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SPECIAL FEATURES: Patented Re-
ceiver Offset Control (RIT) permits
2 ks adjustment of receiver fre-
quency, independent of transmitter,

.for round-table, net or CW operation.

-Hallicrafters exclusive Amplified

Automatic Level Control.

A: FREQUENCY COVERAGE: Full cov-
F age provided for 80, 40, 20, 15 and
- 10 meters. All crystals provided for

% 28.0 to 30.0 mcs.

.BENERAL: Dial cal, 1 ke. Linear

“Hear drive with less than 1 ke readout.

Adjustable IF noise blanker. Provi-
sion for plug-in external VFO/DX

adapter. Built-in VOX plus break-in

CW and PTT. Built-in CW sidetone.

Hi-Low power switch useable in CW

SR-2000 "Hurricane’’
5-BAND AMATEUR TRANSCEIVER

or SSB.* 2.1 kc crystal lattice filter.
S-meter-RFO-AALC and final screen
metering.* Two-speed blower, 100 ke
crystal cal. VFO covers 500 kc.
TRANSMITTER SECTION: Two 8122
output tubes. Variable Pi network.
Power input, 2000 watts P.E.P. SSB;
1000 watts CW. Carrier and un-
wanted SB suppression, 50db; distor-
tion products, 30db. Audio: 500-2600
cps @ 6 db.

RECEIVER SECTION: Sensitivity less
than 1 uv for 20 db S/N. Audio out-
put, 2W.; overall gain, 1 uv for 14 W.
output.

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

he wild ideas are tamed at

amateur
net:

510950

less
power supply
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g the transistors.
But don't look
too hard; the
interest-

position in
WI1YLB's tran-
sistorized (al-
most) trans-
ceiver features
a vacuum tube!
See page 11.
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The hundreds of enjoyable contacts SB-34 will make possible throughout the
year will each be enhanced by fond memories of a pretty lady and the SB-34
looking a bit uncomfortable decked out in a Christmas Bow.

SIDEBAND ENGINEERS
213 East Grand Avenue,
South San Francisco, California 94080
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Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League membears, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL oflicial elected by members in each Section,
Radio club reports are also desired by SCMs for inclusion in ST, ARRL Fleld Organization station appointments are
available in areas shown to qualified League members. (ieneral or Conditional Class licensees or higher may be s.ppomted
ORS, OVS, OPS, 00 and OBS. Technicians may be appointed OVS, OBS or V.H.F. PAM. Novices may be appointed OVS.
SCMs desire apphcatwn leadership posts of SEC, EC, RM and PAM where vacancies exist.

ATLAN TIC DI‘gSION

Townsend 19734

Philadelphia 19114

8ilver Spring, Md. 20904

Wilburta Gardens,
‘Trenton uxms

Holland 1408

State Lollege 1680[

Springteld 62703
indianapolls 46218
Portage 53901

Ju.nesvllle 56048
Grand Forks 58201
C'lear Lake 57226

Little Rock 72205
Covlngton 70433
Meridian 39301
Memphis 3812¥

{)wensboro 42301
[)e troit 48240
Canton 44703

Schenectady 12309
Massapequa Park, L. L, 11762
Hergenteld 07821

\ne IDYG
New Hampshire W1SWX/K1DSA
Rhode Inla.nd KIAAV
Vermon KIMPN

Gllman 50108
Hethel 66009
Rolln 85401
Gerlng 69341

Delawure K3NYG John L. Penrod

Eastern yemmylvnnla W3ELL (ieorge 8. Van Dyke, Jr. 4607 Convent Lane
Maryland D. K3JYZ Carl E. Andersen 14601 Claude Lane
sSoutheru New Jersey wW2zZI Edward G. Raser 19 Blackwood Drive
Western New York K2HUK Charles T. Hansen Warner Gulf Rd.
\Yestern Pennsyivania W3NEM  Robert E. Gawryla 1463 N. Allen Bt.

—_— CENTRAL DIVISION

illinols WIOPRN Edmond A. Metzger 1520 South 4th St.

1y a WyBUQ  Willlam C. Johnson, 2x38 Hillside Ave.,
Wisconsin _ K9GSC Kenneth A. Ebneter K22 Wauona Trall

e DAKOTA DIVISION —

Minnesota WOTCK Herman R. Koplschke, Jr. RKD

North Dakota WyDM Huarold L. 8heets '1 hunlld Ave,
South Dakota KOTXW  Seward P. Holt X 58

- _ DELTA DIVISION' e
Arkansas WSDTR  Curtis R, Williams 10508 West 12th St.
Loulglana SPM J. Allen Bwanson, Jr, RED 1, Box .m I
Mssissippd W5EMM 8. H, Halrston 1511-36th A
‘Tennessee 4RC Harry A. Phillips 5200 Oak Mendow Ave,
GREAT LAKES DIVISION -

Kentucky WA4KFO lawrence I, Jellrey 605 Antler
Mchigan WEFX Ralph P. Thetreau 9 W. Slx Mlle Road
Ohlo WBAL WIlson E. Weckel 1.517 Logan Ave., N.W.

3 HUDSON DIVISION ..
kustern New York W2EFU George W. Tracy North Country Club Drive
N. Y. C. & Long Island K2IDB Blaine 8. Johnson '66 "Cypress St.

N’onhern New Jersey W2LQP Louis J. Amoroso 180 Pleasant Ave.
. MIDWEST DIVISION

lowa WPBDZ Owen G. Hill RFD
Kansus 9B X Robert M. Summers 3045 North 72nd
Missourt - WOTPK Alfred E. Schwaneke Edgar Star Rte.
Nebraska WYGGP krank Allen Hox 272

..... NEW ENGLAND DIVISION
Connecticut 1GVT John J. MoNassor Berlin Ave.
Rustern Massachusetts WIALP Frank L. Baker, Jr. xs Solar Ave.
M D Herbert A. Davis rD

1
Box. l)'I-A RFD
30 Frui
3 lIllIcrast Drive
36 Valley Rd.

Robert Mitchell
John E. Johnson
E. Reginald Murmy

Southington 06189
Braintree 02185

Pawtucket 02860
Montpeller 05601

\Vestern Massachusetts WISTR Norman P. Fo Springteld 01119
NORTHWESTERN DIVISION ,,,,,,,,, o
Alaska* KL7AEQ,  Albert F. Weber College 99735
Idaho W7ZN Donald A. Crisp !4ﬂx-xm 8t. F Lewlston 33501
Montana W7TY Joseph A. D'Arcy 1918 Huwrgin Ave. Anaconda 59711
©regon K7WWR  Dale T. Justice 2741 Firwood Lane Forest Grove 97116
Washington KTJHA willlam R. Watson 1005 E. 1st Ave. Lllensburg 95926 .
PACIFIC DIVIS ON_ -
East Bay LR Richard \vilson 107 Cordova Way loncord 94521
Hawall KHBBZF Lee R. Wical 45-601 Luluku Rd. Kaneohe 98744
Nevada W7PBY Leonard M. Norman 652 Utah 8 Boulder City 39005
Na.cramento Valley WASJDT John K. Minke, IIX 4230 Rio Bonlto Drive Carmichael 95608
San Fran WABAUD Hugh Cassidy 77 Coleman Drive Han Rafael 94901
8an Joa uln Valley weJruy Ralph Saroyan 6204 I, ‘Townsend Ave. Fresno 93702
8anta (,?am Valley WEZRJ Jean A, Gmeun 10835 Willowbrook Way Cupertino 95014
OANOKE DIVISION
North Carolina W4BNU Barnett S. Dodd 420 West Fr&nkllu St. Salisbury 28144
South Carolina K4LNJ Clark M. Hubbard 124 Fant Unlon 29379
virginia W4SHJ H.J. Ho kint X600 Hammen. Ave, Worfolk 23503
West Virginia W8JM Donald B. Morris 1136 Morningstar Lu.ue Falrmont 26554
DH___ Richa dl}iOCKY MOUNTALY r?“?SION idaho Bprings ’RN152
Color: RyF chard Hoppe ar Route 0 Springs
N%g K?gxlco \V%WZK kenneth D.p s Rt. 1, Box 654 Albuquerque 87102
Utah w7vss Cierald F. Warner 4765 South 275 West Ogden 84101
Wyoming w7CQL Wayne M. Moore 142 South Montana Ave. Casper 82601
{3V sdward LSOUTHEASTERN D({‘V t OA S.W. Decatur 35601 T
K4WHW  tidwar ring Ave., N eca ur J
éf\:nbﬁn%%ne" Kﬁlﬁ\/(I)B Russegth()belxs'noltzer. . [I"(()) g%x 13;,1 JM ar ‘1}1:1"1 B B 23020
B I'lorida Ak Jesse 0X ackson e eac 0
iy ‘W4RZL Howard L. Schonher P.0O. Box 1902 (‘nlumbus

Georgia } !
West Indles (P.R.-V.1.) KP4DV

Albert R. Crumiey, Jr. P.O. Box 10073

Caparra ﬂelzhts
San Juan. P.R 00922,
Fort Walton Beach 32548

Phoenlx 85017

sun Valley 91352
Hanta Ana 91707

San Diego 92107
‘Thousand Oaks Y1360

Western Florida W4RKH  Fraok M. Butler, Jr. 323 Elllott Rd., B.E.
e SOU’I‘HWESTERN DIVISION
W7FKK ™ pioyd C. Colya 3411 West Plerqnn f|t.
l,os Angeles I\eUMV Donald R. htberedge 12010 Redbank St,
Orange WBDEY Roy R. Maxs 1434 8outh ()llve St.
8an Dieg W6LRU Don Smnslfer 4427 Pescadero
Santa Ba.rba.ra WAB0KN Cecil D. Hinson 1933 (,ovemry Court
WEST GULF DIVISI
Northern Texas W5BNG L. L. Harbin 1515 (,a.lmo

)klahom: K5CAY

l)anlel B. Prater !401 B Oklanoma. Ave.

Fort Worth 76107
Enld 73701
Houston 77023

soumern ’I‘exas \W5AIR (3. D. Jerry 8ears 5634 Eskirdge St.

T (¢] H it l(d}ANADIAN D[X‘ISIEN W

T arry Harro 1834-5
ﬁ}}i’flgﬁa(‘.olumbln VLTFB H. E. Bavage 4553 West 121,11 Ave.
Manjtoba Jolm Thomas Stacey 19 Cottonwood Cres.
Naritime 3 Harley Grimmer 40 % Rosedale Ave.
Ontario* VE3IDJK Rees Powell 212 Pescod  St.
«Juebec VE20J Jim Ibey 209 Brookdale Ave.
tHaskatchewan Vi5QU Mel Mills P.0. Box 801

“Lethbridge, Alta.
Vancouver 8, B. C.
HRrandon

Fairview. lhm:xx Co., N. 8.
vornwall, O

Dorval, P. Q

Aaskatoon

+ OMclal appointed to act temporarily in the absence ot a regular oticlal




A low cost Crystal for
the Experimenter

Lo
International

e LOW COST

e MINIMUM |
- DELIVERY|TIME

3,000 KHz to 60,000 KHz
i

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX" Crystal
is supplied only in the HC-6/U holder.
Calibration is = .02% when operated in
International OX circuit or equivalent.

CONDITIONS OF SALE: All “EX" Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent.

Everything you need to build your own
oscillator. Two kits available. “OX-L" kit
3,000 to 19,999 KHz. “OX-H" kit 20,000
to 60,000 KHz. Specify *‘OX-L" or “OX~

H"” when ordering. $235

Postage Paid

type Q(EX”

/15

Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.

ORDERING INSTRUCTIONS

(1) Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order.

(3) Sold only under the conditions
specified herein.

INTé_E!_I\___l____ATIONAI.

CRYSTAL MFG. CO, INC.

10 NO. LEE ® OKLA. CITY, OKLA. 73102
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is @ 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 matters, and for
the maintenance of fraternalism and a high standard of conduct.

Itis anincorporated association without capital stock, chartered
under the laws of Connecticut. Its affairs are governed by a Board
of Directors, elected every two years by the generai 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 apparatus is eligible to membership
on its board.

"Of, by and for the amateur,” it numbers within its ranks practi-
cally every worth-while amateur in the nation and has a history of
glorious achievement as the standard-bearer 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 membership is granted only to
licensed amateurs.

All general correspondence should be addressed to the adminis-
trative headquarters at Newington, Connecticut.
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“It Seems to Us...”

NOW—BETTER OPERATING PROCEDURES

gE Federal Clommunications Commission

decision to reinstate incentives in our
licensing structure, coupled with a sensible set
of examination questions, will lead to an
improvement in the average technical base of
the fraternity. As we accept and meet the chal-
lenge, one rung in the ladder of strengthening
amateur radio will thus have been reached.

The next should be a concerted, all-out drive
to improve our operating habits. Here, legisla-
tion can do little. Since those first rules were
laid down on Mount Sinai, people have been
dreaming up ways to violate them. Amateurs
being people, we have something of the same
problem on the air. Too many of us are careless
in our conduct and our habits. Clicks on c.w.,
splatter on sideband, tuning up on the band
instead of into a dummy load, excessively-long
(*Qs, deliberate interference, are all violations
of rules. On-the-air parties, shady stories, snide
remarks about mode of operation, class of
license or other personal traits of brother hams,
are out of order ethically. Even if 99 out of 100
hams are top-grade in operating conduct, the
one bad actor can tear ham radio’s image to
shreds.

While incentive licensing was under discus-
sion, many amateurs argued against the
proposals by saying that more technical
knowledge wouldn't necessarily upgrade oper-
ating habits. Though the remarks were out of
context at the time, they are true enough. You
can't legislate manners.

Holders (present and future) of Amateur
xtra Class and Advanced Class are now espe-
cially on 4 spot — ‘‘the experts on display.”
They have demonstrated technical proficiency,
und now must show themselves to be the uli-
around leaders of our fraternity, the elders
setting an example. Everyone with an E or A
beside his listing in the new Callhook is going
to be in a goldfish bowl, with all eyes on him.

December 1967

Many hams — on the east coast, at least —
have heard a character who says ** (:QQ Class A
only, no lids, no kids’" and so on; he displays
the worst possible arrogunce und disregard for
others. Do younger or newer amateurs see
him as a typical Advanced (lass licensee?
We fervently hope not, but it is up to each
Advanced and Extra Class licensee to show
himself to be a patient, courteous operator
waiting his turn, tolerant of others, skillful in
his use of the mike and key (and, we’d better
udd, the keyboard and camera).

Be careful not to ussume that the problem is
always with “the other guy.”” It wouldn’t hurt
any of us— regardless of license class — to
review once again the principles of good
operating. A good basic guide is the pamphlet
Opcrating an Amateur Radio Station; it will
be sent free on request. A much more compre-
hensive treatment, the Radio Amateur's Oper-
attng Manual, is $1 from Hq. or at your dis-
tributor.

Sloppy, discourtcous and uncooperative con-
duct on the air can only lead amateur radio
eventually to chuos. Such increased technical
know-how as will come from incentive licensing
should be matched with good practice, cour-
tesy and proper ethics. Good conduct on the
air requires traits which we must develop
ourselves, out of personal pride and — even
more important —a sense of responsibility
bo:r_ard the performance and image of amateur
radio.

ARE YOU LICENSED?

© When joining the League or renewing
yvour membership it is important that
vou show whether you have an amateur
operator license. Please state your call
and /or the class of operator license held,
that we may verify your classification.




League Lines . ..

Our correspondence and personal contacts indicate a
prideful conclusion that FCC examination offices will
be swamped with applicants for the new higher-grade
tickets. On page 56 we recap some of the routine
procedures for those who haven't been near an FCC
point in years. The new License Manual has complete
dope, of course. Good luck!

After many years of being unwelcome tenants of the Post
Office building, plus additional scattered locations to
house a growing staff, the Federal Communications Commission
has finally moved into its own Washington headquarters—
1919 M Street, N.W. (20554). Amateur exams will also be
conducted at this new location.

