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CHART YOUR COURSE TO EIMAC
for dependable, high quality power tubes

cuAss oF TYPICAL OPERATION — SINGLE TUBE ]
EveE OPERATION 1o, c. PuaTE D.C. PLATE |o.c.screen | o.c. orin ‘ ‘B;’,Sg’;om’ﬂ 0.5 'SCREEN i e GRiD | RoWEn | FILAMENT
_ smvl.cz | vouvace (AMPERES) i VOLTAGE l VOLTAGE ' WATTS) i NURRENT, nunnzrg) ?#;FTUST) \ AM'ﬁ_nEs
3-400Z ~-i--s—§—§«~ Taooo ) iggm : - ! 0 : 32 [, - 12 655 |
3-1000Z "‘ggg“‘ 3000 : 2‘7‘8[3) \ - \ 0 i 65 ; - .30 1360 E
T TaB1/ssB l2000 | 125 | 350 ! -850 0  |0/00581 | 0O 300
4cx2s0B | coew 2000 | 25 1 250 . -90 | 29 | 019 026 390 —iig
B | c/am T1s00 T 20 T 250 "-100 | 17 | .02 014 235 | N
(ABL/SSB | 2500141 { 1/25m ' 350 | -s551] 0 | 0/.004 0 400 6o
4CX300A | CTW | 250006 | .25 250 90 | 28 | 016 | 025 500 | -
- C/AM | 1500 ‘ 20 | 250 '-100 | 17 | 02 | 014 235 |
4CX1000A | AB1/SSB ]3000 | -25/.9013) l 325 | ~60mi 0 t.ooz/.oas} 0 1680 »%?g-
AB1/SSB | 3000 i015/.065m] 0 | 85| o ' o0/006 | 0 | 130 | o
a65a | cow |3000 | .12 | 250 1 -105 : 16 | 022 | 009 | 270 gg
C/AM {2500 | 102 | 250 [-150 ; 31 | 026 | 013 210 -
| AB1/SSB | 3000 | .03/.105W! ; 510 | ~e5t9| 0 , 0/006 | O 200 |
B/SSB4I | 3000 | .02/.115(3) 0 : o | 16 | 0703 I 0/.055 | 240 J 5.0
#125A [ "cow [3000 | 167 | 30 | -1s0 | 25 | 03 | Q09 | 375 6.5
C/AM  |2500 | 152 | 350 -210 | 33 1 .03 | 009 | 300
| ABL/SSB |3000 | .055/21 | 600 [-11019] o o012 | 0 | 400 |
4-250A | coow J_sooo | 345 | s00 |-180 | 26 i .06 .01 ; 800 J\ —f}é
CAM 3000 | 226 | 400 |-310 | 32 | .03 009 | 510 |
AB1/SSB |3000 | .09/301 | 810 |-1401] o | oz018 | o | 500
sa00n  [B/SSB? m5 3000 | 07730 o | o | 40 | 0.0 | 0.10| 520 _ 50
cew 3000 | 35 [ s00 | -220 61 | 046 | o019 | 800 | 145
) G/AM f3000 | 275 | 500 | ~220 35 | o026 | o012 | e0 |
| AB1/SSB | 4000 | .17/.48(%) | 1000 | ~130(s) o o004 | o | 1m3 |
410008 :B/SSEU) 4000 le 670 o | o 105 | o0/08 | 0415 | 1870 | 75
cew lao00 | 70 | s00 | -150 12 137 | 03 | 2100 | 210
C/AM 14000 | .60 | 500 | -200 11 132 | 033 | T1910
3CX100A5 cowo | 800 | 08 | — | -20 6 - o3 | w7 63
2C39A | coamtn | 600 065 - ~16 N 035 l 16 | 10
{11 Ratings also apply to 4X250B. 15) Adjust to give stated zero-signal plate current.
(21 Ratings apply to 4-250A within plate dissipation limitation, ¢} For operation below 250 Mc only.
{3) Zero signal and maximum signal d¢ current. {71 At 500 Mc.

(41 Grid and screen grounded, cathode driven.

Above you see popular Eimac tube types suitable for ham transmitters. Remember
this chart when you need a tube. And remember the name Eimac. It means power.
Quality. Dependability. For Eimac has more }\now how, more experience with
power tubes than any other manufacturer. Your local Eimac dlstrlbutor can
supply you with any of these tubes listed and Eimac sockets to
match. Or for complete data, write Amateur Services Department,
Eitel-McCullough, Inc., San Carlos, California. Subsidiaries: Eimac,
S. A., Geneva, Switzerland; National Electronics, Geneva, Illinois.




ALL PR CRYSTALS are Continuously
Monitored for Frequency
During the Lapping Process

AMATEUR TYPES

FUNDAMENTAL, PR
TYPE Z-2—Frequen-
cy Ranges in Kcs.:
3,500 to 4,000 (80-
M); 7,000 to 7,425
% (40M); 8,000 to 8,-

222 (2M); 8,334 to
ﬁ & 9,000 (6M) = 500

Cycles ...$2.95 Net
(All Z-2 Crystals calibrated with a
load capacity of 32 mmfd.)

Third Overtone,
PR Type Z-9A,
24,000 to 24,666
and 25,000 to
+ 27,000 Ke., = 3
Kec. ..$3.95 Net

6 Meters, Fifth Overtone, PR Type
Z-9A, 50 to 54 Mc., = 15 Kc.....
$4.95 Net

Citizens Band, PR Type Z-9R
005% ..ooviiinn $2.95 Net

MINIMUM ORDER $10.00
ORDER FROM YOUR JOBBER

Precision at every stage of manufacture is
responsible for the outstanding excellence of
PR CRYSTALS. Here is a view of the Lapping
Room, where blanks for PRs, previously cut and
edged, are ground smooth to specified frequency,
ready for etching to insure absolute stability
during the life of the crystal. During the lapping,
the crystals are continuously monitored for fre-
quency with Collins 51J receivers.

PRs are in the rigs of thousands of proud Ama-
teurs. They are famous for accuracy, depend-
ability, high activity and low drift. Every PR
CRYSTAL is UNCONDITIONALLY GUAR-
ANTEED. Get yours today from your jobber.

