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Solid-Siate-Programable
COMMUNICATIONS RECEIVER

The SPR-4 cutperforms the best tubs re-
celver, and has all advantages of solid
state design . . . low power consumption,
high stability and reliability.

Model SPR-4 § 49995
Amateur Net

PROGRAMABLE for any interest ... SWL, Ham, lab, BC,
marine, etc. « Only FETs in signal path « Linear YFO with
1 kHz readout  Covers 150-500 kHz plus any 23 ranges
{500 kHz wide) .500-30 MHz » 10 ranges furnished, others
$5.00 each « Coverage easily changed e« 3 band-widths:
0.4, 2.4 and 4.8 kHz for CW, 85B and AM « Built-in spkr =
Notch filter & 115 or 220 YAC, or 12 VDC ¢ Dimens:
10%” W x 5% H x 12%" D, Wi, 14 Ibs.

ACCESSORIES: Noise Blanker,
100 kHz Callbrator, MS-4
Speaker, AL-4 Loop Antenna
for.15-1.5 MHz, Transceive &
Adaptor (T-4XB), DC Power &
Cord, Crystals.

BT RR ks b e p e B

Available at your lacal distributor.

R

o R s

Station Console puts you in

COMPLETE CONTROL

W e T o e 2 ,mwwwym"vr"v

F\nnqtgtee:u?-lflet $29995

s 24 hour digital clock—lighted, shows correct time to the
second « Solid state resettable timer flashes light at iden-
tification intervals  Station power control with eight 1240
VAC and two 240 VAC receptacles, front panel controlled
heavy duty power contractor « Equipment control switch
for changing exciters, rovrs., etc. « Directional RF walt-
meter with 200 ar 2000 W full scale e Built-in rotor control
tor Ham-M e Electronic phone patch gives const. xmtr in-
put, works PTT, meets phone co. requirements « Remote
molor-driven coax switch selects from 5 antennas e
Dimens: 103" W x 5% " H x 12%4 " D., Wt. 24 |bs,

Puts complete
station control
at operator’s
fingertips...

540 Richard Street
Miamisburg, Ohio 45342



send big with pertect CW,SSB. lots of watts power. sensational DX’ing.
try Aallicraffers SR-2000 transceiver system. and the power~full line
of accessories. put them all together. they make you a big sender. and
we mean big. just get a load of this:

HA-1A Keyer SR-2000 Transceiver HA-20 Remote VFO

s variable speed 10 to 65 wpm « 2000 watts PEP * simultaneous dual-receive

s digital circuitry for Sidetone e tess than 1 kHz readout * less than 1 kHz Readout

* mercury relay * built-in RIT, Noise Blanker, AALC ¢ built-in VSWR Metering

» transfarmer operated = full metering VOX, MOX, PTT « incomparable DX'ing Capahility

* P-2000 console speaker power supply = self-powered

your local hallicrafters distributor has immediate delivery. so go to it, big sender.

oo hallicrafters co.

A Babsagiary of Nonthrap Corporatinn

400 HICKS ROAD
ROLLING MEADOWS, ILLINDIS 40008
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IF AGING IS YOUR PROBLEM...
COLD WELD’\s THE ANSWER!

For absolute accuracy and superb fre-

quency control, specify Savoy Crystals.

You will find them in use around the
world in every field of communication
where accuracy and dependability are
a must.

We invite you to contact us for one,
or a million, or just write for our free
catalogue.

Savoy Electronics,inc.

P.O.Box 7127 - Fort Lauderdate Florida-33304
Tel: 306-686-8418. or 305~847-1191




Way back in 1931, when the Model A was in its heidag the SW-3 was the
amateur's vehicle in the communications field. The W—3, the receiver
that started nine out of ten oid-timers in omateur radie, pionecred the SW
series, which was soon followed by the NC and HRO series. Each of
these famous series found favor with the knowledgeable amateur, and
achieved a world-wide reputation for excellence. In keeping with the mo-
dern amatevr's spirit of cdventure, NRC1 is now lecding the field with the
already world-famous HRO-500. As to the future . ... we'll keep you

SWwW-3 posted!

NCX.1000, the transceiver of the 70'e, is NRCI's {o-
test product for the amateur. It is NRCPs answer to
an engineering challenge io combinein a singlepack-
age: o solid-state receiver of unparalleled perform-
ance, an exciter of exceptional copability, an out-
stonding linear amplifier, ond o superior power sup-
ply. The challenge has been met head-on, with & top-
parformance, high-reliability, amateur radio station.

CHECK THESE QUTSTANDING FEATURES:
® solid state axcept for driver and linear amplifier
@ five bands -- 80 through 10 meters

0 S5B-CW-AM, with FSK capability and selectable
sideband

€ rugged B122 fincl amplifier for ultimate in effi-
ciency and reliability (400W plate dissipation}

0 modular construction

0 1000 watts PEP output on SSB, 1000 watts CW
{normal duty cycle), and 500 watts AMor ESK

0 rf speech processor for effective 2 KW PEP talk-
ing power

0 byilt-in 117/234 VAC power supply

The NMCX-1000 is the one transceiver that offers, in
¢ single desk-top equipment, a high-performance,
oneukilowatt, amateur station.

In 1971, as in 1931, NRCI is providing you,
the rodio amateur, with the best gear on the
market in its price range. NRCI salutes your
many contributions to the field of communi-
cations. We invite you to stop by today to

In
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NCIL-1000

AMATEUR NET $839.95
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see and perhaps operate the NCX-1000 of
your focal distributor. He is one of the best
friends you have.

NATIONAL RADIO COMPANY, INC.

J
37 WASHINGTON STREET, MELROSE, MASSACHUSETTS 02176 W

NRCI



Sectian Gommunications Managers of the ARRT,

Esports Invited, All amateues, especially lﬂgut members, are nvited ta wport slation dchwties on the first of sah manth (tor preceding
munthy direct to the SCM, the administrative ARRL effival elected by members in eacl Section, Ralio b Teputs are 4o desired by
SUMs tar mchision n Qﬁl ARKE Field Organvation station appoiniments are available in areas shown to guaiified League mvinbers,
Gieneral o Cofiditional Class heensees o higher may b2 appuinted RS VA, QBS, OO0 and GRS, Techricians may be appomnted GV OBS
np V.H.E. PAM. Novices may be appointed (%8 SUMs desire apphcation leadership posts vl S, U, R M and PAM whare sacaiipies esst,
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experimenter?

INTERNATIONAL EX CRYSTAL & EX KITS

QOSCILLATOR « RF MIXER « RF AMPLIFIER « POWER AMPLIFIER

1. MXX-1 TRANSISTOR RF MIXER
A single tuned eircuit intended for signal
cohversion in the 3 to 170 MHz range.
Harmonlcs of the OX osciliator are used for
injection in the 60 to 170 MHz range.

Lo Kit 3 1o 20 Mz, Hi Kit 20 10 170 Mz
{8pecity when ordering)...................$3.50

2. SAX-1 TRANSISTOR RF AMP

A small signal amplitior to drive MXX-1
mixer. Single tuned input and link output.
Lo Kit 3 to 20 MMz, Hi Kit 20 to 170 MHz
[Specify when ordenng) ........................ $3.50

3. PAX-1 TRANSISTOR BF
PCWER .AMP

A single funed output amplifier designed to
foliow the OX oscillator. Outpuls up to
200 mw, depending on the frequency and
voltage. Amplifier can ba amplitude
modylated. Frequency 3,000

10 30,000 KHZo $£3.75

4. BAX-1 BROADBAND AMP
General purpose unit which may be used
as a tuned or untuned amplifies n AF and
audic applications 20 Hz to 150 MMz,
Provides 6 to 30 db galn Idean for SWL,
Experimenter or Amateur. . ... 85375

5. OX OSCILLATOR

Grystal controfled transistor type. Lo Kit
3,000 to 19,999 KHz, Hi Kit 20,000 to 60,000
KHz, iSpecify when ordering)... ...........$2.95

6. TYPE EX CRYSTAL

Avazilable fram 3,000 1o 60,000 KHz.
Suppiled orly in HG B/ holder. Gailbration
is = ,02% wnen operated in International
X circuit or its equivalent.

(Specify freqUeRCY) e e %3.95

commereial user

INTERNATIONAL
PRECISION RADIO CRYSTALS

International Crystals are available from 70 KHz
to 160 MHz in a wide variety of holders.
Crystals for use in military equipment can be
supplied o meet specifications MIL-C-3098E,

(GP) for "General Purpose"” appllcatlons
CRYSTAL  (C85) for "Gommercial Standard”
TYPES: (WA} for “High Accuracy close iemperaturs
tolerance requirements,

WRITE FOR CATALOG,

INTERNATIONAL
rior

CRYSTAL MFG. GO, INC,
10 MO LEE # CKLA. CITY. OKLA. 75102




THE. AMERICAN
RADIO RELAY
LEAGUE, wc,

is & noncommercial associgtion of radio amoteyrs, banded for
the promolion of interest in umateur radio communicution and
saperimentation, for the relaying of messages by radio, for the
advancement of the radic art and of the public welfare, for the
representation of the radio amateur in legislative matters, and for
the maintencnce of fraternalism and a high standard of conduct.

Itis an incorporated association withaut capital stock, chartered
under the laws of Connecticut. Its affairs ore governed by a Board
of Directors, elected every twa ysars by the general membership.
The officers are elected or appointed by the Directors. The League
is nohcommercial and no one commercially engaged in the manu-
facture, sale or rental of radio upparatus is aligible to membership
on its board.