A look at the newly-revised ARRL Map of the World strikingly
illustrates the extent to which both political boundaries
and call sign prefixes have been modified in the past few
years. Geography hasn't changed, so the old map is still
good for beam direction, but get a new one if you want
current country boundaries and prefixes. Still $2.

One slightly-frustrated League director complains of not
enough input of views, suggestions, gripes, etc., to guide
his representation of members as fully as desired. He
attends conventions, hamfests and club meetings and regu-
larly encounters hams with good ideas —— or long-smouldering
complaints. He only wishes you folks would take the initia-
tive to drop him a line — or at least answer queries in
his bulletins —— rather than wait for a chance in-person
meeting. The more your representative hears from you, the
better he is able to do his job. Club comments are par-
ticularly useful, since they express the net views of a
group.

The League's program for encouraging the growth of amateur
radio is proceeding apace in such countries as Morocco, The
Gambia, Sierra Leone, Liberia, Nigeria, Niger, Ghana, Kenya,
Malawi, Indonesia, Iran, Laos, and Malaysia. Items of
League technical literature, plus key and code oscillators,
have been supplied, as well as club station equipment in a
number of instances. Most of the training efforts are being
conducted by club groups, although in some instances the
activity is the result of the initiative of an individual.
Hq. staffer W1IKE visited a number of the Western African
countries during September to review progress made to date
and to encourage further efforts. ARRL General Counsel

W3PS met with IARU society officials in Nairobi.

Giving substance to efforts to interest more persons in
amateur radio, Squires-Sanders has a campaign directed
primarily at CBers with the catchy slogan, "Skip is legal—~
on the ham bands."
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Transceive With Transistors
[Almost]

BY VAROUJAN KARENTZ,* WIYLB

tentionally, as most projects do when u
choice part or component has been ucquired.

In this case, it was the donation of a 455-kc.

mechanical filter by W1HTK, along with his

““maybe you can use this someplace” comment.

{tr subsequent incorporation into a transistorized

(almost) transceiver evolved from some pre-

liminary ecircuit experiments and then into a

svstem concept which included the following

objectives:

1. Compactness and portability for either fixed or
mobile use.

2. Built-in a.c. or d.c. power supply.

. Minimum battery drain when only receiving.

. Operation on ¢.w., a.m., and s.s.b. (selectable

sideband) with moderate output.

5. All-band (80 through 10) full frequency cover-
age.

6. Offset receiver tuning, audio-derived u.g.c.,
r.f. gain control, signal-strength and output-
power indicator.

7. Construction with commercially available
components wherever possible.

8. Stability adequate for s.s.b. and mobile use.

9. One-knob band switching.

The overall design, however, was compromised
because the selection of mixing frequencies wus
determined by the uvailability of ecrystals
already on hand. These crystals were borrowed
from the home station SB-300 receiver and
resulted in using higher oscillator and mixing
frequencies than preferred. An inspection of the
transistorized SBE-34 transceiver also indicated
many desirable circuit features, which were
utilized wherever adaptable.

Early in the design, serious consideration was
riven to a 100-percent solid-state unit. After some
experimentation which indicated substantial
drive requirements in order to obtain a minimum
respectable power output (15 watts), tubes were
chosen for the final amplifier and driver. R.f.
power transistors do exhibit excellent efficiency —
(up to 70 percent) but the low power gain, 15 db.
or less, requires relatively high r.f. input power.
In addition, the problems of band switching the
extra stages and their associated input/output
coil taps did not look inviting. Neither did the
price of 30-Mec. r.f. power transistors.

As the design developed and =stages were
bread-boarded, u despairing observation became
evident. Specifically, the conventional ‘‘well-
stocked junk box” was almost useless. The
transition of construction techniques from tubes
to transistors required the use of components und
parts which were not ready to hand, particularly

¥'33 Walnut St., Millis, Mass. 02054

Tms project started off innocently and unin-
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""Almost” transistorized, in this case, means semicon-

ductors everywhere but in the last two transmitter stages,

where the r.f. power can be obtained more economically

with tubes. The overall size, 1 1% by 5 by 10%3 inches, and

combination d.c./a.c. power supply make the transceiver
useful either in the home station or the car.

miniature low-voltage and low-wattage common
components such as resistors and capacitors.
Many of these items were either purchased new
or removed from surplus transistorized equip-
ment and printed circuit boards, in addition to an
active advertising campaign among some W1
acquaintances.

With any new construction effort, various
sizes and vulues of components are needed
where substitution and experimentation ure
necessary. This added considerably to the totul
cost of the transceiver, since many of these
cumponents did not end up in the final unit.

Test equipment utilized included 2 v.o.m.,
v.t.v.m., audio signul generator, grid dip meter,
regulated variable d.c. power supply, and a
general coverage receiver. During the final align-
ment and performance checks, a high-frequency
wide-bund oscillscope, frequency meter, and
r.f. signal generator were used.

General Principles

The simplified block diagram, Fig. 1, indicates
signal flow and the vurious stages comprising the
unit. The sideband-generator concept used was
originally described by W6TEU! as a vacuum-
tube exciter, and later a transistorized version
was incorporated in the SBE-34. WG6TEU’s
article provides an excellent description and
alignment procedure. Basically, the 453-ke.
carrier signal from @ is fed into the balanced
modulator, where the carrier is nulled out, and
the sidebands are then fed through an amplifier

! Bigler, ‘A Sideband Package'', 987, June, 1958. Also
in Single Sideband for the Radio Amateur,
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Fig. 1—Block diagram of the transceiver. Open arrowheads indicate direction of signal flow in receiving; solid arrow-
heads indicate direction in transmitting.

and the 455-ke. mechanical filter, which strips off
the lower sideband. Sideband selection is accom-
plished by doubling the carrier frequency and
then either doubling or tripling again (in (7) to
arvive at 1812 ke. for lower sideband or 2718 ke.
for upper sideband. The sclected frequency is
mixed in CRy7, with the 453-kc. u.s.b. signal,
resulting in a sum or difference suppressed-
earvier frequency at all times of 2265 ke., upper
or lower sideband. The s.s.b. 2265-ke. output
of the sideband generator is fed into the low-
frequency mixer stage, (Q10, which also receives
the output of the v.f.o. The v.f.0. tunes a 500-ke,
band from 6130 to 6630 ke. The resultant sum
output of the low-frequency mixer is tunable
from 8.395 to 8.843 Me. This signal is then
converted to the desired operating band in the
following high-frequency mixer stage, Qu4, by
the uassociated heterodyne erystal oscillator,
)16. Since the heterodyne oscillator frequency is
always on the high side of the h.f. mixer input
signal, u single v.f.o. dial calibration will suffice
for all bands when the proper heterodyne-
oscillator crystals are selected. With the v.f.o.
dial calibrated from 0 to 500 ke. the operating
frequency is directly read on the dial by adding
the lowest frequency in megacyeles, for the band
in use, to the dial reading. The l0-meter band
raquires four 500-ke. segments to cover 28 to
249.6 Me.

In the TrRANSMIT mode the output from the
high-frequency mixer, Qy4, is fed to the 12BY7
Class A driver and from there to the 6JB6
Class ABy final linear amplifier. In the rRRCRIVE
mode the signal from the antenna is coupled into
the r.f. amplifier stage, (17, and thence to the

12

high-frequency mixer, after which it follows a
reverse path back through the mixers to the
dinde balanced modulator, which acts as a
detector. The detected signal is then amplified
by the audio amplifier, @3, and the audio output
stages. At the same time, the audio output is
guin-controlled by the a.g.c. amplifier, s,
which controls the gain of the r.f. amplifier,
Q11, and the 453-ke. amplifier, Qq.

Fig. 1 also indicates those stages which operate
in either the rcceive or transmit modes. The
amplifier/mechanical-filter, low-frequency mixer
and high-frequency mixer perform bilaterally,
and e¢un be considered unidireetional in the
seleeted mode, allowing signals to be passed in
the desired direction. The injection oscillators
Q, Q7, Q1a, (13, and Qg operate continuously.
Other stages are biased off as required.

Microphone Amplifier

The mike preamplifier, @y, and amplifier, Q»,
are conventional common-emitter amplifiers.
()1 is designed for low-impedance input, isolated
and bypassed for r.f. by the #C combination of
the 4700-ohm resistor and 470-pf. capacitor Fig. 2.
The audio stages were built on a 314 X 1 L3-inch
epoxy board, allowing ample room for addition
of a speech compressor at o later date. The two
stages of audio provide ample zudio gain for this
use. These two stages provide sufficient gain
(in excess of one volt output) even when a
high-impedance - 54-dbm.-output microphone
ix used. With this mismatch the amplifier
dynamic gain is reduced, the microphone ix
heavily loaded, und some low frequencies arc
attenuated. However, audio response is adequate
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sinee the microphone in use has o roll-off char-
acteristic in the opposite direction. A matching
input transformer (100,000 to 2000 ohms)
could be used for a better match. The output
would then be proportionally increased, and
possibly @2 would not be necessary since only 0.2
0 (1.3 volt of audio is needed to drive the balunced
modulator. 1t should be noted that to reduce
hum and feedback, (J; und @ are decoupled from
the 11.5-volt bus through a 150-ohm resistor
und a 100-pf. bypass capacitor.

Balanced Modulator

The diode ring-type balanced modulator,
Fig. 2, provides approximately 35 db. of carrier
suppression as measured with an r.f. probe und
v.t.v.m. For TUNE/c.w. operation a small d.c.
voltage is allowed to upset the halanced modula-
tor through the CARRIER INSERT control, I,
when the function switch, Ss, (Fig. 1), is in the
‘TUNE or c¢.w. position. The amount of voltage or
carrierinsertion is adjusted by this rear-panel 10K
control pot. For c.w. operation u key is inserted
into the normally-closed jack, J», interrupting
the d.c. path except in the key-down position.
The e¢.w. note is remarkably smooth., This is
partially attributable to the filter network com-
posed of the 56K resistor and the two 0.1-pf.
capacitors. During c.w. operation the mike gain
control should, of course, be fully counter-
clockwise. Amplitude modulation is possible by
setting the amount of carrier insertion to the
safe AB; plate~dissipation operating point of
the 6JB6 final amplifier and adjusting the mike
gain for proper modulation.

As in most balanced modulators, some inter-
action exists between the carrier null pot, the
tuning of transformer I, and the 7- 5-pf.

trimmer capacitor, € Adjustments to each
alternately are necessary to obtain maximum
carrier null.

Amplifier, Filter and Low-Frequency
Mixer

The 453-ke. common-emitter amplifiers, Qs
and Qg, are controlled by the 11.5-volt d.c. or
ground bus as selected by control relay, K,
(Fig. 4), us are also the low-frequency mixers,
(10 and @y1, and high-frequency mixers, Q4 and
(hs (Fig. 3). In the TrRaANsMIT mode the bias re-
sistors for Qg, ()10 and Qy4 are grounded, complet-
ing the bias voltage-divider network path and
allowing these transistors to conduct. In the rE-
CEIVE mode the same bias resistors receive a
positive voltage (base and emitter at same poten-
tial), effectively cutting these transistors off. In
either case, the exact reverse hiasing method is
used for @9, Q11 and @15, enabling conduction of
the stages in the desired transmit or receive
direction. The two capacitors in series across the
input to the mechanical filter resonate the filter
to 455 ke. and provide a better impedance match
to the base of ().

The 3.1-kc. bandwidth filter has a substantiul
insertion loss —almost 15 db. With 2.5 voltsof r.f.
at the collector of Qs, centered in the middle of
the pass band, the output from the filter at the
terminals is 0.5 volt. Limited information was
available on the actual slope and attenuation
charucteristics of the filter in use. If the newer
type 2.1-kc. Collins experimenters’ filter is used
the insertion loss should not be as severe, on the
assumption that the newer filters have improved
characteristics. A different carrier-oscillator crys-
tul frequency would have to be used to place the

carrier at the proper point on the filter slope.

in the top-of-chassis
layout the transmitting
driver and final ampli-
fier occupy the left-
hand section between
the power supply and
panel. Audio, i.f.,, and
v.f.0. circuits are along
the right-hand edge;
the mechanical filter is
visible beyond the
upper edge of the cir-
cuit board mounted
vertically along the
rear chassis edge. In
the center section, the
receiving r.f. amplifier
and mixer components
are alongside the three-
gang tuning capacitor;
the heterodyne oscil-
lator and its crystals

are in the foreground.
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AUDIO AMPLIFIER

102
T 12K o
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100 ut _L
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Y
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3
|
i J
———
T
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FIG.4 FIG.4 FIG4

FIG.4

Fig. 2—Circuit of the sideband generator, audio amplifier, a.g.c. amplifier and S-meter amplifier. Unless otherwise
specified, fixed resistors are Y4-watt composition; capacitors with polarity indicated are electrolytic, fixed capacitors are
ceramic except those marked SM (silver mica).

AR1—100-mw. audio amplifier {Lafayette 99-9042; Li-Ls,inc.—See Table I.
orange switch leads and red battery lead not LS;—3-inch speaker, 8-ohm voice coil.

used; assembly insulated from chassis.) Mi1—0-1 milliammeter, edge mounting (Calrad EW2-S or
Ci, C3—3-30-pf. mica trimmer (Arco 403 or equivalent). equivalent),
Ca—7-45-pf. ceramic trimmer, R1-Rs, inc.—Linear controls, 4 or 2 watt composition.
FLli—455-kc. mechanical filter (Collins F455-C-31, 3.1 ke.  S1—D.p.s.t. slide switch.
bandwidth, used). Sy—See Fig. 4.
J1—2-circuit phone jack. Ti—455-kc. transistor i.f. transformer (Miller 2042).
Jz—Closed-circuit phone jack (must be insulated from T.—Transistor broadcast oscillator transformer padded to
chassis). 900 k. (Vidaire 455 OA or equivalent),
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A.GC. RECT.& AMP.

crR27 Y

To 17 49

Y
a6.C oN AGG BUS F163
3900 S-METER CIRCUIT
S4A VA
6800 E
3300 g
0a FIG.3
A.G.C. AMP.
GAIN CR 26X 1000 2

B>

+11.5V. REG.
FIG.4
Ml
4S3KC. s10 150 22)(6?3::.
FL | M s L3 L4 Fl16.3

T

F16.4

FI6.4

1812KcC, LS8

\zmnc uss,

Tz—Transistor interstage audio transformer, 10,000 to
2000 ohms (Lafayette TR-96, center tap not used).
Y1—453 ke, (Surplus FT-241A, Channel 45).
2—Miniature 455-ke. i.f. transformer (see text}.
DIODES. AND TRANSISTORS
CR12-CRi5, inc. CR2r—Germanium; 1N34A, 1N67A,
1N68, or similar, matched for forward resistance.
CR16, CR17~—Germanium, see text

EXCEPT AS INDICATED, DECIMAL
VALUES OF CAPACITANCE ARE

IN MICROFARADS { uf.); OTHERS
ARE IN PICOFARADS (pf.OR ppt);
RESISTANCES ARE IN OHMS;

k= 1000

CR23-CR26, inc.—Silicon; 1N914, 1N484, 1N645, or
similar,

Q1, Qz—2N508 (p-n-p).

Q2—2N396 (p-n-p).

Q1—2N697, 2N440A, 2N1893, 2N1613, HEP-50 (n-p-n).

Qs5—2N1613, 2N697, HEP-50 (n-p-n).

Qs—2N396A, 2N425, 2N1305 (p-n-p).

Qz, Qs, Qu—2N396A, 2N425, HEP-51, 2N1305 (p-n-p).
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Fig. 3—Circuit of the low- and high-frequency mixers, heterodyne oscillator, v.f.c., driver and final amplifier, receiving
r.f. amplifier and 100-ke. calibrator. Fixed capacitors marked SM are silver mica; others are ceramic. Unless otherwise
indicated, fixed resistors are Y4-watt composition,

C4—3-section variable; 6-20 pf. per section (Miller 1460).