5%/5

Sm(e m4
USE m AND I(NOW WHERE YOU ARE

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




Section Communications Managers of the ARRL Communications Department

Roports Invited. All aimateurs, especially Leavue moembers, are invited to report station activities on the first of ench
month (for preeeding month) direet to the SCM, the ‘ulnuulstrnznc ARRL ofhcial clected by uewhers in each Section,

Radio club reports are also desired by SCMs for inclurion in QS7°
available in arcas shown to qualified Learue members holding
Class or above, These include ORS, OES, OPS, OO0

licenseex.

ATLANTIC DIVISION - .. ..

nd OBS

RRL Field  Orpanization station appointments arc
nadian or ¥CC wimateur license. Ceneral or Conditionul

CMs desire upplications for S1C, 1C, RM and PAM where
vaeanecies exist. O1S, vt bands appointment, is available to ‘Cechnictans and Novice, us well as to full-privilege amateur

fastern Pennsyivania 3 Allen R. Rreiner 212 Ruce S “Fuma ]
Maryland=-Delaware-1), U, W3JZY Andrew 1. Abruham RED L wmlthbum. Md.
Delaware ** K3LUKTF M. I+, Nelson 505 Milltown Rd. Marshulitown
Southern New Jersey FK2RG Herbert (', Brooks K00 Lincoln Ave, Palmyra
Western New York K2HUK C'hurles T, Hansen 211 Rosemount Drive Rufulo 26
Western Pennsylvania W3UHN  Anthony J. Mroczka $75-51h 8 Donora
I .— CENTRAL DIVISION
['inois WIPRN Tudmond A. Metzger 1520 Routh 4th St. Springtield
Indlana WOFWIL  Donald L, Holt 312 Fast 2%th St Anderson
Wisconsin WG Wenneth A, Ebneter \"’ Wauona ‘I'vall Portage
,,,,, - - DAKOTA DIVISION
North l).;km.; WOHVA H |rold A Wwengel 1416-6th Ave. Willlston
Houth Dakota WORRN  J. W. Skorski 1900 8. Menlo Ave. Sloux Iulls
Minnesota WPRJIZ Nrs. l,} (11.; S. Johnson 1258 Van Buren St. St. Pawd 4
A DELTA DIVISION —
Arkansas KOHCIR Oudla L. Musgrove W. Baraque Ave. Pine Bluft
Louistana VWASEAMO  Thomus J. Morguvi H(l‘l RBeutlleu \t Mletaire
aississippl W nI‘\l.\l S, 1, Halrston 2421-27th Ave, Aleridian
‘Tennessve W40 David . Gogglo 1419 Favell Dr. Mcemphis 16
—_— . CGREAT LAKES DIVISION -
Rentucky WAREW Elmer (i, Leachman P, 0. Bnx 406 Ashland
Michigan WRIFN Ralph P, Thetreau 27209 W, Six Mlle Road Detroit
oOhio WXAL Wilson E. Weckel 2118 Tuscaruwus St. W W 'unton ¥
HUDSON DIVISION
r‘.mtcm New York W2gEiry George W, "'Tacy 1148 North Ceuntry 'lub Drive Schenectudy
. & Long Island W20B1US Gieorge V., Cooke, Jr, 3 Dalsy Lune C'ommuek
\’orthcm New Jersey WAZAPY Daniel H. Kurley 216 Grove Ave. Metuchen
e .—MIDWEST DIVISION _
Towa WONTR ennis Rurke 1418 Douglas Ave. Ames
Ransus WOALA ! Leland Cheney %114 Levitt Dr. Wichita 7
Missour! WOBU(TL o 711 8. Oukland st. Webb Clty
Nebraska WPEXP Charles i, McNcel Route 3, RI'D North Platte
— NEW ENGLAND DlVlSlON _
‘onnecticut WICHR ienry B. Sprague, Jr. Cartbridge Rd. Weston
Mulne WIBCB Albert ', Hadson 370 Capsle 8t. Portland
WIALP Frank L Buker, ir. x5 solar Ave, Hrualntree 85
: WIBVR Perey ', Noble t. Denms St. Westheld
ire 1YHI Albert I, Haworth ‘ Douglas st. f\[.lnl‘hi‘hlcl'
Rhode lql.md KI1AAV John k. Johngon .m lv Tuit St. ucket
Vermont WIEIB Miss tturriet Proctor P. O. Box 9 b.mt Middlebury
—— e e NORTHWTESTERN Dl\'lSION _ - -
Alaska 1\1.7BZ(» Kenneth E. Koestler 2005 Sunrise r. Anchorage
1daho W7GGV Mrg. Helen M. Malllet  Route 1, South Pocatello
Montana W7KUH Walter R. Marten 3021-6th Ave,, So. Gireat Lulls
vregon W7AIN Bverett 1. Franee 3435 8.1, 116th Ave. Partland
\Vaahinglou W7PGY Robert B. I'hurston 700-31st Ave. ., NS, Seuttle 15
PACIFIC DIVISION — ... - N
Hawall * KHBARL ilike Fern . O, Box 107 Lihue, Kauai
Nevada W7PBV f.eonard M. \Jorman #52 Utah St. Roulder C'ity
Hanta Clara Valley W6ZRJ Jean A, Gmelin 1089 Huntingdon Lirive Ran Jose 29
Liast Bay W6OJ W R. W. Southwell 200 Houth Seventh St, 1ixon i
san praneisco W6BIP Wilbur E. Buchman Durtmouth St. San I'rancisco 24
Hacramento Valley W6B1TY Cicorge R, Hudson 209 Meer Way Sacramento
8an Joaquin Valley WwWe6JPU Rulph Saroyan 6204 k. Townsend Ave. I'resno
O ROANOKE DIVISION ——
North (‘uarolina w4l N. J. Boruch 314 Sunset. Ave, Wimington
Bouth Curolina K4HDX Lee ¥. Worthington 18 Crestview Drive Spartanburg
Virginia W4QDY Robert L. IFollmar 1057 Dune St, Norfolk 3
West Virginia WEIM Lonuld B. Morris 111 Alexander Place Ialrmont
ROCKY MOUNTAIN DIVISION PR
C'olorado W ;’\ IT Donuld S. Middleton 920 West Adums SHt. Pueblo .
Litu] Thomas H. Miller (48 South 3360 [ast Sult Lake City 9
New Mexico Curl WL I'rang 3 Krogh C'ourt, N.W. Albuquerque
Wyoming I.. D. Branson 42 South kElk Cusper
. __ _SOUTHEASTERN Dl\'lSlON - -
Alubama * Walter W. C'olcman Springville

Fastern Florida
Western IMlorida

Albert L. Hamel
lrunk AL Butler, jr.

