. range,
and a red jewel indicates that the v.f.o. is tuned
to 3720 ke. or above. The red light serves as a
warning against tuning up the transmitter on the
higher-frequency bands while the v.f.o. switch
i in the high-frequency position. Voltage for the
indicator lamps is obtained from any convenient
spot under the dash that is connected to the car
battery. Naturally, the lamps should match the
voltage of the cut’s buttery.

Construction

Photographs of the v.f.o. show how the com-
ponents are arranged on the U-shaped chassis.
Before. disassembling the multiscale dial so that
the rear plate may be used as o template for
marking the mounting holes on the front wall of
the chassis, scribe through the large holes in
the lower corners of the rear plate onto the rear
side of the dial cover. The holes so marked
may then be drilled -~ after the cover has been re-
moved — to nccommodate the pilot-lamp jewels.
A similar set of holes should be drilled in the
front wall of the chassis to pass light from the
lamps through to the jewels.

After the dial has been mounted, slip the con-
trol shaft of C3into the hub of the dial and then
cut to length metal spacers that will fit snugly
between the mounting feet of the capacitor and
the bottom of the chussis. Machine screws may
then be used to fasten the capacitor firmly in
place. The remainder of the parts may now be
mounted as illustrated in the interior view of the
unit.

To avoid confusion, it should be pointed out
that the capacitance values for (4 and Cj of the
original unit were obtained by connceting smaller
capacitances in parallel, and the photograph
shows combinations of two and three capacitors
adjacent to L. The parallel combinations may
be replaced by the single units indicated in Fig. 1.
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padder Cz and fixed capacitor Cs are to the right of L;. Cs and C; are above and below Ly, respectively, and the
range switch is in the upper right-hand corner. The output receptacle is mounted on the wall at the right along with
the rubber grommet for the battery cable connected to Sia.

All of the wiring exeept that for the hot leads
to the pilot lumpe is dene with No. 14 tinned
wire. Counections should be point-to-point with
the shortest possible length. A tie-point strip
to the lower right of L; {interior view) supports
the junction of ("4, (5 und the lead to /4.

Testing

The v.l.0. unit should be connected to the
transmitter via the fiftecen-foot length of Twinax
vable. (Incidentally, remember to remove the
ervstal from the rig.) An a.c. filament trans-
former may be used to power /{ und I if you
wunt to check out the indicator circuit while
hench testing. Warm up a reeeiver of known
culibration. A high-resistance voltmeter c¢on-
neeted across the 6BIX grid resistor of 12 in the
transmitter will facilitate alignment.

Only the oscillator and buffer-doubler tubes
of the transmitter need be activated at this time
if u high-resistance voltmeter is available for
checking d.e. voltage across the buffer-doubler
erid leak. In this ease, the driver-multiplier tube,
Vs, may be temporarily put out of action by either
turning the excitation control to minimum or by
turning the mode switch to the v.f.o set position.
Lf a voltmeter is not uvuiluble, the trunsmitter
cun be lined up by observing final grid current.
tlowever, receiver blocking will be less of a prob-
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lem if V73 can be disabled. V5, 1’7 und Vg should
he removed from their sockets to prevent ex-
cessive sereen dissipation (these tubes are with-
out plate voltage when the amplifier plate supply
is turned off).

Tune the receiver to 4 Me., turn the b.f.o
on, switch the v.f.o. to the highest range and
apply power to the exciter. Adjust the band-
spread capacitor of the v.f.o. tank to nearly mini-
mum capacitance — about 98 on the Millen
dinl — and then adjust L; until & beat note is
heard. Tune the receiver a few ke. off to cither
side of 4 Me. und listen for any additional #ignals
that may be caused by oscillator squegging. Thix
oceurred in the original cireuit, but it was quickly
cured by lowering the grid-leak resistance of the
oscillator tube (V) to 30K,

Next, rotute ('3 to neurly full cupucitance —
about 3 on the dial — and then retune the re-
ceiver to the v.f.o. signal. The new frequency
should be 3720 ke. or slightly lower. Now, switch
the tank to the next lower range, tune the re-
ceiver to 3500 ke. and adjust the variable padder
(’; until the v.f.o. signal is heard. This should
oceur with ' set at approximately Y0 per cent
of its total cupacitance. With (3 rotated to nearly
minimum capacitance, the oseillator signal should
show up at 3720 ke. or a bit higher when the re-

(Continued on page 142)
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Transistors in Speech Equipment

Design Notes and An All-Transistor Speech Amplifier

BY HANS J. ALBRECHT,* VK3AHH

¢ [Low-level audio amplification is one
spot where transistors ought to find con-
siderable application in ham gear. Com-
pactness and low power consumplion
are casily achieved. And the all-battery
power supply offers an easy answer to the
hum problem!

for sume time, amateurs generally scem to
be reluctunt to make proper use of these
extremely cconomical deviees. This may be due
to the lack of detailed circuit deseriptions in
amateur radio journals, und it is for this reason
that this article has been written. The author
will attempt to explain the design of transistor-
ized amplifiers, and circuit details of a three-stage
audio umplifier and u tone oscillator will be given.
By way of introduction, it must be emphasized
that transistors ean only be used within their
limitations. At the present state of the art, tran-
sistors ure suitable only for low-level operation.
Thus in the case of modulation cquipment for
ham radio transmitters the speech amplifier is
the first part that can be simplified, without
loss of performance, by using transistors. In fact,
the umplifier to be described has been used us
the speech amplifier for a clamp-tube modulator,
and performed sutisluctorily in cvery respect.

! LTHOUGH TRANSISTORS have been on the market

Design Considerations

Engincering textbooks describe the design of
* Permanent address: 14} Belgravia Ave., Box Hill North
12 12, Melbourne., Australia. ‘Temporary: 4 Schnitzler,
Hebelstr. 3, Schramberg, Wiirttemberg, West Germany, .

T'his amplifier, built in the (ST labo-
ratory, uses the circuit of Fig. 2 but in-
corporates transistors of U. S. manufac-
turc. The input switching circuit shown
in I'ig. 2 was omitted, the input coupling
capacitor being connected to the micro-
phone input terminals (a phono con-
neetor) throngh a 0.5 megohm resistor
to provide a load for a crystal or ceramic
microphone. Using G.K. type 2N107
transistors, the gain is sulficient to over-
drive the last stage even though no pre-
amplifier is used. I'he peak audio voltage
across the secondary of the output trans-
former is 10 volts, with negligible distor-
tion, using a 7.5-volt penlite-cell supply.
The transformer is 3-to-1 ratio interstage
type with 10,000-ohm primary. It was
nccessary to load the secondary with a
100,000-0hm  resistor to provide the
proper primary load for the transistor
and to minimize distortion in the laxt
stage.

Other inexpensive transistors — Gen-
eral I'ransistor type T-222 and Ray-
theon CK-722 — were used in the same
circuit with similar results.
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trunsistor amplifiers in detail and readers inter-
ented in & more theoreticul approach may consult
them.!* Although it is not intended to rehush
in this article the fundamentals of transistor cir-
cuitry,® some introductory comments may not
be amiss, with particular referenece to the needs
of the amateur. The design considerations of
transistorized gear may briefly be listed as fol-
lows:

1) Care must be taken to ensure linear opera-
tion by selecting the position of the quiescent
operating point.

2) The circuitry has to be designed for mini-
mum cffects of ambient temperature.

3) It is not advisable to operate transistors at
potentials higher than the maximum data pub-
lished.

The first point is well known from vacuum-
tube technique, and characteristies published by
manufacturers allow suitable operating points to
be determined. Single-battery operation being
preferable for convenicence, the caleulation of
resistunces for wn appropriate bius network is
outlined later.

The second point calls for some effective tem-
perature compensution to be provided in the clee-
tronic circuitry. In other words, the bias of each
stage has to he stubilized with respect to tem-
perature variations. The effect of temperature
upon transistor characteristics is considerable,
particularly so far s the eolleetor current at zero

1 Shea, [’rinciples of Transisior Circuits, Wiley, New
York.

¢ Terman, Llectronic and Radio Engincerirg, MeGraw-
iill, New York.
* Basic principles were discussed by Priche, ‘“I'ransistor
Operating Characterigtics,” QS7, Feb., 1957, —- £d.
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emitter current is concerned. Stabilizing circuits
will be discussed below.

With reference to the third point, excessive
operating voltages do nut necessarily result in
a complete failure of the transistor. The general
performance, however, is likely to deteriorate if
the transistor is exposed to such treatment. The
temperature rise st the junction is a function of
the dissipated power, o typical value being 0.4
degree Centigrade per milliwatt collector dissi-
pation. The maximum junction temperature is
usually given us 45 degrees Centigrade, or 113
degrees” Fahrenheit. ‘The author recalls one ex-
periment in which the base-emitter section of a
transistor was unintentionally subjected to a
current far in excess of the specified limit. Subse-
quently, the transistor assumed a temperature of
approximately 200 degrees Centigrade for a
period of about three minutes. This particular
transistor still performs well in a low-level oscilla-
tor, although its output is somewhat lower than
before.

As is undoubtedly known to readers, there are
three possible circuit connections of transistors,
similar to vacuum-tube practice: common-
emitter, common-base, und common-collector,
resembling common-cathode, common-grid, and
cathode-follower operation, respectively. Theo-
retical design copsiderations indicate that the
common-base connection features lower input
impedance (sbout 50 to 500 ohms), than the
common-emitter connection (around 1000 ohms).
On the other hand, the common-collector circuit
provides a higher input impedance (about (0,000
ohms). So fur as the corresponding optimum load
impedances are concerned, typical values ure
200,000 ohms, 70,000 ohms, and 2000 ohms for
common-base, common-emitter, und c¢ommon-
collector circuits, respectively. 1t can be proved
mathematically that, for cascade operation, the
common-emitter configuration is a good com-
promise.

‘The question whether o cascade amplifier for
the audio frequency range should use transform-
ers or IEC-coupling between stages is largely onc
of preference and availahility of components. Too
many transformers muy cause the amplifier to
become 1 somewhat inefficient oscillwtor, just us
in orthodox vacuum-tube technique. Another
disadvantage of interstage transformers, par-
ticularly midget transformers, may be their cost.
On the other hand, straight RC-coupling results
in some loss of gain, if compared with a properly
matched transformer. ‘l'o achicve the same guin,
the mismatch between R('-coupled stages necessi-
tates an increase in the number of stages by
about 30 per cent. Also, it would seem reasonuble
to use additional transistors as common-collector
matching stuges between common-emitter ampli-
fying stages. In practice, however, a cascade of
three IEC-coupled common-emitter stages pro-
vides more gain than two RC-coupled common-
emitter stages with a common-collector matching
stage.

Nevertheless, the common-collector configura-
tion is a very useful conncction if an input source
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of high impedance is to be coupled to & common-
cmitter transistor, as shown later in this article.

Stabilization

Fig. 1 illustrates typical bias stabilizing cir-
cuits for low-level common-emitter operation.

Ry

(A)
Fig. 1 — Bias and stabilizing circuits for transistors.

In the first circuit, Fig. 1A, stabilization is
achieved by resistance feedback hetween collee-
tor and base, the base current being given by the
ratio of collector voltage to the resistanee con-
necting the collector and base. In some cascs, an
emitter resistance may be added.

In Fig. 1B the hasc bias is produced by a volt~
age dividér RaRp. The cmitter resistor Ry is
used for automatic stabilization. This circuit
provides optimum stabilization at the expense of
higher over-all power consumption. It is ideally
suited for low-level amplification, and has been
uscd by the author in the amplifier to be de-
scribed. Some comments ou the theoreticul rela-~
tions of these resistors scem to be worthwhile.

A “stability factor,” S, which should have a
low value, is defined by *

)

where « = current amplification factor. The fol-
lowing formulas are used for ecalculating R,
IRy, and Rp:

all — Vo =Ryl

Ry = = "2 )
‘L /e — Im ( )
Kl —1)
Ry = ——— :
v .[c—— Slcn (3)
Ry = 8- . (4)

(=S +ad e~ ) [
all — V., = Relo)

Sleo

where 1, = load resistance
k' = supply voltage
V. = collector voltage " .
1. = collector current | at operating point
I., = collector current at zero emitter current.

The emitter resistor, Rk, has to he hypassed
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Fig. 2 — Circuit of the all-transistor speech amplifier. Capacitors are electrolitic, 25-volt or lower rating sufficient.

I'ixed resistors are 13 watt.

(O — Philips OC-71.

2, Q3 — Philips OC-72,

‘I'' — Interstage audio, 2 or 3 to 1 ratio, larger winding

su that the impedance of the I(' combination is
negligible for all frequencies used. Omission of
this bypass cupuacitor or the use of too low u
value would result in feed-back effects similiar to
those associated with the cathode-resistor bypass
in tube vircuits.

For completencss’ suke, two other possible
stabilizing circuits should be mentioned briefly.
T'o maintuin a reasonable over-ull efficiency in
power applications, u temperature-sensitive non-
linear device — e.g., u thermistor —is often
connected into the bias network. Its character-
istic enables some automatic stabilization to tiuke
place. Another possibility is the so-called tandem
arrangement. This uses u resistance-stabilized
transistor which supplies a constant emitter
current to o second transistor. However, these
circuits are not at all necessary for low-level
operation, and since the amplifier under discus-
sion is concernced with low-level audio amplifica-
tion the resistance stabilization described wbove
is quite sutisfuctory.