C5—NPO ceramic trimmer, 3-12 pf. {Centralab 822.FZ or
equivalent),

Cs, C7, Cs, Cio—8-60 pf. mica trimmer (Arco 404 or
equivalent),

Co—2-20 pf. mica trimmer (Arco 402 or equivalent),

C11—5-45 pf. air padder with rear shaft extension,
ganged with Ra.

Ci12— 2-section superhet-type variable, 365 and 135 pf.
(Lafayette 32G1101 or equivalent).

C13—65-340 pf. mica trimmer (Arco 303 or equivalent)
modified by adding Y-inch shaft for panel
control.

Ci14—1-8 pf. piston trimmer, plastic (Erie 532-000-8R or
equivalent).

Ls-L2a, inc.—See Table 1.

L2s—11 turns No. 16, air-wound, 1% in. dia., 8 turns per
inch (B & W 3018 or equivalent).

Lzs—14 tums No. 20, air-wound, 1 in. dia., 16 turns per
inch, tapped 4th turn from ground end (B & W
3015 or equivalent).

M:—0-1 milliammeter (Calrad EW-2 or equivalent); in-
dicates 200 ma. full-scale in circuit shown,

Rs-Re, inc.—Linear-taper control, Y4 or /4 watt.

Rin—7.5 ohms, 10 watts, (TV ballast type, Hamilton-
Hall FR-7.5).

S:—Ceramic rotary, 5 sections, 1 pole per section, 11
positions (8 used) (Centralab PS-21 sections with
indexes; see text).

Sa—S.p.s.t. slide switch,

S5—S.p.d.t. slide switch,

16
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Y2-Ys, inc.—See Fig. 1 for frequencies.
Y1o—100 ke.
Z—4 turns No. 16 spaced to occupy length of 100-ohm
2-watt composition resistor,
DIODES AND TRANSISTORS
CRy1—10-volt zener, /2 watt (1N758 or similar).
CRiz, CR2s-CR30, inc.—Silicon (1N484, 1N645, or similar).
CRi19, CR20—Sificon, matched forward resistances (1N434B,
1N484, IN645 or similar).

3.5-30MC.
F16.4
’ DRIVER sea 'Y
[} )
|(
E‘oz o}é
) = AAA h
. ° ] 200, ”‘3?i>
23w OU IMH e ‘
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CAPACITANCE ARE IN MICROFARADS (ut.); e
OTHERS ARE IN PICOFARADS { pt. OR puf); &
+300 RESISTANCES ARE IN OHMS; K s 1000, RIO

V_?'IGA o

CR21, CR22—Voltage-variable capacitor {IN955, TRW
V47 or V947, or similar).
Qu, Qn, Qui, Qis, Qi7—PNP r.f. type (2N2905A,
2N2672, 2N1132, 2N711, HEP-51* or similar).
Qi2, Qia—NPN, r.f. type (2N706, 2N708, 2N918 or
similar).
Qia, Qis—NPN, r.f. type (2N708, 2N918, HEP-50 or
similar).
* HEP-51 not optimum for Quz.
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Table I

All coils listed below ure close-wound on slug-tuned forms using
enameled wire. Tups, when required, are counted off from the
ground end of the coil. Shunt capacitors should he silver micu.

N - .
Coil FO”." Dia. Wire Size No. of Turns Tap Turns bh,un{ ! ‘ap-
m. of.
In 54 33 75
Lo 4 33 65
I 346 33 N0 45
M T 33 R0 10-turn link
Ls 3y 26 25
Lg, Ly 36 20 24 4-turn link
Ly 1 o1 o 7
{ 2-turn link
Ly Fi 33 a0
Lm, Lyg 16 26! 26
Ly ) : 13
Lo, L7 16 b
Lns, Lns ) H
Ly 15 55
Lns 16 14
Ing Ly 40 150
Ligo 1 22 100
Ly L (4 75
L Ly 12 50
Loz 1 17 29
A 453-ke. tuned trup (miniature 455-ke. Audio Circuits

transistor i.f. transformer), Z,, is in series with
the collector of Q7 and coil L;. Apparently a
small amount of fundamental signal (453 ke.)
from the crystal oscillator was not adequately
rejected in the frequency-doubler transformer 1’
or by the higher-frequency tuned circuits L; and
L,. Prior to inserting the trap this 453-kec. leak
fed back through the filter out of phase with the
suppressed-carrier signal and caused difficulty
in balancing out the carrier on upper sideband.
A double-tuned circuit substituted for T, or
possibly a different physical layout, would
climinate the need for this series trap.

It is necessary that double-tuned circuits be
used wherever indicated in the schematic, to
provide the selectivity necessary for rejecting
harmonics and unwanted mixing frequencies
und provide a clean signal for the following
stages. The doubler diode, CRj5, and mixer
diode, CRy7, were selected for optimum signal
output, as were their associated bias resistors.
A npumber of different diodes tried worked,
but it was noticed that because of various char-
acteristics a particular diode performed better.
Both types finally used were unmarked gemanium
surplus.

The output, (or input as may be the case) coil,
Lg (Fig. 3), of the low-frequency mixer stage is
tuned and tracks with one section of the three-
gang v.f.0. tuning capacitor. This provides uni-
form frequency response, along with rejection of
unwanted frequencies, to its associated coil, Ly.
The mica trimmer of the variable-capacitor
section is adjusted to obtain the padding neces-
sary to tune Lg through a 500-ke. range.

18

Audio amplifier (03, Fig. 2, obtains the received
signal from the ring modulator, now acting as u
detector. Its output is fed into the audio-derived
a.g.c. awmplifier, ()4, and the prepackaged 100-mw.
audio output amplifier. The 0.02-pf. capacitor
and 12K resistor across the primary of 7%
improves the frequency response and provides
a more constant load for @ The output audio
amplifier is designed for a common positive
battery supply, und thercfore the amplifier
printed circuit board has to be insulated from the
transceiver chassis and decoupled from the 11.5-
volt supply. Correspondingly, the voice coil of
the speaker must be returned to the proper ter-
minals on the p.c. board. Q3 is not biased off in
TRANSMIT since the audio output amplifier is
cut off completely. ()ne hundred milliwatts of
audio output with a miniature 3-inch speaker
certainly does not appear very convincing to the
high-fi-minded, but the result is gratifying. A
4-inch speaker with a large magnet gave sig-
nificantly improved output and response, but
space limitations dictated the use of the smaller
speuaker.

A.g.c.[Meter

The audio signal to the a.g.c. amplifier, Q4, is
rectified by (‘Rg7 and applied as a negative-~
going voltage to Q4's base. A fast aitack and slow
release characteristic is obtained by the com-
bination of the buse biuas resistors and the 50-uf.
capacitor. A.g.c. action reduces the gain of the
r.f. amplifier, Q;7, und the 453-ke. amplifier, @9,
by decreasing their base-to-emitter voltage,
which in turn reduces collector current. With no
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incoming signal Q4 is conducting heavily and the
potential at the junction of the 1000-ohm a.g.c.
load resistor and the a.g.c. bus is less than 11.5
volts. As an incoming signal is applied to its
base, @4 cunducts proportionally less and the
4.¢.¢. bus potential increases, thereby raising the
base voltage of 17 and Q9. The 65300-ohm re-
sistor in series with the collector of @y limits the
4.g.Cc. action until an incoming signal exceeds
the audio lovel where output variations are
detectable, The gain of the ua.g.c. amplifier is
udjustable by u rear-panel control, f¢5. A.g.c.
can be defeated completely by switch Sqa, which
etfectively shunts Q4 and places the a.g.c. bus
potential at approximately 9 volts.

The S-meter circuitry is unusual in that it
provides approximately logarithmic compression
by nonlinear action. As the a.g.c. voltage applied
to the base of @5 increases, the collector current
decreases and the potential across each silicon
diode (CRes, (R4, C'Rgs) rises, exceeding the
conduction point (0.5 volt average) of each diode
succesgsively as determined by its series resistor.
Current is now shunted through each diode,
limiting the current through the meter, A/;.
The 1500-ohm resistor and ClI¢ys establish full
scale or 30 db. as indicated on the meter. As
the incoming a.g.c. voltage decreases, Qs con-
ducts more heavily, the potential across Clgss
becomes less and it stops conducting, followed by
C'Raq and CRyz in that order, thus reducing the
compression. With the 3300-ohm resistor in
series with the meter, compression does not begin
until a reading of 89 is indicated, hence approxi-
mately 30 db. of logarithmic compression is
achieved. This action is dependent, of cuurse,
upon the non-linear a.g.c. characteristics and
v.f./if. gain variations from band to band —
the primary downfall of all S-meter circuitry.
'The values of the voltage divider resistors in the
emitter circuit of @5 are selected experimentally
so that when Rj is properly adjusted Ay will
be zeroed. A separate pot in the emitter cir-
cuit of Qg could be substituted and would
provide ease of adjustment. CRqs acts as a diode
switch to cut off ()5 in TRansmiT. This zeroes
A1y and allows it to function as a relative-output
meter from the circuitry ussociated with the
finul umplifier tank,

Variable-Frequency Oscillator

The v.f.0. construction deparis from the tried
and true philosophy of rigid and heavy con-
struction, yet retains good thermal and mechani-
cal stubility. The entire v.f.0., with the exception
of (s and the calibrate and ofiset circuitry, was
mounted on a copper-clad 134 by 3-inch epoxy
board. Q12, Q13 und Ly are contained in 4 shielded
enclosure. The oscillator, (9, is in a common-
emitter Colpitts configuration, with an associated
emitter follower, Q3, used for isolation. The
collector voltage for Q1o and Qi3 is regulated by
a Zener diode, CR);. One volt of r.f. output is
available at the emitter of ()13. Two sections of
the variable eapacitor, (4, are parallelled in
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order to make the v.f.o. cover from 6130 to
6630 ke.; the adjustments available by the slug
in Lg and trimmer capacitor (s enable the fre-
ruency range and tracking to be set.

The v.f.u. circuit incorporates dial-calibration
and receiver-offset features. CR2yg s asilicon diode
which exhibits a slight cupacitance variation
when reversed biased, und is placed in series
with a 5-pf. capacitor across the v.f.o. coil. By
varying the bias voltage the frequency of the
oscillator can be changed independently of Cy4
by about 15 ke. The calibrating pot, £, initially
sets the v.f.o. frequency to correspond with the
dial (digital counter) reading. f2g ulwaysfunctions
in TRANSMIT, but in RFCEIVE it functions only
when the offset switch, Ss, is in the off position.
If it is desired to change the v.f.o. frequency
while in the rEcrivs mode, the offset pot, £,
is switched into the circuit. This control will
vary the received frequency approximately 4 kc.
either side of the dial reading while the trans-
mitting frequency always remains where it was
set by the dial. The diode switch, CR1g, and the
position of the offset switch determine when the
offset control is in the circuit. When S7 is in
its off position, CRgo does not conduct during
RECEIVE but ('Ri9 does conduct, keeping the
calibrate pot in the circuit. On TRANSMIT, C K2
always conducts regardless of the switch position.
Chyg aund CRoo must be evenly matched in for-
ward resistance since unequal voltage drops
would change the voltage on €213 when switching
from TRANSMIT tO0 RECHIVE, thereby causing u
frequency shift.

V.f.o. stability was achieved by an effective,
but not yet well recognized, simple method.
Very briefly, transistor junction heating, from
whatever svurce, varies the transistor charac-
teristics — significantly, its ecapacitance-- re-
sulting in frequency drift. This junction heating
in an vscillator is also a function of the fecdback
voltage, which determines to some extent the
collector current. By using 2 high-@ tuned
circuit (as in any oscillator) and selecting the
vorrect amount of feedback voltage or collector
current, a set of operating couditions can be
established which will minimize oscillator drift
(other than thut caused by external temperature
changes). In this case, a fixed regulated voltage
(10-volt, Zener diode regulator) was selected and
various values of feedback capuacitance were
tried experimentally until the drift of the oscil-
lator was recognized as going positive: then the
vulues were changed to find the point where drift
was going negative. The capucitance values in-
dicated in Fig. 3 ure those which fell in between.
The uiternative method would be to select the
optimum value of the feedback capacitor to
maintain maximum @ and then adjust the
collector voltage in varying increments (noting
voltage values) until the drift rate changes from
negative to positive. At the zero-drift poiunt o
Zener diode (or combination of them) cun be
substituted to maintain the collector voltage at
that point. 1t should be noted that this is not
temperature compensution in the normalsense —
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Fig. 4—Power and bias supplies, and
control circuits. Unless otherwise speci-
fied, fixed resistors are 2 watt. Ca-
pacitors with polarity indicated are
electrolytic; others are paper.
CR;, CRa—Silicon, 800 p.i.v., 500 ma.
CR3—Silicon, 800 p.i.v., 100 ma.

FUNCTION SWITCH
POSITION |, RECEIVE

2.STANDBY
CR4-CR;, inc.— Silicon, 50 p.i.v., 5 amp. - 5.TUNE-CW.-A.M,
. 4PTT

CRs—Zener, 6.5 volts, 0.75 watt.* 4&
CRu—Zener, 5.0 volts, 0.75 watt.*
CRi0o—Silicon, 25 p.i.v., 500 ma.
h-l4, inc.—Pilot lamp, 6-8 volts, for
meter and dial illumination (Lafayette
99 C 6262).
Js—Chassis-mounting 15-contact male
conn. (Cinch Jones P-315-AB).
P, P;—Cable-mounting  15-contact
female connector (Cinch-Jones

. S.MANUAL

$-315-CCT). 10
Ki, Ka—D.p.d.t., 12-v. d.c., 10-20 ma. 95“'0 h g
Qi—2N697, 2N1613, 2N1893, or &/ \V4 A N

equivalent (n-p-n).
Qao, Q21—2N441, 2N442, HEP231, or equivalent (p-n-p).  S7—S.p.s.t. toggle (on Ra).

R11—50,000-0hm linear control, V2 watt. Ts—Transistor converter/a.c.; primaries, 12.6 volts d.c.
S4—2-pole, 3-position rotary, 5-amp. contact rating {one and 115 volts a.c.; secondaries 280 volts d.c., at
section, S4,, Fig. 2, is used for a.g.c. switching; 150 ma., 12.6 volts a.c., 3 amp. {Thordarson
Sap, is used for power switching. These functions TR-294 or Stancor P-8195).
are combined to conserve panel space.) Note: Heat sink is Motorola type MS-15 modified to
Sg—Miniature ceramic rotary, 2 sections, 2 poles per sec-  take two TO-36 transistors.
tion, 5 positions, non-shorting {Centralab PS-111), * CRs and CRy in series for 11.5-volt output.
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i.e., it is not applicable to thermal changes in
external components.

The v.f.0. drive uses a Jackson dual-ratio
vernier control to allow ecither fast or slow
tuning. The digital counter and associated gears
were obtained from various surplus sources, in-
cluding some local W1’s who dug real deep to
the very bottoms of their junk boxes. A lucky
combination of ratios was made up to ohtain
exactly the required 0 to 500 counter reading
from minimum mesh to full mesh of Cj. A circular
direct-driven dial is much simpler and of course
would not require any gearing. For information,
with the geuring available the last gear ended
up at the digital counter with a one-to-one
ratio. This was necessary in order to have the
digital counter read correctly by turning in the
reverse direction to the tuning capacitor; with
the heterodyne crystal oscillator on the high
side of the mixer frequency, the v.f.o. frequency
decreuses as the signal frequency increases.

Heterodyne Oscillator

Link coupling is used from the heterodyne
erystal oscillator, Qyg, to the emitters of the high-
frequency mixers, Q4 und Q5. Although a dif-
ferent crystal is used to cover each of the four
segments of the 10-meter band, Lg with the
parallel 33-pf. capacitor allows oscillation to
take place with any one of the four. Trimmer
capacitors resonate the coils for each of the
lower bands. On 80 and 40 meters, an additional
fixed capuacitance is shunted across the trimmer.