‘Thomus B. Dehels

Albert [ Hill, )r.

William C. Shelton

Rea
Roy K. bgzloqmn

Rl(-h wird W, Roberts
. W. Skarstedt

Cieorgia WHLG James A, Giglio
\West Indies (P. R.-V.L) KpiDJ William \Werner
Canal Zone KZ5TD

.08 Angeles W6JQB

Arlzona W7QZH Kenneth P. C'o
dan bDicgo WHLRU Lon Stunsifer
Sunta Barbara KRBAAK

Northern ‘I'exas W5BNG T.. L, Hurbin
Oklauhoma WS5DRZ Adrian V.
Southern l'exas WSQEM
“Maritime VEIWB D, B Weeks
<mtario VIEING

Quebee VE2DR

Alber! VESTG tiarry Hurrold
Brlthh C'olumbia VE7I'B H. E. Savuge
NManitoba VESY M. S8, Watson
Suskatchewun YESBL Juck Robinson

e ————————

SOUTHWESTERN DI\’ISION

WEST GULF DIVISION .

463 Rumon Llovet
. 0. Rox 111

& Metropolitan Ave., S.I,

Pompano Beuch
Furt Walton Beuch
Atlanta 16
Lirb, Truman

kio Piedrus, P. R
Bulboa

361 No, Millard Ave.

221 ast Camelback, Suite P-15

4427 Pescudero
2036 Grandview Drive

Rialto
Phoenix 12
San Diego 7
Camarillo

t515 (‘almont
HBox
1109 \ornou Drive

CANADIAN DIVISION —

170 Norton Ave.
62 St. Johns Rd.

IKH Sth Ave.
t. 3 \\ext l'vh Ave.

45‘.’: Elzln Rd

I'orth Worth 7
Ketchum
C‘orpus C'hristl

tiarvey h‘mtlon. N. B.

Willowdale, ‘1'oronto, unt.

Polnte Claire
\I«)ntre.:.l .S.i P. Q.

lethbridge, Alta,
\'nnnnuvvr 8, B. ¢,
Winnipeg
Regina

* umelal appointed to act n'mnumrlly in the :hsence of & regular offietal,
2 Fiafeetive Dee. 10, 1962




INSTALL A FULLY

TRANSISTORIZED

=2

SPEECH}F’ROCESSING UN!T

IN YOUR TRANSMIT ANDYRECEIVE TERMINALS

and you will. ..

: ¢ Maintain Constant Transmitter Voice In-

power.
¢ Minimize transmitter overload kickouts.

e ‘Push’ signals through QRN with peak
limiting and pre-emphasis (provides 50
to 60% increase .in ‘intelligibility under
adverse sighal conditions).

Request
Bulletin - * Reduce “singing’’ when used w;th a voice
2026A , hybrid.

THE TECHNICAL MATERIEL CORPORATION
and Subsidiaries MAMARONECK N. Y.

OTTAWA, CANADA o ALEXANORIA, VA. o.-GARLAND, TEXAS -« LA MESA, CALIF, o POMPANO BEACH FLA o - LUCERNE, SWITZERLAND




iz AMERICAN
RADIO RELAY
LEAGUE, wc,

is & noncommercial association ‘of radio gmateurs, bonded for’
the promotich of interest in amateur:radio communication @nd
experimentation, for the reloylng of messages by radio, for the

onits boord ' )
"Of, by and for rhe omoleur, |0 numbers wnhin its ranks prach- i

Inquiries regurdmg membership are""‘soliclted A bor ;
interést in amateéur radio is the only essential qudlification; awner-
ship 6f @ transmitting station and knowledge of L

-_prerequisite, although full yoting membershup is granred only fo
licensed amateurs.

>

l; w4
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900 Wnlsh:re Blvd., Los Angeles 17, Califarnia :
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Generaf Counsel... ."". .:.". “ROBERT M, BOOTH, JR,, W3PS
1735 DeSales St., N. W., Washington 6,D.C -

Associate Counsel . .., . .75 .., . ARTHURK. MEEN, VE3RX "
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DIRECTORS
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NOEL B. EATON’ ..................... VE3CI
. 4. Burlington, untarlo
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Atlantic Division
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“It Seems to0Us...”

HONESTY IN REPORTS

s we've said several times recently on this
and other pages of QST, & major problem
facing the amateur service today is congestion
in our bands. While the amuteur body con-
tinues its steady growth, bund limits remain
finite. Individual station bandwidths, at least
in proper operation, have been whittled down
pretty much to the minimum the state of the
art permits. The real solution, we believe, is
sincere amateur attention to the League's
program to ulleviate congestion through a
more intelligent use of our frequency privileges
----- - proper choice of bands for the distunce
covered, use of minimum power, and a better
understanding of the technical capabilities and
limitations of equipment.!

Our operating techniques can stand some
close scrutiny, as well. And one key to im-
provement of our situation is the giving of
honest reports.

Here's what too often happens: WALABC
vets on the air with a new sidebund rig, a
manufactured job. He's so eager to get it
going he hasn't read the instruction manuul
except cursorily. After all, he's held an FCC
license a couple of vears and ought to know
how to run the thing. ¥rom what he’s heard
about linears, he expects the input meter
needle to reuct substantially when he speuks,
and he adjusts the mike gain accordingly. Of
course, he “fat-tops.” He makes « contact —
and here is where our system falls down: the
euy at the other end says, “ you sound swell,
OML, 5 by 9 plus 30 db., excellent quadity.” He
works a couple more with the sume results.
Suddenly a more conscientious or better-
equipped station reports his splatter. ABC
nuturally concludes the guy is a jerk, or a
trouble-maker, since evervone else has rated
the signal as tops. So he goes merrily on his
way, continuing to produce a considerable
amount of splatter and resultant interference
to others on adjacent frequencies.