"QF, by and for the amateur,” it numbers withis its ranks proceti-
cally every worth-while amateur in the nation and has @ history of
glorious achievement as the standard-bearer in amateer affairs.

Ingquiries 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 voling membership is granted only to
licensed amateuts,

All general correspondence should be addressed to the adminis-
trafive headquarters at Newlington, Connecticut 04111,

Past Presidents
HIRAM PERCY MAXIM, WiAW, 1914=1934
SUGENE C. WOODRUFF, WECMP, 1938-1940
GEORGE W, BAILEY, 'W2KH, 1940-1952
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First Vice-President . . . . CHARLES G. COM?TO_N,* WasUCo
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CARL L, SMITH, Wabw}

Secrefary . . . . . . . . . . . JOHN HUNTOON, WIRW
Treaswrer . . . . . . . . . . . . DAVID H, HOUGHTON
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Honorary Vice-Presidenfs. . WAYLAND M. GROVES, WENW
FRANCIS £ HAMDY, W1BDI
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General Manoger . . . . . . JOHN HUNTOON,* WIRW
Communications Manager . . , . ., .GEORGE HART, WINJM
Technical Consultant . . . . . GEORGE GRAMMER, WIDF
Assistanf General Monoger . RICHARD L. BALDWIN, WIRU

Assistant Secretories . . . . . PERRY F. WILLIAMS, WI1UED
WM. . DUNKERLEY, JR, WA2iNB
225 Moin 5, Newington, Connectleut 06111
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General Counsel . . . . . , ., .ROBERT M.BOOTH, JR., W3P$
1150 Connecticet Avenve, N. W,, Washington, D, C, 200348

Associufe Counsel . . . . . ARTHUR K. MEEN, Q.C,, VE3IRX
e it DAY AL King R, Wast. Tarantn 1. Ontario

DIRECTORS
Canada
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RBax 461, Waterdown, Ontario
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171 Kipting dve., Benconsfleld, Quocbee
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“It Seems toUs...”

THE SERVICE HEADQUARTERS

Was called on to give a4 luncheon talk to the
local Rotary club . . . wounder if you have
any informafion on tap to meel SR s
wationg?

You bet — a
already prepared.

typical haif-hour falk,

! think we Rave enough hams n town now
to organize o cluh, Do row have auny dope
on how to g0 gbout 87

Yes, indeed - an extensive “kit” of
suggestions, sample by-laws, how to keep
up interest, efc,

Uur group would like to et up o small
exhibit on dmateur radio af the centennial
exposition at the county fairgrounds next
month, We decided to write ARRIL to fird
if vou have eny suggestions along this line

You're damed tootin® we do, OM —
noi only suggestions but on occasion the
loan of certain ilems which will help
make the cxhibit a success,

It is part of our job at Hq. to have
such things — and many others - avail-
able to fill membership needs, The staff
at 225 Main Street is set up as a service
organization. Every member of the Leugue
is familiar with the most important direct
service — the supplying of @87 each
month. Most of you know, also, about
other major service areas: about represen-
tation in infernational as well as domestic
fields: about ARRL pgeneral operating act-
ivities, contests and awards with their de-
tailed handling and checking: about field
organization matters with their associated
regular  bulletins and newsletters; zhout
the Technical Information Service; about
field travel to conventions; about WIAW
with its up-to-the-minute news bulletins
and code practice schedules; and about
the new ARRL film, “The Ham’s Wide
Wortd,” for improved public relations,

But there are numerous individual and
specific services, too, to fill membership
requests similar to those we quoted at the
top of this page. For the asking, we have
pamphlets to educate the public on ama-
teur radio, operaiing desk aids, sample
broadcast scripts on amateur radio, sug-
gestions for hamfest and convention plan-
ning, training uids f{ilms and quizzes for
affiliated clubs, extensive dope on how to
set up code or theory training for begin-
ners, safety rules, code charts, legal guid-
ance for fellows who have come across a

knotty zoning ordinance problem in con-
nection with the eraction of a mast, dope

on latest regulatory changes and inter-
pretations of special cases of licensing,
essential data on foreign regs in  case

you're going ubroad . . .

Well, shucks let’s put it this way:
If vou have a problem, or a project, drop
us a line; it’s Jollars to doughnuts we can
be of help.

After all, thats what we're here for.

INDUSTRY PESSIMISAM?

A League member in Washington re-
cently telephoned a major electronic in-
dustry association in that city to enguire
as Lo its viewpoint in a certain amafeur
regulatory matter, His question was answer-
ed — but to his surprise he was also informe:d
that amateurs are # snobby, class-conscious
group whao only #hink we perform z public
service; that our median age is in the 50s;
and that the number of amatcur licensess is
devreasing  steadily cach year, Somewhat
alarmed, the ham contacted us,

Whether we’re snohby or ¢lass-conscious
is pure opinion, to which the industry man is
entitled. But he is doing ham radio {and the
image of his own association) a special
Jdisservice by the other two comments,
which on the basis of facls are fotally in
error,

The Stanford Research Instifute a cou-
ple of vears back underiook a survey which
showed the average age of the amnateur to be
41. This confirms our own (and other)
SUTVEVS,

The amateur license total has remained

just about the same for six or eight years.

These are FCC figures and statements; not
opinions, We haven’t guined; but neither
have we lost.

To some extent we share our inform-
ant’s alarm, since we have heard another
principal in this same association wmake
similar misstatements of 4 “loss™ of 15,000
amateurs (he past five years.

The amateur manufacturing and distri-
buting industry is proclzimed by its “|ead-
ers” to be not in the healthiest possible
condition. Maybe one reason is that these
same Jeaders are harbingers of doom, spread-
ing pessimism through misinformation?

Fortunately., the aggressive members of
the industry seem to pay little attention; this
issue of Q8T carries the largest number of
advertising pages in several years,
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League Lines . ..

Some radio club councils in larger cities are in process of buying for ican to membetr
clubsg, prints of the new vouth-oriented version of the ARRL color film, "The Ham's
Wide World." It is titled “This is Ham Radio," and is excellent for indoctrinating
school and vouth groups. WBBEVN at Media Five, 1411 Cole Ave., Hollywood, Calif.,
can furnish information and prices.

One more hote to ciubs: Make certain someone in your qroup 18 designated to copy
WI1AW bulleting -~ to be read at mestings, inserted in ¢iub newssheet!, otc. Hg. no
longer sends complimentary mail copies ~~ we hams are, after all, a telecommunica-
tions group!

Most Technician Class licenses are arranged by mail under a volunteer examiner;

the ticket reads, "Technician {C}"* and it carries no credit toward General. However,
if you go to an FCC examiner for a higher license, but copy only enough code for five
wpm, the examiner will offer vou & crack at the standard written exam. If you pass,
you'll get a new Technician tickel without the "(C)" -~ it does carry gredit toward
GGeneral, leaving only the 13 wpm for your next try. Cautiom if you want to continue
ag a Novice while vou build up vour spead, don't take the Techniclan test; you can't
hold both licenses at present.

A major experimenter magazine, in its renewal solicitation literature, says FCC is
about to consider a code-fres ligense which "would ¢pen the doors for CRers to be-
come hams and engage in world-wide radio communications,” Mavbe they've dis-
coveraed a new mode of vhf DX propagation; international regulation limits privileges
of any such license to above 144 MHz.

Things are getting tough all aver. 'The Radio Bociety of Great Britain has been ob-
liged to raise its membership dues to 4 £ —— which if our arithmetic is correct means
tent bucks in V.5, monev. The economics of operating an association will sconer or
later catch up with us as well,

T addition to misinformation on the "declining® number of amateurs (see editorial,
previous page) some pessimists are siill parroting the discredited saw that we aren‘t
getting any voungsters into ham radio these days. Facis: Twenty vears ago only one
newcomer in five was a teen-ager; today, half the new licensees are in the teen-age
(or lower) bracket.

Last vour ticket? et a duplicate from FCC, 334 Yark Street, Gettysburg, Pa. L7325,
You can apply by letter, but {since August 70) there's a $5 fee, Simple changes of
mail address with no change in station location still are free, Send the letter to the
address above, and keep a copy with your license until next renewal.

Man bites dog! Owver the past 3 vears FOC has recelved umpieen petitions irom ama-
teurs and groups szeking one [orm or ancther of expansion of the voice subbands at
the expense of cw. W4QV] has filed one {(RM-1723}) which proposes expansion of
the cw segment on 20 and reduction of phone.

‘We're already getiing first queries on Pield Day dates. This year they are June 26-
27. Make vour plans -~ including vacation? -- accordingly. Other events for the
vear are ligted on vage 93, January QST,

WOBRD in his "How's" column this month joins us In expressing disdain for the few
orepe-hangers among ug. His subject is the 1971 DX contest -- upon us almosi he-
fore the buy cools down from the 85 fray. Be there?