The Audio Amplifier

The amplifier consists of three causcaded com-
mon-emitter stages, and its circuit dingram is
given in Fig. 2. The stubilizing circuits are
husically identical with the one shown in Fig.
113, with an average stahility factor of S=8§ for
«=0.98. The stabilization obtained is sutficient
for the purpose of this amplifier. A lower fuctor -—
eq., 8 =2 -—would give hetter stabilization wt
the expense of higher over-all power consump-
tion. ZC coupling is used for the input and inter-

3000
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<
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Fig. 3 — Preamplifier circuit for coupling a crystal
or other high-impedance microphone to the xspeech
amplifice.
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~ connected to tone-oscillator terminals.
‘Ts — Interstage audio, about 3 to 1 ratio, larger winding
connected to output terminals.

mediate stages und the output load is represented
by the primary winding of an ordinary inter-
stage transformer. Its sccondary is connected to
the modulator stage, or any other load.

The transistors utilized are Philips junction
triodes OC-71 and OC-72, ull operated in Class
A. As is general practice with transistor ampli-
tiers, appreciable coupling capacitance must be
used to suit the generally low input impedances
of transistor stages. Each stage has been care-
fully designed to provide optimum amplification
at the general supply voltage of 4.5 volts, which
is tuken from a flashlight battery. At the current
consumption of 3 to 5 ma. for the entire three-
stage umplifier, the life of the battery should be
nearly equal to the shelf life.

The last two stages of the amplifier are
equipped with (OC-72s. These are classified as
medium-power transistors, with a permissible
dissipation power of 45 milliwatts. Tn Australia
they are commercially available in matched pairs
for Class B power opecration. However, their
characteristics are such that they are also very
suituble for single Class A operation, as used
in the amplifier under discussion. Of course,
0C-71s could be substituted which would result
in sumewhat less amplification.

Using the primary of an ordinary audio inter-
stuge transformer as the output load, the input
impedance at the hase of the first stuge is of the
order of 1000 ohms.

A volume control has also been included. As
is evident from the circuit diagram, the load
resistor of the sccond stage has been made varia-
ble for this purpose.

Input Matching

The relatively low input impedance of the
amplifier requires o matching network of some
kind. Dynamic¢ miecrophones c¢an be matched
casily by a suitable transformer. In the case of
crystal microphones a speciul matching stage
appears to he the best solution.

As mentioned earlier, a transistor in the
common-collector configuration is suituble for
matching a high to a low impedance, in analogy
to the cathode follower in tube technique. How-
ever, with a load impedance of about 1000 ohms
the input impedance of this circuit is of the order

of 60,000 ohms. This is still a bit too low for
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adequately matching o crystal microphone, ul-
though the position is definitely improved. The
remainder of the load has to be provided by a
resistor, resulting in a loss.

Another solution is the use of & common-
cemitter stage with appreciable resistunce in
series with the input. in order to match o high-
impedance source. The loss in the resistive ele-
ment is compensated for by the amplification of
this stage so that an adequate signal appears at
the output of the matching stage. Fig. 3 is the
vomplete cireuit dingram of such o matching
stage, as used to matceh a erystal microphone to
the input of the three-stage amplifier.

Tone Oscillator

A detailed description of this part is not neces-
sary, as circuits of transistorized tone oscillators
or eode-practice oscillutors have been published
in ham radio journals from time to time. Fig. ¢

@ e

Fig. - Audio oxcillator circuits. ‘t'he upper, a
"Colpittx.” will generate a tone of about 1000 cycles
per second. The “Hartley™ arrangement is shown below
for comparison.

shows two popular LC fecdback oscillators. In
vacuum-tube pricetice these oscillators ure known
as the Colpitts (A) and Hartley (B), respec-
tively.

Ifor m.c.w. and test purposes, an oscillator of
the type depicted in Fig. 4A has been included

in the amplifier under discussion. An old Nie-
mens .. iron-core coil of 1940 vintage wus found
to bhe extremely useful. A maximum number of
turns was wound on the three sections of the
core (tolal dimensions: dianmeter .88, height
0.72 inch), resulting in an inductunce of approxi-
mately 25 millihenrys. The smuallest capacitor
that could be detected anywhere was ulso found
in the junk-box. It is 2 center-tupped Bosch
metallized-paper capacitor of 1 microfurad, an-
other German disposals components (the nuthor
is ex-DL3EC). Of course, hoth purts cun cusily
be replaced by modern components. Two penlight
cells make an appropriate power supply and last
for o considerable period at o maximum consump-
tion of 2 millinmperes. The frequency of oseilla-
tion is ol the order of 1000 cyeles per second,

An interstage transformer (about 2.5 to 1.
the higher impedancee side toward the oscillator)
is used to couple the oscillator to the input of the
amplifier (see Fig. 2). A double-pole switeh at
the amplifier input sclects the seccondary of the
transformer or the microphone matching stage.

Constructional Details

A small chassis was used as o the container for
the amplifier and its 4.5 volt battery, the oseillu-
tor being mounted on top of the chassiz. The
crystal-microphone matching stage was housed
in & small box which also contained its supply, o
L.5-volt dry cell.

The cutire sctup must be well shielded, par-
ticularly if used in conneetion with u transmitter,
in order to counteract any possible r.f. feedback.
Likewise, the output cable and the cable from
the matching stage must be shiclded.

Performance

In the several months during which the equip-
ment deseribed in this article has been used its
performance has heen satisfactory in every re-
speet. In the cuse of the author’s ham station,
the unit has been employed as o speech ampli-
fier, its output being connected to the grid of w
controlled-carricr modulator, a 12A6, which is
uscd to modulate the p.a. (V0 watts input, home-
built, puir of 807s). The modulstion level obtain-
uble allows a fuir amount of volume reserve. The
output signals of the microphone matching stage
and of the oseillator are of the same order of mag-
nitude, permitting & convenicent change-over from
m.c.w. to telephouy.

‘a-Stravysas

Hams who ure also umateur cinematographers
may be interested in purticipating in an amateur
film festival created by KGRWR. Amateur films
will be welected for presentation on TV, with
panel discussion by professionals from the film
industry. For further details, write K6RWR ut
210 N. Larchmont, Los Angeles.
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During ovne school year, both W8BWL and
KN8BWIL were members of the Amuteur Radio
Club of Shaker Junior High, - WSSLR

KNS8ISFH tells us that because of his weight
(350 1bs.) he announces his call as KN8 Extru
Fat Ham,

QST for




A spacistor assembly on a transistor-size mount. The base

and collector connections correspond to the bar-type con-

nections shown in Fig. 1, while the "whiskers' on top of the

semiconductor slab are in the same relative positions as

the injector and modulator contacts in Fig. 1. The ordinary
pin-at the left is for size comparison.

has been demonstrated successfully in an

experimental device developed in the Ray-
theon research laboratory. The *‘spacistor,” us it
is called, is still in the reseurch stage, but would
appear to huve a number of haric advantuges
over transistors for high-frequency applications.
Its operation und characteristics are more neariy
like those of conventional vacuum tubes than is
the ease with the trunsistor, although the spucis-
tor is definitely a semiconductor-type umplifier.

Fig. 1 is a schematic of the spacistor. The usual
materials such 13 germanium or silicon c¢an be
used for the hody of the assembly, and a small
pellet of indium is fused into the body to form u
junction similar to that in a junction-type tran-
ristor. The collector terminal makes contact with
the semiconductor body. A relatively lurge ro-
verse biag, about 200 volts, is applied between the
base and collector so there is u strong electric
field but substantially no ewrrent in the base-col-
lector circuit. Becuuse of the strong field @ small
space-charge region forms around the junction,
and eleetrons arc introduced into this region
through the *‘injector” contact, hy means of u
biay voltage applicd between the huse and in-
jector. Thesc electrons travel to the ecollector
contact (at high speed) so current flows in the
injector-collector circuit. .

A fourth contact, culled the **modulator,” is
introduced in the space-charge region, und suit-
ably biased with respect to the base and injector.
A signal voltage applied in the modulator circuit
varics the electron emission from the injector,
which compares with the way in which the grid
controls theé space charge and with it the plate
current in u vacuum tube. In further analogy to
the vacuum tube, the modulator or input circuit
consumes negligible power, but causes an appre-
ciable vuriution in the electron current, so that an

q NEW PRINCIPLE in semiconductor amplifiers
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The “Spacistor’—
a New
Semiconductor
Amplifier

amplified signal can be taken from the collector.

In spacistors that have heen constructed so far,
the input (modulator) and output (collector) im-
pedances are both of the order of 30 megohms.
The input impedance is high enough to be ne-
glected in most applications, just as in the cuse
of negative-grid vacuum tubes. The output im-
pedance is of the order of 10 or more times that
of a pentode tube, muking the spacistor a truly
constant-current device. Values of modulator-
collector transconductunce (gm) of 100 to 150
micromhos have been obtained in experimental
units — small compared with a.c. type tubes but
not unfavorable as compared with small filament-
type receiving tubes. The interelectrode capaci-
tance is ubout 0.5 upuf.

COLLECTOR

Fig. 1 —How the spacistor operates.

It is expected that spuacistors will be capable
of operating at temperatures several hundred de-
grees higher than are practical with transistors.

The spacistor is purely a laboratory device ut
the present time, and there is no indication ws to
how long it might take to make it 1 commercial
item. It needn't interfere with any of your cur-
rent plans for using tubes or transistors, there-
fore — although there’s no telling how it may
alter the thinking of equipment designers some
vears from now.

—a.G.
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Greater Selectivity with the C.W.
Clipper-Filter

A Two-Stage Amplifier with Variable Band Width

BY L. I. ALBERT,* WIPLM

e By adding a second stage lo Lhe c.w.
clipper-filter described in an carlier issue
of QST, WIPLM obtains a band width of
200 to 600 cycles at 10 db. down. A simple
method of varying the sclectivity is in-
cluded.

filter deseribed by WICUT in QST' is un

improvement over that originally deseribed
by CGirammer.” However, for ¢.w. work on toduy's
crowded bands its seleetivity is still inadequate.
A band width of 100 eyeles at 6 db. down does
not sufficiently attenuate adjacent signals if the
band width at 40 db. down is one to two ke.

* 41 Cotter Road, Waban, Mass,
1 Campbell, ‘Modernizing the C.W,
QST, December, 1436, p. 36.

Trm MODERNIZED VERSION of the c.w. clipper-

Clipper-Filter,

What is required is a band width of the order of
300 to 500 cyeles at 10 db. down.

This band width is easily achieved by means
of the audio filter desceribed by WICUT; it only
requires the addition of one more stage of filter-
ing, exuctly similar to the first stage, and tuned
closely to the same frequencey.

Inductors

Fig. | shows the eircuit with the added filter
stage. The WICUT technique of using small
power-supply chokes wus followed quite suc-
cessfully except that the bar of “I” laminations
Iving across the top of the “E’ laminations was
not removed entirely. Instead, 3 to 5 layers of
puper were put between the “15" laminations and
the bar of “1” luminations and a noumetallic
clamping arrangement, such us shown in Fig. 2,
wus used to hold the ussembly. The inductances,
and hence the resonant frequencies, can now be
adjusted by tightening or loosening the clamping

¢ Cirammer, “An Accessery for C.\WW. Reception,” QST . !
July. 1950, p. 11. sevews. The Q of the chokes scems to be ubout
CLIPPER AMPLIFIER = F'UER CATH, FOLLOWER
LALS 12au7 v ¢|2AU701 equiv.
\ r

Lfij:[:ng

T« A
EETY

| S—

I'uz 1 —-"Circuit of the two-stage rhppcr-hlu-r All capacitances are in gf. All 0.01 yf capacitors may be ceramics
capacitors marked with polarity are electroly tic. Others should be tubular plastic or mica. Rcsmtora are s watt un.
less otherwise rpecified. Switch functions are as follows: Position 1, dual filter alone; Position 2, (,hmmr and dual
filter; Position 3, clipper alone; Position 1. straight through with cathodo follower output.

GRi — 50-ma. selenium rectifier.
I1 — 6.3-volt pilot lamp.
J1 — Open-circuit phone jack.

Li, L2 — 5-h. 65-ma. filter choke; frume removed and

) . choke remounted as described in the text.
S1 — S.p.s.t. toggle switch.
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Sy — 3-section 6-pole f-position rotary switch, shorting
type preferable. (Centralab PA-1020).

Ty, Ta-—Output transformer: 7000-10,000-ohm pri-
mary to 3.2-ohm voice coil (Thordarson 21S52).

T3 — Power transformer: Half-wave: 125 volts, 50 ma.:
6.3 volts, 2 amps. (Stancor PA-8121).

QST tor



Fig. 2 -— Sketch show-
ing the method of clamp-
ing and tuning the filter
inductors. Clamping strips
must be of bakelite, phenol,
plastic or other suitable
insulating material. Metal

SCREWS:

\
SCLAMPING STRIPS
/o THICK

LONG MACHINE /%14

should not be usel.

the sume with the uir gap increased in this
manner a8 with the “I” laminations removed
altogether. Two similar chokes should be used
8o that their secries-resonant frequencies will
be c¢lose to one unother when altered ws deseribed.