The offender is no more to blame than the
contacts who give him erroncous reports of
excellence. The inaccurate report may be due
to sheer ignorance of whut the signal showld
sound like, or a failure to check for spurious
away from the * carrier.” It may be the report-

! B.g., sce page 11, November QN7; puge 52,
this issue.

ing operator heurs the gurbage but, since the
transmitter has been identitied as the latest
manufactured unit, it is obviously a fault in his
recéiver. And although we hate to admit it, it
may be because of a milquetoust attitude, a
fear to start any argument with u fellow ham
you want to cull your friend.

We need more *‘arguments’’ about our sig-
nals these days — we mean, of course, gentle-
manly discussions and a searching analysis of
emission quality. Kach signal, especially from
a new or modified rig, should undergo careful
examination of its characteristics. liven a two-
letter call with u rig in use for some months is
not exempt from possible misudjustment. ‘The
transmitting operator should receive honest
views of how the signal sounds — better yet,
how it looks on the scope. If it lenves some-
thing to he desired, tell him so. We can’t afford
spuce today for energy which isn't doing a
communications job.

We've picked s.s.b. for the initial point of
discussion, and indeed improperly operated
sideband signals are major offenders in our
crowded voice bands. But the principle applies
to a.m. as well, and to ¢c.w. “Ur579hrin . . .7
is too often a standard habit, regardless of
actual readability, strength or tone. If he has
clicks, chirp, contact bounce, or whatever, tell
him so!

We cun live in our congested bands, but only
with full cooperation of all active amateurs in
a better understanding of the technical limita-
tions of our equipment. And 10097, honest
reports are an absolute necessity, so that dis-
crepancies may be cleared up immediately
rather than permitted to take up priceless
band space we need for communication.

A SALUTE TO LR.E.

TN mid-1912 a group of professional wireless

engineers met in New York City to form, as
an outgrowth of the Society of Wireless Tele-
graph Engineers and The Wireless Institute, o
new organization which they named the Insti-
tute of Radio Engineers. The first roster con-
tained names synonomous with the eurly
development of wireless, both professional and
amateur: deForest, Hogun, Pickard, Collison,
Farnsworth, Goldsmith, Hebert, Vanderpoel,
Clark, Kolster, Hammond, Pacent, Sarnoff,

(Continued on next page)
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Iastham, Spangenberg, Alexanderson, Apgar,
to mention a few.

IRE commenced operation with 46 mem-
hers; today it has grown to 100,000, Initially,
all organizational work was on a volunteer
hasig; today a staff of more than 200 services
the Institute's nceds. Part of this growth,
assuredly, has come from the vast expansion
of the electronies industry. But much of it has
come about becuuse the organization has had a
real purpose, and its guiding directorships and
operating staff have carried the Institute
steadily forward towurd such objectives.

A hearty salute, then, to our “hig sister”
society on its (Golden Anniversary!

mfest Calen

New York — The Westchester Amatcur Radio
Association will hold its Christmas dinner at %:00)
.M., Dec. 20, at the Cubin Restaurant, 1172 Knoll-
wood Road, White Plains, N. Y. The guest speaker
will be Morton B. Kahn, W2KR, Hudson Division
Director. Tickets are $5.00 per persou, and may he
ohtained at the door or in advance from Stan Roth-
man, WA2NRYV, 247 No. Regent St., Port Chester,
N. Y.

FEEDBACK

We have just learned that W6TKA was the
photographer who took the picture of the W6ULS
transmitter used on the November cover. Our
apologies to WOTKA, beeause tuking a photo of
such an intrieate set-up is no easy matter!

‘&-Stravys

OUR COVER

For ucsthetic purposes we've permitted
considerable artistic license on this month's
cover, Chubby Mr. C. has quite a load on
his sleigh this veur, and his schedule shows
o gpecial stop on the WI1AW property in
Newington, (lonnecticut. But Santa is
really the Lewgue membership whose con-
tinuing contributions to the Building IFund
are in process of providing the finest gift
ARRL could ever reeeive. The package ig
certainly attractive, but — more impor-
tunt — is useful and functional. It is u gift
which, when completed next Spring, will
keep on giving long after next Christmas
and dozens more to come. It is a present.
we members are really giving to ourselves.

Many thanks, OM and YL Santas —
and a Merry Christmas and Happy New
Yeur to you, too!

COMING A.R.R.L. CONVENTIONS

January 19-20. 1963 — Southeastern i~
vision, Miami. Florida.

March 15-17. 1903 — Michigan State,
Saginaw. Michigan.

\pril 26-28. 1963 — New England Divi-
sion. Swampscott. Mass.

July 5-7. 1963 — Rocky Mountain Divi-
sion, Albuquerque, N. Mex.

October -6, 1963 — ARRL National,
Cleveland, Ohio

October 11-13. 1963 — Southwcstern Di-
vision, San Diego. Calif.

W3HHC thinks he has the shack with the low-
est ceiling — 4-ft. 8-inch headroom.

10

Some Heathkit Model HX-10 Marauder s.s8.b.
transmitters have exhibited a spurious wignal at
13,990 ke. when operating c.w. at the very low
end of the 20-meter band. A modification kit to
attenuate this spurious signal is available free
upon request from the Heath Co., Benton Har-
bor, Mich. ——————

WV2WOA Dean A. Roork, 326 State St.,
llmer, N. J.) is interested in auditory system
response to radio frequency signals, and would
like to hear from others who have info or interest.

LX1JW and W3GG/HB9IA were among the engineers
and administrators attending the general assembly of the
Fédération des Ingénieurs des Télécommunications de
la Communauté Européene (FITCE) held in the City
of Luxembourg September 3-9, 1962. W3GG is Secre-
tary-General of the International Telecommunications
Union; LX1JW is president of FITCE and Chief Engineer
of the Grand Duchy of Luxembourg.
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complete the receiver.