Hamfesl coming? Register your date with Hg, and avoid possiblv-costly conflict
with major activities ol nearby clubs.
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BY COL. JOHN H. PARROTT, JR..* W4FRU, EX-KA2JP

C LARENCE MOORE the invenior ol the vuhical

euad, probably little yealized when he und his
associates were huddled over the referecnce books
back in 1942 that the product of their efforts
would  receive  such  widespread  acclaim  and
damnation as has been paured out upon the
cubical-quad antenna. The vontroversy continues
with proponents and opponents switching sides as
often as contest resuits are published, The purpose
of this article is to contribute vet another bit of
data to this vontroversy and to provide the
neophyte and ald timer alike an additional basis
for applying the principles of cost effectiveness to
selection of antenna systems,

While  stationed in Jepan, a sort of DX
cromsroads  of  the waild, this writer bad  the
oppottunity to observe, first haod, the eavellent
performance of the cubical quad in competition
with the Yagi, dipoles ad un assortment of other
artenna systems. In pursuing this undertaking
ceTtaln steps were oecessary 1o issure than any
conclusions made wonld be meaningtul, and that
they waold be derived from souml data, With this
in mind # plun emerged,

Objectives

In the many acticies written on the cobical
quad, it is noteworthy that only on a tew oceasions
have the authors been povileged to compare the
quad with uther types of antennas an g real-time
basis, snd from the same vpelating focation.
Furthermore, when such comparisons were made,
the suthors penerally compared sgainst sotne type
ot monoband antenna system, A casuad scanning of
the 14, 15- and 20-meter phane hands would lead
one to wonclude that the toband Yagi enjoys 4

2216 Windward Shore Drive Virginia Beurh,
VA 23451,
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rather high position of popularity among the
antennas in general use, This being the case, it
appeared that a worthwhile contribution to the
data already available on the Yagi and quad might
be made by conducting a series of controlled
coinparative tests, employing the triband Yagi and
the quad. The test objectives were then defined: to
compare various configurations of & cubical quad
antenna with a representative comrercial triband
Yagt; such tests to be conducted over shost,
medium, and Tang transmission paths, and to arrive
at conclusions regarding the relative merits of each
antenna,

Test Plan and Procedure

Every effort wus made to conduct the tests in a
ranner which would lessen the possibility of
compromising the fechniques employed by either
the writer vy participating stations:

1) Fhe test to be performed by establishing
communications  with  amateur radio  stations
tocated throughont the world on « random and
scheduled basis,

a8 *‘\
{ﬂx
=~— QIRECTOR ELEMENT
m— DRIVEN ELEMENT
i e REFLECIOR ELEMENT
* STUB

Fig. 1 - Element spacing information for Table |,
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TABLET

Mod. Mod. Mod, Mod.
! it inr v
Refiector
Flement T ingqr e Jasm
[Iriven
Element 09° G TS UG
I¥rector
Flement - By
Spacing
AT eV 8T 134" 13
Spacing
"B 13
Stub 2307 34-38"

2} Amateur radsa statjons volunteering to assist
in this effort to be briefed on conduct of test and
data desired,

A volce ssb transmission to ne made to the
participating station, identifving the first autenna
used as antenna A,

4y The wvoice transnussion toe be followed
immediately by an unmodulated carrier for a
peind of approximately 3 seconds,

51 The antennas would be switched, and a voice
transmission be made identitving the untenna us
“B", and the procedures above repeated.

&) Participating  stations  will nute  signal
strength refufed fo each antennz, and provide a
numerical value gy observed an s 8 rueter or other
indicating device. These values io be lagged, and
the test reinitiated with apother volunteer station.

Equipment Preparation

13 Antenna heights {0 be as nearly identical as
possible,

1} Center of antenna horizontal lobe patterns
ta be as neatly tdentical ay possible when pointing
the antennas toward a participating station.

3 Resonant frequency of each antenna ¢o be
matched as closely as possible.

4) Transmission lines 0 be inalched to
antennas and transmitter loading o be s neatly
identical as possible with each antenna.

57 Instantaneous transter of antennas.

|

CLOSE SPACING i$ FOR THE BIRDS /

12

ti Relative power and SWR to be monitored
vontinuoasly,

Ty Prior to and after each data gathering
session, equipment parameters will be verified, If 4
sigiuficant deviation in any parameter is noted,
data collected will be discarded.

Analysis

Antenna performance conclusions to be based
upan an analysis of data derived from a mimmum
nf 50 unmodulated-carrier observations with each
autgnna  acnfiguration, and supplemented with
data gpathered during conventional ssh QS0

Antenna Selection

This geriter bad been using 24 four-element
commercial triband Yagl thoom length 24 feet, and
55 feet ubove giound) for approximafely 1 172
ts, st the properties of this antenna were fairly
well established, Furthermore, in on-the-air curn-
parisons with campetitive models of tefband Yagis
in use by other U.8, amatelrs operating from the
Tokyve areg of lapan, the anienna appeared
representative of cowmercial triband antennas in
weneral use by the amateur commurdity. Therefore,
the Yagi in use at the author's station was selected
s the reference antenna.

Text  material  concerhing  guad  antennas,
availuble to the author in Japan, was reviewed. It
became ovident that there are almost as many
varfations in quad design as fhere are writers an the
subject.  After much  deliberstion, and many
discussions with amateurs throughout the world,
the decision was made fo test three models of the
quad {a fourth model was fested as will be noted
fater), Since the physical characteristics of the
quad are Fairly standard, only the dimensions of
the elements and the spacing between thew was
considered. The dimessions for the three models
tested were ohtaided trom a Japanese ranu-
fucturet of cubical quads, from Orr's book, Al
Abont Cubical Qued Anrennas,! aud from D, I, E,
Lindsay, Ir.. WpHI2

Preliminary Testing

Several davs were spent “dry Tunning” the test
ptan to validate the concept, and to smooth out
the uperating procedures and techniques. 4f
particalar cotcerm was the possible fime required
to make a valid data-gaihering observation, If data
were to be reasonably accurate, the fransmission
path had to be stuble, and the signal-strength
vhgervations must be taken on esch antenna during
a short period of time. The dry runs were valuable
in this respect.

A problem became evident during the first day
of testing. 1t appears that those of us who speak
dand understand English do net always convey the
same message when using the same words, As a
resuli it vens necessary to modify the verbal format,
utilizing simple <entences and placing them in a
legical sequene.

Lowr, AU A bout Cubleal-Quad Antennas, Radio
i‘ubhcahnns Wilton, Conn,

“Dimensions tater published : Lindsay, “*Quads
md Yapis” O5T, May 1968,

OST for
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TABLE Nl

Mod. | Mod, If Mod. 1T Mod IV

Total Observations 50 ()] o0 52

Less than 2100 miles 12 2 3 3

2100 to 4800 miles 33 3 33 32

Greater than 4800 miles 5 27 24 17
Signal Difference

More thaa | § unit hetter . -

Less than | § unit better - - 7 9

No discernible difference i 5 51 43

Less than 1 8 umt pouter 27 46 2

More than 1 § unit poorer 22 4 -

it also hecame apparent that the test could not
he vonducted under ull transmission-path con-
ditlons: that even under ldeal conditions several
observations were often necessary before a
conelusive report could be compiled, it was
decided to conduct the tests only on 20 meters,
‘The operating time available to the writer favored
openings on 20) meters to Europe via the long path,
and to Australia, the U.S. and various istunds in the
Pacific. It was also dJdecided to orient the test
untennas so that the topography and obstructions
seen by each antenna would be essentially fhe
same. {(Physical separation between the {wo
antennas was in the order of one wavelength)

Testing

Dimensions of the first quad model selected
were furnished by a Japanese manufacturer of
vubical-quad antennas, {see Table 1). The antenna
was assembled, utilizing vommercially-
manufactured heavy-duty hardware and fiber-glass
spreaders. 1t was funed to a ceoter frequency of
14200 kHz, Testing of the first model began in
November of 1967 and continued for a period of
ane month. The results tar this period are given in
Table 11,

in mid-December of 1967, the first guad was
replaced by 2 mode] constructed according to the
formuia and dimensions given in Ore's book, The
results obtained with model 1 are contained in
‘Fable 11,

Construgtion of the third modet (with wider
element spacingt was cderied out next. Two
matehing systems (Gamma and Q-section) were
experimented with on this zntenna. A satisfactory
match could be had with either system. However,
the (O-section was used for the test because it was
the technique used with the previous two quud
madels 1SWR with each antenma wiay never moid
than 1.3:1 with a difference between antennas no
greater than 0.1). The results conducted with this
madel wers most enlightening, as shown in Table
[, The model antenna was also used extensively
during the first weekend of the 1968 ARRL DX
Contest. Though these contagts were not used in
tabulating test samplings, it is interesting to
observe thut openings to the U.S, (using the Quad)
lastedt 1S {o 30 minutes longer on each end of the
period than with the Yagi. 1t is assumed that this
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phenomena would also apply to each of the other
quad models.

The fourth quad fested was a Selement
wide-spaced madel constructed according to more
dimensions furnishad by WOHJ. The results of
the samplings were somewhat disappointing and
ate given in Table T {Frankly, the author felt that
the thres-element guad would show a substantial
improvement over the Yugl in every case The
Jwlement model did appear to have a better
front-to-hack and front-to-side ratio than either the
Yagi ur the other quad models, One positive
comment; the J-element madal is & maonster to
assemble and put up! In the author’s apinion the
difference in performance isn't worth the smali
improvement, Perhaps, on the other hand, if one
accepts the two-element model as the departure
point between a simple mechanical structure and a
major project, 4 four-element model might be tmore
worth the effort. However, this is purely
conjecture on the part of the author.

Stinmary

The antenna tests indicaie that:

1) One can expect to achieve the sume nr hetter
results  with a  fwo-element quud of proper
dimensions than with a three-or four-element
triband Yagl.

2y A widespaced quad will perform sub-
stantially hetter than a close-spaced guad.