Circuit

Two changes were made in the switching cir-
cuits described by WI1CUT. The first position of
the switch was changed from filter-clipper to
dual filter alone. This seems to offer a charncter-
istic much more useful to this writer than did the
filter-clipper characteristic. The receiver output
in the straight-through position is connected
to the output through the cauthode follower. The
writer also incorporated in his unit u simple
heam power-output st:yge to drive u speaker.

f b
Characteristics

The selectivity curves obtained from the unit
ure shown in Fig. 3. The two series-tuned ecircuits,
14Cs und Loy, cannot be tuned to exactly the
same [requency because excessive ringing results.
The two circuits may be tuned about 10 eyeles
apart, resulting in u very sharp characteristic
a8 shown by Curve 1. A more eusily-used charac-
teristic is shown by Curve 2 in which the timed
vircuits ure tuned about 30 eyveles apart. Curve
3 results with the two circuits tuned about 60
to 70 eyeles apart and is almost tat-topped, but
it still has fairly stecp skirts. The noteh
frequencies, governed by 1L,C; and 12C3 were
set higher than those used by WI1CUT,

\ K
/"
\—~ TAPPED HOLES

curves. 1f the peak of the sharpest curve is taken
as 0 db., the peuks of the progressively less-selec-
tive curves fall short of 0 db., by increasing num-
bers of dbh. In other words, the signal loudness
increases with increasing selectivity until limited
hy ringing. It should also be noted that the re-
sponse characteristic is effectively broadened by
overloading signals. The receiver r.f. gain control
thus should be backed off cousiderably when the
desired signul is tuned in: the tremendous gain
of the filter at the peaked frequency will allow
the desired signal to be easily copied while, in
most caser, ull other signals will be inaudible.?

[t is immediately evident that variable sclee-
tivity is easily obtained by altering the capaci-
tances of 'y and ("4 by means of a two-gang
multicontact switch. Capacitance is progressively
added at Cs and subtracted wt 'y, thereby broad-
ening the selectivity curve while maintaining the
center frequency. Fig. 4 shows one simple method
of achieving this.

Adjustment

The filter cun be aligned with the help of
an audio signal generator and u scope. If ¢!y and
("4 ure to be fixed, the proecdure is to sct the
two tuned circuits individually to within 10 to
15 exeles of the chosen peak frequency, but on
opposite rides of that frequency. This adjust-
ment, can be made by tightening or looscuing
the clamping serews on each choke until cach

4*This is indicative of regencration which undoubtedly
eoutributes to the selectivity, — K,

while the peak frequencies were set 0

I\
\

/|

yd

’S/ 2’/ 1 1 2 3

to about 700 cycles, un uwudio fre-
quency more pleusing to the writer
than 900 cyeles.
It should be mentioned that the 0-db. 8
reference is not the sume for the three
3
z 16
]
=
» & 2a
=3
Fig. 3 — Selectivity curves of
the two-stage filter of IFig. 1.
Curve 1 is with the circuits tuned 22
about 10 cycles apart; Curve 2, <
30 cycles apart; Curve 3, 60 to 70
cycles apart.
40
300
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400 500 600 700 800 900
FREQUERCY IN CYCLES PER SECOND
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Fig., 4—One
methad of achieving
variable filter selee-
tivity. Greatest se-
leetivity ix ohtained
with 51 in Position 1.
All capacitances are
in uf., and capacitors
should be plaunc
tubular or mica. Ci,
(s, Cs, Cso L1, Lo,
T, und T2 refer to
Iig. 1

)) 03 L

’Icz

cireuit is tuned to the desired frequeney. Altering
the number of layers of paper placed between
the “I" and “k” laminations of either or both
chokes will allow any two similar chokes which,
due to manufacturing tolerances, may he of
slightly different inductances, to be tuned to the
sume frequency. The filter is then ready to go. L
the response is too sharp, slightly greater sepa-
ration of the two frequencies can be achicved by
a readjustment of the clamping screws on one of
the chokes.

If the switch is to be used to obtain variable
selectivity, the procedure is equally simple. With
the switch in Position 1, the chokes are adjusted
so that the respective serics-resonant frequencies
are 10 to 20 cyveles apart, depending on the de-
sired sharpness in the sharpest position. Then
for switch Positions 2, 3, 4, ctc., onc switch sce-
tion successively substitutes eapucitors smaller
by 0.001 uf. in parallel with (';, while the other
section suceessively inereases the capucitance in
parallel with (‘s in increments of 0.001 pf. The
resonant frequencies of the two circuits thus
move about 10 to 15 eycles farther apurt for
sach succeeding position until the minimum de-

I .00%

La

T "

m e N o
ﬂ [+ T"\—at

sired scleetivity is reached. At about 70 eycles
separation, « dip appears in the center of the
flat-topped portion of the curve, and at separa-
tions beyond 100 eycles this dip in the character-
istic is severe enough to limit the usefulness of
less-selective curves.

If no cquipment is at hand, the circuits can
be tuned by listening tests only. One's own c.w.
signal can be used as a substitute for the audio
signal generutor. There will be no doubt when
the two series-tuned ecircuits become resonant
at close to the same frequency.

As mentioned in the original article!, sym-
metrical output wave form depends upon proper
choice of resistances in the diode circuit. The
values shown were used after checking on an
oscilloscope.

The operating difference hetween a elipper-
filter using onc tuned stage and one uring two
tuncd stages is like the difference between night
and day. The signals pop in and out and are
hest  tuned by means of the beat-oscillator

pitech control. Most such controls cover 2 to 3
ke. und are ideal for tuning over a n:wrrow region
around your own operating frequency.

Some of the old
timers around the At-
lanta, Georgia, area,
at a recent mecting.
WAAD  was  elected
president and W IKL
sceretary-treasurer  of
thix Old Timers Club,




The Effect of Capacitance on

Power-Supply

Filter Bounce

A Discussion of Power-Supply Dynamic Regulation

BY DAVID T. GEISER,* W1ZEO

® The fact that the output voltage of a
power supply decreases with an inerecase
in load current is universally appie-
cialed. bat relatively few amateurs are
aware of the rather drastie changes in
oulpul voltage that can occur when the
load is rapidly varied, as in c.w. keying
or in s.s.b., work. This article shows
graphically how the output voltage ix
affected by the resonant frequency of a
choke-input filter. and how the situation
ix improved by going o a large oulpul
capacitance. The cffeet of the filter
constants on the surge currents that
occur when the supply is turned on also
isxhown.

POAP CHANGES affeet power-supply output volt-

LJ ages, regardless of the quality of design and
- components used. Some of the drop in out-
put voltage with an increase in load ig'enused by
rectifiers or resistance, und some of these factors
are discussed here; but the most annoying and
alarming current or voltage change — und the
least well-known —is “bounce” or *‘resonant
response.”” Resonant response in i power-supply
filter is u simple process, and it is hoped this
discussion will show how simple it is.

Why Filter a Rectifier?

A rectifier changes alternating current to “‘one-
way’”’ current (nof direci current) by choosing

D.C.LEVEL

\ ZERO

11

HALF WAVE RECTIFICATION

/

/\ P D.C. \LEVEL /\
}
1 0.636
ARV AV
FULL~WAVE RECTIFICATION

Fig. 1 -— Comparison of half-wave and full-wave
rectification. The value of the averuge (d.c.) output is
shown referred to the peak value of the rectified wave,
neglecting any tube and resistance drops.

N
\
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paths through the rectifving circuit that only let
the output current flow in one dircetion. I'he out~
put current may be lurge or small: it may even
he zero if there ix no possible path for current to

L BLEEDER
o2 ’ J____'." ’ / O
FROM _l_ J_
recriFier  Ci T C T LOAD
o ! ! o
(A) CAPACITOR INPUT FILTER
MINIMUM LOAD
L BLEEDER
Y ‘// s
FROM _l_
RECTIFIER C T LOAD
o— i -0

MAX. TOTAL LOAD, OHMS
1000

'DESIGN: L /N HENRYS =

NOTE: /130 INSTEAD OF 1000 GIVES M/N/MU;!J‘\““"‘
120-CPS INDUCTANCE ALLOWABLE; USING
1000 GIVES SOME SAFETY FACTOR.

(B) CHOKE —INPUT FILTER

Fig. 2 -— Capacitor and choke-input filtera. “Mini-
mum” load corresponds to maximum resistance (bleeder
only); “maximum” load to minimum total resistance
across the supply.

How in that one fuvored direction. Half-wuve,
full-wave center-tap and full-wave bridge {single-
phase) reetifiers without filtering all produee zero
voltage many times cach second. The half-wave
voltage peak is more than three times the *d.c.”
(average) voltage, while full-wave peaks wre more
than once and a half times the “d.c.” voltage, us
shown in Fig. 1.

These unfiltered current or voltage wuves from
the rectifier actually (and mathematically, too,
hut not here) can be considered to be made up of
w constant, smooth “one-way” (direet) current
plus several alternating-current waves. If con-
stant, smooth direct current or voltage is wanted,
the alternating current waves must be greatly
reduced. The hest filter reduces the a.c. without
affecting the d.e.

Alternating current waves produced by half-
wave rectifiers have frequencies equal to whole

*Spragne Klectric Co., North Adams, Mass.
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Fig. 3 — Test sctup for checking
filter “bounce™ with changes in load.
The 6SNTGT acts as a switch for
alternately connecting and discon-
necting the load, when its grids are
driven by a square-wave generator.
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numbers (1, 2, 3, etc.) times the supply fre-

quency: such as, 60, 120, 180 eycles per second
for a 60 c.p.s. supply. The lowest frequency has
the largest wave and is hardest to filter.

Perfect full-wave rectifiers produce alternating
currents whose waves have frequencies eren whole
numbers (2, 4, 6, etc.) times the supply frequency.
A full-wave or bridge rectifier powered from a

Fig. .1 — Top: Inrush current through rectifier tubes
to capacitor-input filter. Left-hand end of trace repre-
sents instant of closing power-line switch. The trace
consists of a series of pulses at the rectified-output fre-
quency (120 cycles per second) cach of which is a pulse
of current into the first filter capacitor, the peak current
heing represented by the height of the pulse. (Note that
alternate pulses are not quite the same height, indicat-
ing that the outputs of both sides of the rectifier are not
quite cquaL) ‘The inrush surge current has a peak about
three times as high as the steady-state pulses, and takes
several eyeles to dic away.

Bottom: Change in d.c. output voltage with change
in load; load AW, itching at a uniform rate. Ripple voltage
in the output is indicated by thickening of the trace:
the ripple increases with heavier loading, as shown by
the fact that the lower sections of this trace, represent-
ing lower d.c. output voltage, arc thicker.
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IFor observing voltage changes the
vertical plates of the oscilloreope are
connected to A4 and B. The rectifier
input current can be mspcctcd by
*unnm.tmg the nr«-dloccope to C and

. The setup ukes a receiving-type
powcr transformer and filter com-
ponents.

60-cycle power line will produce smaller amounts
of the more ecasily filtered 120-, 240-, 360-cycle
and higher frequency waves. (But one should not
forget unbalanced tubes or transformers will pro-
duce a 60-cycle wave, in addition, in the output.)

What’s a Filter?
A filter is a circuit that passes clectrical waves

Fig. 5 — Inrush current through rectificr tubes to
choke-input filter, ‘I'op: 10-henry iuput choke followed
by '10-uf. capacitor: bottom: 10-henry input choke fol-

lowed hy 10- y.f c.macnor. Note that the maximum
surge current is the same in both cases (somewhat more
than twice the steady-state current) since the L,/C ratio
is the same, but that its duration is dependent on the
amounts of L and C in the filter. I'he a.c. ripple in the
rectifier output current is considerably smaller in the
filter with the larger 1.C product.

With the choke-input filter the rectifier output cur-
rent docs not go to zero bhetween pulses of rectified
current, Compare these photos with the top picture in
Fig. A, where the rectifier output current consists of a
serics of discrete pulses separated by periods of zero
current. ('T'he latter is represented by the bright base
line in the upper photo of Fig. 1.)

QST for



Fig. 6 — Effect of changing L/C ratio on inrush cur-
rent to rectifier tubes through choke-input filter. 'Top:
10-henry input choke followed by 10-uf. capacitor; hot-
tom: 10-henry input choke followed by 90-4f. capacitor.
T'he scale in these photographs is the same as in Fig. 5.

T'he peak inrush current ix considerably larger with
the larger capacitance (smaller I./C ratio) and has a
areater duration because of the larger L.C product. Note
ulso that the small oscillation or overshoot at the termi-
nal end of the transient is practically eliminated with
the larger capacitor.

I'ig. 8 — Load switching at 5 cycles per second with
expanded sweep in the oxcillorcope, same conditions as
)ig. 7. The output voltage tends to oscillate at the
resonant frequency of the filter, 15 c.p.s.
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Iig. 7 — Filter resonance effects in output voltage as
a load is alternately switched on and off: choke-input
filter with 10-henry choke and 10-uf. capacitor. Top:
load switched at rate of 5 times per second: center:
switching rate 15 per second; lower: switching rate 15
per necond. The large swing in output voltage in the
middle photo is caused by the resonance in the filter, its
natural resonant frequency being approximately the
same as the switching rate.

in desired proportions. A steady one-way current
docs not change and can be said to have ro eyeles
per second, so wherever “frequency” is used in
the arithmetic, the number zero can be used us
the frequency of the steady current.

A filter prevents or reduces passage of electrical
waves cither by chunging the electrical energy to
heut in a resistance or by providing a path that
will not accept energy from waves of certain fre-
quencies. A wave of any frequency (even zero)
loses energy in passing through u resistance, so
in u power-supply filter it is usually best to use
parts and circuits having as little resistance as
practicable. This means that circuits uring chokes
and capacitors are most cfficient in selecting the
desired direct current while reducing the accom-
punying a.c. waves to acceptable levels. Sinee.
more than twice as much inductance-times-
cupacitance (L X (') is required to filter half-
wave rectifiers as full-wave rectifiers, only full-
wave rectifier filtering will be discussed.

Capacitor or Choke Input?