This is the first of a series of articles describing the various sections of a transistor
communications receiver. The construction is broken down into several discrete
physical units which may be used either individually, or finally combined in a frame-
work chassis to form the complete recciver, us the reader chooses. The sections include
a tunable i.f. in the 2- to 4-Mec. range (described in this article), a series of crystal-
controlled converters for the higher frequencies, a selective 455-kc. i.f. strip, a de-
tector/a.g.c.[noise-limiter unit, including both diode and product detectors, and an
audio section with squelch control. A suitable a.c. power supply and control system

A Tunable ILF. Amplifier Using Transistors

2- to 4-Mc. Unit with 455-Kc. Output

BY B. E. HARRIS,* W6ANU/4

FOREWORD

N many other writers have said, the current
advances in the solid-state or semiconductor
electronics field are destined to revolutionize
communications. Although it is more than a
full-time job to stay abreast of ull developments
in this field, it nevertheless behooves the tech-
nically inclined amafeur to muintain some con-
tact, or be will find himself left at the post in
future years. The current wide availability of a

large varicty of scmiconductor devices at con- -

stuntly decreasing prices mukes it possible for
the amuteur to maintain contact and, at the
same time, build equipment which will perform
most of the old tasks at least as well as vacuum-
tube cquipment and, in several cases (notably in
portable equipment), do them better.

It was primarily with the idesw of maintaining

¥ Chief Engincer, Polaris Project Office, Patrick AFB,

contact with the field that the writer begun the
experimental work which resulted in, among
other devices, the various units to be deseribed
which are eventually combined to form a com-
plete communications receiver, Most of the work
is not new. There i3, howcever, no stimulus to
study and thought quite like the desire to com-
plete a functioning and useful picce of equipment.

The word “transistor’” has come to imply
“miniature.’” While it is true that transistors
permit considerable reduction in the size aund
weight of & complete receiver, as compared to an
equivalent ewmploving tubes, other components
(principully the tuning dial) are limiting factors.
The cabinet size of 8 by 8 by 10 inches, which
houses the complete receiver shown in the photo,
is smull, but it can hardly be elassed a8 “minia-
ture." However, itisin the arca of power consump-
tion that a transistorized receiver is really differ-

Here is the complete receiver for which

the tunable i.f. described in this article
was designed. It takes up only 640
cubic inches of space and weighs 15
|bs. complete with long-life battery
supply for portable operation.

December 1962

11



107,150

R.F AMB ’N_OJ'(_ MIXER
Cl;l

2N1637
Q

.05,
22K 6800 1009]:

271 A
| +
i T - A.G C.0ELAY
L ] >
EXCEPT AS INGICATED, ‘ IN38 J\ N \

DECIMAL VALUES ARE 7
¥ & !
TEMP. CR;™ 7 ICR3 s

IN MICROFARADS (nf.);
agL. l I +7.2V. T‘ - COMP. IN23263 !
'NL REG. ‘- L -

OTHERS ARE IN

| |

\ .

1 W

\ R, 1
| PO |

i

1

PICOFARAQS (pf. OR
Bul ) RESISTANCES
ARE IN OHMS; K « 1000.

)
TO WHIP GND, TO +12V. 455 Kc. QUT
ANT. CHASSIS (LowZ
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¢nt. The complete®receiver requires less than
ouc-half watt at 12 volts with the dial lights
turned off. (The two 6.3-volt lamps consume
about five times as much power as the rest of the
receiver!) This is more than two orders of magni-
tude less than the power required by the average
comimnunications reeeiver using tubes. The redue-
tion i8 most evident in the ubsence of heating.
Compact vacuum-tube devices arc usually “hot
hoxes” indecd. The low-power requirement al-
lows truly portable operation. There is space
inside the cabinet for 8 penlight cells which will
power the receiver for many hours. A 12-volt
luntern battery (the recommended battery sup-

ply) will give practically shelf life under average
use.

The mechanical design of the receiver is some-
what unusual in that, with the exception of the
i.f. tuner described in this article, all units arc
assembled on bases of lg-inch copper-couted
phenolic sheet of uniform dimensions (4}{ by
1745 inches ). This makes it possible to interchange
the positions of units in a framework chassis
which has corresponding uniform mounting
openings. 'The interchange of units is facilitated
by a system of miniature plugs and jacks for
connections, which is simplificd by the fact that
no heuater wiring is needed.

The 2- to 4-Mc. Tuner

The tunable circuits are really the heart of any
communications receiver, especially of one with
suflicient stubility for single-sideband use. It is
here that good components and careful design,
both cleetrieul and mechanical, are most needed.
T'he problem is much simpler if the tuning range
can be made small compared to the frequency of
opcration. This tuner was initially built with the
idea of reeciving ship-to-shore s.8.b. communica-
tions associated with the guided-missile project
ou which the author is employed. The 2-Me.
tuning range i8 u compromise between a sufh-
riently slow tuning rate and a desire for maximum
frequency coverage. The Fddystone dial mech-
unism sclected for the job is smooth enough so
that the tuning of s.s.h. signals is not difficult
with the 2-Mec. tuning range. However, for a
strictly amateur-band receiver, a range of one
riegacycle would probably be more desirable
fromm a tuning-rate viewpoint. This would, of
course, require two steps in covering the 10-
meter band and several steps for higher-frequency
bands. On the other hand, it would ease the
problem of achicving a fat passband characteris-
tic in lower-frequency converter sections pre-
ceding the tuner, A reasonably flat 2-Mec. low-
noige passband is not difficult to obtain at 20
Mec. and above, but it is a little tricky at the
lower frequencies.

The circuit of the tuner is shown in Fig. 1.
"The unit is designed to feed a 455-ke. i.f. amplifier
having low-impedance input. Covering the range
of 2 to 4 Me. requires the use of a tuning capacitor
with a fairly high ratio of minimum to maximum
capacitance. A three-gang cupacitor originally
used in the 3- to 6-Me. ARC-5 Command re-
ceiver was finally scleeted from the junk hox
beeause nothing better was readily available.
This capacitor hus three identical scetions of
about 200 pf. each. The front scetion (C¢) is
used for the oscillator, the ceuter section (C)p)
for the mixer, and the rear section (Cya) for the
r.f. stage. Four air trimmers of ubout 15 pt, each
(C3 through C's) are built into the frame of the
tuning capacitor and connected, two in parallel,
across the oscillator and mixer scetions. A-4-30-
pf. NPO ceramic trimmer () is mounted on the
frame with 2-56 machine screws and connected in
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parallel with Ca to provide a means of trimming
the r.f. stage.