3y Dallar for dollar, the yuad appears fo be o
better investment than a Yagl

Ackrowledgements

The writer wishes to thank all of the amateurs
who participated in the series of tests, and
particnlarly the VK gaog, who night after night
tolerated the request for observations. The support
cuuldn't have been better, and on many oocasions,
upon completing » check with s particular station,
several other stations would call to give thew
wiwervations (which were taken during the same
transmission test), ms]

The Post Otfice Department promises faster mail
werviee with the new Zip eodes. Use yours when you
write Lesgue Headquarters. (jse ours, too. It's
06111,
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Quick-and-Easy
Portable/Mobile

Reception

BY DOUG DEMAW, WICER

HE CURCUIT of Fig, | shows a solid-state

superrcgenerative vhi detector at Q1. Its andio
ouiput is voupled to the base of 2, a erystal-
controlled oscillator which operates anywhere in
the range of 550 to 1600 kHz. Modulated oscil-
fator 32 operates as a small transmitter, thus
providing an amplitude-modulated signal which can
be fed into the antenna jack of any car radio, The
frequency of Y1 is chosen to fall in 2 part of the
broadcast band where strong local stations are not
present, Level control R2 is set for no more than
[M-percent modulation of 2, and any tevel from
60 to 100 percent will work nicely. Qutput can be
bridged across the input of the car radio by means
of 2 T connector, 1 is adjusted for the proper
signal input level to the car radio, being careful to
avoid overloading the front end of the auto radio.
Alternatively, gimmick coupling can be used ax
shown in the dashed lines of Fig, 1. Two or three
turns of insnlated hookup wire can be wrapped
wround the base of the broadeast whip antenna fo

*Technical Editor

1-Havwerd and Ringham, *'Direct Conversion —
A Neglectec._i Technigue,” ST, November 1968,
*The DO 80-10 Heceiver, ' OST, May 1969,

DETECTOR

144 - 14 80K 22M

1011000

£XCEPT AS INDIGATED, DECIMAL VALUES OF

it isn‘t always necessary to build a
complete receiver for portable, emer-
gency, or mobile operation. Ry using
the wmethod described beve it is neces-
sary to add but owe stage after any
detector — a modelated oscillator —
then feed the vutput of the oscillator
into a car radio, or loosely couple its
tuned circuit to the loop antenna of a
smrall transistor radio.

provide sufficient coupling to the var radio input.
The second method makes it unnecessary to cut
inta the car radio, and makes it possible to remove
the ham-band adaptor for quick use afield with a
portable broadcast receiver,

R¥FCL, of Fig. 1, and its related bypass cas
pacitors, serve as a quench-frequency filter, RFC2
isolates the base of 2 from wc ground so that
ascillator performance will not be adversely af-
fected when the armof R2 is near the top of its
range. CR1 ig a silicon power divde, and is used to
prevent damage to the receiver should the battery
leads mistakenly he cross connected.

There is no reason why a free-running oscillator
cannot be used at Q2. A Colpitts VFO circuit was
tried, and it peformed well. Frequency tnod-
ulation is minimal with either tvpe of oscillator,

A direct-conversion receiver, minus its audio
amplifier, can be used in the farepuing manner. A
typical hookup for this 1s shown in Fig 2. The
output fram Q1 is passed through a passive filter to
provide cw selectivity at 900 Hz. Mf the receiver is
to be used For ssh reception, the 0.537-LF capacitors
should be changed to 0,22-uF units, thus providing

MOD, D%T,

ALTERNATE
COUPLING TO
“ cAR WHIS
-——{I]]—-———— A50=1600KkHz __g
P

anazza 2

RZ
10%
MODULATICN

CAPAGITANCE ARE IN'MICROFAHADS L kF ) |
OTHER$ 4RE IN PICOFARADS { pF UR pufl]
RESISTANCES ARE IN QHME)

ke [ORO, ME1DOO 000,

’ /o-{q——ﬂ+
1 g
1000 o037 -
15¢ !
/1; e I

Fig. 1 — Suggested circuit for feeding a superregenerative detector into the input jack of an automobiie
receiver. K1 controls the oscillation of Q1. K2 sets the modulation [evel of Q2. ¥ 1 is chosen tor aperation
in a part of the broadcast band where strong local stations are not present. L1 can be & broadeast-band
loopstick antenna. C1 is adjusted to provide sufficient signal to the car radio for good reception, but not
enough to cause overioading. CR1 is a polanty-guarding diode.
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Fig. 2 - A method tor feeding a direct-conversion recaiver’s detector output into a modulated oscillator.
In this representative ciredit cdual-gate MOSFETS are used for the detector and modulated oscillator.
loopstick E1 (s Toosely-coupled to the butt-in antenna of a transistorized broadcast receiver. The
receiver-sclaptor can also be connected to an auto radio as shown in Fig. 1. ¥'1 is chosen as outtined in

Fig, 1. RFCT is an 88-mH surplus telephone toroidal inductor,

2-kHz selectivity. Qutput from the filter section is
taken across R2, which is used to set the level of
modulation for Q2. Fixed-value resistors cun he
nsed in that part of the cirenit once the desived
ratio s found. (2 is & dual-gate MOSFET. Mod-
ulution is applied to the control clement, pate 2,
Gate 1, the drain, and the source, function as the
crvstal-controlled woscillator, Quiput inductor L1
can be a loopstick antenna which is tuned to the
desited inpnt frequency of the car radio, It is
shown in e¢lose prosimity fo the built-in loop
antenna of a trunsistor broadeast recciver. The
coupling methods shown for the circuit of Fig. 1
van also he used, and the system chosen will
depend upon the application,

tm reception can be effected in the zame
manner, The af output of the fm set detector can
be used to modulate an oscillator which is op-
erating between 550 and 1600 kHz, However, the
bandwidth of the fm receiver, and that of any
ather type of head-end adaptor, must be o8-

selectivity of the broadeast reveiver will have no
beneficial effect in the svstem desenibed here,

It for some reason the detectar being vsed does
not have adequate af ocutput to modulate the
oseillator stage, a single-stage af amphifier can be
used hetween the ddetector and the modulated
aswillator. The lower the de input power to the
ascillator, the less audio will be needed for full
modalation, Some attention can be paid fo this,
and reduction of the operating voftages at (32 can
henefigial if this problem arises,

As mentioned earlier, these are merely typical
circuits, Many other circuits can be used, and thege
is no reason why your favorite detector or oscil
lator cannat he pressed into service. '[he primary
purpase of this article is to show this novel method
uf using existing broadeast sets for field or mohile
use, This technigue certainly reduces the number
of parts weeded tor the hum-band adapior, and
simplifies the project markedly, If you've heen
Ipoking for a short-term construction project, this

.y

tablished wieed of the modulated oscillator. The  may be u pood one to tackle, [as¥=]
v S o i S |
{ From the Museum of
: Amateur Radio ¢
: !
1' :
: Here we have the Elsctro Importing Co. {
“Bulldag' ane-inch spark coil, It superseded q"
1‘ the more common box-like structure of 4
! earlier coils, and came in various sizes up to 4
:‘ “pight inch,” The vibrator contacts are of L
{ tungsten, and the secondary is wound with q’
‘I enameled wire, The large condenser across }
¢ the wibrator s inside the fiber casing which
¢ is filled with the famiiiar pink compound.
{ WIANA
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Receiving FM
Basic Prz’;zcz'l.’;les and New Circuiis
Part 2

BY DOUGLAS A, BLAKESLEE,* WIKLK

FM Receiving Adapters

O PUT the older tube receivers such as the 754,

HRO and Super Pro models into ¥m service, the
receiving adapter shown in Fig. 10 was designed.
Filament and plus B voltages aze tuken from the
companion receiver, Obviously, the better the basie
receiver, the better will be the performance of the
fm receiving system. For this application sets with
high-gain -f amplifier sections and a broad-band
selectivity position (such as the SP-400, SP-600,
8X-73, and R-390) are excellent choices. Receivers
that have only a 6-kHz or narrower bandwidth may
need an extra i-f amplifier stage in the fim adapter
in order to tap the receiver i-f at the ontput of the
second mixer. OF course, a converter will alsu he
required with the basic receiver if copy of vhi tm
signals is desired,

A sample of the receiver i-f signal is pussed fo
T1, a 455-kHz i-f' transformer, which feeds amp-
lifier/limiter V1. A low screen voltage mnd signal
bias enhance the limiting characteristic of the tube.
Further “hard” limiting action is provided by the
two sections of V2, a 12AT7. A sample of the grid
eurrent of V2A is available at TPI1, a test point
used  during  alignment. A commercially-made
discriminator transfortoer canverts the fm signal to
a-m; the a-m is detected by CR1 and CR2. An RC
de-emphasis network is included to match the
standard pre-emphasis used on fm {ransmitters. 14
Audio wmnplification iy provided by ¥3 — in some
teceivers with high-gain audio svstems this stage
may not be necessary,

The adapter i constructed an an aluminum
channel which is 11 inches long, 2 inches wide, and
1 3{4 inches high. A 1/d-inch lip is included on ane
suie a8 a mounting foot. A Minibox or a standard
chassis i8 dlso suttable as a base. The layout of the
~stages should be kept in a straight line so that of
Feedback paths can be avoided, Point-to-point
wiring is used throughout.

Alignment

“Lining up” the adapter takes time and test
equipment. A VTVM or microammeter plus a
signal generator are required. Good alignment
cannot be accomplished by ear; if the necessary

¥ Assistant Technical Editor, (8T

14Ta reduce the amount of audio noise in an
fm communications system, pre-empliasis is added
at the transmitter to propurtmnallv attenuate the
lower audio frequencies, giving an even spread to
the energy in the audio band. The reverse is done
at the receiver, called de-emphasis, to restore the
audio to its oﬂg‘na.l relative proportions.