The most commonly used filter is the capucitor-
input type, Fig. 2A, sometimes also called the
“brute-force” or pi () filter. Good quality input
capuacitors (the only kind that will work and last
in this filter) permit extremely high pulse cur-
rents to low through the rectifier. These currents
arc limited only by tube drop und power trans-
former impedance. It is costly to design good life
into this circuit.
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Yig. 9 — Output voltage switched at 5-cyvcle rate,
choke-input filter using 10-henry choke and Y0-uf. ca-
pacitor. The overshoot visible in Iig. 8 is practically
entirely gone. (The improved ripple smoothing resulting
from the uxe of the larger value of capacitance is also
evident on comparison of this photo with Fig. 8.)

Changing the drain on the supply changes the
output voltage. Fig. 4 shows both the inrush
current (when the power is turned on) and the
output voltage change with load for o typieal
eapacitor-input filter. "This tilter used 10-f. input
and output capacitors und u 10-henry, 45-ohm
choke. Much less voltage drop with load cun be
obtained with a choke-input filter, Fig. 2B.

Other advantages of choke-input filters include
low “runing peak currents” to prevent damage
to rectifier tubes and filter capucitors. The most
common (and wrong) objection to choke input is
that “capacitor input gives more power out of
the power transformer.” ' One munufucturer *
puts out two power trunsformer lines, one for
choke input, vne for capacitor input. For equul
d.c. output voltages and currents, cost, size, and
weight are nearly identicul. In no known case are
high-voltage, high-power transformers made for
cupreitor-input filters.

How Much Capacitance?

Inrush or surge currents with choke-input
filters muay be quite high.® RCA rccommends
certain choke and capacitor values, speeifving
fhat if the vapacitance is inercased, the induct-
ance must be inereased the same proportion.
The effeet on surge current is shown in Fig. 5.
The lower oscillogram is the surge in a 10-henry
choke-input filter with 10 wf. capacitance. The
upper oscillogram shows the etfect of 40 henrys
and 40 uf. (‘This sccond photo is not to the same
scule as the capucitor-input photo, Fig. 4.) If the
cupucitance is inereased without inereasing the
inductance, the situation shown in Fig. 6 results.
"T'he upper picture shows the surge with 10 henrys
and 10 uf.; the lower shows the effect of inercas-

t Probably beecause the d.c. output voltage from the same
transformer-rectifier systern will be higher when a capacitor
ix added in front of a choke-input filter. This negleets trans-
former heating, which is higher for the same d.c. power out-
put with capacitor input than it is with choke input, even
though the output voltage is lower with choke input. - /d.

2 (Chicago Standard Transformer Corp.

# RCA Tube Handbook HB3, Vol. ¥-10, p. 866-A/866,
6730744,
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ing the capucitance to Y0 pf,

No surge problem exists, of course, if the plate
power transformer voltage is turned on gradually
and left on. (This assumes that the cnergy stored
in the filter much exceeds the variable demand.)

Load change does affect the output voltage of
choke-input filters, Fig. 7 shows the etfect on the
output voltage of switching a resistive load (Fig.
3) on und off the filter output ut 5, 15, und 45
times per secoid. There is obviously resonance at
15 times per second, in very close agreement with
the resonant frequency of the 10-henry induct-
ance dand 10-pf. cupucitor used. Fig. 8 shows an
enlarged picture of the 5-times-per-second switch-
ing rate.

Increasing the capucitance to Y0 uf. wlmost
completely removes the vvershoot. This is shown
in Fig. 9 (5-times-per-second switching) and the

- Fig. 10 (twice-a-second switching). It is felt that

the lower Q at the “ predicted’’ 5-cycle resonance
frequency is responsible. High capacitunce docs
remove lowd bounee from the voltage output.

Recommendations

No detuiled recommendations can be given —
there are too many possible situstions — but the

Fig. 10 — Same filter ay in Fig. 9, but with load
switched at a 2-cycle rate.

following suggestions should be helpful:

Reduce surge currents hy turning on rectifier
plate voltuge graduntly and leaving it on. Do not
try to tind chokes of extreme inductuance (at $15
to $30 per watt-scecond).

Use choke-input filters for medium- and high-
power supplies. Use of high capacitance will mini-
mize filter voltage bounce and produce suflicient
hum fltering.

Remember that all supplies not electronically
regulated will show some voltuge change with
load. If very stuble voltuge is required, an auto-
mutic voltuge control svstem must be used.
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Satellite Tracking

1TH THE publication in this issue of con-
;x/ structional data on antenna systems, the
equipment picture for satellite tracking is
almost complete. Karlier QS7's have covered the
requirements in general (July 1956), low-noise
converters and preamplifiers (November and
December 1956), and u methor of antenna cali-
bration { April 1957). There remuins the question
of recording the signals in a form that will he
useful for subsequent processing. This, ut first,
had the appearance of being a rather sticky prob-
lem sinee the recorders used in the primary Mini-
track system are rather expensive items. How-
over, the NRL people have come up with o
scheme that eliminates the need for a high-speed
ink recorder at the tracking installution, and it
now looks as though the recording difficulty can
he resolved quite simply.

In essence, the method consists of using beut-
note reception of the satellite signal ax in ordinary
cav. practice, and then recording the receiver's
audio output with o conventional magnetie-tape
recorder. Simultancously, time ticks from WWV
are recorded on the tape for precise timing of the
varintions in received signal strength as the signal
goes through the succesrive nulls in the antenna
pattern. The plan is that stations making such
tapes will forward them to NRL where they will
he played into an ink recorder of the type used
iu the primary Minitrack setups so that the final
record will be similar to those made by the pri-
mary recording stations.

The system has been tested under conditions
simulating those to be expected — .e., o signal
of the sume strength as is anticipated to be avail-
able Ifrom the actual satellite — with excellent
results. Final records obtained in this way com-
pare very closely in all essentinl details with
records made simultaneously on the sume signal
by o primary-type recorder. Making the tape
recordings offers no technical difficulties, and any
of the commercinlly-availuble tape recorders
should be satisfuctory.

Cletting back to the antennas, the installations
deseribed by Messrs, Kaston and Firor are clee-
trically similar but differ o good deul construc-
tionally. A prineipal consideration in the NRL
design was mechanical ruggedness as o contribut-
ing fuctor to electrical stability and thus to high
acewracy in taking bearings. This leads to xome-
what more costly construction but should repre-
sent u good investment where wind aund weather
ave likely to be adverse. In locations where the
weather iy more Favorable less cxpensive con-
struction muy be quite adequate. Dr. Firor's an-
tenna, incidentally, was designed originally for
tracking of radio stars aund the essentials of the
complete receiving system for that purpose are

September 1957

covered in his article. Star tracking could be
fuseinating activity for amateurs who have the
necessary ground space and the inclination o get
off the beaten track. There isn't auy greater DX
to be had!

Minitrack Calibration by Moon-Bounce
Signals

The antennu system for a satellite tracking in-
stallation has to be calibrated on an actual signal
it the highest possible accuracy is to be achieved.
Various calibration methods have heen proposed
und used from time to time, ranging from air-
planes and halloons carrying 108-Me. transmit-
ters on speeinl flights to using radio ‘‘stars®
(QST, April, 1957) us the culibration-signal
source. Now, in o joint announcement from the
Naval Research Laboratory and the U. 8. Army
Signal Kngineering Laborutories, it is stated thut
signals reflected from the moon have been used
successfully for Minitrack calibration.

Far from being just & stunt, moon-retlected
signals offer a practical way of covering u large
portion of the Warth's surface, and plans are
under way for making ** moon-hounce”’ u primary
source of calibration for Minitrack stations. To
this end a high-power 108-Me. transmitter ir
heing constructed and should be undergaing test-
ing by the time this appears in print. The NRIL-
SEL experiments were carried out with SEL's
“ Diana” transmitter, which would not be usable
for calibration of u regular Minitrack installation
because Diana’s frequency is 151 Me. Special
receiving equipment designed for the latter fro- -
quency was used in the NRI-SEL testr, but the
output and recording circuits were of the regular
Minitrack type.

It is expected that when the 108-Me. trans-
mitter is in operation -— the target date is Octo-
her — its transmitting schedules will be made
available to operators of Mark 1T Minitrack in-
stallations. If practicable, they will be published
in QST. Whether or not you can participate in
the sutellite-tracking program, a good 108-Me.
converter will give you a start toward heuring sig-
nals hboth from the Karth’s most prominent nat-
ural satellite and from the man-made ‘‘moons”
to he launched during the coming year.

Preliminary Satellites

Plans are afoot for launching a number of
“practice” satellites in advance of the first at-
tempt to launch the regular sutellite already
scheduled for 1GY, according to articles in the
newspapers as we go to press. More on this next
month.

-GG
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For the Sun.
the Radio Stars. and the
Earth’s Artificial Satellite

A Radio Telescope

BY JOHN FIROR*

The antenna system described herc isa
type suitable for “tracking the Earth
Satellite. provided there is suflicient
spacing (500 to 1000 feet) hetween ele-
ments. The recciving method discussed
has been developed to separate star noisc
from ordinary bachground noise and,
while it could be simplified a bit for the
c.w. signal to be transmitted by the
satellite, is well suited for calibrating a
satellite-tracking antenna as described
in April OST.

Fig. 1—Reception
patterns of radio
interferometers. In
A the two antenna
| s are con-
nected together with
equal lengths of
transmission line.
The resulting pat-
tern has a maxi-
mum in the plane of
symmetry of the
two elements. In B
the two elements
are connected to-
gether out of phase,
resulting in minimum
sensitivity in the
plane of symmetry.

R ——— g

EXTRA HALF -
RECEIVER WAVELENGTH OF

TRANSMISSION LINE

(8)

32

radio sources in the sky, whether astronom-

ical or artificial, is by use of a radio inter-
ferometer. The system to be described in this
article is similar to systems used by radio us-
tronomers in various parts of the world during
the last ten years for detecting radio stars and
measuring their positions, as well as for studying
the radio emission from the sun.

An antenna counsisting of two elements (where
each “element’” may be a dipole, Yagi, or other
array) separated by several wavelengths will
have a pattern which is broken up into many
lobes. For exwumnple, the untenna shown in Fig.
1A will have o pattern somewhat like that shown
above it. The envelope of the pattern (dotted
line) is determined by the elements at each end
of the svstem, while the ungular spacing of the
lobes is determined by the spacing of the cle-
ments (length  in Fig. 1A). The ungle between
the centers of two adjucent lobes is nbout 60 X/d
degrees, where \ is the wavelength measured in
the sume units ux d.

If we add an extra halt wavelength of truns-
mission line to one side of the untenna system,
ax indicated in Fig. 1B, the pattern will be
similar to Fig, 1A, but the lobes will all be
shifted in angle by half of their width. The
envelope will be unchanged. This new pattern
is also pictured in Fig. 1B, If further we arrange
to put in and take out this extra half-wave length
of line, we can switch between the two patterns
of Fig. 1. A radio star, satellite, or other source
which is at a maximum of the pattern when the
half-wave-length scction ix out will be at a
minimum when the extra picce is in. If we then
switeh the half-wave-length section in und out
at o rute of, suy, 1000 times a second, the output
of the receiver will contain a 1000-cycle com-
ponent caused by the presence of the radio star
or source. The 1000-cyele modulation on the
signal eaxily can be amplified and detected and
used to indicate the presence and position of the
radio star. The position is obtained from the
phase of the 1000-cycle modulation relative to
the switching cycle.

ONE OF THE SIMPLEST METHODS of detecting

Antenna Considerations

Now the question arises us to what sort of
antenna~receiver combination we can build to do
all this. First we will take a look at the antenna.
It is possible to detect the sun and several
radio sturs with an antenna consisting of just
two half-wave-length dipoles at any frequency
from about 15 Me. up to well above 108 Me.,
the satellite frequency. In Fig. 2 is an actual
record from a pair of dipoles and a receiver such
as we will describe, operated at 108 Mec.! The
record shows the up-aud-down variastions of the
receiver output as the rotation of the earth,
carries the sources through the lobes of the

* (larnegic Institution of Washington, Department ot
Terrestrial Magnetism, Washington 15, D, C.

! Record kindly supplied by Mr. H. W. Wells ot ihe
(‘arncgic Institution,

QST for




selves ure folded half-wave dipoles cou-
structed of ordinary TV Twin-Leud.
Fig. 4 gives the details of the construc-
tion, and Fig. 5 diagrams a feeder system
to get ull eight dipoles connected in
parallel. It is important that all the
{A) A record of two radio stars and the sun made with an interferome- ¢lipoles be phased correctly — that is,
ter consisting of two half-wave dipoles and a 108-Mc. receiver. At the leads to the north ends of all the
the left the up-and-down variations are due to the strong radio star  dipoles are connected together and the

in Cygnus passing through the lobes of the antenna pattern. Near leads to the south ends are all connected
the center of the record the even stronger source in Cassiopeia has together.
entered the antenna pattern and is adding its influence fo that of the For the long transmission line con-

C . At the right th k . . .
ygnus source © right the sun takes over. necting the two arrays to the reeeiver,

450-ohm open-wire line is convenient
and sufficiently low loss. If the commer-
cial varicty is used, remove most of the
separators, leaving only one every four
or five feet. This procedure seems to
make the line less sensitive to moisture.
For a nicer line, No. |4 wire stretched
tight and supported only every thirty or
forty feet works well. For 450 ohms, the

(B) A record of the same fwo radio stars as in A but with higher-gain
antennas. In this case the two stars are completely separated and A
can be studied individually. The source pattern near the center is NO. 14 wire should be spuced about 1.4
Cygnus A and the one to the right is Cass A. Several weaker sources inches. This type of line hus been used
can also be seen, The antenna elements in this case were four-in line  on arrays up to 2000 feet fong at 300

dipoles in a corner reflector. Me. and has proved satistactory except
Fig. 2 when rain is actually falling,
S ot
. | 50° -
antenna pattern. At the left end of the record — ! ! -
are variations caused by the strong radio source T \ = S| Short lenath
in the constellation of Cygnus. Near the center \ ™~ ,"{,}%’Zu
of the record the C'vgnus wiggles hecome con- \, Past -
fused with wiggles caused by the even stronger — T
source in Clamsiopeia. At the right the sun takes L Ground fé;ee;z ’
over and dominates the record. One can see from
this record the disadvantage of using a single . B

dipole for the untenna ¢lement or, in fuct, using

any type of element which gives a bhroud envelope

to the antenna pattern. Several radio stars can

be in the over-all antenna pattern at one time,

resulting in o somewhat confused record. The -
sccond record in Fig. 2 indicates the improve-
ment uchieved by using higher-gain antennuas
(sharper pattern). Here the two strong radio
sources are completely separated and can be
studied individually.