The r.f. stage is neutralized because there was
a slight tendency for it to oscillate when shock-
excited by a strong static burst at the high end of
the tuning range. The reversed-phase voltage is
available from /15, and ncutralization is readily
accomplished by adding a 10-pf. capuacitor from
this coil back to the buse of @. ‘The capacitive
input-coupling conncction was provided in the
event that it is desired to rceeive in the 2- to
#4-Me. range with & whip antenna.

A.g.c. voltuge to the r.f. stage is delayed by
diode C'R) and the 27K and 22K resistors in the
bias network. ('R is buck-biased and does not
conduet until the a.g.c. voltage excceds the
voltage at the junction of the two resistors. A
germanium diode, rather than a silicon unit, is
used bhecause the forward drop across a ger-
manium diode ut low current levels is less than
the relatively fixed drop across a silicon diode.
More a.g.c. voltage is therefore available under
saturated conditions.!

Regulation of the mixer supply voltage is
essential, not because of the cifect on the mixer
itself, but because of the pulling effect which the
mixer has on the oscillator when the supply
voltage is varied.

Temperature Compensation

Frequeney stability in the tunable oscillator
is, of course, a first requirement in a communica-
tions receiver and an absolute nceessity in a
single-sideband receiver. Unfortunately, the inter-
element cupacitances of transistors are not as
stable as they are in vacuum tubes, and good
frequency stability is therefore more difficult to
achiceve. I'ransistor interelement capacitances ure
primarily functions of the arca and width of the

I The term “saturated,” as applied to transistors, refers
to the cundition where buth the emitter-base and collector-
hase junctions ure forward-biased. It occurs when suffi-
cient current is fed to the base to drop the collector voltage
to a value less than the emitter-base voltage. Since the base
is normally forward-biased, and the collector normally
reverse-biased, this condition results in a forward bias on
both junctions. All but one or two hundred millivolts of the
coullector supply voltage appears acruss the vircuit imped-
ances external to the transistor, — duthor.
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The 2- to 4-Mc. tuning unit. The
shielded r.f. coil is to the ieft,
with the Qi subassembly be-
hind it. The shielded mixer coil
is at the center, behind a sub-
assembly including Q2 and
i.f. transformer T1. The oscillator
coil assembly (with shieldirg
can removed) is to the right.
In this assembly, Q is to the
right and CR2 and CRjz behind
the coil.

p-n junctions within the transistors and these, in
turn, ure ulfeeted direetly by temperature and,
more importantly, by voltage and eurrent values.
Although the applied voltage ean be regulated by
zener diodes, the portion of the applied voltage
appearing across the various elements is a fune-
tion of the bias condition and this again is o
funetion of temperature, In the usual transistor-
oscillator design, the largest contributor to fre-
cuueney shift with temperature is the variation in
junction width and, consequently, the variation
in interelement eapaeitance.

The interelement eapacitatce most often speei-
fied in transistor chareteristic sheets is that be-
tween the colleetor and hase. In r.f. transistors
of the type used in this tuner, this capacitanee
has o typical value of from 1.5 to 6 pt. The eapaci-
tance which is in shunt with the oscillator tuning
inductance, however, is that existing between the
collector and emitter, und this has o valiue several
times the collector-base capacitance. The hasce-
omitter capacitanee is larger still, but this is in
shuut with a low impedance and hug o smaller
offect. Oseillator designs which cause the eol-
lector-cmitter eapacitanee to be in shunt with a
much larger (ixed eapuacitance (notably the Clapp
cireuit) minimize the ceffect of variations in the
interelement eapacitancee. Unfortunatcly, these
designs are not adaptable to tuning ranges which
ure significant fractions of the nominal frequeney
of operation. Ior this reason they could not be
used in this tuner, and compensation for frequency
shift with temperature was necessary.

Portunately, the snme effeet which eanses the
trouble in the first place — the variation in june-
tion width with current and voltage — a offers
meins of temperature compensation. If the hias
voltage is varied with temperature in o manner
which is the inverse of the variation which would
cause the transistor osvillator to exhibit the tem-
perature/frequeney characteristie which it does,
then compensition is achieved. Voltage variation
required to aecomplish this is not o linear function
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of temperature, but lincar compensaution will usu-
ally suflice over a reasonable temperature range.
In this reeeiver the temperature-sensitive bias
network consists of ftwo 1 N2326 diodes (CRy and
('3} in series. ‘These diodes have a forward-
voltage-drop »x. temperature characteristie such
that for two in series there is a deereuse of about
four millivolts for each degree . increasc in
temperature. This results in the necessary posi-
tive-going base bins voltage. After proper ad-
justment (discussed later) and an initial warm-up
period of about fifteen minutes, during which o
differential temperature between the transistor
and diodes is established, the frequeney shift is
less than 100 eveles for ambicent temperature
variations of fifteen degrees Clentigrade.

Construction

Throughout this series of articles, referenc
will be made to copper-coated phenolie bowrd
(printed-eircuit board) which is used as 2 mount-
ing base for subassemblies. It is easily eut and
worked with u fine-tooth suw and tiles. The copper
conting in this instance is not uscd for the actual
wiring us would be the ease in printed-cireuit
construction. I[nstead, all ground vonncetions
are made by soldering to the copper coating, The
copper coating is eut wway in the areas around
ungrounded tie-puint terminals or jacks.

Although the construetion is not truly minia-
turized by modern standards, the components
are quite elose together, and detailed drawings
or sketehes made in advance are advisable to be
sure that wll of the parts will tit. ‘The use of
“transistor-{ype” miniature capacitors and 1f-
watt resistors is essentinl, The fayvout of the bases
is best necomplished by marking the required
holes and eutout ureas with light seribe lines
on the copper coating. A jeweler's loupe {magni-
fying cyvepicee) is helpful here nnd ig probably
i necessity for those over forty. I'olerances to
better than Li-ineh chould be maintained.
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Most of the wiring can be done using the leads
of the components alone. For the small amount of
additional wiring required in the subassemblies,
No. 21 svlid-conductor bare or plustic-covered
wire wus uscd.