16

Pare 1 of this article describes several
fm recefping adapters for use with
communications receivers, and reviews
a number of wew fm discriminator
designs. Part HI will appear in o future
issue,

test instrumenis aren’t available, they should be
borrowed.

T start, check the aligument of the communi-
cations  receiver, following the manufacturer's
instructions, to be sure that the of and i-f stages are
“praked” before the Fmoadapter is installed. Twao
simple internal medifications are required in the
receiver, as shown in Fig. 13. If the receiver has a
wide i«f bandwid th, a samiple of ¢he i-f sigral can be
taken from the plate of the lust i-f stage. Other-
wise, the tap shoukd be made at the plate of the
first it amphner and un extra stage, 1 duplicate of
V1, included in the adapter. Short lengths of
chielded cable are used ta carry the i-f signai to the
adupter and to retumn audio to the receiver — see
Fig. 13B. Some units (75A2, HRO-50) wiuch have
provision For fm adapters alteady have a froni-
panel switch wired for this purpose,

Connect the signaf generator o the receiver,
and set the penerator to produce ant 89 reading on
the receiver signal-strength meter. The receiver
crystal filter should be switched to tts most
selective position to insure that the incoming signal
is being heterodyned fo exactly 455 kHz. Then,
with a voltmeter or microammeter connected io

Fig. 11 — The fm adapter, wired for connection to
a Collins 75A2.

12 -
farmer is to the left, followed by the i-t amplitier,
limiter and detector. On the {ar right are the audio
amplifier stage and gain control.

Fig. In this hottom wview, the input trans-

QST for
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CRYSTAL DISCRIMINATOR

From o
Liniter

cl

A G T Rk lmi ok TR e e —

Fig. 19 — Crystal discriminator, ©1 and L1 are
resonate at the intermediate frequency, C2 is equal
in value to C3. C4 corrects any circuit imbalance 50
that equal amounts of signal are fed to the detector

diodes.

EXCEPT AS INDICATED, DECIMAL VALUES OF

CAPACITANCE ARE N MICROFARADS ! pF i,
OYHERS ARE IN PICOFARADS (pF OR pufFl,

RESISTANCES ARE IN OHMS | k=1000,

TP1, adiust both sections of T1, and L1, for
maxieum  limiter current. The receiver i-f stage
being “tapped”™ shouid also be iealigned 1o com-
pensate for the vapacitance of the adapter cable.

To align the dwcriminator, set the receiver
selectivity ab the broad position, and connect the
voltmeter to TP, Voltage at this test point will
swing both plus and minus, so a zero-center meter
or VIVM with a lead-reversing switch should be
employed. Set the secondary of the discriminator
transtormer for & zero-volfage indication on the
meter. Then vary the signal-generator frequency
plus or minus 15 kHz Going of center frequency
in one direction will produce positive voltage at
TP2. while going in the ather direction gencrates
negative voltage, The primary ot the transformer
must be set so that, for example, if a shift dowa in
frequency by 5 kliz produces plus 2 volts, then a
change of 5 kHz in the other direction should
praduce minus 2 ovalts, Unfortunately, the two
adjustments on the discriminator transformer are
interlocking, s cousiderable experimentation is
required. Also, the tuning of the preveding stages,
it not centered on 455 kHz, will affect the
discriminator linearity. The finst ttme around,
halt hour or more of alignment and realignment is
usvally required to achieve egual swings in cutpui
valtage far egugl swings in frequency - a linear
{ESPONSE,

One further check of the discriminator is
required. An impuisepenerating device, such as an
electric shaver, should be switched on. and the
recetver, set for a-m detection, tured to point in
flte spectrum where the nefse is strong. Then,
switch to the fm adapter and adjust the discrimi-
nater transtormer for best suppression of the noise
pulses, If the alignment with the signal generator
has been compieted properly, unly a haif a turn or
sa of the slugs will be needed to complete the
phase tuning of the discriminator.

20

A Ratio-Detector Adapter

The circuit shown in Fig, 15 was built to fry
the ratio detector with a receiver having # high-
frequency #f. and to try etched-cirenit-board
assembly techniques, This unif was intended {o be
esed with the Heuth SB-line receivers. but a crystal
and coil change zllow the adapter to function with
the receivers having a 9-MHz intermediate fre-
guency, The oufput from the receiver must be
taken from the output of the second mixer, just
hefore the crystal filter. Depending on the level at
the vonnection point, one or more (usually two)
stages of araplification are required in the adapter.

Layaout, assembly, and preliminary alignment of
the unit are similar to that entlined above for the
455-kHz adapter. The 4.5-MHz TV i-f transformers
used prociuce the desire wide-bandpass character-
istie by overcoupling. To properly set the primary
and secopdary slugs on these fransformers, a
fomling network consisting of a 680-0hm resistor in
series with a J001-uF capacitor should be connect-
ed femporarily across the transformer secondary
white the primary is adjusted. Then the loading
network must be maved to the primasy side while
the secondary is adjusted. After the loading nect-
work is removed. the slugs should pot be touched
dgain.

‘The ulignment of the ratio detector varies
slightly from that used with the discriminator,
Connect a voltmeter fo TP2 and adiust the primary
core of T3 maximum meter deflection, Next move
the meter lead to point TP3 dand adjust the T3
secondary for g pero meter reading. Check the
linearity of detector response as discussed earlier.

Results with the ratio detector were pener-
ally inferlor to those ohtained with the discrim-
inator adapter, Although the tatio detector does
provide some limiting sction, alote it doesn’t do
the job the way the *‘hard” limiter/disciminator
vombination can,

QST for



TRANSFORMERLESS DISCRIMINATOR

0+30V

33K
@3

10

i
15 MD6100 Q jl‘éMD‘?O&A
33K

Fig. 20 — Transformeriess discriminator.

EXCEPT AS INDICATED, DECIMAL VALUES OF

CAPACITANGE ARE IN MICROFARADS ( pF b
OTHERS ARE IN PICOFARADS { pF OR pufl,

RESISTANCES ARE IN OHMS | &-lo00,

0022

BRIDGE DISCRIMINATOR
NOTE: RI=R2

P

nents are noted for text reference.

Fom. .
Limtitet
R1 R2
A —AAA—
220 IN2T0 Bal, N270 220
LT .aai R3 wzro (3 °F
g at IN2TO s dat
+E ) -F
R RFFilter R

Fig. 21 — Bridge discriminator. Labeled compo-

R4

Audio Qutput

A Solid-State Adapter

Tubes are seldom used in current designs. bor
those builders who prefer to be “up with the
times.” u solid-state version of the 435-kHz adapter
was constructed. Using IC limiterfamplifier, and
miniature i-f transformers, the unit requires only
25 mA at 12 V for power. See Fig. 17. The
Motorola MC1590G provides 70 dB gain, and hard
limiting action superior to that abtainad with the
tube version.

The unit is built on 2 2 X 6 1/2-inch vircuit
board: 4 template is given in Fig. |8, Because of
the high gain of the [C stage. a shield is required
across pins 4 and 6 to isolute the input from the
output. Alignment and instullation are the same as
for the tube version, The bandwidth of the

February 1971

muniature transtormers restricts this adapter to
narrow-band reception. However, builders wishing
a4 wideband version can use the J. W_ Miller 8811
miniature coils which are combined with a 12-pF
coupling capacitor to form a wide-band trans-
former. ’

New Detector Designs

Fhe difficulties often encountered in building
and aligning LC discriminators have inspired re-
search  that has resulted in a nomber of
adjustment-free fm detector designs. The crvsial
discriminator utilizes a quartz resonatoy, shunted
by an inductor, in place of the funed-circuit
secondary used in a discriminator transformer. A
typical wcitenit i3 shown in Fig 20, Some

21



commercidlly-made crystal discriminators have the
input-circuit inductor, L1, buift in (C1 must be
added) while in other types both L1 and C1 must
be supplied by the builder. Fig 20 shows typical
component values; unmarked parts are chosen ta
give the desired bandwidth, Sources for crystal
discriminators are listed in Fig 3 (Pari 1, 8T for
January, 19709,

Little information has been published sbout
crystal-discriminator design, although Schmitzer
has reported results of his experiments with the
effects of source impedance, load resistance, und
parallel capacitance on a KVG discriminator, 15 A
practical i-f system nsing an inexpensive surpius
crystal discriminator will be described in Part [ of
this article,

Transformerless Discriminator

Another interesting fm-detecior circuit dJe-
signed for telemetry use has been described by
Kubo.18 Using active circuits to provide the phase
shifts usually accomplished in a discriminator
transformer, the circuit (illustrated in Fig, 20) wilf
work up to 1 MHz, Tdeally, R should egual R2,
but Kubo teports that the slight loading of R3 and
an irequality of the hpp of the two transistors,
Q1A and (3B, require that R1 be varied to achieve
circuit balance. The wxpensive MD6L0D can be
replaced by two transistors of closely-matched
characteristics: an 1C array such as the RCA

158chmitzer, ““Experiments with = Crystal

Diseriminator,” ' VHE Communications, August,
1970 (Published in West Germany),

I(';Kubo. *lnexpensive F.M, Telemetry with

Active Cirenits,”” Flectronic Fnagingering, July,
1970 (Published in Engiand).

AMPLIFIER LIMITER DIVINER

1 ;

U2B a uza

o ke | LE pr

TO PIN 4
ON UTAND U2 f'“}T

Fig. 22 - Breadboard version of the digital
detector, 185 used are Motorola RTL logic.