An antenna which will provide enough gain for <. L
picking up the rather weuak signals from the TN
sutellite can be made of two &-dipole broadside —T
arrays spaced as far apart as the available ground
will permit. Fig. 3 shows the urrangement as
seen from above. Each dipole is supported by
two posts driven or set in the ground and backed
up by a simple ground screen. The dipoles them- Fig. 4 — Construction details of antenna.

}-——— ------------------- -d (as lage as possible) —

| n sl __._‘
TP e I

f—— 32 fegt . — e 32 foot — s

Do not allow
feeder Lo touch
/ ) ground screen
4 or more wires
for qround screen

DETAIL OF GROUND SCREEN

Fig. 3—Arrangement of pos-
sible interferometer as seen
from above.
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s C

//\ / K 8 feeders
/ i2ll same fength

Joon twinkead
\, about wo" long Fig. 5 — Feed system for
\KZ Tanstormer SR antenna.
221500 twinlead B r,m_,,zrg;{”/”
b 22" 1500 twin
o fera s
Transtormer
Short, 22* 3000 %77/@
-— %“%‘,‘Zi){ﬁr Y N 450 12 qpen wire line to receiver
[ 277 —ef
4 e £l distance From ———————wy
VAR Y,
. / 27—/ o [ 27y
«— 10 Antenna ﬁ) /L"&QWAS‘ 7/ ﬁz) 7 Antenna ——
% coax 3)‘ coax
(oax to receiver Loax to receiver
Fig. 6 — Detail near the center of the transmission line.
. Ante
At the center of the line two baluns Antenna. na
must be used to put the xignal into coax
for entering the ’I_louse, shed, shack, or Open wire line Open wire line
what have vou. The arrangement near I. Bal
the center is shown in Fig. 6. The ur- Balun aiun
rangement as shown is slightly mis- Dhase Switch
matched at the bulun. If better match-
ing is desired, the sxpacing of the open-

wire line could be gradually decreased

during the last 30 or 40 fcet so that it is RE wn
about 14 inch at the balun. cohn}erte/; ify/k/x
The two arrays should be placed on as 1.F amp. r€q.
accurate an east-west line us can be de- Detector generator
termined with the available equipment. p bard
Furthermore, il the dipoles should be il
at the sume level. Although interferome- amplifier
ters not built on cast-west lines or not
level can be used, it is much harder to
analyze the final measurements und de- Phase sensitive
termine the position of the sutellite, detector
In the simplest case, when the inter-
ferometer is both level and on un east-
west line, the central lobe of the antenna D.C.Amp.
pattern lics on the meridian. That ix, the
maximum response of the pattern coin- (
rides with o line in the sky passing
through the north pole, the point di- Recorder
rectly overhead, aud the point direetly
to the south. ¥From the output record
one can measure the time at which the Fig. 7—Block diagram of a phase-switching radio interferometer.
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mpur .
183" 509 coAx

qon. COAX son COAX
/
(‘e)( ®)
N
183" ) 18
18 543" |ean ok esa
"““cgif " 5on§0Ax 500 COAX BcoAx
©
out
176 176
® @f
1004t J; J;xoo/u/a .
RFC RFC
001 .001 Fig. 8—Di-
ode phase
switch. RFC
is self-reso-
nant at 108
SWITCHING SIGNAL INPUT Mc.

satellite or other signul source was on this line.
The position of the object is thus not completely
speeified, but if 4 number of different observers
cun give lines on which the source luy at various
times then the true position and orbit can be
ealculated.

Receiving Equipment

A block diagram of the receiver to be used
with this antenna is shown in Fig. 7. Most of
the items are well known and need little de-
seription. The r.f. amplifier can be any of the
low-noise preamplifiers which have been written
up in QST. Our preference ix a GAN4-6ANE
grounded-grid model similar to that described by
Simas.3 But do not work too hard for thut last

Fig. 9—Photograph of a phase switch
similar to that shown in Fig. 8, but for
higher frequency. Picture shows method
of clamping coax to copper sheet near
connector (upper right) and near diode
(center). The plastic trimmer capacitor in
the photo serves the same purpose as
the 100-puf. capacitor in Fig. 8
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dh. of noisc tigure. The sky contributes about 10
db. of noise, so uny preamp with a 4-db. noise
figure is good enough. The oscillator for the mixer
must he ervstal controlled.

The if. amplifier and detector sre standard
items and could be a good communications re-
ceiver. The gain needed is about 120 db, for
i, plus i.f. when observing the satellite. About
10 db. less will do for the radio stars. The i.f.
bund width should be 10 ke. for the sutellite
and as wide as possible for the stars. Probably
one will be limited by interfering stations to u
100-ke. band pass.

The narrow-band sudio amplifier is just an
audio stage with a voltage gain of 100 or so and
4 simple L-C' filter to limit the band pass to
the neighborhood of the switching frequency.
This could be part of 4 communications receiver.

The switch-frequency generator is an audio
oscillator with two push-pull outputs, one of
which can be shifted in phuase relative to the
other. One of the outputs needs to he pretty
husky and will be mentioned again.

Phase Switching
The phase switch, or the unit that puts in
and takes out the extra half-wave length of
line, is an item which will be new to most hams.
However, it can be made simply, and in Fig. 8
1 form of phase switeh is shown which is mostly
pieces of coaxial cable either 1 or 3§ wave-
lengths long. The actual switching is done hy
two high-conduction crystal diodes. The switch
is built on a sheet. of copper or aluminum, and
the braid at each end of each length of coax is
strapped or soldered to the sheet. The photograph
(Fig. 9) zhows the type of construction used.
To provide the rather lurge switching current
required by the diodes (50 ma.), a circuit such
us that shown in Fig. 10 will be needed to amplify
fho output of the J.UdJO oscillator.

* Simas, A Low: Nox\e Pronmphﬁer for \arolhte ’I‘racL-
ag,'” QST, Dec., 1956, p. 42.
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The operation of the switch can be understood
if it is remembered that u xhort looks like un
apen when seen through a quarter-wave-length
piece of trunsmission line. So when one of the
diodes is conducting (for example, the diode at
a in Fig. 8), it appeurs open as seen f{rom h.
Hence, the signal can pass from input to output
wlong path dbe. The other diode is open and so
appears as & short at e. This short in turn ap-

6ASTG 30V. FROM

SWITCH
_]_L FREQUENCY
GENERATOR

Fig. 10—Driver for diode phase switch. The bias on the
6AS7G triode sections is adjusted to cutoff by means of
the 100K potentiometers, with no input from the switch-
frequency generator. A push-pull square wave having a
peak-to-peak amplitude of about 30 volts is needed for
excitation of this circuit. D.c. coupling to the source is not
required.

pears us an open at the input and output and
does not interfere with the signal on the other
side. When the switching signal changes over,
the r.f. signal changes to path dec, which is u
half wave length shorter.

NARROW BAND
AUDIO AMPLIFIER

Fig. 11—Phase-sensitive detector
and meter driver. Resistors are V2
watt. The reference signal (push-

PHASE SENSITIVE DETECTOR
r qr

must be adjusted to have the correct phase. The
nurrow-bund audio amplifier will have some
phase shift and must be compensated for.

If an ordinary 0-1 ma. recording meter is used,
the d.e. amplifier in Fig. 11 is adequate.

A Few Hints

It can be seen from the ubove deseription
that building an interferometer, although not
requiring any unusual techniques or parts, ix
still a fairly lurge job. Probably the hardest
part will not be finding or building the com-
ponents, but in securing satisfuctory operation
from all of the components connceted together.
A few comments are then perhaps in order to
try to smooth the path us much as possible.

Things work much better if they have stable
supplies of plate voltage and filament voltage.
Get out 1'he Radio Amatewr’s Handhook and build
a few regulated plate supplics. Invest in u Sola
or other regulating transformer for the filaments.
If at all possible, keep the receiver in a room
in which the temperature does not. vary widely.

When looking at radio stars the exact frequency
Joes not matter, but for the satellite the receiver
should be tuned to 108 Me. within a kilocyele
or s0. This means that if you build the converter
or mixer to go with the recciver, the oscillutor
must be ervstal controlled. In order to be sure the
receiver s tuned correctly, & 100-ke. frequency
standard could be used to culibrate a stable
v.f.o. at 27 Me. The fourth harmonic of this
orcillator can then be used to line up the receiver
to 108 Me.

Keep u speuker attached to the detected output

D. C. AMPLIFIER

pull) should have a peak-to-peak
amplitude of about 30 volts, and
is taken from the switch-frequency
generator. lts phase should be ad-
justable in order to compensate for
phase shift in the receiver amplifier.

wN

The other unusual item is the phase-sensitive
detector, or the device thut tfells us whether
the source is near u maximum of the antenna
pattern in Fig. 1A or of the puattern in 1B.
This circuit, Fig. [1, can be seen to he a »witch
which turns the output of the receiver on and
off in time with the phase switch. The reference
signal to the phase detector, although derived
from the sume source as the switching signal,

36

REFERENCE SIG, INPUT

of the if. amplifiecr. This is the eusiest wuy
to tell when you have interference problems,
an oxcilluting preamp, or other troubles. \When
the receiver is working properly, the steady
swish of noise should be heurd. Dig out your
July, 1953, copy of QST and build yourself a
simple noise generator and use it frequently to
check the noise figure of your preamp und the
over-all behavior of your receiver.

QST for



Mark 1l Minitrack
Base-Line Components

itrack interferometer base line are the an-

tennus, transmission line and the hybrid
junction. Since the main cost. of u sutellite track-
ing system may be in these components and since
the better stutions will have at least two base
lines, much work has gone into making compo-
nents having the desired quality vet which are
reasonably inexpensive.

The most expensive single component is the
antenna. The problem is that the antenna must
fulfill & large number of requirements. It must
be unaffected by wind and weather. It must pro-
vide high gain yet have u broad heam in one di-
rection so u large number ol rzatellite transits
cun be recorded. To provide u gain of about 50
an eight-element broadside array has been de-
signed. 1t can be extended to any larger number
of dipoles as desired. Extending the length of the
antennas reduces the beam width only in the di-
rection of the extension, so the gain can be in-
ereased ax desired without chunging the Width of
the broad antenna beam.

TIIE coMPONENTS required {or a Mark I Min-

The Antenna

Another antenna requirement is that the gain
of side lobes, back lobes and ut the horizon be
20 low that ground-reflected signals from the
satellite will not interfere appreciably with the
direct signal. This requirement is the most limit-

T o=~
LTAN Y ERROR
RESY ‘| VECTOR

fsiGnaL VecToR \ J

~ s

Fig. 1 — Ground-reflected signal response combines
with the desired response to introduce a phase error
in the resultant signal as shown in this vector diagram.

ing from an antenna design point of view. 1t can
he uanalyzed approximately in the following
1nanner:

Kirst, the svstem crror that can be tolerated
must be determined. The error in the antenna
system is given by the following equation:

e Antenna phase error
Sine of error angle = - —
Base line in electrical degrees

A 100-wavelength base line contuins 36,000 clee-
trical degrees. To have an error of less than 20
seconds of urc (approximately equal to 0.0001
radian) the tolerable antenna phase error is 3.6°.
If this is considered to be an r.m.s. crror — that
ix, hulf of the time it will be less and half the time
more than 3.6° — the maximum phase error will
be 3.6° X #/2 or 5.6° In each of the two antennas

*11. 8. Naval Research Laboratory, Washington 25, D, C.
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Constructional Details
of Antenna System
Jor Satellite Tracking

BY ROGER L. EASTON *

comprising the system the error can be us great as
5.6°//2 =10,

Ifig. 1 shows the gcometry of the problem. The
error vector can have any phase with respect to
the signal so that angle 6 can have uny value
less than the maximum angle shown.

error vector  error voltage

6 = ure sin = =~ 4
signal veetor  signal voltage

error 4

signal  57.3
ix 0.005 or 23 db.

Since the interfering signal that is responsible
for the error must be a reflected component, the
reflection coefficient of the ground is important.
This coefticient muy be as low as 0.35 for dry soil,
but is about 0.5 for ordinary soil and is (.96 for
sult wuter. 1f the value of 0.5 is taken the error
signal is reduced to half. The maximum desired-
response to side-lobe rutio can be us low us
17 db. under these conditions.

Two types of arrays have becen investigated —
collinear and brouadside dipole arrays, hoth over
ground screens. The difficulty with the collinewr
array above the ground sereen is that the theoret~
ical pattern perpendicular to the urray axis is
realized only for an infinite ground screen, because
the dipoles comprising the array have no dirce-
tivity in this plane. The broadside array has
the advantage that the dipole clements have
directivity in the plane perpendicular to the ar-
ray. A true null then always appears at the ground
sereen, even when the ground screen is so small
that ground effects are present.