As used in the reeeiver, the tuning capacitor
is mounted on a plate of fg-inch aluminum which
hus a cutout for the dial Hywheel. The dial drives
the capacitor shaft directly. The original worm-
drive mechanism was removed, and the dial cou-
pled to the shuft with a tHexible coupling. It is
important to sclect 2 coupling which has high
torsion:l stiffness. The once used by the author
ig a surplus itein that looks as though it might
have been made by Hammarlund.

With the worm drive removed, the cupuacitor
increases capucitance with clockwise rotation of
the shaft. Since the dial mechuanism does not re-
verse the rotational direction, frequency de-
creases with clockwise rotation rather than in-
creasing in the conventional manner. This takes
a little getting used to. However, the oscillators
in both the tuner and the converters used with it
for the higher frequencies are on the high-fre-
quency side of the signal. This causes @ reversal
of tuning direction so that the tuning direction
is conventional on wll higher-frequency bunds.
The dial is provided with two scules which are
identical exeept that the 2- to 4-Me. calibrations
run in opposite directions. A small chart mounted
on the panel shows the integral number of megu-
cveles to be added to the dial reading when the
converters are in use.

The capacitor plute shape is such that the
tuning approaches straight-line-frequency when
the oscillator padder is added. The scales are
slightly compressed at the center and spread
out at the cnds of the range. The tuning rate is
ubout 4.5 ke. per vernier division at the center
and 3.5 ke. ut the ends.

‘I’he coils are mounted in the shicld cans which
originally housed the r.f. mixer and oscillator
coils of the ARC-5 receiver. The thin aluminum
channel which origiually held the three shields
together is removed, and the shields ure secured
ut the plug-in end to a dural plate (as shown in
the detail photo) which is fastened by machine
screws and spacers to the underside of the plate
oun which the tuning capacitor gang is mounted.
Small banany plugs (removed from the original
chassis-mounted coil connectors) are soldered to
the leads from the tuning-capucitor sections und
these ure plugged into the appropriate coil con-
neetor through holes in the plate on which the
cupacitor is mounted.

‘Che r.f. amplitier and mixer transistors and the
resistors, capacitors aund output transformer asso-
ciated with them are mounted on two smell bases
made of !{-inch copper-coated phenolie printed-
circuit board. These buses are mounted with 2-
56 machine screws on spacer bushings (C'T'C No.
2188-13-3¢"") which are riveted to the plate on
which the coil shields are mounted. A.g.c., power,
and input and output conncetions are made to
these subchassis with miniature plugs and jucks.
This, together with the banana-plug connections
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from the tuning capacitor, allows the plate carry-
ing the r.f., mixer and oscillator coils, transistors
and other components to be removed from the
receiver a8 a subassembly.

As cun be seen in the photo of this unit, the
oscillator conetruction is somewhat nunconven-
tional in that the transistor, temperature-com-
pensuting diodes und other components ure
mounted inside the shicld containing the oscilla-
tor coil. A small squure of '{e-inch perforated
insulating board is cut so it will just fit inside
the coil shicld, The center of this picee of board
is cut out to clear the coil, and the various oscil-
lator components ure mounted on CTC No. 1558-
BB turrct lugs riveted to the remaining piece of
bourd. The transistor socket is mounted in o hole
cut in the board. The board is fustened to four
small spacer bushings with 2-56 screws. The
screws which seeure the coil shield to the dural
plate come up through the shield buse and enter
the ends of these bushings. The coil is initially
supported by the lcads to it. When the shield
cover i8 in place, the coil is secured to it with o
nut. There is a fat on the threaded area of the
2TC coil forms used und a D-shaped hole in the
shield cover prevents the coil form from tuning
when the nut is tightened.

Adjusting Temperature Compensation

The amount of compensation required can best,
be determined experimentally. The oscillutor
should be built in essentially the finished form
und the bias and emitter-resistor values ad-
justed for best operation. The inductance val-
ues and the trimmer and padder capucitances
should be adjusted to give approximately the de-
sired frequency coverage. A thermometer is then
clamped to the oscillator coil shield and the tem-
perature varicd while recording the frequency
shift. ‘Temperature can be varied over u fair
range by the simple expedient of aiming an in-
cundescent desk lamp at the oscillator at close
range. Frequency shift can be determined con-
veniently by using a stable fixed-frequency oscil-
lutor ( 10U-ke. calibrator or similar) and measur-
ing the beut note with another receiver, an audio
oscillator and an oscilloscope. A culibrated trim-
tuer capacitor could also be used to return the
heat note to zero after each inerement of temper-
ature change. The importunt thing is to obtuin
the relationship between temperature and fre-
queney (or tuning capucitance). ‘This relationship
should turn out to be reusonably linear over a
range of 15 to 20 degrees C. The bias-feed re-
sistor (£2y) is then disconnected from the regu-
lated supply and « smuller value substituted.
A sourec of voltage which is variable over a runge
of 200 or 300 millivolts is connceted hetween
the bias feed and the positive supply. The nomi-
nul value of this voltage should be adjusted so
that the base bias voltage is the same as it was
with the original value of bias-fced resistance.
Under these conditions the oscillator frequency
should be the saime us in the eurlier step. With the
temperature reusonably constant, the base-bias
voltage is then adjusted in small increments (5 mv.
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or 80) to swing the frequency through the same
range a8 was obtained in the temperature run.
It will be found that, for this oscillator contigura-
tion, u positive shift with respect to ground in
hase-bias voltage causcs an increase in frequency.
An inerease in temperature causes a decrease in
frequency. With the information obtained from
the above tests, u temperature-sensitive bias
network can be designed which will compensate
for oscillator-frequency shifts us a result of
temperature. Because of variations in load im-
pedance and feedback level with frequency, the
ubove tests should be run at two or three points
through the tuning range. Although the change
in frequency will be different at different places
within the tuning range beeause of the difference
in tuning capacitance shunting the transistor
the effective change in transistor interelement
capacitance should be sumewhere neur the same.
If it is not, a compromise point must be selected
for design of the temperature-sensitive bias net-
work or the oscillator component values must be
adjusted until the change is relatively uniform
across the tuning range.

The above sounds like a fairly complex opera-
tion und, if exuact compensation is desired, it can
be very complex indeed. However, if a transis-
tor is used which has fairly low interelement
cupacitances to start with, adequate compensa-
tion can be uachieved with a simple voltage-
divider-type bias network, vne element of which
is temperature sensitive. The tests themselves
cun be simplified if it is not desired to separate
out nonlineurities. This can be done by combining
the two tests and using the variable bias-voltage
source to return the oscillator frequency to the
nominal value after an ineremental change in
temperature.