CA3018 would be a good choice. C'omponent
vdlues are quite critical, if the best performance is
ta be obtained. Resistors should be 3-percent
folerance, and capacitors 14 pereent,

Bridge Discriminator

With the advent of stereo und other subcarrier
fransmissions, engineers working to develop high-
quality entertainment radios have had to reduce
the level of phase distortion prodnced in receiver
citcuits. (therwise, mixing of the subcarrier and
main-channel signals limits the audio performance.
Ome  product of this research s the hpidge
discrininator, 17 u circuit that can produce nearly
distortion-free demodulation of fm signals. This
detector, shown in Fig, 21, consists of a balanced
transmission-line heidge. The physical dimensions
of the coaxial lines limit its use to the middle and
upper hi region,

The input resistors (K1 aud R2), which are
chosen to realize a desived input impedance, and
the transmission-line sections farm a Wheatstone
bridge. The voltages developed at points A and B
wary with frequency in such a way that the
difference between the two is a straight-line
function. By using diode a-m detectors aitached ta
points A and B, the difference between the two
detector outputs, developed across 4 common load
resistor {R4). is 4 duplicate of the modulating
signal. B3 sets the detector halanee. A pisection
output filter removes any trace of the i-f energy,
leaving only the recovered audio. To aligh a bridge
discriminator, 4 ow signal centered in the i-f
passband s injected into the limiter. and K3 is
adpusted tor zero voltage at point C.

Tpanter, Wodutation, Notse, angd Spectral
Anatysis, MeGraw-Hill, New York, 1965; Modat-
ter, “A New Low-Distortion KM Tuner, [EEE
Transactions on  Beogdeast and  Television Re-
cefvery, Novemhber, 1970,

Fig. 23 - Diagram of the infegrated-circuit
detector, Resistors ate 1/2-watt composition and
capacitors are disk ceramic, Labeled components
not listed below are marked for text reference.

U1 -~ Motorola MCY89P hex inverter,

U2 - Motorola MCT90P dual flip-flop.

MULTIVIBRATOR

Aupig
a QUTPUT
5 CLoaf g a) T g8K oy
uin a— -~ UIE UIF o «,1—0
o .‘530{_]_ [’ e R3
& R c2
baooiaz
B PIN 11 Py
ON U1 AN 12 Oy

QST for



Fig. 24 — Waveforms showing the operation of a
digital detector. {A & B} input and output of the
limiter section, {C & D) Input and output of the
divide-by-four circuit. (E} QOutput of the multi-
vibrator, (F) Recovered audio after de-emphasis.

Bigital Detecror

The integrated civewit allowing complex
funetions to he performed in a very small package,
has caused a revolution in fm receiver design, For
sheer  simplictty, the pulve-counting  detector,
shown in Figs. 22 and 23, has inerinsic appeal.
Using inexpensive RTI. logicl® the detector
requires 200 mV of sigral from the receiver if
system. The oscilloscope photographs. of Fig, 24
show this digital detector at work, The firsi
inverter, U1A, is biased to operate as a4 linear
amplifier. The next bwo stages provide “hard”
limiting (Fig. 24R) of the i-{ signal (Fig. 24A). The
artput pulse train from U3A (Fig, 24C) is fod to u
divide-hy-four circuit consisting of two flip-flaps,
UZ2A and 2B, The output of U2B {Fig. 341
triggers a monostable multivibrator, which consists
of K1, Cland U1D,

15Bisey, “No Tuned Cireuits in an ¢
Wide-Range PFM Discriminator,” Elecfronies, No-
vember, 1269,
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The period of the multivibrator is set to be less
than half of the period of the i-f signal, For an i-f
of 455 kHz, the pericd is set at 2800 nanosevonds,
Cutput from the multivibrator consists of 300-
nanosecond pulses whose repelition rate varies in
Jirect proportion to the variatton in frequency of
the frn signal (Fig. 24F). The output of UID is
amplified by U1E and converted to an audio signal
by the de-emphasis network (Fig. 24F). Maximum
recovered audio oceurs at 4 SO-pervent duty cvcle.

Advantages of the puise-counting detector
include linear detection over wide frequency ranges
and inherent guieting. The self-squelching action
results because the digital circuits remain inactive
until the input signal reaches a threshold sutticient
to frigger UZA. As the TCs are operating in the
saturated mode, they provide excellent limiting,

and no preceding limiter stage is required. The

primary ddisadvantuges are the low-voltage, high-
current power requirement (3.6 V at 50 mA for
the circuit shown in Fig. 23), and the very low
level of recovered audio. Upper frequency limit for
the RTL. circuits is ubout 2 MHz, but other faster
logic families (TTL or MECL LIy can be employed
for i-f systems in the 2- to 20-MHz range.

For those who prefer to work with discrete
components, Schmitzer has recently described a
foar-transistor  digital  discriminator  which s
suitable For i-fs of 100 to 550 kHz 1% AKifis
available for this circnit, 20 [AsT—]

19gchmitzer, “A Digital Diseriminator Acces-
wury  far BN Demodulation,” VHF Communice-
fions, May, (370

2 Available from Spectrum Enternational, Box
HTE, Topsfield, MA 01983,

W:-5trays’is

ARRLs FMT umpire says that, sturting with
Tanuyary 1, 1972, all Loran-C, Omega and other vIf
transmissions will transmit signals which are not
frequency-offset from USFEFS (United States Fre-
guency Standard). He says that most fnlks wan't
detect the shift of three pavts in one-hundrad
million.  Recommended reading: T¥me Senice
Announcement, Series 14 No. 7, dated October 23,
1970, is available from the (1S, Naval Observatary,

Washington, PO 20390, He adds that this fine
bulletin = will give many  hours of fun  and
frustration, wetting (o know about time and
frequency.
Eeadback

The coil information vunder Fig. 3, Page 34, of
the article by DJI44C in Octaber, 1970, QST is
stated incorrectly. The caption should be cirrected
us follows:

L1 — 16 turns,

L2~ 7 turns,

L3 — 2 turns, wound over grounded end of .2,
[

2
3
.4 — 272 turns.
5
A

L7, L8 — 22 turns,

Qapst That blank space on page 109 of the
Becember issue should have contained the call
WeRGG, qualifving at 14 ppm in the September
FMT. Sorry about that, Bab!
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The 144-MHz amplifier is huilt in conventional
rack and panel style, with the entire top of cane
metal, to provide free air flow. Controls are
grid-circuit tuning, C2, lower left; output loading
capacitor, C5, center; and plate-circuit tuning, G4,
with vernier dfial, right. The slotted end of the
Teflon shaft on C1 is visible as a white spot just
below the loading controi.

New Ideas for the 2-Meter Kilowatt

Easy-to-Make Tank Circuit, with lmproved Tuning Device

BY THOMAET, McCMULLEN, IR,* WIQVF, AND
EDWARD P, TILTON,** WiHDQ

IN DISCUSSING a S0-MHz awmplifier built just
& before this one, the authors included a rationale
for the grounded-grid approach to high power for
that band.? Conversion to grounded-grid was con-
sidered for 144 MHz ay well, but a low-drive
grounded-cathode umplifier still looks like the hest
bet fur high power on frequencies asbove the
50-MHz band.

While marly transmitting tubes work well at 50
MHz, very few are really good much above that
frequency. Those that do go higher are not well
adapted to grounded-grid service, except for some
medinm-power types such as the 2039, External-
anode tetrodes  (4X1504, 4X2508, 4CX250B.
4CX250R and 8122 are among the more comnion
types) iemain the logical choice for a 2-meter
amplifier, and they are at their best in grounded-
cathode applications. In Class ABI service they
tequire no driving power, and in Class ¢ 4 few
watts will drive them to better than 70-percent
efficiency.

New tubes of this series and the airsystem
sockets for them are expensive, but both fubes and
sockets can be found at times on the surplus
market. Early tubes of the 4X1504 and 4X2508
type are as efficient as their ceramic-insulated
replacements, identified by the ¢ in the type
number. Glass-insulated tubes will not take quite as
severe punishment, but operated within their
dightly-lower ratings they work extremely well on
the vhi bands.

Sockets found on the surplus market are
generally of good quality, but thev probably will
not have the raised-screen-ring construction of the
latest types. Surplus sockets way require screen-

*RFD Collinsville, CT 060272,

**VHF BEditor, Q8T

1MeMullen, *3.5002Z Grounded-Grid Amplifier
for 50 MHz,” &ST, December, 1470,
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ving shielding for effective neutralization, but thig
is reudily instalted,2

As far as aperating efficiency is concerned, our
new umplifier has nothing on its QST predecessors,
Our uvhjectives  were maindy preater case of
construction, and a better method of tuning the
plate ctrenit. The disk-type capacitor used in recent
2-meter  amplifiers solves some earlier tuning
problems, but it tends to cause others, its effactive
tuning range is quite limited, and simple lead-serew
aFrangements may be prone to arcing troubles after
zppreviable use, Any simple mechanical linkage for
driving the screw from the front panel tends to
introduce electrical unbalince to ground, which
may have to be correcied with another adjustable
plate working against the other side of the plate
line,

The simple movingwvane arrangement shown
here is inherently balanced, in the inanner of an
ideal split-stator varizble, 1t wets away from the
meltiple-ground paths 2nd mechanical and electri
val unbalanee that are unavoidable in conventional
capacitors, If it has any weak points, rigorous
testing of the amplifier has not turned them up.