The Dipole Element
The dipole element should he rigid, easily

= 0.07 in voltage. The power ratio

‘This article gives the construction details
of the antenna system for the Mark 1I
Minitrack, the general principles of
which were discussed by Mr. Easton in
his article in July, 1956, ()S7T'. That arti-
cle should also be consulted for over-all
site and installation requirements.
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1“NPT STANDARD

GALVANIZED PIPE ~

F¥I%TANGLE 19°1ONG
GALVANIZED STEEL

Fig. 2—Construction details of

=] EXE =l

the dipole element. Eight of _iud AT : ¢
these are used in each of the e /" : ! (zjéo%%}mgg »
two antennas in the Mark Il ,"’ \I\_\\ 4 l Lone
Minitrack system. The angle 4 Ao s ojl'}'f{,,l‘”é-‘,’,w;‘é" e L 287 (1YP)
iron is insulated from the dipole - o7 oALvAMIZED l-
at the feed point by the Lucite ,"%ﬂ’xlffzhfsﬂgﬂb Y
block. This block is fastened to I/ NIPPLE 13 LONG \
the angle iron by four screws I [ \
(not shown) threaded into the Y ® " I !
iron, but is not fastened to the ' !
brass tubing; the support at the \ i
other end of the angle iron is N ] /!
sufficiently rigid to make such 20.0xs wau srass T ISTON CARACITOR
fastening unnecessary. The pis- TELESCORIC TUBING g

9 v ssary. ‘he pis N
ton capacitor is made by JFD, A e

type VC-13G.

ENLARGED VIEW

tuned, and simple to manufacture. After several
types of matching devices had been investigated
the gumma-matched dipole was selected for
further study because of its inherent simplicity
and rigidity.

The simplest type of gamma-matched dipole,
shown in Figs. 2 and 3, is inherently unbalanced.
The unbalanced dipole would be expected to have
a4 “squint” or *‘lean” to its pattern in the plane
of the dipole, the direction of the squint being
on the same side as the feed loop. However, the
measured response in the plane of the dipoles at
the ground screen, although unsymmetrical, is at
least 19 db. below the muximum response, so it is
satisfactory from an interference standpoint.

More important than squint would be currents
on the vertical support rod. Negative results
were obtained on pattern measurements run to
determine if radiation existed due to support-
rod currents.

Cl'onstruction of the dipole is quite =ximple. It

38

consists of three pieces of standard galvanized
pipe and a standard tec modified as xhown in
Fig. 2. The only machine operation needed,
outside- of drilling holes, is the tlat on the tee
where the UG-58A/U socket is mounted. This
can be made conveniently in o Iathe or by o
mill, but can also be made with a file. The eapaci-
tor is soldered to the cable sucket terminal before
the external brass tube is soldered to the socket
frame. Kither an insulating tube or several turns
of insulating tape cun be placed around the capaci-
tor to prevent its shorting to ground. If it is felt
to be necessarv, the entire metal tube can he
filled with silcone grease. The solid block of
Lucite insulation effectively centers the brass
tubing. The top of the capacitor is seuled by
meuns of the pipe eap threaded to the capucitor
hase und by the pipe eap at the top of the nipple.
The parts for this dipole element xhould cost less
than $7.00.

Probably the most rigid und simple means of

Fig. 3—Photograph of completed di-
pole element.
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supporting the dipole is by embedding it in u
conerete pier as shown in Fig. 2. Ta permit
threading the couxial cable through the vertical
tubing an opening to the outside of the pier
must be provided. This opening can be tmade in
a1 number of ways. A greased block which can be
removed when the conerete hus set is one means.
Another is u curved or angled tube which extends
to or through the form boards. These form bourds
should be extended as shown in Fig. 4 to hold the
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Fig. 4 — Temporary supports, notched at the top to hold

the two arms of the dipole, should be made part of the

form for the concrete. This will insure that.the dipole
elements are level and at the proper height.

radiating clement. In this manner all the radiating
elements can be made level und parallel.

After the form bouards are removed the ground
screen cun be built as shown in Fig. 5. The ground
sereen must fulfill one principal requirement —
it must be large enough so that the antenna will
he unaffected by the conditions of the surround-
ing terruin.

Pattern measurements have indicated that the
minimum screen width required is about filteen
feet. A width of sixteen feet has been selected
because it is the nearest larger length that is o
standard lumber size. The chicken-wire strips
can be laid either parallel to the dipoles or per-
pendicular to them. If the strips are perpendicular
to the radiators the sepurate pieces of netting
should be bonded by twisting and soldering, or

GROUND SCREEN TO BE COVERED WITH CHICKEN WIRE -

wiring together and soldering, every few inches.

To eliminate the soldering problem the radin-
tors can be placed a standard chicken-wire roll
width apart so that the scrcening strips can be
eusily placed parallel to the dipoles. Such a con-
figuration cuun be huilt convenicntly by placing
the dipoles an even six feet apart. The scrcen
should be supported und stretched so the sug is
less than 14 inch.

Junction Box

Before the screen is built the transmission lines
to all radiators should be installed. There are
several ways that the feed structure can be
built. One is the commmon “eorporate structure”
in which lines to two elements are joined and
matched impedancewise, then a line from a sim-
ilar junction is joined to a line from the first
junction and so on until all elements are fed from
1 single source.

A method that appears simpler is proposed
for this antenna. Here the feed lines to ull cle-
ments diverge from a single junction box. For this
syvstem all lines must be electrically equal but may
vary in length by multiples of full wave lengths.
If the total line lengths from the junction box to
the antenna feed points are made an odd number
of quarter wave lengths then all the antenna
currents will be equal, irrespective of mutual
coupling effects.

The transmission line used to join the radiators
to the junction box can be RG-8/U, RG-9/U or
metal-covered solid-diclectric line (e.g., Amphe-
nol 21-606). The aluminum-covered line is pref-
erable for this use hut RG-8/U is probably
adequate.

Fig. 6 shows the construction of 4 junction hox
for an eight element array. For arrays having
more elements more feed points must be provided
and the impedance of the quarter-wave matching
transformer must be reduced.

Antenna Matching

Becuuse of their mutuul coupling, all elements
except the one being matched should be con-
nected to the junction box while matching the
elements, and each element should be adjusted
individually. A convenient bridge for tinding the
best impedance match is shown in Fig. 7. Details

; 7| EQuAL S

T @ 6'< 4,

=1 | |oooie| | 2x4° 3
aoL7s FIR 2xg”
17°LoNG 167106 | | FIR
REQD. 0 REQD. | 116’ LONG

Fig. 5—Plan view of dipole and ground
screen assembly. The 2 X 8s are laid
horizontally on edge and extend two
inches above the tops of the concrete
blocks so the ground screen is spaced
44 inches from the dipole centers. The
chicken-wire strips are supported by
these members.
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UG-58A/U
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Fig. 6 — Detail of junction box. The inner length of
tubing in the matching transformer is closed at the ends.
The top is centered by the inner socket contact and the
bottom is supported by the wires from the eight sockets
as shown, so that no insulating support is required. The
base on which the eight sockets are mounted is quarter-
inch brass, drilled and tapped for the sockets as well

as for the bottom cover.

ANTENNA

ELEMENT
Fig. 7 — Setup
108 MC. for adjusting the

FARY
GE?}EG;;‘AAT%)R AL DETECTOR| match for an an-
o tenna element.
HYBRID

Fig. 8—Details of transmission line
connecting the antennas to the
hybrid junction. The distance x

of making the hybrid will be given later in this
article. With the hybrid bridge the antenna cu-
pacitor is adjusted unti! & null reading is oh-
tained on the detector. Then the standing-wave
ratio can be read using a stunding-wave indicator,
if wvailable.

When all the dipoles are matched they should
all be connected to the junction and the imped-
ance looking into the junction meusured. The
v.s.w.r. at this point should be held to less than
1.1 to L if the antenna calibration is to be hy
surveying alone. Even if other calibrating means
wre available the v.s.w.r. should be kept as low
as practicable. To achieve this v.s.w.r, it may be
necessury to make small changes in the charue-
teristic impedance of the matching transformer
in the junction box.

Transmission Line and Hybrid

The transmission line joining the antennas
to the hybrid junction must be independent of
noticeuble phase variation due to weuather and
must have low attenation and negligible radia-
tion. Since long lengths of it wre required its
cost should be nominal. The open-wire line xhown
in Fig. 8 appeurs to fulfill these requirements
adequately.

This line is made of No. 8 wires. For extra
strength, machine-straightened copper-covered
steel wire was chosen. This wire costs about two
cents per foot. The unstraightened wire costs
about 10 per cent less but requires conxiderable
stretching to eliminate kinks. The stretching
process is troublesome and dangerous.

The selection of characteristic impedance for
the line involves a compromise. A low-impedance
line will give less line pickup but will wlso have
higher attenuustion. The impedunce of u high-
impedance line will be less affected by motion
in the wind.

With No. 8 wires a line spucing of 1.8 inches
gives un impedance of 400 ohms. The pickup on
thiy live is independent of line length and was
measured as being 26 db. below that from u di-
pole. Since the antenna gain is perhaps 14 db.
ubove u dipole the satellite signal picked up by
the line will he negligible (—0 db.) compared with
the signal.

Although balanced transmission lines huving
balanced line hybrids have heen built for phase

should be of the order of 500 feet
for a high-accuracy system. The
clamp at the end of the line con-
sists of a single bottom piece into
which the turnbuckle is anchored,
with two top pieces (cut out for the
furnbuckle as shown) to allow indi-
vidual adjustment of wire tension.
The pieces should be drilled to form
a tight fit for No. 8 wire. Figs. 9
and 10 show details of the baluns
and line spacers.
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Fig. 9 — J-type balun. This should be made with solid-
tube-type coaxial line.

comparison purposes, it is preferable to huild the
hybrid from couxial line. The transmission line
is matched to 50 ohms at both ends. A quarter-
wave matehing section made up of two 2fg-inch
(uarter-wave capped tubes slipped over the wire
as shown in Fig. 8 matches the line to 200 ohms.
The J-type balun shown in Fig. Y matches the
200-ohm balanced impedance to 50 ohms unbal-
auced. For best weatherproofing the balun should
he supported so its loop extends above the trans-
mission line.

The wntecl-covered copper wire will support
itself for at least 500 feet. f u 1000-foot base
line is used the two lengths of line should be
made equal before installation. The spacing of

20" _| SPOTFACE Y/, 014
32 /
USRS T V7 B
’\ g

h(u
Nl

Fig. 10 — Transmission-line spacers. The side pieces
clamp the line conductors to the remainder of the ring.
The material is acrylic thermoplastic such as Plexiglas.

the wires can be kept uniform by using spacers
built uy shown in Fig. 10. Spacers placed every
30 feet or so appear to keep the line spacing satis-
factorily uniform.

1t uppeurs advantageous to ferminate the
transmission lines at the center of the base line
and to transform to unbalanced line before adding
the rignals in the hybrid. A termination pole at
the center will in addition permit the use of
several base lines all having the saume centers.

The Hybrid

Fig. 11 shows a hybrid that has proven to be
satisfactory. The ring is made of 70-ohm cuble

RG=1/u
7

Yy
~'»};——~——— =3¢
F0R 3 1" 17.250" 3 REQD.
A, . -
FOR T 'L"=53.250° 1 REQD.

uG-21 o/u

UG-28AJu

i

UG-28 Al —

Fig. 11 — Construction of the hybrid junction.

(preferably double shielded) and the antennas
are connected to .1 and (¢ B then has a null
output when the signals at the antennas are
out of phase and D has a null output when the
antenna signals are in phase. Fig. 12 shows the
measured isolation between arms B and D with
matched loads on 4 and (! ax u funetion of fre-
quency.
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Fig. 12 — Measured isolation in a hybrid junction of
the type shown in Fig. 11.
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S Strays “§s

W2FW found a new source of surplus radio gear — his local junk yard has all sorts of bargains,
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The monitoring oscillator installed in a Viking Adven-

turer. The NE-2 neon bulb and R3 are mounted on a

tie-point strip to the right of the lower filler capacitor

and the two capacitors in the monitor circuit are sup-

ported by the strip and the key jack. The voltage divider

resistors, R| and Rz, are mounted in the power-supply
section on existing terminals.

HILE THERE ARE some exceptions, most
SX/ c.w. operators find it difficult to send their
best code without monitoring the keving.
(lommonly the listening ig done on one’s own
receiver, which when working someone on the
sume frequency presents no problem except
proper juggling of the gain control. The crystal-
controlled Novice doesn’t want to limit his
operations to those few frequencies for which he
owns crystals, but in jumping back and forth
with his receiver he runs the risk, in the crowded
bands, of losing the other station. \What the
Novice, or anyone else, can use is o device that
will permit the user to hear his sending regardless
of the setting of the receiver. The keying monitor
eircuit shown in Fig. 1 is such a gudget.

‘This unit is designed to work with any cathode-
keyed transmitter. If the reader doesn't know
how his transmitter is keved, o look ut the dia-
gram of his rig will bring the sanswer. It should
be mentioned right now that the tone output of
this device duplicates your fist, but is not a
replica of the signal on the uir.

Operation

The monitor is & neon bulb, sudio-frequency
oscillator connected to the keying circuit in the
transmitter. Voltage for it is taken from the
transmitter power supply through a voltage di-

*Technical Assistant, QST
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A $1.69
Keying
Monitor

For Cathode-Keyed

Transmitters

ptasis:s B"
. LEWIS G. McCOY.* W1ICP

vider 21R%. The headphones are permanently
connected both to the oscillator und to the rve-
ceiver. When the keyv is eclosed, the osecillutor
generates a tone that is heard in the phones. The
receiver cun be switched to stund-by or left on,
depending on the station controls. However, if
the receiver is left on and the station being
worked is on or very close to the operating fre-
quency, then the monitor tone iy likely to he
drowned out by the receiver output. \When the
kev is open, the neon bulb extinguishes and the
audio oscillation stops, so received signals ure
heurd as usual. High-impedunce heuadphones
must be used.