Tuner Alignment

The oscillator is first set for the proper fre-
yuency coverage (2.455 to 4.455 Me.). The low-
frequency point is set by setting the tuning ca-
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Top inside view of the complete receiver. Three
h.f. converters are shown mounted in place in
the right-hand portion of the skeleton chassis.
Three additional converters may be mounted
below the three shown. To the left, near the
panel, are detector/a.g.c. {left) and audio
units, with the i.f. strip at the rear. These three
units are mounted on the lower level of the
chassis, leaving room for two additional h.f.
converters over the audio and i.f. sections. The
large shield covers the first i.f. tuning capacitor,
below which is mounted the tuner described
in this article.

pacitor to maximum and adjusting 77 for the low-
frequency end of the range. The high-frequency
«nd i8 set by turning the tuning capacitor to
minimum capacitance and adjusting the oscillator
trimmer capacitance (Cs and ('s). Some juggling
of these settings will be required, of course, to
nchieve the correet range.

\With the tuner feeding an i.f. amplifier and
iletector system equipped with an S meter, a sig-
nal source, variable from 2 to 4 Me,, is fed in
ut the antenna connector while the r.f. and mixer
circuits are aligned. The procedure for adjusting
coil inductances and trimmer capacitances is
gimilar to that described for the oscillator. The S
meter can be used as un indicator for alignment
purposes. A frequency meter is desirable for
setting the oscillator and ecalibrating the dial,
but u 100-ke. crystal calibrator can also be used.
Tracking can be checked by tuning accurately
on a steady signal from a signal generator at
various points within the tuning range. The r.f.
and mixer trimmers are rocked back and forth
at each point and, if the tracking is satisfactory,
they should peak at the same place for all points.
The @ of these circuits is high enough to show u
reasonable peak throughout the band. 1t should
be possible to get the circuits to track within a
few kilocyeles at all points within the tuning range.

Mixer Adjustment

The most critical point in the mixer adjust-
ment is the coupling to the oscillator. Coupling
too tightly will result in oscillator pulling, and
too much oscillator injection will cause excessive
mixer naoise. The correct level is in the vieinity of
100 to 150 mv., us measured at the mixer emitter.

{mage rejection has not been measured quanti-
tatively, but no image signals have heen heard
in many hours of listening on the 2- to 4-Me.
range. A signal from i test oscillator which is
more than sufficient to saturate the a.g.c. gives
no noticeable response when tuned to the image
frequency. [@E¥—]
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Superstitions still persist about lightning — Don’t play the piano because sound
“draws” lightning; never stand in an open door or near an open window because
lightning follows a draft; lightning won’t go around corners; lightning always follows
the shortest path; lightning never strikes twice in the same place: and so on. This
article gives some of the known facts about lightning and how to protect against it.

How To Protect Your Station From
Lightning

Answering A Frequently Asked Question

BY LEWIS G. McCOY,* WI1ICP

League’s technical staff, the one that fur

exceeds all others is “How cuan I protect
my cquipment and property from lightning?”
"F'his article will discuss the lightning problem and
deseribe how to provide the maximum protection
for you and your equipment.

Before discussing protection, let's take a loolk
at the problems involved and how lightning is
generated. Lightning is simply o gigantic spark
that occurs between an electrically charged cloud
and earth or betwcen two clouds. These e¢lec-
trically charged clouds commonly are found in
two types of thunderstorms, locul ““ eonveetional”’
thunderstorms or “frontal’ storms. A convee-
tional storm results from heated surface air in the
summer rising into the colder air above, while a
frontal storm comes from a mass of cold air riding
in over warm, moist air. In either case an unstable
condition is set up, with the wuarm air rising

* Technical Assistant, QST.

Ow ALL the vuarious questions usked of the

The Empire State Building in
New York City has been hit as
many as 48 times in one year,
and during one lightning storm
the building was hit eight times!
This photograph shows the
awesomeness of one of the
strokes. (Photos courtesy of the
Lightning Protection Institute.)

December 1962

rapidly into the colder air, causing condensation
of moisture and the formation of a thundercioud.
While it is not clearly understood exactly how it
happens, both negative and positive charges of
oleetrical energy accumulate. Usually the nega-
tive charge colleets along the bottom of a thun-
dercloud and the positive charge along the upper
portions, resulting in a tremendous difference of
clectricul potential between the two portions of
the cloud and between the cloud and earth!
When the charge in the cloud builds to suffi-
cient intensity, a “pilot leader stroke '’ leaves the
cloud toward the earth, traveling at about 100
1 Harold M. Towne, Lightning, Its Behavior and TWhat T'o
Do About It, published by National Lightning Protection
Assn,, Inc., 1728 Walnut St., Harrisburg, Pa.
Cnde for Protection .Against Lightning, Handbook 46,
U. S. Government Printing Oflice, Washington 25, D. C.
The Lightning Protection [nstitute, 53 West Jackson
Rlvd., Chicago 4, [llinois, has available a4 free booklet en-
titled Lightning Facts and Figures, which has additional in-
formation on the subject. Single copies can be obtained by
writing to the above address,
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Fig. 1—This map of the United States has zone lines showing the approximate number of thunderstorms per year. For
example, if you live in Kansas City, Mo., you can expect 55 thunderstorms per year.,

miles per sccond. This leader stroke only carrics
u few amperes but it is quickly followed by
“stepped leaders” of inereasing intensity. Many
of us think of a lightning stroke being a single
unit, but actuully it consists of many strokes all
following the saine path. As soon as these leader
strokes reach the earth the current at the ground
end of the puth increases enormously and the
main stroke then propaguates upward into the
clogd along the path sct up by the leaders. This
main stroke can idevelop a current as high as
200,000 amperes: The main stroke is many times
followed by a “dart stroke” which is presumed
to drain uadditional churges from the cloud. In
many cases ay many a8 40 strokes make up what
appears to be u single stroke. Howcver, most
tlashes have only three or four strokes.

How Often — And where —
Does Lightning Strike?
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