Varicap Tuning

Among the problems of tunable circuit de-
sign are those of matching to the input of
transistors and the extra switching required to
connect each tuned circuit’s low-impedance tap
to the transistor. A compromise was reached by
climinating the extra switching in the r.f. ampli-
fier and h.f. mixer stages while still retaining an
acceptable impedance match. Both the r.f. um-
plifier, Q17, and high-frequency mixer, Qys, utilize
a voltage-variable capacitor diode (CR2 and
('Rge) for tuning the band in use. These diodes
(Varicaps), specifically designed for relatively
high-Q r.f. applications, are used in a series-
purallel combination with fixed voltage-divider
capacitors for impedance matching. The two
Varicaps are remotely controlled by a common
front-panel pot, Rs. Rg is ganged to the 12BY7
driver tank-circuit capacitor, Cyi, and thus is
used for single-control preselector tuning in
RECEIVE and driver output tuning in TRANsMIT.
"Trimmer capacitor o in the base of Q5 is a
padding adjustment for CRg to keep the ca-
pacitance range consistent with the frequency
band it covers. In circuits of this type where
r.f. voltage is applied, the d.c. bias across the
Varicap must be greater than the developed r.f.
voltage since it is possible that the capucitance
of the Varicap can be changed by the r.f. voltage
if it exceeds the d.c. bias level. This normally
undesirable situation is put to good use, when
(14 is conducting, to provide some degree of lo-
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level a.l.e. action. The d.c. bias is reduced
slightly, with the L/C ratios adjusted to main-
tain resonance at the desired frequency. When
the v.f. voltage amplitude increases with speech
and exceeds the threshold d.c. bias, the change
in Varicap capacitance detunes the circuit and
the output proportionally levels off.

Rf. Amplifier and 100-kc. Calibrator

(17 is a common-base amplifier for maximum
voltage gain and high-impedance output; the
latter is desirable for minimizing loading of the
high-frequency mixer and driver input stage.
Protection is provided from transmitted r.f. by
two silicon diodes, CRas und ('Kqg, which conduct
to ground when the r.f. voltage is greater than
0.5 volt at the front end. The antenna is tapped
down for impedance matching by the capacitor
voltage divider mentioned previously, and the
circuit is tuned by C'Rgs. R.f. guin is controlled
right at the receiver front ¢nd, uhead of the
amplifier, and a strong signal at the antenna
that could cause overloading can be effectively
attentuated by this control. As Q7 is always
operating at maximum gain, no compromise is
made on a.g.c. characteristics, as usually is
necessary in normal r.f. gain control circuits.

By tying one end of the r.f. gain-control pot,
Ry, to the output of the 100-ke. crystal calibrator,
variable-amplitude calibration injection is avail-
able. When the calibrator is turned on by 83
and Ry is rotated toward the calibrator end,
signals coming from the antenna are attenuated.
Eliminating incoming signals and atmospheric
background noise makes the 100-kec. markers
easily identifiable across any band.

Driver and Final Amplifier

The 12BY7 class A driver is completely cut
off in RECEIVE by applying — S0 volts through
Ks (Fig. 4) and the grid resistor. In TRANSMIT
the grid resistor is allowed to complete its
normal path to ground. Up to 3.5 volts peuk r.f.
is availlable at the grid of this stage on 10 meters.
Allthe driveroutput coils, L1qto Laa, areswamped
with resistors (not shown in the schematic) to
provide a constant load and to prevent self-
oscillation. The values of these resistors were
not critical, and they were experimentally
selected to allow sufficient drive to the final
amplifier, yet maintain stability. There is more
than enough drive on all bands and heavy
swamping was necessary, particularly across the
80-and 40-meter coils, to prevent grid current
flow in the final amplifier. As information, the
values used were: Lig and Lgo, 4700 ohms; Ly,
6300 ohms; Lgs and Lg;, 10,000 ohms; all 14
watt. Optimum values should be determined
experimentally.

A multiband tuner is used in the final tank
circuit. It resonates in 80-, 20-, 40-, 15-, 10-meter
sequence from maximum to minimum capaci-
tance.

C13, the output loading capacitor, is adjusted
conventionally for loading the amplifier into the
antenna.
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Relative power-output indication is obtained
by rectifying a portion of the r.f. output by
('R0 and applying it to the combination output/
S-meter. Relative reading on the meter can be
adjusted by (4. Since the meter circuitry is at
a positive potential the diode rectifier path for
this circuit must be returned to the 11.5-volt
bus rather than to ground. The 0-1 milliammeter
My, is connected as a voltmeter to indicate 200
ma. full scale. Final-amplifier resting plate cur-
rent is adjusted to 25 ma. on TRANSMIT by the
bias pot, £11 (Fig. 4): on RrcEIVE the resting
current decreases to 15 ma. because the 100K
resistor in the grid circuit of the 12BY7 is
lifted from ground and increases the bias voltage.
Plate current in the TUNE/c.w. position with the
amplifier loaded is 150 ma.

Power Supply and Regulator

High voltage is obtained from a dual-purpose
power supply. The power supply transformer,
T4, is a readily available item and is especially
designed for either 115 volts a.c. or 12 volts d.c.
input. The secondary, which is rated at 2%0
volts, 150 ma., is used with a voltage-doubling
rectifier-filter which raises the B+ wvoltage to
600 volts, and also supplies a 300-volt output for
the driver B4 and the screen of the final. The
supply has been loaded to a full 200 ma. con-
tinuously without any evidence of excessive
heat. Negative voltuge for the final amplifier
und the driver grids is obtained by a shunt
rectifier directly off the secondary a.c. winding.

In a.c. operation full-wave bridge rectification
is used from the 12-volt a.c. winding to provide
d.c. voltage for the transistors. This voltage is
filtered and then regulated to 1.5 volts by Qqa.
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The band switch ex-
tends along the center
of the underside of the
chassis. Wiring here is
principally between the
circuit boards that make
upindividual sections of
the transceiver.

('Rg and CRg are Zener diodes which establish
the reference level for the 11.5 volt regulated bus.
This figure wus chosen in order to allow for possi-
ble voltage drop in supply leads from a 12-volt
battery when d.c. power supply is used. A 10-
or 11-volt Zener probably could be substituted
with no change in overall operation, but in that
case the optimum values for bias resistors for the
various stages might be different from those given
and should be determined experimentally.

With 12 volts d.c. input, CRyq acts as a one way
current valve, preventing 12 volts d.c. from
being applied back through the d.c.-to-d.c. con-
verter. T'his is necessary in order to allow the
receiver to be turned on by switch 87, on Ry,
und yet not allow the filaments or other circuits
to draw current when the ‘receiver only”’ mode
is selected. Total current drain in the “receiver
only” mode is 140 ma. Half of this current is
used by the four illuminating lamps for the diul
und meters.

The d.c.-to-d.c. converter portion of the power
supply circuitry is that recommended by the
transformer manufacturer, with the exception
that higher-power transistors (@0 and Q) are
used. Both transistors are mounted on s finned
heat sink attached to the top of T'y. The end bells
of Ty were removed to save space and enable T4
to be mounted horizontally on the chassis.

Construction Notes
The balanced modulator, its associated crystal
oscillator and doubler/tripler, the mechanicil
filter/453-k.c. amplifiers, and low-frequency
mixers were constructed on a 614 hy 3-inch
copper-claud epoxy board. Another copper-ciad
bourd, 814 by 314 inches, was utilized for the
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heterodyne oscillator, r.f. amplifier, high-fre-
quency mixer, and the v.f.0. tuning capacitor.
The u.g.c. amplifier, S-meter amplifier, d.c.
regulator, and 100-ke..calibrator were located un
the two boards where it was found convenient,
~ince their associated circuitry was not critical
with placement. Each stage was constructed
and tested individually before going on fo the
next stage. The v.f.0. used the same construction,
and likewise was tested und corrected for stability
as previously described.

Most of the components were mounted sbove
the boards and their leads interconnected either
by direct wiring or through terminals beneath
the board. For most components the copper-clad
board was drilled to accept the wire size of each
lead, and then countersunk by hand with a
larger size drill just deep enough to remove the
copper foil around the hole, to prevent shorting.
Ground connections were soldered directly to
the copper surface. ‘The boards were mounted
to the 11 by 9-inch cutout chassis after most of
the individual stage construction and testing had
been finished.

The metal boxes and shields (other than for
the v.f.0.) visible in the photographs were used
us a precautionary measure ruther than from
necessity. However, it was considered good prac-
tice, und no doubt has contributed to good
stability. With the close spacing of components
and wiring, care was taken in placement of the
various r.f. stages to minimize undesired coupling.

The band switch, Sy, is actually three separate
ceramic rotary assemblies ganged together. The
first section, using a single wafer, is mounted on
1 bracket placing the wafer 2 inches behind the
punel. A two-wafer assembly, for the preselector,
is similarly mounted in line with the first so that
its front wafer is 4 inches away from the single
wafer; the shafts of the two switches are ganged
with metal tubing and set screws. The third
assembly also has two wafers, separated 3 inches
from the second section; this assembly (in the
heterodyne oscillator circuit) is similarly ganged
to the second switch.

Only those transistor types that were avail-
able for use and were either directly substituted
or found suitable for operation, after appropriate
base-bias adjustments were made, are indicated
in the diagrams. The variety of transistors used
indicates that many other types of small-signal
high-frequency transistors can be etfectively
used. Whatever the tvpes chosen, the base-bias
resistors should be adjusted individually for hest
performance, even for transistors nominally of
the same type, since the operating characteristics
do vary somewhat from one unit to another. The
utilization of transistor sockets greatly simplified
circuit testing. For mobile operation, soldered-in
transistors would probably be desirable, but good-
quality sockets have proven most reliable under
severe vibration.

Conventional precautions were taken con-
cerning transistor handling, heat, applying volt-
ages, polarity, and so on, during the construction
and testing. Even with these normal precautions
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S transistors were destroyed by sheer negligence,
because of a variety of circumstances — including
accidentally applying the full r.f. output of the
linear directly to the emitter of the receiving
r.f. amplifier.

As a side note, after all of the transistor
circuitry was completed and working it was
noticed that the copper-clad boards had begun
to tarnish heuvily. An attempt was made to
remove the tarnish with alcohol and a detergent.
This proved catastrophic. Whatever the chemical
reaction that took place, within days corrosion
crept over the boards and under components
untilit appeared that the entire transceiver would
have to be scrapped. As u last resort, the entire
transceiver was immersed in a tub of soap and
water, carefully washed, scrubbed and then
rinsed. Then the chassis was placed in a 250-
degree oven to bake out. The copper-clad boards
with the components were later sprayed with
clear Krylon. Corrosion is no longer evident,
and the equipment has been very reliable since.

Overall performance of the transceiver has
been very good. It has been operated on all
hands and modes, with gratifying reports.
Single-tone power output into & Byrd wattmeter
indicates 52 watts minimum output on 80
through 15 meters and 45 watts on 10 meters.
Receiver sensitivity, while not accurately meas-
ured, compares favorably with that of the home-
station receiver, und the set has been used as a
“second receiver”’ for DX chasing. A few birdies
are evident in the receiver, but only two of these
are bothersome, falling in the phone portion of
the 15- and 10-meter bands. All others are of
very low amplitude and barely discernible. An
exceptionally strong adjacent-channel local sta-
tion will produce cross-modulation, but this can
be controlled to a certain degree by the r.f. gain
control, and the effect is not serious unless the
desired station is very weak. No doubt an
FET rf. amplifier would solve this situation,
and it 18 planned eventually to replace the
existing r.f. amplifier. The low current drain in
the “receive only’’ mode is a decided advantage,
since automobile battery drain can be considered
negligible. There was no need for any special
nuise suppression for mobile uperation, thanks
to the substantial amount of filtering used in
the d.c. regulator input circuit.

The significant problem of acquiring miniature
components that were suitable for use requires
acknowledgementto those who materially assisted
both in searching and in donating to me many
items. Therefore, my thanks to W1EEE, W1VBI,
WIMOJ, und WIHTK. Extra thanks go to
WIMOJ for his efforts in fabrication of the
uluminum chassis, front panel and cabinet. {[I&F—]

SWITCH
TO SAFETY!
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o Boqunnor and Novice

Grounds

How To Find A Ground
For Your Equipment

comer runs into in ham radio is that of

grounding. Should a receiver or transmitter
have a ground connection for better operation?
Can they be operated without a ground, and if so,
do they work just as well? What about getting
lightning protection for the equipment by ground-
ing?

In dealing with electrical circuits, it is very
important that we have & common reference
point. The best reference point would be one
that is least likely to change and is common to
every circuit. There cannot be much doubt that
the only reference point that fits these require-
ments is the earth itself. No matter what we do
to the earth (at least so far), it is impossible to
change its electrical potential. Because of this
fact, the earth is used as a basic reference point
in dealing with electrical or radio circuits. The
electrical symbol for an earth connection is
shown at Fig. 1A,

When we connect something to earth, and
say that the “something’’ is at ground potential,
we mean there is no voltage difference between
the two. In wiring electrical gear or radio equip-
ment there is usually a common connection
point — our reference point — and this is usually
referred to as “chassis ground” or the ‘ground
bus.” The chassis ground could be connected
directly to earth ground and there would be no
difference in potential. The circuit symbol for a
chassis ground connection is shown in Fig. 1B.

Many newcomers to reading circuit diagrams
think that there is some special lead or connection
to tie ull of the chassis ground connections to-

ONE of the first problems a novice or new-

" . 7% Novice Editor.

A 7

SHoulD BE
CONNECTED To
THE GROUNDED
CABLE SHEATH

24

Setting up your station for the first
time? Here’s an article that will tell
Yor how to ground your equipment,
why « ground is needed, and other
pertinent information.

gether, but it is simply the chassis itself, if the
chassis is metal, or a ground bus or lead if the
chassis is made of nonconducting material.

Also, many novices assume that the chassis of a
receiver or transmitter must be connected to
earth ground in order for the equipment to work
properly. This is an incorrect assumption. As we
can see, if both the piece of gear and the earth
are at the same potential, it doesn’t make any
difference whether they are connected together
or not. They can be, but they don’t have to be.

However, thereis another reason for connecting
all the chassis in your station to a good earth
ground, and it is a very important reason: safety.
While it isn't 4 common occurrence, it is always
possible for a component to fail in a piece of
ecuipment, with the result that the chassis may
be at a different potential from the earth, or
different from the potential of another chassis
in the station. If you should touch both chassis
at the sume time or touch something connected to
earth and the chassis with the voltage difference
on it, you'll get an electrical shock, and this can
be very dangerous.

(a) 8)
CH%%S'S EARTH
GOMMON GROUND
GROUND

Fig. 1—The symbol at A is the one used to indicate a
common or chassis ground. At B is the symbol indicating a
connection to an earth ground.

By having all the chassis in the station con-
nected to ground, a component failure will cause
the fuse in the faulty equipment ta blow- -
assuming, of course, that the equipment was
fused, and it should be.

If it isn’t fused, more than likely something
would heat up to the point where you would
notice the failure and turn off the power. But
most important, you wouldn’t get a shock by
touching the faulty equipment.

Earth-Ground Connections

Naturally, the first question asked would be,
“What is a good earth-ground connection?’’ For
vears, the word among hams was that water
pipes make good earth-ground ¢onnections.
While a water pipe can he an excellent ground,
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any fairly recent p|pE;R T —ALTERNATIVE
plumbing installa-
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carefully checked.
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' DRIVEN
In the author’s case, (1="""GROUND
a deep well is used I RoD
to supply water. All of v

the plumbing in the

house is copper tubing, but where the well piping
enters the house through the basement wall
plastic tubing is used. And plastic “*just ain't"”
1 good conductor. In many of the newer housing
developments plastic type pipes or couplings
are used, so an amateur planning to use a water
pipe ground would do well to check that metal
piping is used all the way to where it enters the
earth. Make sure that metal connectors or unions
are used. If the piping is metal and is complete
to the earth, the piping makes an excellent
ground connection point.,

The power companies always use & “neutral”’
or ground connection when they bring the a.c.
lines into a dwelling. You will always find a
connection to earth ground at the power service
entrance. In locations where water pipes are
available, the power company makes its ground
counections to the water lines. In installa-
tions where no water lines are available the
ground electrode is usually a 34-inch diameter
rod, 8 feet. long, und made from a nonferrous
metal, usually copper. You can make your earth-
ground connection to this same point.