Construction

The monitor can be mounted as u separate
unit with interconnecting leads to the receiver
and transmitter. We preferred to mount it in the
transmitter because then the only external leads
needed were those to the receiver headphone
jack. Practically uny transmitter will have ade-
yuate spuce for mounting the few components.

‘The accompanying photograph shows the in-
stallation in a Viking Adventurer. Similar tech-
niques can be followed with other transmitters.
An open circuit-jack, J;, wus mounted on the
panel between the dial light and the power
switeh. A tie-point strip wus used for mounting
(", K3, and the NE-2 ncou bulb. A length of

“Simplest' is an often overworked word in
QST titles, but its use seems to be justified
in this article. Here W1ICP shows how fo add
a “sidetone generator’ (as they say in the
ads) to any cathode-keyed transmitter, at a
cash outlay that is quaranteed not to break
you.

LT T T T
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Fig. 1—Circuit diagram of

OF RF| STAGES
' NE-2

o

10 B8+
IN TRANS.

shielded wire wus used to connect from €y to an
RCA type phono jack mounted on the back of
the chussis. The phono jack J» is used for the
connecting lead from the headphone output of
the receiver. A length of shielded wire with a
phono plug at one end and a standard headphone
plug at the other makes up the connection he-
tween the transmitter and receiver.

The voltage needed to operate the monitor is
obtained from u voltage divider, [2iRs. The
values for Ry and 2o for some of the transmitters
in current usc are given in Table 1. In cathode-
keyed rigs other than those listed the vulues of
Iy and Ry must be found by experiment. A\
simple method for doing this is to use a two-wutt,
one-megohm potentiometer (rated to carry two
watts or more) as a voltage divider. One side of
the potentiometer is connected to the B+ line
and the other xide to ground. The voltage for
the monitor is taken from the arm (center ter-
minal) of the potentiometer.

The adjustment of the potentiometer is simple.
Turn on the rig but leave the key opeu. If a
signal from the monitor is heard with the key
open, adjust the potentiometer to the point
where the monitor shuts off. Close the key and
the monitor should be heard. 1f desired, the

HEADPHONE
4 JACK

o .

10 REC. : .

[ T . - .

7 L0 EAOPIONE the neon-oscillator monitor.
L JACK

Ci1—500-puf. ceramic,
paper, or mica,
500 V.

Co—.01-uf. ceramic or

paper, 500 V.
Ji—Open-circuit jack.
J2—Phono jack.
P1—Phono plug.
P2—Phone plug.

Ri, R2—See text and Table

I
R:—6.8 megohms, Y2 watt.

potentiometer can be mounted in the transmitter
and used uas the voltage divider. Otherwise, the
recistance valuex each side of the potentiometer
arm can be measured with an ohmmeter and
one-watt resistors substituted for the potenti-
ometer.

There are u few things we have pointed out in

Tuble 1

Resistor Vulues for Voltage Divider

Transmitter Ry R2

Adventurer 430,000 100.000
AT-1 330,000 (80,000
Ameco AC-1 330.000 680,000
DX-35 1,000,000 330,000

the past that bear repeating here. Alwavs be
careful in working around “live’ ecircuits. When
making connections or mounting components in
the transmitter be sire the rig is turned off. As
mentioned previously, the monitor will only
work with high-impedance headphones. The
receiver can be left on or switched to stand-by
when transmitting, depending on how the user
likes to opcrate.

I've Been Hamstrung

Holy smokes and Goodness suke,

I just received a card that made we shake.
You say my subscription to Q8T

Has just run out, Oh woe is me

Reetifiers are red, und condensers arve blue,
S how 1 would miss you

Your pages ire crammed with the lutest dopg,
(‘ould I do without you, the unswer is NOPE

I've got standing wuves all over the place,
And my VFO is starting to ruce

‘Things are in rough shape ns yon ean see,
And the only thing that helps is QST

Please iind enclosed four hard earned bucks,
Flying to you with the speed of ducks,

1'm a lousy pocet ias you ean see,

But renew my subseription to (OS7°

— IFOSXU

September 1957

W3PCGB recently participated in an all-
continent roundtable in which the roll was culled
and acknowledgements received in just one min-
ute and 25 sceonds. Stations in on the feat in-
cluded F7AC, HZIAB, Z4S6KD, KH6RU,
YV5FT, and W7DSO.

A few months ago we published a brief Stray
about & W6 who worked a couple of successive
call gigns on suceessive QSOs. Since then we've
been swamped with letters and cards reporting
similar coincidences. Okay, fellows, we surrender
—-1it ain't as rare as we thought it was!

Mr. Olims of the General Electric Co. is seere-
tary of the Detroit chapter of the IRE Profes-
sional Group on Vehicular Communications,
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Rear view of the Viking *Valiant.”
Final-amplifier components are grouped
at the center behind the baffle shicld.
The three 6116s are clustered around
the plate-feed r.f. choke. ‘I'he coil on
the ceramie form to the left is for 160
meters. The neutralizing capacitor is in
the upper right-hand corner of the
whicld. The hox ubove the xhield en-
closes the v.fo. components, including
its tube and screen-voltage regulator.
To the left are the low-voltage power
supply and modulator. At the right are
the high-voltage transformer and 860
rectifiers, ‘['he baflle strips that scal the
seam between the panel and cabinet
can be seen inside the rim of the pancl.

The Viking “Valiant”

ITH POWER-INPUT ratings of 275 walts on

e, and sab. (p.e.p. with auxiliary

exciter), and 200 watts on a.m., the Viking
“Valiant " fits into the gap between the *“ Ranger”
and the “Five Hundred.”” Both mechunical and
clectrical designs follow closely those establishdd
in other “table-top” units of the Johnson line,
with modific:utions to suit the power level.

The **Valiant” covers all bands, 160 through
10-meters, including the ll-meter band on a
separate band-switch position. The pi-network
output circuit is designed to handle antenna loads
of approximutely 25 to 2000 ohms at frequencies
above 7 Me., and 50 to 500 ohms on the lower
frequencies, with cnough additional latitude to
compensute for several thousand ohms of antenna
series reactance. A time-sequence system provides
chirp-free break-in keying with adequate en-
velope shuping to minimize clicks. The w.an.
modulator includes un adjustable clipper-filter,
and provision for push-to-talk operation with
control for an external antenna relay. Provision
is ulso made for s.8.b. exciter input (3 to 4 watts
p.e.p. across 50 ohms at the output opcerating
frequency). An outlet at the rear of the frang-
mitter affords access to the high- and low-
voltage supplies, filament supply and modulator
output for the aperation of other gear, such us
v.h.f. transmitter,

R.F. Section
The tube wrrangement is shown in block form
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in Fig. . A 6AU6 scries-tuned v.f.o. with o
broad-banded output circuit drives a2 GCLG
huffer-doubler whose plate cireuit is also broad-
banded. This stage ean be switched to serve as a
arid-plate erystal oscillator, The 6CL6 drives o
capacitive-bridge-neutralized 5763 buffer-multi-
plier having a conventional tank circuit with o
separate panel tuning control. The sereen of this
stiyze i8 on o potentiometer so that the excitation
to the finul muy be adjusted from the panel.
The final has three 61468 in parallel wnd a pi-
uetwork output circuit. This stuge is also neutral-
ized by the cupacitive-bridge method. Interstage
coupling is capacitive.
Bandswitching System

A single panel control performs all band-
switching funetions. A three-position switeh,
cam-operated from the band-switeh shaft at
appropriate intervals, scleets one of two basie
v.f.o. frequency ranges — 1.75 to 2 Me. for the
160- wnd 80-meter bands, or 7 to 7.42 Me. for
all higher-frequency bands. The third switch
position adds a small padder that lowers the
high-frequency runge of the v.tf.o. to cover 6.725
to 6.84 Mec. for (l-meter output. The basice
frequeney ranges wre provided by two entirely
separate temperature-compensated LC' eireuits
with the tuning caupuacitors ganged. The illumi-
nated v.f.o. dial hus o calibration mark cvery 10
ke. on all bands.

The broad-banded output circuits of the v.f.o.

QST tor
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and 6CL6 are made up of combinations of fixed
inductances loaded with resistance, selected by
the band switch. The v.f.o. output plate cireuit
is on 160 for 160- and 80-meter operation and
the 6CL6 operates us a straight amplifier on ull
bands except 10 and 11 meters where it doubles
frequency.

The 5763 has a two-section tank coil tapped
ut appropriate intervals. It works as a straight
amplifier on 160 and 40 meters, us a tripler to
21 Mec. and as a doubler on the remaining bands.
All unused portions of the tank coil arc shorted
out.

In the pi-network output tank, the coil is in
three sections with tups for the various bands.
All unused portions are shorted. The variable
tank capacitor is @ 120-ppf~per-section split-
stator unit. On 160 and 80 meters, the two sce-
tions ure in parullel and are padded with 4 scries-
parallel combination of four G00-volt silver-mieca
fixed capacitors totaling 330 puf. On 40, one
section of the vuariable is used in shunt with o
second series-parallel combination of fixed cupaci-
* tors totuling 150 uuf. On all higher frequencics
the tank capacitor is one scetion of the split-
stator variuble with no padding.

On the output side of the networlk, w 360-upf.
variable is connccted permanently in the circuit.
A switch with a separate panel control adds fixed

mica units us required.

Crystal-V.F.O. Switch

This switch has four positions — two for
crystal operation, one for v.f.o. operation and
one for setting the v.f.o. to frequency. For
the first two positions, sclect one of two crystuls
(or-a multiple-crystal plug-in unit) that may be
plugged in through an opening in the panel. This
opening is normally covered with a snap-in
dummy knob to preserve shielding and panel
symmetry. In either of the two crystal positions,
the v.f.o. cathode circuit is opened and the
v.f.o. output disconnected from the 6CL6 grid.
There is an r.f. choke and feed-back cupuacitor -
permancntly connected from the 6CL6 cathode to
ground and the switch adds the other feed-back
capucitor from grid to cathode to complete the
grid-plate crystal-oscillator cireuit. Crystals in
the 160- or 80-meter bands may be used for 80-
meter output, 80- or 40-meter crystals for output
on 40, and 40-meter crystals are required for the
remaining bands.

In the v.f.o. operating position, the switch
establishes the v.f.o. connections, removes the
6CL6 grid feed-back capucitor and shorts the
cathode choke and capacitor. The ecircuit is
essentially the sume when the switch is turned
to the position for sctting the v.f.o. to frequency,

160/40 160740720 ALL BANOS ALL BANDS
BFR. orf ANT.
VEO DBLR. S A8, MULT.
VO XTAL OSC. INPUT :
6CLE @

.
XTAL.

KEYER

J)v FO. SET .
Ty

CLIPPER

MOD.
Fig. 1 —
Block dm;.mm
of the Viking
“Valiant.”

DRIVER

SCR. SCR.
00 fL
INPUT
BIAS
RECT. HECT, H.V. RECT.
HTIRS
] ..................... FINAL & t40D.
I SCR. REG.
>lerT
o 0)
A c LINE EXT. RELAY
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Bottom view of the Viking “Valiant.” ‘The hand switch is at the center. ‘T'he xhield encloses the switch section
for the 6CLO and the 5763, and the highest-frequency coils for these two stages. The mica capacitors conneeted to
the hottom switch section are the pi-network input padders. The cam operating the v.f.o. erystal switceh is immedi-
ately above the shicld box.

‘The switch gang at the upper left is the mode switch. The pi-network output padder switch ix to the right of
the shicld. Still farther to the right is the pi-network output variable. The high-voltage filter choke is in the lower
left-hand corner, below the p.t.t. relay. ‘The one in the low-voltage supply is at the right, helow the driver trans-
former. The small coils at the bottom to the left are in the 'I'VI filters in the a.c. input line and in the icads to the
jack for an cxternal antenna relay. Those to the right are in the ‘I'VT filters for the auxiliary power outlet. The
small shield partition in the lower right-hand corner encloses the microphone and kev jacks. Controls visihle on
the panel, from left to right, are for the low-voltage power switch, oscillator switch, mode switch, exciter tuning,
s.f.o. tuning, band switch, final tuning, output padders, cxcitation control, output variable, clipping level, audio

gain, and high-voltage power switch.

except that the key is shorted muking it un-
necessary to hold the key closed while setting
frequency.

Keying System

The time-scquence keving system employs o
12AU7 to control blocking bins voltages to the
v.f.o., 6CLG6 aud 5763 grids. The blocking voltuge
ucts to turn the oscillator on an instant hefore
amplifiers wre keved and to turn it off an instant
after the key has been opened. The interval can
be adjusted to the point where a breaking sta-
tion can be heard hetween dots. The final, which
is not keved, is protected by a combination of
fixed bias and a 6AQ5 triode-connected clumper
which holds the plate current down to 10 ma.
when the key is opened or the excitation other-
ise removed.

Audio Section

A two-stuge preamplifier using a single 12AX7
provides ndequate gain for a erystal or high-
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impedance dynamic microphone. Provision is
alko made for 500-ohm line input to the cathode
of the sceond stage. The gain control is at the
grid of this stage. The microphone input jack
carrics conncctions for a push-to-talk switch
which operates a relay that closes the key eircuit,
turning on the exeiter, and also closes the primary
civeuit of the high-voltage transtormer.