Other than in mechanical detail, this amplifier
is rather like carlier Jusigns using similar tibes, its
circuit dJiagram is almost identical, und it was
tested on the power supplies and control circuits
built for its FHE Manual and Handbook pre-
decessor.

Construction

The amplifier is built on a 17 by & by -inch
aluminum chassis, fitted with a bottom cover
which completes the shielding and directs the flow
of roaling air, The tap portion of the vnclosure is
of similar size, except that it is 3 3/4 inches high,
and it has a cane-metal top, It was made hy
bending up the necessary sheet aluminum, but
angle stock and flat sheets could be used equally

2<Kilowatt Amﬂpliﬁers for 50 and 144 Me.,”
February, 1964, OST. Also, Radio Amatetr’s VHE
Muanual, all editions, Chapter &, and Handbook
editions 1966 through 1970, Chapter 17, See
section on neutralizing the 1 44-Me amplifier,

QST for
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Interior of the Z-meter amplifier, showing the brass plate-inductor and vane tuning system. Note the
position of RFCT, at the far lett, out of the main rf field. The output coupiing loop, L4, just below the
plate lme and barely visible here, 15 connected to the output jack, 4. on the rear wall with a short section
of coax; and to the loading capacitor, C5, on the front panel by means of coppes strip.

well, Angle stock along the rear of the front panel
comptiefes the enclosure. The wruv-wrinkle
afuminum panel is 7 inches high,

The tube sockets are mounted 2 inches in from
the right side, 4s secn in the photographs, and 2
5/8 inches apart, center to center. The Fimac
SK620A sackets, with their intepral sereen-ring
shielding, are recommended. Other sockets nay
require slightly greater spacing, and some modifi-
cation of the plate-circuit dimensions, The raised
svreen-ring shield is also a geat ald in neutralizing
the amplifier. The need for isolating the tubes’
sereen structure was pointed out in earlier articles,
and some form of shield should be added if early
flat sockets are used. This need is pasticularly acute
if the amplifier is to be operated in the Class ABI1
mode, characterized by very-high power sensitivity.

The half-wave-line grid circuit, L2, is tuned af
the end away from the tubes by the split-stator
variable, C2, and balanced to ground by means of
(3, a differential capacitor, This is supported on its
stator tabs, which are soldered directly to L2,
immediately adfacent to C2. A strap of 1/4-inch
capper counects the rotor of C3 to the chassis, in
the shortest practical  manner. The slotted shaft of
(23 is reached through a hole in the bottom cover
uf the chassis, This hole is sealed with black plastic
tape after the adjustment is completed, in order to
avoid air leakaye.

The input coupling loop, L1, iz mounted
between and just below the grid lines, with its
closed end near the inidpoint of the lines. The end
towazrd the panel is soldered directly to its tuning
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capacitor, Cl, and the other to zn insulating
tiepoint, which also has the center conductor of
the RG-S8/U coax o J1 conmected to if, The
position of LI with respect to L2 can be adjusted
hy means of an insulating rod, through a hole in
the bottom plate near the clased end of the loop.
This hole is alse taped aver to prevent ab leakage,

Leads to the nentralizing tabs, (9 and C10, are
tapped on the grid lines at o point 1 3/4 inches
from the grid end. Feedthrough bushings (not
visible in the photographs) are under the lings, 'The
crossover 15 made by copper strips trom the lines to
the bushings. Variable capucitance to the plate Jine
is provided by copper tabs 1/4 by 5/8 inch in size,
soldered to the top ends of the bushings, just
below the plate line, L.3. Adjusting their position
with respect to L3 provides the required neutrafiz-
ing capacitance.

Connections to the prid ends of 1.2 are made
with wrap-around copper clips slipped over the
tubing ends and fastened {0 the grid posts of the
tube sockets with screws, They are soldered to the
line ends, for permanence. The connections to (2
are made in somewhat the same way, cxeept that
the tabs are soldered to the stator lugs. Note that
the rotor of C2 is not grounded. It is supported on
ceramic stancdotfs 5/8 inch high,

The grid-circuit isolating resistors, R1 and R2,
are connected to L2 by means of spring clips which
are slid over the line befote assemnbly, These can be
tube grid clips, if available. They are moved along
the line to the point of minimum f voltage, using
the familiar lead-pencil test.

QST for



The principal feature of the bottom view is the half-wave grid circuit. ts splitstator capacitor, C2, is at
the left end of the line, L2, The difterential balancing capacitor, C3, is also across the line, just to the
right of G2 Isolating resistors in the grid circuit, B1 and R2, are near the middle of the picture. The
screen isolating resistors, B3 and R4, run to tiepoints on the right wall of the chassis.

The shaft of C2 is rotated through an insuluating
shat't, titted with an insulating flexible coupling, to
minimize any tendency to unbalance the grid
cirenit. The shaft from 1 is also insulating
material, and it has a flexible coupling, The
capacitor is not adjusted often, so the shaft end is
slotted, and is allowed to protrude throngh the
front pavel £t is just visible in the front view,
below the vutput-loading canérol.

All power leads ate made with shielded wire,
bonded together by frequent spot-saldering, and to
the chassis by means of grounding lugs. Exposed
terminals are bypassed wherever necessary, to
prevent of pickup,

Fach cathode pin on the socket is grounded
directly through a separate lug, and nothing else
uses these lugs for a ground path. Minimum
cathode-lead inductance is important, and even the
shortest lead shared with another circuit can cause
vnwanted coupling in a vhf amplifier.

The plate inductor, L3, is made of sheet brass,
in the form of a U, Principal dimensions are given
in Fig. 2. The stator plates of the tuning capacitor,
C4, part A in Fig, 2, are soldered to the plate line
with their right edges 3/8 inch from the tube
anodes. Connection to the latter is made with two
brass tabs, part B fn Fig. 2, at the tube vnds of the
Jline. These were vinitted from the drawing of the
assembly in fig, 2, in the interest of clariiy, but
their position is clearly visible in the photographs.
These tabs are curved slightly after bending, to
provide more vonfact surface to the anode ring.
Clamping rings made of {flashing copper wrap
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around the unode structure and hold the fabs
tightiy to it. This is a point of low rf current, so 2
large contact area is not vital.

The piate line was made flat originally, but
when the amplifier was tested it was found that
this did not allow sufficient roam fo adjust the
output coupling loop, L4, to the optimun
position. The half-inch offset shown in Fig. 2 (but
not in the photographs, as the change was made
after the pictures were taken) netted sbout
H-percent impravement in efficiency. It may be of
interest here, that the entire plate circuit was
silver-plated after the photography. Careful checks
on performance indicated not the slightest differ-
ence, before and after plating. This ix not to
discourage the builder from doing a plating job, as
it may be desirable on a longterm basis. Silver
oxide is a good conductor; other oxides are not.
Any of the simple rub-on plating methods will do.3

The “stators” aml the tabs for the anude
connection were sitver-soldered to L3, If vou can’t
do this. ordinary soldering will be adequate, but it
might be well to use screws to hold the tabs onto
L3, as a precautionary measure, The stator plates
nave tlat-head screws running through them and
.3, into the insulating supports for the latter.
These are 1-inch ceramic pillars, The closed end of
the loop is supported on 2 | 1/2-inch pillar,

The holes for mounting these supports can be
made slightly oval, to position the assembly so that

3Methods of silver plating ai_home are given in
Chapter 13, Radio JAmateur’s VHF Manual Tm-

mersion electroplating does the best job, but
rub-on methods ave usable heve,
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Fig. 2 - Principal dimensions of the brass parts of the amplifier plate circuit. The U-shaped inductor is
shown in both top and side views, with the stator plates aof C4 in place. These plates (A) are shown
before bending, at the upper left. The small brackets {B} make contact with the tube anades. Slight
curvature, to fit tube anode, can be imparted by tapping with a small hammer, against a 1 1/2-inch

pipe or rad, used as an amvil,

no strain on tubes or sockets is caused when the
anade rings are tightened. Note that the mounting
hole in the closed end of L3 is also glongated, The
screw that holds the line on its support has Teflon
washers above and below L3, to permit the line lo
rove on its support, if expansion and contraction
with heating and cooling of the line should be
apprectable,

The rotot of C4 isin the form of a shallow box
made of flashing copper. It is shown in flat form in
Fig. 3, along with other copper parts of the plate
circuit, §is ends, 1 inch high, provide the variable
capacitance to the stator plates on L3, After the
box is bent to fthe desired form, its adjoining
surfaces are soldered for additional strength and
rigidity, The edge away from the tube anodes is
supported on a fiberglass rod, with 4-4¢) screws, the
rod surface having been filed flat in this area
previously, Reducing couplers at sach end of the
rod permit use of @ 1/4-inch shaft bearing at the
rear, and a National Velvet Vernier dial mechanism
af the front, Do not use heat-sensitive rod such as
Lucite or Plexiglas, Nylon and some types of
Bakelite are unstable in strong rf fields, and are
also unsatisfactory. Teflon is probably good, but
the fiberglass rod is stronger and easy to work. It is
& 3/B inches long, and may be i/2- ot 3/8-inch
diameter,

Mechanical stops for the rotor are provided at
both ends of its normal travel. A 3/8-inch Teflon
rod 1 #/8 inches high, fastened to the chassis
between the neutralizing feed-through hushings,
stops the rotor in the horizontal position. The
rotor is prevented from “going through the roof™
by using a i-inch setscrew in the vernier-drive hub,
and a longer-than-normal screw for the lower left
mounting screw for the drive assembly. These
tricks uxe visible in the close-up photograph.