The National Hlectrical Code lists several
types of grounding electrodes that can be used to
obtain an approved earth ground. The electrode
can be a Jdriven pipe, driven rod, or a buried
plate. A driven pipe should be at least 34 inch
in diameter, 8 feet long, and have the outer
surface galvanized or otherwise metal-coated to
reduce corrosion. Buried plates must be at least

TWIN-LEAD

OPEN-WIRE
LINE

+«—EARTH GROUND\ﬁ:{

Fig. 3—Method of grounding either coaxial lines or
parallel feeders for station lightning protection, T-style
coax fittings are available and can be used for coax lines,
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Fig. 2—1t is very important in the interests of safety that
every piece of equipment in the station should be grounded
to a good earth ground. As described in the text, the
pipes in the plumbing system can make an excellent
ground for your station. If such a connection isn't possible,
an electrode of a driven rod or buried plate can be used.

1 foot square so as to present at least 2 square
feet of surface to the earth. Copper roof flashing
would make a good electrode. Such electrodes
should be buried at least 4 feet deep.

The Code recommends grounding-conductor
leads of No. 6 wire, either stranded or solid, in-
sulated or uninsulated. Any electrical contractor
or supply house stocks both electrodes and con-~
ductors. We don’t recommend using TV-type
ground rods simply because these usually are
steel rods with a thin copper coating which tends
to rust off a few days after the rod is installed.
Use approved type of equipment; it will pay off
in the long run.

In the author’s station, which is located in the
basement, a ground electrode was driven into
the earth just outside the basement wall. A lead
was brought in from the electrode and connected
to a length of 14-inch diameter copper tubing

ARE ALL
METAL PARTS
PROTRUDING

THROUGH PANELS
GROUNDED

z

o

————

which was mounted along the rear of the operat-
ing desk. All the equipment in the station is
connected to the tubing. In addition, a connec-
tion was made from the tubing to the neutral
side of the a.c. line to make sure that the newly
installed ground was at the same potential as
the a.c. ground. The two grounds are about 50
feet apart, and it could be possible to have enough
resistance in the earth between them to have a
slight potential difference. If possible, when in-
stalling a separate ground electrode connect it
to the a.c. ground to avoid any potential differ-
ences that may exist.

Grounds and Apartment Buildings

Concrete or stone apartment buildings can
present a problem in obtaining an earth-ground.
Cloncrete and stone are not conductors. Water
pipes may provide a ground but this isn’t always
4 sure thing, as pointed vut earlier.

(Continued on puge 158)
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Break-In Keying Without Relays

BY MICHAEL L. STEINE* WA2EYZ

6666660646
YoV IVFSISIPS®

This circuit will key the transmitter (if it
uses grid-block keying) and simulia-
neously key the receiver muting line
%0 Lthal incoming signals can be heard
between dots and dashes. The transistors
and diodes cost about $7.

PYVVVVVVUUYY
FOoOoVPTIvPOVPYVP

I "AVE long been interested in uchicving an
[ efficient and inexpensive keying and break-in

system which would not utilize relays. Reluays
have several disadvantages, especially st high
speeds. Even good ones are relatively slow-acting,
and the contacts may bounce. The coils must be
energized from rather high-current supplies, and
when the key contacts begin to get dirty the
relay becomes erratic. On the other hand,
transistors have none of these disadvantages.
Besides, they're cheaper.

The circuit shown in Fig. 1 is designed to be
operated in conjunction with an electronic t.r.
switch or separate receiving antenna, to protect
the receiver front end. The main function of the
device is to decrease the receiver sensitivity while
keying the transmitter. It will work only with
" %164 Carmita Ave,, Rutheriord, N, J, 07070,

grid-block keying, such as is used, for example, in
the Heath Apache. The receiver should have
a commmon cathode string connected to the r.f.
gain control and opened by a stand-by switch,
as in the Hallierafter’s SX-100.

[ransistors @z and Q4 form an astable multi-
vibrator which produces a square wave (approxi-
mately) at around 5000 c.p.s. The oscillator runs
continuously. Tts output is directly coupled
through Rs to the base of @». With the key up,
the emitter of @» is held positive with respect
to its base and no current flows in the collector
circuit. At the same time, current flows through
R4 into the buse of @5, saturating the transistor
and causing the cathode string of the receiver to
see a short to ground.

When the key is down, the voltage is removed
from the base of (J5, and since no current is

TRANSMITTER KEYED
SWITCH R2 AMPLIFIER MULTIVIBRATOR
—W\,_4
RI 6
2703 +[Cls ¢
Q1 T 6V.
P4
RG?
80 NI a0 SRS
RECEIVER
SWITCH
o Q o
KMTR. COM. +16 TO 18V. KEY RCVR.
KEY JACK GND. 50 MA.

Fig. 1 —Circuit of the relayless break-in keyer. Resistances are in ohms (K = 1000); except as indicated, fixed resistors
are 2 watt. Except for Ci, which is electrolytic, capacitors are paper or mylar. Component numbers
not listed below are for text reference.

CRi, CR2—Silicon, 50-100 p.r.v. (IN537, etc.).
Qi, Q2, Qs—RCA 40264 (breakdown voltage 150).
Qa, Qs—A.f. transistor, 2N2270 or equivalent.
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R;—10,000-0hm control, linear taper.
Ti—Transistor output, 100 ohms c.t. to 10 ohms c.t.,
primary center tap not used (Stancor TA-2).
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O XMTR.KEY JACK

0+18VDC

v+
pe
N
VWA

O KEY
RCVR,

3R6 COM. GND,

f
R7§4]

Fig. 2-—A version using a p-n-p transistor to key the transmitter. The application of this circuit is limited at present by the
availability of transistors having adequate voltage ratings for use at Q1. Values given below are representative, but should
be modified to suit transistors actually used, (Transistors used by the author were Qi,
2N418 (Bendix) and Qz, TR-23 (International Rectifier.)

Ci—22 uf., 35 volts.
Ri1—50 ohms, 2 watt,
R2—1000 ohms, 2 watts,
R3, Rs—240 ohms, /2 watt,

flowing through the base circuit the transistor
opens. With Qs open the receiver cathode string
runs to ground through Rs and £s. Ks controls the
sensitivity of the receiver when the key is down.
Meanwhile, Qo’s emitter becomes grounded when
the key is down, and the transistor acts as an
amplifier for the output of the multivibrator.
Transformer 7'; in the collector circuit of @, steps
the audio voltage down and operates into u full-
wave rectitier consisting of C'Ry and CR,. This
transformer is used to isolate the base-emitter
circuit of (J; from ground. Capacitor (3 helps to
change the square wave into something more
like a sine wave. (', Cg, Iy and Ry make up a
network which produces a filtered d.c. input
for controlling (1, but which has a short-enough
time constant so that keying is not affected.
With @1's basesaturated the transmitter blocking
bias is dropped to zero and the transmitter is
keyed.

Nothing in the unit is critical, and it should
work no matter what size package you squeeze
it into. Mine was built on perforated boards
in two sections, one for the multivibrator and
one for the rest of the circuit. The two boards are
mounted in a good-sized Minibox, with the
sensitivity control and a key jack on one end of
the box. The circuit does not include a power
supply because I utilize a master supply. A simple
supply may be constructed from a 12-volt fila-
ment transformer, a full-wave bridge rectifier,
and u capacitor-input filter. This will provide
around 16-18 volts. The circuit requires u
maximum of 50 ma.

In operation, the device will key as fast us
vou're able, and time delays are no problem.
There are only two disadvantages to the circuit:
There is 4 slight reduction iu receiver sensitiv-
ity due to some resistance remaining when Qs is
operating, and there is a popping sound from the
speaker. If the latter proves to be severe, two
silicon diodes connected limiter-fashion (polarity
of one reversed with respect to the other)
across the speaker coil will eliminate most of the
sound.
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Rs—2000 ohms, Y2 watt,
Rs—470 ohms, Y2 watt,

R7—2500-0hm control, linear taper.,

A P-N-P Model

It wus mentioned above that a principal func-
tion of 7'; is to isolate the base and emitter of
@1 from ground; this is necessary because @ is
an n.p.n. transistor and must key a negative
voltage with the grid-block system. The multi-
vibrator, audio amplifier and rectifier-filter can
be eliminated if a high-voltage p.n.p. transistor
can be substituted for the n.p.n., since this part
of the circuit exists solely to make the necessary
hase-emitter isolation possible.

In early experiments, a p-n-p transistor actu-
ally was used in the circuit of Fig. 2, and although
its maximum collector-voltage rating was ex-
ceeded, it operated satisfactorily. However, at
present there are no inexpensive p-n-p units
on the market having collector-voltage ratings
high enough to take care of average grid-block
requirements (100 volts or more, in most cases).
if the transmitter’s blocking-voltage as measured
with a v.t.v.m. across the open key does not
exceed the collector-voltage rating of an available
p.n.p. transistor, Fig. 2 represents a considerable
simplification with the same overall performance
as Fig. 1.

In this circuit, Q9 has the same function as Qg
in Fig. 1. With the key open, forward bias is
applied to ¢J2’s base through K3£4, causing the
transistor to saturate and grounding the receiver
cathodes. At the sume time, R;Rs maintains the
emitter of Q1 at a slightly more negative voltage
than that at its base, and ) is nonconducting.
When the key is closed, @; conducts and keys
the transmitter, while (), is cut off and the re-
ceiver gain is controlled by RsR7.

In using this circuit the important thing to
remember is to adjust the voltage divider Rqfls
s0 that @, will keep going without burning up its
buse, and to keep Q) turned off by making its
base (key open) slightly positive with respect
to its emitter. Also, if the power-supply voltuage
is in the wrong range the transmitter may be
turned on even though the key is up. Values
will depend on the particular transistors used.

Q57—
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Stepping Up TR Nwitch Performance

Modification of a Manufactured Unit

t.r. switch are reduction in signal input to

the receiver when the transmitter is tuned to
resonance (suck out), and harmouic generation
causing TVI. This article is designed to give
the reader a brief rundown of t.r. switch designs
along with some modifications of a popular
commercially available t.r, switch which over-
came the problems.

The basic designs of a t.r. switch are shown in
I'ig. 1. These are:

A) Cathode follower mounted at or near the
transmitter output connector.

B) Transformer-coupled unit mounted at or
neur the antenna jack of the transmwitter.

(’) Cathode-follower or (D) transformer-
coupled unit mounted close to the transmitter
tinal tank circuit and connected to the input side
of the pi network.

A cathode follower used as in (A) offers less

*85 East Lgﬂ;;‘\Villingl)oro, New Jersey 08046.

T\vo serious problems in the operation of a

CATHODE FOLLOWER

6.3V.
RCVR. TO XMTR.OUTPUT
TORCVR. TR D ANTENNA
1500 CONNECTION
310 5‘”‘ TO XMTR.
“
#150v. 1000 —)
SA
001 001
RCVR.
ANT. =<} —
.00 1
0 'TOOT XMTR. TUBE'
©) L, FINAL
CATHODE FOLLOWER

TO XMTR.OUTPUT AND ANT.

BY ROBERT M. MYERS,* W3HGN/W2CUT

than unity transfer of voltage to the receiver
und therefore is not desirable except in the inter-
ests of economy and simplicity.! Transformer
coupling as in (B) in some cases will give gain
in the form of preamplification, but the circuit
is still subject to the suck-out problem mentioned
above. A t.r. switch mounted in the tank circuit
of the transmitter and coupled to the input side
of the pi network (C and D) will, in most cases,
eliminate “suck-out’’ problems, and a peak in
receiver gain will be observed when the trans-
mitter is tuned to resonance. A considerable
additional amount of gain can be realized
through the use of a transformer-coupled unit
(D) mounted at this point.

From the installation point of view, mounting

1 This assumes, of course, that impedance transformation
is not an objective. The assumption is usually justified, since
the line impedance and receiver input impedance will (with
current equipment) be the same in most applications. —
Editor.

TRANSFORMER
COUPLED 01
. |
1

RCYR.

ouTPUT
XMFR,

6.3V, '
8+

3

T0 g
RCYR.

11\

o)LL

TRANSFORMER COUPLED

Fig. 1 —Elementary TR switch circuits.
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TO RCVR.

the unit in the tank circuit becomes rather
difficult in present~day compact transmitters—
not to meution warranty problems. For these and
other reasons, a transformer-coupled switch
connected directly to the transmission line seems
most generally useful. The t.r. switch used by
the writer is a Barker & Williamson Model 3818,
a two-tube unit capable of giving substantial
guin if the coils are resonated on each band by
a variuble capacitor. The modified circuit is
shown in Fig. 2. Standard TVI “debugging”
procedures have beeu used — complete shielding,
filtering of the a.c. line cord, and use of a low-pass
filter in the transmission line between the switch
and antenna. Results have been 100 per cent
suceessful,

Those who already have the 381B will find that
the modification is really quite simple, as shown
by the following procedure (similar modifications
could be applied to other units®).

1) Remove the chassis from the cover hy
taking off the front panel, and drill a hole in

? The earlier B&W 381 (not the B model) is basically the
sume except that the band awitch is on the opposite end of
the cabinet. The variable capacitor should be mounted
as shown in Fig. 3 (on the opposite end panel from the coax
connectors)., The wiring of the 38l requires two other
changes to make it agree with the 381B schematic. The lead
from the common end of the band-switched coils to B+
must be disconnected at the B4 end and reconnected to
Pin 9 of the StA. The lead from the center arm of the band
switch to Pin 9 of the 654 must be disconnected from Pin 9
and connected to B+,
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EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (wf.);
OTHERS ARE IN PICOFARADS ( pf. oRput);
RESISTANCES ARE IN OHMS; K = 1000,

Fig. 2-—~Modified circuit of the B & W 381B electronic
TR switch, Except as .indicafed by heavy and dashed
lines, the circuit and values are the same as in the original
equipment,
C1—56-pf. mica.
Cy—43-pf. mica.
Ca—50-pf. midget variable (Hammarlund MAPC508B or
equivalent).

the panel to accommodate the variable capacitor
(C3) to be installed. This hole should be the
same distance from the side and bottom of the
panel as is the band-switch hole.

2) Mount the capuacitor on the panel with the
stator plates toward the bottom.

3) Reinstall the front panel on the chassis
and make sure that the movable plates, when
rotated, do not touch Z3 and Z4 (a.c. line filter
coils).

4) Solder a heavy bus bar from the stator
connection on (5 to the ‘“half moon” ring on the
terminal strip as shown in Fig. 3.

5) Run a heavy bus bar from the rotor con-
nection of C3to the ground lug next to the cupaci-
tor. Be sure not to short uny a.c. components.

6) Remove all the mica cupacitors connected
across the coils on the band switch.,

7) Connect ('y (56-pf. micu) across the &0-
meter coil, and connect s (43-pf. mica) across
the {0-meter coil. Leuve the 20- through 10-meter
coils without capacitors.

%) Remove the mounting nut on the tuning
capacitor just installed und dismount the panel
from the chassis. With the capacitor supported
by its leads, slide the unit into the cabinet and
reinstall the front panel.

The t.r. switch should be placed near the rear
of the transmitter and connected. us usual. When
changing bands, select the proper band with
the band switch and tune for maximum gain in
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No. 14 BUS WIRE

Fig. 3-—The added variable capacitor is mounted on the panel alongside the band-switch control. Adjustment of the
capacitor peaks the switch tube’s plate tuning for maximum signal strength at any amateur-band
frequency in the 3.5-30-Mc. range,

the receiver with C;. Tune the transmitter
normally.

A few simple operations can add to the
appearance for those who are interested. The
printing under the tuning capacitor knob can be
removed by judicious use of a rubber ink eraser,
using care to prevent removing gray paint.
Standard decals can then be placed in the correct
position and the panel sprayed with a light coat
of clear Krylon. These changes should be made
before the panel is mounted.