The preamplifier is followed by ua clipper-
filter using a 6AL5 dual diode. The c¢lipping
level —up to 20 db.---can be adjusted from
the panel. The filter restricts the audio-frequency
range principally to o band between 250 and 3000
cycles. The filter is followed by a third audio
stage using a 6C4 which feeds the 12AU7 driver
with itg triodes in parallel. The driver is trans-
former-coupled to the 6146 Class AB2 modulator.

Power Supply

The power supply is in two scctions. ()ne,
using 866s und u single-scetion choke-input filter,
supplies 620 volts for the plates of the final and
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modulator tubes and, through dropping resistors,
voltage for the screens of the final and modulator.
The primary of the plate transformer of this sup-
ply is shunted by a conuector ut the rear for
control of external 115-volt a.c. relays. Both are
controlled either from a panel switch or the p.t.t.
switch.

The other supply, which furnishes all heuter
power (6.3 volts), hus u dual rectifier. One
rectifier, using a 5V4 and capacitive-input filter,
supplies #00 volts for the plates of the speech
amplifier and the plates wnd screens (through
dropping resistors) of the r.f. exciter. Screen
voltage to the v.f.o. is stabilized with o 0A2
vegulator tube. A tap on this supply is used to
operate the push-to-talk relay.

The second rectifier (half-wave) uses a 6BY5GA
with its clements in purallel and a capacitive
filter. It supplies u negutive bias of 265 volts
for the keving system and lower voltages for the
final and modulator grids. The primary of this
supply has u puauel control switch which is in
series with the primary of the 6G00-volt supply so
that the latter cannot be turned on unless the
low-voltage unit supplying bius is in operation.

The power unit is protected by a pair of fuses
in the u.c. line plug and a scparate fuse in the
primary of the low-voltage supply.

Auxiliary Power Qutlet

The auxiliary power outlet provides u menns
of using the *‘*Valiant” high- and low-voltage
supplics, filament supply and the modulator for
operating other equipment. The voltages avail-
able are 620 volts at. 350 ma., 300 volts at 75 .,
and 6.3 volts at 9 amps. The modulator power
output is approximately 100 watts. Removing a
jumpered plug from the outlet disconnects the
power supply and modulator from the r.{. section,
but. leaves the modulator connected to its power
cireuita. The panel power switehes und the push-
to-talk system of the “Valiant” may be used for
control of power to the auxiliary equipment.
The control for the external relay is lso still avail-
able, of course.

Metering
A milliammeter calibrated in three current
ranges may be switched to read combined v.f.o.
and 6CL6 cathode current, 5763 cathode current,
vrid or cathode current to the final, and cathode
ewrent to the modulators. There is also an
off position to keep the mcter from taking a

beating during c.w. operation.

Mode Switch

The mode switch has three positions. In the
¢.w. position, the key is activated, the 620-volt
power unit supplies final sereen voltage through
the clamper-tube system, the sereens of the
modulator are grounded, and the sccondary of
the modulation transformer is shorted. In the
a.m. position, the key is shorted, the short is
removed from the modulation transformer, and
the modulator sereen voltage is regulated by a
pair of 0C3s in series. The clamper is still in
operation on a.m. to protect the 61468 during
adjustment, or failure of excitation. In the s.8.b.
position, the grid of the 5763 stage (this stage ns
well as the linal is operuted us u linear on s.s.b.)
is disconnected from the 6CL6 output and con-
nceted to the s.8.b. input juck, the sereens of the
modulator are grounded, and the sereen voltage
to the final is regulated by the 0C3s.

General

The “Valiunt” is supplied with o one-piece
cabinet, tightly bonded to the chassis with u
generous supply of serews. The seam between
the pancl and cabinet is sealed on the outside by
the panel which overlaps the cabinet, and on the
inside by tightly-wedging buffle strips. All power
leads, including those to the meter, pancl lamps,
auxiliary power outlet, untenna-relay jack, key
jaek and power plug have capacitor-inductor
TVI filters.

The unit measures 2114 inches wide, 173%
inches deep and 113% inches high. It weighs 83
pounds. Input from the line is 185 wutts in
stand-by condition, and 560 watts under fully
loaded conditions on all modes. -— D). M.

“f-Straysel

Because of the unprecedented number of en-
tries in the 23rd ARRL International DX Com-
petition, the June V.H.F. QSO Party and the
1957 Field Day, DX Test results cannot be pre-
sented this month. Logs are being processed by
Clommunications Dept. personnel at a rapid rate,
however, and final standings will soon appear in
QST. Please bear with us,

The MARS-USAF Eastern Technical Net con-
tinues operation on 3295 ke. and 7540 ke. on
Sunday afternoons starting at 1400 EDST.

September 1957

The list of speukers for September, and their
subjects, includes the following:

Sept. 8-— Mr. Robert I. Colin, of Federal
Telecommunication Laboratories, will speak on
“TACAN, Acrial Navigation.”

Sept. 15 — Mr. James Douglag, of Yale Umi-
versity, will speak on “Venus Calling.”

Sept. 22— RADM Rawson Bennett, Chief of
Naval Research, will speak on “What Resecarch
Has Done For Electronics."”

Sept. 29— Mr. Huwrry Walluace, of Inter-
ference Associates, will speak on ‘“Radio Inter-
ference Reduction and Measurcments,”
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How's Your Soldering?

Practical Pointers on Making Good Joints

has been necessary for the radio con-

structor, and since the introduction of kits
for the amateur, the need is more apparent than
ever because of the more complex ¢yuipment
heing put together by beginners. We hope that
the following may be of us much interest to the
old timer as to the new member of the club ex-
citedly unpacking his first kit of electronic parts.

UNDERSTANDING the art of soldering alwuys

.
’

= UNPACKING
HIS FIQST KIT OF
ELECTRONIC PARTS

In order to understand some of the difficultics
encountered in soldering it is nccessary to ap-
preciate exactly what it is that we are attempting
to accomplish. Soldering is the honding together
of two similar (or dissimilar) metals by meuns of
4 third metal which exhibits the property of ad-
hesion when in the molten state. The melting
temperature of solder, a4 mixture of tin and lead,
is determined by the percentage of tin. The pro-
portions of tin and lead are usually indicated by
the manufacturer, 50-50 being u common
mixture for clectrical work.

The principal obstacle to good soldering is
oxidation. The rate ut which a metal oxidizes is u
measure of its resistunce to the adhesive property
of the solder. Aluminum will oxidize at a rate
practically equal to that at which the melting
solder is applied, so regardless of the size of the
suldering iron or the melting temperature of the
solder, attempting to solder aluminum turns out
to be un exasperating ordeal as long as the oxygen
wver present in the air is in contact with the
aluminum. The thin couating of aluminum oxide
that forms will not allow the solder to adhere to
the clean metul directly below.

You say you can't construct a vacuum cham-
ber in order to solder two picees of aluminum
together? No need to, since the application of a
high viscosity oil or greasce immediately on clean-
ing the surface to be soldered will protect it from
the atmosphere and allow the melted solder to
guin access to u clean arca free. of oxidution. An
casier way to solder aluminum, should the occa-
sion arise, is to use an uluminum flux. Even so,
the amount of energy expended in the prepara-
tion of the surface hefore applying the flux will
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BY JOHN E. MAGNUSSON,* WEAGD

e Everybody knows how to solder — or so
they think. It will pay to read this, just
in case you may have missed onc or two
of the fine points.

be reflected in the degree of success obtuained.
This ulso holds true for other metals than slum-
inum; stubbornness to the adhesion of solder
with any metal merely indicates the presence of
oxidation in varying degrees. Soldering two new
and shiny picces of copper together is a real
pleasure. So the first rule is that the two surfaces
to be soldered must be clean and bright.

The Importance of Proper Heat

Contrary to the general impression, there is a
great deal more to soldering than merely melting
the solder with an adequate amount of heat and
piling it ncatly (or otherwise!) on the junction to
be bonded. Surprisingly, there are more pcople
soldering poorly than there are doing an adequate
job of soldering. Manufacturers selling equipment
in kit form will concur that the largest pereentage
of trouble experienced by customers is directly
traccable to the inability to solder properly.

SURFACES

To BE SOLDERED -
MUSTBECLEAN ~ }

AND BRIGHT

Take the example of the too-common “‘rosin
joint” or “rold joint.”” When scveral connections
have to be made to u single tie point the result
will often be a cold or rosin connection unless
proper precautions arc obscerved. As heat is ap-
plied to the solder and the conncction, the rosin
tlows around each individual conductor connected
to this particular tic point in order to keep the
metal clean and free from oxidation for the solder
to follow. If un inadequate amount of heat is
applied the rosin will not be displaced by the
solder, and as the connection cools a thin couating
of rosin actually insulates each connection from
the other and the tie point. In a cireuit where an
appreciable amount of voltage is applicd the

* 2728 Delewood Ave., 8.E., Cedar Rapids, lowa.
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rosin film may break down and may never be-
come evident to the builder. However, the con-
nection might be for the grid of the first audio
stage, where we are deuling with a few hun-
dredths of a volt, and in that case we could just
us well have left the connection out of the equip-
ment for all the good it will do.

By the sume token, excessive heating of a con-
neetion will have the sume unhappy effects.
The solder itself will oxidize when overheated.
All of us have had the experience of picking up a
soldering iron ufter a long period of heating on
the stand and finding it practically useless. The
gray and granular-looking appeuarance of the
tip indicates oxidized solder. Eventually this
gives way to a crusted bluck copper oxide which
makes the iron uscless until retinned.

Overheating of the connections may also have
more serious consequences thaun a poor connec-
tion electrically. The values of composition resist-
ors will change very uppreeiably with excessive
heating, and the semiconductor devices employed
in some circuits may be destroved. A little com-
mon sense goes as fur in soldering as it does in
any other endeavor: use enough heat to make the
solder flow freely but don’t apply the iron any
longer than is necessury to make o good joint.

Applying the Iron and Solder

The old saying about the cruftsman and the
condition of his tools certainly applies when one
considers the tip of the soldering iron — called,
more correctly, the “soldering copper.” This
copper tip will oxidize at an alarming rate when
heated unless it, too, is protected from the at-
mosphere with a thin coating of solder. During an
evening session of soldering it is advisable to
wipe the tip clean oceasionally with a dry cloth
und replace the excess solder just removed with a
fresh supply. A heut-regulating stund ulso will
add greatly to the life and usefulness of the
instrument. With the tip of the soldering iron in
top condition, and using a good grade of solder
with s rosin core, one should be able to pluce the
tip on one side of the connection to he soldered
and the solder on the vpposite side and actually
pull the melting solder through the junction
as it becomes heated to the proper temperature.
In order to provide maximum heat transfer from
the tip to the conncctions to be soldered, it is
usually desirable to melt a smull amount of solder
hetween the tip aund the connection before moving
the supply of solder to the other side. But don't
attempt to solder by melting the solder against
the tip and letting it run onto the work. This will
burn up the rosin before it gets a chance to do its
job of clenning the way for the solder itself.

Once the solder is flowing smoothly through
the connection there is no need to pile on an
excessive amount of solder sinee it will add little,
vither clectrically or mechanically, to the con-
nection. When in doubt as to the reliability of u
given conncction merely rcheat it, adding the
minimum possible amount of solder, and sece
whether there is any evidence of rosin boiling up
through the melted solder. Again keep in mind
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that prolonged heating of a connection may have
the same ill effects as inadequate heating.

It is generally sufe to say that the ease with
which the connection takes the solder is a goud
indication of the reliability of the joint. Connec-
tions that scem to take twice us long and twice
as much solder as normally expected should be
examined closely; the possibility that the solder
has flowed away from the joint to neurby connec-
tions is ever present. This form of short circuiting
is uite common in the crowded areas around
tube-socket terminals and the terminals of multi-
ple tic points. Such a difficulty is usually indicu-
tive of excessive oxidation of the leads or ter-
minals, and usually a small amount of scraping
is necessary in order to uchieve the proper elee-
trical connection. Patience is a very rewarding
virtue in soldering, since tracking down a poor or
intermittent conncction later can be as frustrat-
ing as trying to put a ruw oyster in a parking
meter.

Soldering Irons

The sclection of equipment. is more or less a
matter of personal choice. The present-day

market displays a wide variety of soldering pens,
guns, and irons of all shapes and sizes, with and
Hixperience die-

without thermostatic control.

- A MATTER OF
PERSONAL CHOICE
tutes that at least two sizes are almost an absolute
must. Perhaps the most generally useful soldering
iron for general building, as well as repair work,
is the 60-watt size. This size is smull enough to
get into fairly tight spots, but still has enough
capacity for the hecavier connections that are
typical of transmitter tank circuits. A fine follow-
up for occasional heavy work is the fast-acting
two-speed 200-250-watt soldering gun.

A reasonable amount of care should also be
used in the sclection of solder. Never use re-
¢luimed solder in the construction of electronie
equipment of any kind. (If the solder is reclaimed
it should be clearly marked on the end of the
spool.) By the same token, avoid bargain solders
and youll avoid bargain connections. And ul-
ways use rosin flux on radio gear.

As is true in all pursuits, experience is the best
teacher. The knack of being able to solder almost
anything at will comes after exposure to several
discouraging defeats. One cannot expect to master
soldering in u few easy lessons, but one can im-
prove upoun his present ubility, regardless of ex-
perience, by assuming that there is possibly a little
more to learn about it.
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bands, sithough in recent yeurs it has de-

generated, in many guarters, to an activity
for mobiles on [0 and 75 meters. But not. in
Southern New Jersey. Always a hotbed for v.h.f.
interest, the urean served by the South .Jersey
Radio Association has scen 2-meter transmitter
hunting (and hiding) developed to a fine art.
Here is the story of u typical hunt, together with
some ideas on equipment and antennas.
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