To summarize, the advantages of using this
type of electronic t.r. switch are numerous —-
climination of mechanical noise from a relay and
the inconvenience of turning a switch, instant
break-in, and a constant antenna load on the
transmitter. This last eliminates the possibility
of “no-load” conditions before the relay actually

activates, or because of relay failure (very impor-
tant when using an expensive tube in the final
amplifier).

Another advantage is the increase in overall
receiver gain; however, a really good communi-
eations receiver will not benefit from this nearly
as much as a lower-performance receiver will.
Just to be fair, there are also u few disadvantages:
There is an extra knob to adjust when operating,
and the cost of the t.r. switch is higher than the
cost of a coax relay.

The problem of deciding whether or not the
advantages outweigh the disadvantages is left
with the reader. For the author -~ they do!

I would like to acknowledge the efforts of
Francis K. Campbell, W5IGJ, for his original
idea and correspondence, without which this
article would not have been possible. @Ev—]

- Strays “§s.

AMATEUR RADIO AS A CAREER

We have a permanent position vacant on the
ARRL Hg. staff, as an assistant secretary. If
vou're a young amateur with a couple of years of
hamming behind you, here is vour chance to
make amateur radio your career.

Duties include composing answers to regula-
tory, legul and general ra:dio questions received
in letters from members; conducting tours of
headquarters for visitors, doing promotion and
publicity work; handling international corre-
spondence and other routine wdministrative
chores. Later on, there would probably be some
travel, to conventions and club meetings.

There is no formal education requirement, but
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a good working knowledge of English usage,
grammar and spelling is important. Fluency in a
foreign language is a definite asset.

The candidate should have a neat appearance
and friendly personality. Experience as an officer
of aradio club, editor of a club paper, instructor
of a training conrse, or similar activity is helpful.

Becuuse there is little parallel outside the
League to this position, we’ll have to train our
mun on the jub. Thus we are especially interested
in 4 young man, perhaps in the mid-twenties,
Candidates for the post should write to Box A,
ARRIL, Newington, Conn. 06111, outlining their
education, prior employment, military service
marital status und amateur radio experience. ’
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An “Obsolete” 50-Mc. Mobile Receiver

Part IT of Two Parts

Transistor Receiver Ideas by the Carload

BY HENRY H. CROSS,* W1OO0P

) ) ; :‘ . ‘ ’ j
The W1OOP 50-Mc. mobile receiver, as it appears
mounted in the car, ready for use.

tor, Ry, or the rectitied audio from the side-

band rectifier, diodes CI?1g through CRs, is
applied to the n-p-n transistora.g.c. amplifier, Q4.
The diode output is negative so there is a voltage
divider from plus Y volts to give the required for-
ward bias. At or near the desired level the increas-
ing negative voltage from the diode cuts down the
wollector current of the a.g.c. amplifier, reducing
the forward bias applied to the controlled tran-
sistors, and thus their gain. Forward bias on the
controlled stages is limited to about 1.3 volts
by silicon diodes CRjo und C'Ry1, which begin to
conduet at a bit less than that. Qy4 has another
collector load, the 2500-ohm control which feeds
the squelch amplifier, (J;5. It is so arranged that
the squelch muy be completely cut off before
there is any change in receiver gain. Though tem-
perature effects do not cancel in any way, there
has been no need to readjust other than the
squelch control, when going from cold car to in-
door operation.

When conducting, the squelch amplifier, (s,
turns on aunother transistor, s, which diszbles
the first audio stage to silence the receiver. The
action is excellent. The bypass capacitors on the
arms of the a.g.c. controls were needed to keep
audio out of the squelch amplifier chain. Without,
them the squelch was mnoisy in opening and
closing, as on u fuding signal or on intermittent
sideband. (Unlike ‘75-meter types,”’ 6-meter
sidebanders occasionally pause for thought or
breath, and the squelch gets a chance to work.)

Following the audio gain control, which is the
load resistance for the diode detector, is the first
audio amplifier Qq1, used in an active low-pass
" #111 Birds Hill Ave,, Necdham, Mass, 01670,

VOLTA(:E, either direct from the diode detec-
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filter. The overall receiver bandwidth is 600U
cycles, so the recovered audio on a strong sigial
will all be below 3000 cycles. For best weak-signal
a.m. reception, noise above 3000 cycles (gen-
erated by noise beating with noise, rather than
with carrier) should be attenuated in the audio
amplifier, as there is no intelligence above 3000
cycles to be lost. In sideband reception, with the
h.f.o. at vne side of the passband, there is a lot
of noise and interference above 3000 eycles, and
the usual s.s.b. signal has nothing useful above
this frequency either. Filter elements are the
base network of ()11, and the 100-pf. capacitors
in the feedback network of the output amplifier,
Fig. 5. There is more high-frequency attenuation
in the detector filtering.

The following audio amplifier could have been
an ordinary transformer-coupled Class-B system,
but the complementary silicon transistors, Qs
through @90, were available, and 1 didn’t have
the transformers for a Class-B system on hand.
Any of the ready-made audio units sold by
Lafayette, Radio Shack, Allied and others would
be usable.

Achieving Stability

Voltage on all stages except the audio is held
to Y volts rather closely, as input voltage varies.
The simpler regulating arrangements are not
good enough, and with them even using the car's
turning signal has a weird effect on sideband re-
ception. Using the MCL-1300 constant-current
diode, C'Rqy, in place of the usual load resistor
makes the ratio of input-voltage vuriation to
regulated-voltage variation something like 1000
to 1, and this fixes things. The R-C' combination
between the base of Q2 und ground was added
for high-frequency stability. The power tran-
sistor, (Ja1, is not needed: a single 2N'1711 could
be used in place of the pass transistor and its
driver, if the diode were changed to an MCL-
1301 (1 ma.).

The first oscillator runs 10.7 Mec. below the
signal frequency. It is just good enough. In uddi-
tion to instability due to voltage variution, any
transistor oscillator has drift due to temperature
vuriation. Raising capacitance in the circuit may
not fix this, as some of the effect may be caused
by changing phase shift inside the transistor.
The type finally chosen is notable for its combin-
ation of good high-frequency performance and
good cooling. A 2N1744, first tried, had bhad
turn-on drift, probably because of high thermal
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Interior of the 50-Mc. receiver. The 3-gang tuning capacitor, actually at the front of the receiver, is in the right edge
of the picture. The circuit board at the lower left carries the bandpass filter circuits. The 10.7-Mc. i.f. and filter circuits
are near the center, with the 455-kc. i.f. components in the [eft center. The circuit board at the
upper right has the first audio and squelch components.

resistance. Circuit capacitance is about the limit
for the frequency. With higher capacitance the
oscillator output drops off at the high end of the
band. Watch the voltage swing and the back bias
applied to the emitter-base junction. Some tran-
sistors have low BVgBo, and there may be noise
fromleakage current, making for shaky c.w. notes.

Adjustment

Adjustment of a complex receiver such as this
takes some ingenuity. My habit is to build up
the front end and first mixer, and operate it as a
converter, working into s communications re-
ceiver. It may not track at first, but it will be
eusy to tune up in the busy purt of the band, and
make it go. Use & coax patch cord counected
to the receiver input, with the receiver set to
about 10.7 Mec. The other end of the cable is
equipped with a coupling capacitor and clips.
(Once the mixer ig passing current it is possible to
zo to the other end of the filter and heur the
mixer noise coming through, now that we know
exactly where to look on the receiver dial. Peak
the mixer collector circuit, Ly, in Fig. 2, for
maximum noise, then move the patch cord to Lis
and tune the other 10.7-Mec. stages.

I use a BC-348, which has the advantage of
covering 455 ke., 5o [ ean check the second mixer,
oscillator and 455-ke. if. circuits in a similar
manner. With this it is possible to find where the
lump of noise representing the center frequency
of the filter, subtracted from the 11.155-Me. os-
villator, really comes out. With the 348 centered
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on this the second i.f. can be peaked, changing
values where necessury as we go.

There are four screwdriver controls in the re-
ceiver. The level out of the regulator is set to 9
volts by the 1000-ohm control when the regulator
is pretested. The 100,000-ohm output control,
Fig. 5, sets the output terminal of the amplifier,
measured at the feed-through capacitor, at
about half the lowest useful supply voltage, or
around 6 volts in this case. The other two adjust-
ments are to pick the level at which the a.g.c.
amplifier begins to function. For initial adjust-
ment, remove the a.g.c. amplifier, Qy4, from its
socket and connect about 4700 ohms temporarily
between the collector pin and ground. With some
noise coming from the speaker, replace the tran-
sistor and turn the A.M. a.¢.c. control to get
about the same result. Then find a strong signal
(your exciter, for example) and put an a.f. volt-
meter across the diode load (the audio gain con-
trol). Turn the a.M. A.c.c. adjustment to maxi-
mize the meter reading, 5 or 6 volts. Then turn
the other way to set this strong signal down to
sbout 40 percent of the maximum. The limiter
diode, CR7 in Fig. 3, should not be connected
when this is tirst being done.

The sideband a.g.c. adjustment is done with
the h.f.o. disabled (@10 out of its socket). Feed
a tone of around 1000 cycles to the input of the
audio a.g.c. amplifier, 13, at a level high enough
to muke the voltage level out of the sideband a.g.c.
rectifier almost as high as it will go. Set the a.g.c.
adjustment so that the signal at the diode load
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Fig. 4—Schematic diagram and parts information for the detector, audio, and a.g.c.
cireuits of the 50-Mc. transistor receiver. Points A and B run to Fig. 3, Partl.
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Qi5—2N3638 or 2N4122.

RFC;—3.3-mh r.f. chcke.

S2—D.p.d.t. switch, also used in Fig. 3 (Alco MST205N).

Ti—Miniature driver transformer, 10,000 to 2000 ohms
(Lafayette 99R6124).

can be cut to about half the level that is delivered
in the a.m. position: Next pull the second mixer,
Qs, put the b.f.0. trafisistor back in its socket, and
check the level it dellvers to the second detector.
It can be anywhere from about equal to twice
the a.m. carrier level. If it is too low the demodu-
lation will not be good; if too high the last i.f.
stage will overload.

When the receiver is going as a whole, you
can touch up the s.8.8. control on the air. The
.. control should be léft as set according to the

December 1967

above procedure. Paint it with nail polish as a
reminder. ’

Tracking the front end is mainly a matter of
a signal generator and persistence. The coil in-
ductances set the low end for gain, the 3-20
trimmers set the high end. Trimmers on the
gang capacitor are set for about two-thirds
maximum, the rear unit of each pair being mostly
meshed and the forward unit only part way in.
They also have maximum effect at the high end.
When tracking seems good the mixer'section may
be trimmed at the high end and its associated
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Fig. 5—Circuits of the output audio stages 470
and regulated power supply used in
the 50-Mc. mobile receiver. 55“1"0;‘
CRi-19, incl— 1N4002. v
CR20—4JAT0OM, 1N4719 or TN1563.
CR21—Constant-current  diode (Motorola
MCL1300 or MCL1301).
CRoz—Reference diode, 1N821 or 1N429, | 1200 L n22 (X 2700
CRaa—IN914 or 1N457, cRzoR RN Y
RFCs, RFCs—Ferrite bead, or 5 turns No. 20 02
enamel on 220-ohm 2-watt resistor. T

RFCs—2.5-mh, hash choke, 0.1 ohm d.c.
resistance, or Stancor TC-1 or Thordarson TR-153.

Q16—2N2925 or 2N910.

Q1:—273638 or 271132.

Q1s—2N3642 or 2N697.

Qi1a—2N3741.

Q20— 2N3766.

Q21—40310 or 2N3766, mounted to chassis with mica
washer.

Q22—2N2714 or 2N706.

Q23—2N2925

chassis-mounted trimmer cau be used to fudge
the mid-band tuning. Trimmers on the oscillator
section probubly should be covered: it is eusy to
stick a screwdriver into the wrong hole wud mess
up the calibration.

The signal generator used need not. be fancy,
but one is helpful in putting the oscillator in the
right spot. When the receiver is properly set up
there are no spurious respouses apparent. How-
ever, the receiver seems to work passably when
the first oscillator is 5.35 Me. off the signal fre-
quency, instead of 10.7 Me. below., or even
when it is around 30 Me. There is enough range
in the slug so that this could and did happen.
Some check on the actual oscillator frequency is
thus desirable. As u further check, find the image.
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Make sure it is where it ought to be, at 20.3 Me.
when the receiver is tuned for u 50.7-Me. signal.
If your signal generator output is high enough
there will be u spurious response at 45.35 Me.,
but none at 56.05 Nc. There will be other re-
sponses at 69.3 and 90.7 Me. All of these will be
found more readily if the signals are fed into the
receiver after the band-pass filter, capacitively
coupled to the base of Q.

1f youdon’t trust the calibration of vour signal
generator, and you have no wuy of checking the
oscillator frequency otherwise, tuke the receiver
near to the familv TV set, and tune it to wipe
out whatever local TV sound or picture channels
that are available locally. A 40-Me. oscillator
signal can be spotted against Chanuel 5 sound
at 4087 to .8, for example.

Inclusion of & half megacycle below the band
edge was to allow monitoring below 50, und also
to give extra tuning range when the receiver is
used for ani.f. with w.h.f. converters. It ix helpful
to be able to tune an i.f. range that does not
have strong local 50-Me. signals in it, and it isn’t
alwavs easy to get crystals that will make 432.0
or 1296.0 Me. come out exactly where you want
them tobe,.  [gE



Rejecting

Interference

Interference tfrom strong signals in the
broadcast band can often disrupt ham
radio reception. Many ham receivers
succumb to overload and eross-modula-
tion problems when subjected Lo strong
adjacent-frequency signals. This article
discusses some of the common problems
of broadcast station interference. Exam-
ples of workable interterence filters and
traps are given, offering some simple
cures for a common probhlem.

from Broadcast Stations

BY DOUG DEMAW.,* WICER

Filters and Traps for the Ham Receiver

chances are that this article was written for
you. Most large cities have several a.m.
broadcust stutions, many of which run as much
as 50,000 watls of power. These stations pose u
gignificant threat to uearby receivers, particu-
larly to those that are prone to cross-modulation
und front-end overload. In some regions, the
ham bands in the h.f. spectrum — when tuned in
on even the best of receivers — are a mass of
distorted ‘““pop’” music, garbled voices, and
splatter. 1t should be pointed out at this juncture
that the hroadcast stations themselves seldom
are at fault, (although in isolated instances they
are cupable of generating spurious ontput if
aperating in a faulty manner).
The heurt of the trouble, unhappily, lies in the

EF vou live iu or near a metropolitan area,

* Agsistant Technical Editor.

A top view of the filters. The high-pass and series-trap

filters are at the left and are constructed in open channels.

Betterisolation would result if the channels were compietely

enclosed. A Minibox is used for an enclosure to house
the stopband filter at the right.
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receiver’s inability to accomodate strong off-
channel signals. For that matter, the same re-
ceiver would have a like problemn when tuned to
the very band in which the strong signals were.
So the problem, then, is basically one of receiver
desigu. The condition is usually compounded by
the use of transistors in the front end of a com-
munications receiver.!

The cure for this form of interference is best
effected by the installation of some type of trap,
attenuator, or filter at the input terminals of the
receiver. The choice of device for this purpose can
best be made after evaluating the situation; it
will depend on the number of interfering stations
involved, their operating frequencies, and the
magnitude of their respective signals at the
receiving site.

Selecting a Filter Type

Step No. I in choosing the best filter for a
specific case of interference is to determine the
nature of the interfering signal. For exaraple:
In tuning across the 80-meter band most of the
ham signals might be obscured by a broadcast-
band signal that secms to be several hundred
kilocycles wide, is quite strong, and sounds a
trifie garbled. After listening to this signal at
different points in the band it becomes apparent
that only one broadecast station is being heard.
This is a form of ‘“blanketing” that can usually
be cured by installing a wave trap at the input
terminals of the ham receiver. The trap can bhe
either a series- or parallel-tuned type, Fig. 1
(at B or (}), which has been tuned to the fre-

! Transistorized receivers are particularly subject to
front-end overload and cross todulation. The range of
lincar operation with transistors is smail when compared
to vacuum tubes. Because of this, they cannot handle
large input signals without going into the nonlinear operat-
ing region,
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Fig. 1—Schematic diagrams of the traps and filters. Variable capacitors are rated in pf. All others are disk or tubular

1000. Inductors L1 and L2 are ferrite-bar broadcast radio an-

tennas, providing excellent Q for optimum rejection with the traps. The taps on [\ and L2 are shorted
to the end of the winding nearest to them as shown at B and C.

Ci—50 to 400-pf. adjustable padder (Miller 160-B
svitable).

C2—10 to 160-pf. adjustable padder (Miller 160-D suit-
able).

J1-J1o, inc.—Phono jack.

Li—240-ph. ferrite-strip antenna (Miller 2004 suitable).

quency of the interfering broadcast station.

If, when tuning across the ham band, you
discover that there are two hroadcast stutions
being heard, two traps can be installed at the
receiver’s antenna input. One trap will have
to be the series type, Fig. 1C, and the other trap
must be a parallel-tuned type, Fig. 1B. One of
the traps can be tuned for maximum rejection of
one of the interfering stations and the remaining
trap can be adjusted to the frequency of the
second station being heard. 1f the traps have
good @, there will be no apparent loss in received
signal on the ham bands.

If more thaun two broadcast stations are
involved in the cross-modulation/overload prob-
lem, a more complex filter will be required. Such
3 problem exists at WI1INF, the ARRL Iiq.
Operator’'s Club station in Newington, Con-
necticut. At least four strong local broadcast-
hand signals cause overload problems in some of
our receivers. One of our antennas, because it is
vertically polarized, is particularly receptive to
the ground-w.we signals from these stations,
adding great,iv to the problem. Mthough a trans-
match is used between the receivers and the
doublet antenna, and an antenna tuner is used
between the vertical antenna and its feed line,
these extra tuned circuits do not completely
eliminate the broadcast stations from the
receivers. A transmatch is a step in the right
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Ly—700-uh. ferrite-strip antenna (Miller 2005 suitable.)
L3, Li—3.3 uh. (Miller 7OF336A1 suitable).

Ls, Ls—33 uh. (Miller 70F335A1 suitable).

Lz, Lo—10 ph. (Miller 70F105A1 suitable).

Ly—4.7 uh. (Miller 7OF4748A1 suitable).

R1—50,000-0hm audio-taper control.

direction, however, because of the added front-
end selectivity it gives the receiver. In some
instances a transmatch may be all that is re-
quired to clean up a mild case of “BSI” (broad-
cast station interference).

Where many interfering signals are involved,
a high-pass filter of the type shown in Fig. 1 at D
is often etfective. Unlike the tuned traps, that
offer sharp rejection to just one frequency, the
high-pass filter will attenuate all of the signals
below a selected frequency. If such a filter is
designed to cut off at 1600 kilocycles, those
frequencies that lie below 1600 kilocyvcles will be
rejected. The amount of rejection, in terms of
decibels, will depend on the number of sections
the filter has. The circuit at Fig. 11 represents a
minimum number of sections (two) for a prac-
tical BSI filter. One advantage of such a filter is
that the farther you go in the low-frequency
direction from the «cui-off frequency (fco)
of the filter, the greater the rejection. For this
reason, a high-pass filter designed to reject the
550-to 1650-ke. range will also reject signals in
the low-frequency region, say from {0 kilocycles
through 550 kilocycles. Although overload from
stations in the L.f. bands is rure, there huve been
cases where hams living near airport radiobeacon
stations, marine markers, or other Lf. transmit~
ters, have been plagued by cross-modulation
etfects. The high-pass filter is useful when one
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wishes to reject both the Lf. wud broadeast band
signals. If only an Lf. station is affecting the ham
receiver, cither through overload or by riding
in by means of the antenna ou the i.f. channel
(some L.f. stations operate on or near the common
i.f.s of receivers — 455 ke., 465 ke., or similar) a
simple wave trap tuned to the Lf. station’s
frequency should suffice.

A BSI stop-band filter is shown in Fig. I-E.
Lt is formed by placing two m-derived pi sections
in cascade. This band-rejection filter, as it is
commonly called, is designed to offer sharp
rejection to signals in the 500-to 1600-ke. range.
The filter does not impair reception below or
above the broadeast band but virtually wipes
out BSI, even when the ham receiver is in the
immediate vicinity of high-power hroadcast
stutions. At WLINF, no interference could be
detected when this filter was installed ut the
iuput of even the simplest of transistorized
receivers. This type, although somewhat more
expensive  to  build — approximately $5.00 —
worked the best in our location. Both it and
the high-pass filter of Fig. 1D are designed for
use in low-impedance lines. They will give a
good match to lines between 50 and 75 vhms.
They are not designed for nse in high-impedance
lines such as one might eucounter when using
random-length single-wire antennas. A general
treatment of filter design, including impedance
calculation, is given in T'he Radio Awmateur's
Handbook.*

Other Types of BSI

It is entirely possible that signals from broad-
east stations many appear at differenf, spots in
your receiver's tuning range even though you've
installed u tilter at the input termiunals. The
most common cause is harmounics either radiated
"2'The ladio Amateur's Handbook, Filters, Chapter 2.
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by the broadeast station or generated by stray
rectification. 1t is unlikely that harmonic energy
from a properly-adjusted broadcast station will
be picked up on your receiver — although a
possible exception wonld be in instances where
the ham receiver is very close to the broadcast
station's antenna system — becanse F.C.C. rules
require excellent suppression of harmonic energy
from commercial transmitters. But stray rectifi-
cation is & common problem, and is often the
most difficult to resolve. If there is a nonlinear
device iu the neighborhood, such as a corroded
downspout, rusty TV tower, or even a bad solder
joiut in your own antenna system, you can get
BSI. When this happens, the bad metallic joint
ucts as a rectifier and gives rise to harmonics
of the strong local signal. Frequently, two or
more strong stations beat together and mix at
the bad joint to produce a myriad of interfering
signals which can be picked up in nearby receivers.
In fact, your own ham signal can get into this
act und canse TVI and BCI in the neighborhood.
Such siguals are often referred to as “phantoms”.,
The only cure for this form of interference is the
painstaking process of hunting down the device
that is causiug stray rectitication, then repairing
the faulty connection. All too often an accusing
tinger is aimed al the local broadcust operator,
even though his a.m. signal is devoid of spurious
components.

Building a Practical Filter

As stated earlier, formulas and detailed data
on filter design ure contained in the Handbook.®
The fine points of filter design are purposely left
out here because the value of an artiele can some-
times be completely lost by burying the reader
under a blanket of mathematical formulas and
computations. The main theme here is to point
out the causes of BSI, how to lIocate the source

ANT.
COAX | COAX. =TS COAX.
ng m._r";g—.m RECEIVER
’1'5 U? PARALLEL- ’

SERIES-TUNED TUNED TRAP
TRAP

(8)

COAX.
| R |

RECEIVER

FL, FL,

2

CASCADING FILTERS

(D)

Fig. 2 —Pictorial representation of the method of installing

the traps and filters. For best results, an earth ground

should be used on the trap or filter and on the cabinet and
chassis of the receiver.
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Bottom view of the filters. Shown left to right: High-pass
filter; series-trap filter; stopband filter.

of the interference, and how to build a practical
BSI “nullifier .

Ideally, any filter should be built in a shield
can or box. In Fig. 1, the models at B, C, and D
were built in home-made aluminum channels
whose walls are approximately 1 inch wide.
The channels were made long enough to hold
all of the parts without crowding. Because these
units were built for experimental purposes, no
covers were made for the channels. During tests,
to assure good signal isolation, aluminum foil
way wrapped around the open-channel models
for shielding purposes. The model of Fig. 1K was
bnilt in & 314 X 214 X 134 inch Minibox. To
lessen cost and to muke the units as small as
possible, phono connectors were used tor input
and output tittings. A d.p.d.t. slide switch was
added to the filter of Fig. 1l to permit switching
it. in and out of the line for comparison tests.
The switch should be inclided if the haum re-
eeiver also covers the broadcast band. By plac-
ing it in the *‘out’ position, normal broadcast
reception will be possible.

The paris layout is not critical. The photo-
eraphs show the inside and outside of three of
the units. These photos cun be used as guides in
laving out the filter of vour choice. It is recom-
mended thut all filters be enclosed in a Minibox
or similar r.f.-tight enclosure.

Installation and Testing

Tf one of the tunable wauve traps is selected for
BSI rejection it must be installed as shown in
Fig. 2 at A. If traps are used for eliminating two
broadcast signals, they can be hooked to the
reeciver as in Fig. 2B. The variable capacitors
are adjusted until the interfering signal is
rejected, while listening to the ham baud in
which the BSI appears. The high-pass and stop-
band filters are installed in the same manner, as
in Fig, 2C. No tuning is required and their etfect
should be readily apparent once they ure in-
stalled. Two or more filters can be connected in
cascade, Fig. 2D, where severe BSI problems
exist.
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Some Final Remarks

The filters described in this article are by no
meunns the wtimate in design; many configura-
tions are possible und the choice is often 4 matter
of personul preference. The units shown were
chosen because of their relative simplicity and
low cost. The purist may wish to go ull the wuy
and design u multisection filter. Such a deecision
can best be inspired by the nature and magnitude
of the BST in the buiider's ureu.

Better attenuation characteristics could be
realized when using the tilters of Fig. 1D and L1:
if the inductors were of a4 very high-() variety.
Pot-core and toroidal inductors both otfer
improved () over the chokes listed in Fig. 1, but
the cost would be signiticantly increased if thesce
high-() coils were used. The inductors used in
these models work quite well and are reudily
available as standard components.

The tilter and trap attenuation was noi
meuasured but relative tests iudicate that the
nnits of Figs. IB, 1C, und 1I5 provide at least
40 decibels of rejection. The high-pass filter
of Fig. 1D indicated an uapproximate signal
reduction of 25 db. in the broadeast band and
approximately 35 db. in the Lf. spectrum.

These filters and traps do not have to relate
exclusively o BSI. They cun be vedesigned to
operate in other frequency ranges to cope with
other problems. For example, if you like to
operate 4 meters aud your next door neighbor
is a 7H-meter enthusiast, or vice versa, chances
are that his signal overloads your receiver
so that copy is impossible, even on 20, 15 or 10
meters. If you don’t mind retuning a trap, you
cun probably relieve the problem of overload by
installing & unit of the kind shown at Fig. 1B or
L, and readjusting it each time he QSYs. If o
problem such as this exists on a long-term basis,
perhaps a filter of the type shown at Fig. [lg
would be more sutisfactory since it would not
require retuning. Oftentimes the nearby iuter-
fering signal isn't heard across the entire band
but is strong enough to produce a high level of
a.g.c. voltage in your receiver, greatly reducing
the receiver's seusitivity. A trup or filter could
help cure that, too.

Whatever your BSI problem, one or more of
these devices condd lead to iws elimination. If
you're an  experimenter with transistorized
receivers, these units should be a real asset il
vou are troubled by BSI.

The attenuator shown at Fig. [A is useful in
reducing the level of strong loceal signals and can
often be used to cure overloading. Unfortunately,
the desired signal is wlso attenuated by the same
degree and may become unreaduble if it is quite
weak to begin with. Another fault of the resistive
attenuator shown is that it introduces & mismatch
at the input of the receiver. A better choice
would be a ladder- or step-type constant-
impedance attenuator. (fommercial versions of
the step attenuator are available and work well
throngh the h.f. range. [R5



The Antenna Noise Bridge

interests, ranging from low frequencies to
i.h.f., through cw., RTTY, a.m. snd
s.4.b. and from the sociability of rag chewing to
the competitive aspects of contests. In ull these
activities there is one common element — the
antenna. 1t 1s fair to say that the ultimate success
of the station is determined more by the antenna
thun by any other single item of equipment.
This article introduces 2 new concept in
antenna test eyuipment — one that will enable
the amateur to determine the characteristics of
his antenna, whether it be mobile or fixed, a
vertical, dipole, beam, quad, ur rundom system
with an antenna tuner. It is a complete unit
that allows actual ineasurement of antenna
resonunt frequency and radiation resistance
accurately, easily, and within the economic meuns
of every amateur.

Rwro amateurs are people with diversified

Design Concept

The design of the unit, which has been naumed
the “antenna noise bridge,’” is based on standard
principles; that i3, a signal source, a bridge
circuit, and a detector are used to measure the
parameters of interest. Normally, a variable-
frequency signal source excites the bridge circuit
and « broad-band null detector is used. In the
case of the untenna noise bridge, ¢ broad-bhand noise
generator excites the bridge and a conventional
receiver is used as o frequency-selective detector.
The unit includes & noise generator and bridge,
hence the nume. The inherent measurement
accuracy, when determining resonant frequency
of an antenna, is limited only by the wccuracy
of the receiver used for testing.

The basic circuit uses a potentiometer in one
feg of the bridge, und measurement sccuracy of
antenna resistance is limited only by the ealibra-

*Fngineering Associate, Omega-T Systems, Inc., 516
I3elt Line Road, Richardson, Texas 75080,
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Wide-band Noise

as a Signal Source

BY R. T. HART,* W5QJR

tion accuracy of the potentiometer. Culibrated
I, and C components could be included in the
bridge if measurements other than at resonant
frequency are desired.

Application

se of the technique is based on the principle
that an untenna system is fundamentally a
resonant circuit. As indicated in Fig. 1, the
impedance of an antenna will reach 2 minimum
vilue ut a single frequency, and the minimum
value will be the radiation resistance. (Resonance
oceurs, by definition, at the frequency at which
the inductive and capacitive components exactly
cancel each other.) At frequencies higher or lower
than resonance, the impedunce of the antenna
will rise rapidly.

fedbsssssasadal ol 222 L T2 2L 2 22 2 2

The circuit described in this article
is used in the Model TE-7-01 Antenna
Noise Bridge made by Omega-T Sys-
tems, Inc. When we first saw a sample
of the bridge we were so taken by the
concept that we asked its designer to
prepare a technical article for QST,
believing that the nnderlying idea was
one amatenrs should know abont. Al-
though the production device uses some
components that won't be found at the
coruer store, the ingenions ham builder
probably won’t be stymied.

The basic principle — use of a wide-
band signal sonrce and a selective
detector — obuviously can be applied to
other v.f. bridge measurements.

CTeE69449299€90009490¢002620¢ 0929
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Fig. 1—Typical variation of antenna impedance vs.
frequency. The curve also represents relative noise
response when the antenna noise bridge is used for deter-
mining resonant frequency and radiation resistance.

A block diagram of the anterna noise bridge is
shown in Fig. 2. Note that the bridge will be
balanced only when the resistive value of the
antenns is equal to the value set on the dial. At
frequencies other than resonance, reactive com-
ponents (L or C') prchibit the bridge from being
balanced. '

When listening to the noise in a receiver (or
watching the S-mater), the amplitude of the noise
will vary in a manner similar to the impedance
plot shown in Fig. 1. The receiver serves as a
bridge null detector, and measurements may be
made by tuning the receiver over the frequency
range of interest. The procedure is as follows:

1. Set the antenna noise bridge dial to an
estimated value of the untenna radiation resist-
ance and connect an antenna and receiver to the
appropriate terminals.

2. Tune the recciver over the range where
antenna resonance is expected. Determine the
frequency ut which the best noise null occurs.
(Noise null is 2 minimum S-meter reading and
minimum audio noise.)

3. Adjust the dial on the bridge for best noise
null,

4. Read the antenna resonant frequency from
the receiver dial and the untenna radiation re-
sistance from the antenna noise bridge dial.

Steps 2 and 3 should be repeuated several times
to insure high wceuracy, und best results are
obtained by setting the receiver audio gain to
maximum and the r.f. gain to a comfortable
listening level.

Tn addition to measuring antenna character-
istics, the same procedure may be used to deter-

BRIDGE
DIAL
——

AMPLIFIER

NOISE
DIODE

TRANSF ORMER

Fig. 2—Functional diagram of the antenna noise bridge.
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mine electrical quarter or half wuve lengths of
coax. The antenna noise bridge dial should be
set for zero ohms, and quarter-wuve lengths of
coax should be open at the far ¢nd while half-
wave lengths should be shorted at the far end.

It should be pointed out that most antennas
used by the amuteur have a radiation resistance
of less than 50 ohms. If the untenna radiation
resistance is not the same us the characteristic
impedance of the feed line, standing waves will
result, and the impedance seen by the transmitter
will be atfected by the length of coax. (This is
explained in the ARRL .intenna Book.) The
uctual resonant frequency of the system com-
prised by the antenna and line will be affected
by coax length if the antenna and line ure not
matched.! Matching networks, if required, should
he installed at the antenna to achieve accurate
measurements, as well as maximum efficiency.
Radiation resistance is an alternating-current
quantity and may be trunsformed through the
use of balun coils, r.f. transtormers, or matching
networks to the desired value.

Details of Design

The schematic diagram of the unit is presented
in Fig. 3. While it is a simple circuit, there are
certain pitfulls the do-it-yourself type should be
made aware of. These und other details ave
discussed below.

Noise Generator: A silicon Zener diode (I
produces a broad-band spectrum of noise when
connected as shown. All Zeper diodes have this
characteristic. However, extensive testing was
required to find s diode which produced both
high-amplitude noise and a broad frequency
spectrum. Variation of noise level between
identical units is also high, and a selection
process may be required to find a useful unit.

Amplifier: Three transistors are used to am-
plify the diode noise level to a value high enough
to be useful with high-gain antennas under
crowded band conditions. Typically, the circuit
will produce @ noise level in excess of 30 db. vver
59, which insures uccurate measurements in
high QRM.

‘I'he transistors and their associated bias net-
works were chosen for maximum performance.
The 2N3563 transistor has a gain-bandwidth
product of 900 Me. This feature allows the use
of an RC coupled amplifier even ut frequencies
above 100 Me. The noise level is essentially
constant over the entire h.f.-v.h.f. spectrum. This
permits use of the unit as a signal generator for
receiver testing.

Bridge: The bridge circuit is conventional but
requires special consideration. The particulur

tThis point can hardly be overemphasized. A bridge
can only measure what it sees, which is the impedance
looking into the line at the station end. If the transmission
line is & half wave long at the null frequency, the resistance
shown by the bridge will be the antenna resistance; other-
wise, if highest accuracy is desired, the bridge reading
will have to be modified hy applying standard transmission-
line formulas for the elecirical length of iine actually used.
----- Edaitor.
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EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS ( pf);
OTHERS ARE IN PICOFARADS ( pf. ORpput);

RESISTANCES ARE IN OHMS;

K = 1000,

|
+ gnoo 1200
BTl = A1 r 9ol 22k .00l
'T:- oor [ 1
| 69
! CRI
1

DIAL

Ji

00!
200 T
22K 001

ANTENNA

J2

Fig, 3—Schematic diagram of the antenna noise bridge. Capacitors are disk ceramic; fixed resistors are
Y2-watt composition,

BT;—9-volt battery.

CR1—Zzner diode (Hoffman HW6.8A).

J1, Jo—Shielded connectors (phono jack or coaxial).
Q1, Qz, Q3—2N3563 (Fairchild).

{crrite toroid core chosen for Ty ullows use at the
higher frequencies, provided the winding is
carefully balanced. The winding must be quadri-
filar; that is, all four wires must be twisted to-
gether, then wound on the toroid ut one time.
After the winding is complete (4 turns), two of
the windings are connected in series for the
primary and two for the secondary. This tech-
nique assures a high-accuracy center tap on the
secondary winding, and assures good cupacitive
balance.

A potentiometer, £y, with minimum distrib-
uted capacitance should be chosen, for best high~
frequency performance. The small capucitance
that does exist must be compenssted for by
placing an equivalent capacitor across the
antenna terminal. This ¢an be done by trial
and error when using A good dummy load in
licu of an antenna. Cawiion: A cunventional

resistor does not make a good dummy load al

The etched board on which the noise generator, amplifier,
and bridge are mounted is little larger than the standard-
size volume-control-type variable resistor. This whole
assembly fastens to the front of the plastic container in

the manufactured unit.
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Ri—100-ohm composition control,

S1—S.p.s.t. slide switch.

Ti—4 quadrifilar turns No. 28 enam. (see text) on %-inch
o.d. ferrite core {Indiana General type CF102Q2
core).

frequencies ubove 10 Me. due to the inherent
inductance.?

The unit wus designed for 5H0-ohm coux
systemw. Increasing the resistance of the potentio-
meter to accommodate 300-ohm antennas will
significantly degrade the usccuracy unless the
distributed capacitance is compensated for.

The Complete Unit: This article was prepared
to acquaint the amateur with a new concept in
test, equipment rather thun to provide detailed
information for duplicating the unit shown in
the photographs. For example, the plastic con-
tainer wus specifically designed by the manu-
facturer for the purpose. The toroid core and
the Zener diode pose an availability and economic
problem to the average ham, as these items are
uot stocked by local distributors, and the manu-
facturers do not normally accept small orders.
The potentiometer, when purchased through a
local distributor, muy have a tolerance variation
a3 high as 30%. To achieve accuracy, the dial
must be hand calibrated using un ohmmeter or
dummy load. These factors are pointed out to
assist rather than to discourage the more enter-
prising amateur who prefers to build his own.

\Whether you build or buy, the antenna noise
bridge allows you to measure antenna character-
istics eusily and accurately. The unit gives a very
sharp null at the actual antenna resonant fre-
quency and the radiation resistance of the an-
tenna system is readily determined. This ullows
the bridge to he used to determine the true
characteristics of the system and to make adjust-
ments while monitoring performance, thus
achieving an increuse in communications capa-
hxlnv

* For rc‘\lﬂbol‘s in the 50-ohm region this inductance i
prmcma((v in the feads. {f the {ead (ength can be wade
negligible tmounting the resistor in a coaxial plug is vue
method) the resistance is essentially *“ pure'’ up to 100 Me.
or 80, The errors become greater with large or small values
of resistance, — Editor.
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A yvagi withoul a boom would fall apart,
but a quad without a boom can be an
easy-lo-build, rugged antenna. HB9PL’s
Spider Quad is a good example of the

a
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®
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n
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"

"

The Spider Quad

A Two-Eement Beam
Without A Boom

BY PETER B. LANGENEGGER.* HB9PL

to Zurich and the possibility of building

an “antenna test range’’ at the new locu-
tion, it was decided to start with a two-element,
three-hand cubical quad that offered simplicity
in construction and maintenance and the capabil-
ity to stand up in rough weather. Due to the high
torque necessary to rotate a conventional quad
{one thut has a boom) and the parallel need for
u large rotutor, the boomless quad or “‘Spider
Quad” was selected.

Admittedly the Spider Quad is an unusual
sight: however, the structure that is seen by an
outsider’s eves is definitely somewhat smaller
than a conventional quad. Besides, we started
with the principle of doing the job right and get-
ting away from such compromises as using the
same radiator-to-reHector distance for three
hands. Since the Spider Quad closely resembles
two pyramids with their peaks joining on a
horizontal line, the requirement of having a
different spacing of the slements for each band
is no oh=tacle.

T 'Rh,vﬁerstra.ssr: 8712, St;ﬁvitu-rlaud.

‘W-vm the recent move of HBIPL from Basel

HB9PL's three-band Spider Quad before the reflector

stubs at the base of the antenna were adjusted. Rope guys

between the front and rear of the antenna help to
strengthen the structure.

Becuuse we helieve in having the current in the
antenna rather than in a large adjusting stub,
the retlectors were purposely made somewhat
larger (5 percent) than the radiators. As a result,
the stubs are about one-third the length usually
used.

Although it is rather easy to adjust a gamma
match, the weather-exposed compensating capa-
citors often develop problems after a while. To
avoid this, we decided to use coux between the
transmitter and a 1:1 broad-band balun, and
70-ohm Twin-Lead between the balun and the
driven elements. As shown in Fig. 1, two Iarge,
2-pole mercury relays are used to do the switching
hetween the balun and the three driven elements.
The relays were modified to suit our needs and
are remotely controlled from the shack; they are
housed in a well-ventilated rainproof metal case
that sifs just below and to one side of the center
of the antenna.

P |

\70-0hm /W//lleazi /)rlven
Element:

(3-30Mc)
K1 5:1'_( 1)

fmmmm o
I
170-0hm (oax
7o, —1 1:
Transmitter ! ] 11 BALUN 7
i
T
! L
T i
! i 1
1 1 7
! : L
i -
| ! l
! ! 1
| ! ]
i ! {
i ! !
£ ' !
{
| b
i !
! .
C._... CONTROL UNIT | L REM

\
]
{
>
KZEL (T ot Tivin iead Driven
l
l
]
1
l

2t Me.

- E/ement

5 Mc.
’a -Om fivin Zem /)r/ven
Element

I

Fig. 1 —Method of feeding the Spider Quad and of selecting the desired radiator. Ki and K2 are d.p.d.t. mercury relays
with 115-v. a.c. coils. S1 can be either a 2-pole, 3-position rotary or a d.p.d.t. toggle switch with a center-off position.
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% Dia. Bolt
(Center Bolt)

Fig. 2-~Sketch showing the heart of the
Spider Quad. Once the various pipes,
plates and tubes have been welded, they
are cleaned and hot-dipped galvanized.

) 4 Weld head to
™) - 2 4 it
38" Dia. Bolt

Rl Iron Mast
252" LD,

The heart of the quad is shown in Fig. 2. It
consists basically of u center plate, wluch is
welded to an iron mast, and two X sections that
are bolted to the plate with two nuts und bolts.
The use of only two bolts has a particularly great
advantage during ihe installation and mainte-
nance of the antenna. If the center bolt is
loosened and the other bolt removed, the whole
array can be turned around the horizontal line
of forwurd radiation.

Construction

Details of the central portion of the quad ure
viven in Figs. 2 and 3. The plutes, tubes und
pipes that form this part of the antenna are
made entirely of iron. Construction is started by
welding the center plate to an 18-inch length of
pipe. Then a 2-inch length of rectangular tubing
is welded to each end plate. Next, ufter eight
Y-inch pipes are prepared as shown in the spider
leg details, four pipes are welded to each rectan-

T

LYy
Fig. 3—Details of the vari-
ous iron pieces that make
up the center portion of the
quad. As long as the re- %
sulting antenna is sturdy, !
plates and tubing of dif- 3
ferent

sizes than shown

can be used.

SPIDER LEG DETAILS

December 1967

gular tube. During this last operation, care must.
be taken that the pipes are positioned as shown
in the sketches. It is advisable to make an
arrangement to hold the pipes and rectangular
tubes very steady during the welding process.
Either prior to the last step or just after, the
hexagonal head of the center bolt is welded to
one of the end plates. Once all the parts huve
been welded, they are cleaned and hot-dipped
galvanized.!

The assembly procedure is started with the
inscertion of a 13-foot, 9O-inch fiber glass rod
in cach welded pipe. A hole is drilled through the
pipe and fiber glass rod at & point about 3 inches
from the pipe end that isn't welded. Cadmium-
plated hardware is used to hold the rods firmly
in place (Fig. 4).

The next step is the wiring of the retlectors on
one X section, and the wiring of the driven ele-
mentson the other. Note that, as shown in Fig. 5,
euch driven element and retlector terminates at
a4 small porcelain insulator. A stub is connected
to each reflector insulator, and u length of
70-ohm Twin-Lead is attached to each driven-
element insulator. The stubs are uncritical in
size; they can be made of No. 14 bare copper
wires spaced 3 inches apart. To start with, the

’Fhv addresses uf outfits that do hot-dip zalvanmnz
an be found in the yellow pages of the telephone directory.

l‘“ ? _—’1 lron

- Editor,
Ap

7

[ron
Plate

JIeE END PLATE AND RECTANGULAR
| VIEW

TUBING DETAILS

Weid Tl
fw._ ‘ron Pipe

- Rectangular
d)z /(/bmq

iron Pjpe

X~ SECTION DETAILS
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Fig. 4—A closeup of the heart of the antenna with the
center plate and mast removed. A singie nut and bolt
secures each fiber glass rod to one of the
eight pipes shown.

14-Moe. stub can be 48 inches, the 21-Mec. stub 36
inches, and the 28-Me. stub 21 inches. Once the
stubs have been adjusted, the excess length can
be trimmed off.

Refore the wiring is begun, cach X section is
placed on top of a support that lets the fiber glass
rods extend freely and in a straight line toward
the ground. Then three short rings of plastic
tubing are pushed over each fiber glass rod. The
upproximate position of cach ring (in respect
to the center of the X section) and the element
lengths ure given in Fig. 5. No. 14 or 16
copper wire is used to string the antenna. As
shown in Fig. 6, the antenna wire is looped

i ' 20 METERS NS
15 METERS ./ |
10 METERS
R ___T_
Cupper A N i .
Wire =4—"1- A8 C
' Bl
> N1
crhar '/‘VdSt “ |
Hass—i S— N —
wod 2 4 /(zsu/atar“}i
__.‘..___.@’_-_—q.. .{,_ —_——

AIB|C|D]E |F
RAD. {8 7*[11'8"[17° 7" 6" 3"| 9 6"| 13" 5"
REF. | 9'0%[12'3"|18'5"| &' 3"] 9'6"|13' 5"

Fig. 5—Element dimensions and insulator placement for
the Spider Quad. The figures in columns D, E and F
are only approximate.
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around the ringsg on each fiber glass rod. After
the elements are wired and properly placed, the
ends of each loop are soldered together, and the
plastic rings are glued to the rods with epoxy
cement. This method of securing the elements to
the fiber glass rods results in fastening points that
have negligible wind resistance and very little
area where ice and snow can be deposited.

Once the wiring has been completed, the center
bolt is used to provisionally secure the two N
sections to the center plate (the other holt is
left out). Since the Spider Quad is a very Hexible
array, the front und rear N secctions of the
antenna must be laced together to assure the
necessary strength. For this purpose, the quad
is raised uabove ground, and plastic-couted
clothes line is connected between the four fasten-
ing points of the 20 und 15-meter radiators
and those of the corresponding reflectors. A\s
mentioned before, for this work the whole
antenna can be rotated around the horizontal
line of forward radiation.

Before the final instullation of the quad, it is
important that both bolts used to fusten the X
sections to the center plate be securely tightened.

Fiderglass
o
Antenna Wire o
— LV -Scrape and solder
£ (ement
POy Cemen Plastic Ring

Fig. 6—Method of fastening the antenna wire to the
fiber glass rods.

Adjustment

The only elements in the Spider Quad that
require adjustment are the retlectors. Tuning
can be accomplished by teeding power to the
antenna and adjusting euach reflector stub for
minimum field strength as measured on a simple
field-strength meter located in back of the
antenna. However, this procedure requires three
men, if the job is to he done within a reasonable
length of time. One man slides a shorting bar up
and down the reflector stub, one controls the rig,
and one measures the field strength. This was
the first method we used; however, after one of
the men was burned by r.f. on a reHector, we
quickly sought a safer and easier way.

ln the procedure arrived at, no trunsmitter is
nceded. We made a simple transistor erystal-
controlled oscillator that would supply a signai
in each band, and hung the unit by two 10-foot
copper wires in 4 tree that was approximately
150 feet from the quad. The supporting wires
served as an antenna for the oscillator. Alignment
was accomplished by pointing the back of the
quad ut the distant oscillator and adjusting each
reflector stub for a minimum S-meter reading on
the stution receiver.



Relay Driver For Use
With Solid-State Keyers

BY CHARLES UTZ,* WIDEJ

keyers will not operate with certain trans-

mitters because of the limitations of the
switching transistor in the final stage of the
keyer. In many cases, voltages above 100 volts
and currents greater than 30 to 40 ma. will
Jamage the switching trausistor.

One solution (Fig. 1) to this prob