In the final assembly, the rotor in its horizontal
position is approximately 1/4 inch above L3, and
the spacing at the ends of the rotor is also 1/4 inch.
The tubes are fitted with Eimac §K626 chimneys.
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The under surface of L3 should just clear these, 1f
it does not, it should be raised by putting washers
an the sceews that run into the 1-inch pillars.

The cutput laop, L4, is supported under L3 by
two L{2-inch ceramic insulators, Soime smalt pillars
have threaded holes that go the whole length. Be
sure that the mounting screws do not gronund the
loop, or come clese enough to zllow arcing fo
ground. Connection to the corxial output jack, J 2,
is made with 4 short piece of RG-8/U coax, using 2
shielding cone at the 17 end, The coax shield is
grounded to chassis with 2 copper strap at the 1.4
end also, to make the if path to ground in-
dependent of the chassis bonding. The rotor of €5
is also grounded independently. A copper strap
connects the stator of 5 to the end of 14, After
the final form and size of L4 have been deter-
mined, the connection to the strap should be
soldered, s us not to leave rf bonding to the
mounting screw. These circuits carry high «f
currents, and permanent low-resistance con-
nections are important, The performance of many
amplifiers falls off with aging, because factors like
this were overlooked.

The tube manufacturer states that there should
be an alr flow of 4.6 cubic feet per minute,
minimum, through each tube anode. Much higher
blower capacity than this should be provided, The
blower used here has a wheei three inches in
diameter, turning at 3300 rpm. it is connected to
the rear of the chassis by way of a flexible hose 2
1/8 inch in diameter. Automotive defroster hose is
fine where one blower may be used for several
different amplifiers.

Adfustnent

Heater voltage (at the sockety should be 6.0
volts. This is adjusted by means of the stider on
RS. Set the shiding clips on L2 at the approximate
midpoint, Now apply | to 2 watts drive to the grid
vircuit, adjusting the position of L1 and the tuning
of 1 and €7 for minimum reflected power,

QST for



Close-up view of the interior, show-
ing details of the tuning device, C4,
and connections to the tube anodes.,
The glamping ring was removed from
the upper tube to show the ring and
the anode-contact tabs in ciearer
detail. Note that the output leading
capacitor, €5, has its own grounding
hracket, so that it does not rely on
the panel far ground return,

indicated on an SWR bridge connected between
the exciter and J 1,

With enough drive so that grid current will be
measuizble, meter each grid separately, and adjust
the balancing capacitor, C3, for as near to the same
value for each grid as possible. Readjust C2 for
gach change. When the cuirents are approximately
equal, the neuiralization should be adjusted. Witha
5-ohm load connected to 12, and with the screen
and plate circuits having some de path to ground,
such ay through power supply bleeders, couple a
sensitive xf indicator to L3. Still with no plate or
screen voltage applied, tune C2 and C4 for
maximum indication, then adjust the positions of
the neutralizing tabs, C9 and C10, carefully for
minimum of Yeedthrough, Recheck the grid circuit
balance and tuning each time a tab setling is
changed.

The points of connection of the 130-ohmm
resistors, RL and RZ, on the lines comprising L2
are not particularly critical, unless the exciter is
low on output, but they shouid be at the points of
lowest rf voliage along the line, This is checked
readily by running a pencil lead along the line and
watching the grid current. The point at which there
is no change in the meter indication is where the
clip should be, Recheck all adjustments after
appreciable change in the connection points,

For initial testing with plate power applied, the
plate voltage should be on the order of 300 to
10610, and the screen supply should be no more
than 230 voits, preferably regulated. There will be
almost no diffetence in tuning or output, with the
cover on or off, so, with due regard to safety, leave
it off at first. Never, under any circumstances,
reach inside the plate compartment when the
power is on, Be swre that it is off, Using an
insulated screwdriver or other safe shorting device,
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short L3 to the chassis every time before making
any adjustment inside the compartment. Quite a
hit of reaching in will be necessary, but don’t let
temptation get the better of you. Play it safe,
Better a big bang with the screwdriver than a dead
or injured operator!

The approximate tuning range of the plate
circuit can be checked readily with a grid-dip
meter, with no power on the amplifier, It should
he considerably wider than the 2-meter band. Now,
with an ouiput indicator and a good 3{-chm load
connected to J2, the amplifier is ready for power.
Apply plate and screen voltage, in that order.
Adjust the bias so that the plate current, with no
driving power applied, is around 150 mA. Apply
drive, and tune C4 and C5 for maximum power
output, With enough drive to show about 5 mA
prid curtent per tube, the plate eificiency should
approach 70 percent. The position of L4 with
respect to L3 has to be adjusted with some care io
do this weli. The optimum position of the loop and
both tuning adjustments, will change with plate
voltage and drive level, so adjustment should be
made with the operating conditions for which you
will want the highest efficiency and best amplifier
linearity.

Adjustment of the shape and position of L4 is
likely to he the most wcritical operation. Far
high-efficiency Class-C operation, we got best
results with the loop roughly elliptical in shape,
and about 3/8 inch helow L3, Efficiency seems to
be highest at plate voltages between 1200 and
1800, a condition we've found with other
amplifiers using these tubes, The manufacturer’s
typical operating conditions are your best guide in
setting up the amplifier for your circumstances.
Bear in mind that these are only fypicel: so long as
vou do not exceed the various maxima for grid,
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Fig. 3 -- Flashing-copper parts used in the 2-meter amptifier, Broken lines indicate 90-degree bending
required, The surfaces of the C4 rotor are soldered together aiter bending, for rigidity. The anode
clamps, upper right, wrap around the sube caoling ring, and hoid the brass tabs {Fig, 21 firmly in place..
L1 and 1.4 are shown in the approximate shape, after bending, at the right.

sereen and  plate dissipation, vou can bave an
interesting and profitable time ot it experimenting
with an amplifier of this kind.

PNepending on your interests, many variations
ate possible, The writers, for example, ike an
amplifier to work best en high-power vw_ with ssb
sunning a close se¢rond, and a-in linear a con-
servative thisd, With the amplifier set up for the
first two conditions, only a slight change in grid
drive is necded o go from one ta the ather, For
fop performance it is desirable to switch screen
voltage, ton, and this iy done readilv encugh if
sumething like the previous method of providing
regulated 250 and 350 for the screens is used,?
With Class ABL linear operation (a-m or ssb the
screen voftage »hould be 350, if the drive is kept
low in going to ow, the screens cun be left at 350

t8ee section on controls and metering, He-
ference 2 A ecommended addition is o Meeder
from screen to ground. If this is connected to
the positive side of the sereen meter fo ground in
the circuit shown in this reference, the vurreni 1t
draws will not he added to the weeeen current
indicated on the meter, Ahout 25,000 ohms, 10
watts, will do,

volfs, but far increased drive and higher efficiency
the voltage should be dropped to 150, to avoid
CRCENsive seTeen querent,

in vht work it is often desirable Lo operate at
moderate power levels, and this amplifier will drop
down nicely. By varying the plate voltage between
%00 and 2000, and the gid drive up or down as
vou wish, a choice of output levels from less than
50 watts to more than 7(H) s readily avatlable.
Linear operation is the critical mode, of course,
For more on the fine points of linear adjustment,
we any edition of the Aandbook or the Radio
Amateur'’s VHF Manual,

Cur amplifier combines a few new ideas with
many old and well-proven ones, In addition to the
references footnoted in the text, the fallowing
Q5T articles are worth reviewing, it vou are
embarking on a vhi amplifier project:

Maor, “Perseids Powehouse,” Qctober, 1459,
(Twa-band amptifier, 50 and 144 MHz.) “High-
kificiency 2-Meter Kilowatt,” February, 1960,
rlses OX-300As.) Brevingle, “Top Efficiency at
144 Mc. with 4X2508s,” December, 1961, [HEE=

e Strays g,

Dave Porter, K2BPP, 15 shown receiving from Lt.
Bouglas Zaugot a plaque commemorating the
50,00th phone patch handled by Dave for men in
the Antarctic during the past 1% vears. From left
are Rich HMill, Dave, K2BPP, Lt. Zangot, and Rick
Hagen. As an additional expression of appreciation,
the men at “COperation Desp Freeze' will play host
to Dave for a one-wesk visit during December
(that"s summertime on the icel}.



Integrated-Circuit Flip-Flops

8V NORMAN b. POS,* WAGKGP

a4 ANY ARTICLES about various digital devices

have appeared in @ST. Since a variety of
flipflops (hereinafter referred to as FF) were
cmployed in these articles, perhaps the time is right
for a more detailed description of FIFs than was
provided in my earfier article. ¥ At the end of this
article is a list of (87 articles to which the reader
can refer for examples of FI7 nses.

Foor a brief recapitulation, recall that “‘ones”
and “zeros™ are the states of a Jigital device of
intexest. These refer to voltage levels, the values of
which depend on the particular device to hand.
{(Yperational data may he obtained from the
patticular manufacturer.)

An FF is a device which has two outputs that
can have states of 1 ox 0, One ontput is called the
¢} output, o1 “set™ output, while the other is the ¢
(NOT Oy, or “reset™ oniput, W@ =1 and @ =0,
the FF is said to be “sel”™ or in the “one state,”
while for the reverse, the Kl is “‘reset,” or
“cleared,” or in the “zero state,” A variety of
inpuis cxist, from which the FFs derive iheir
names,

The R-8 Flip-Flop

The symbol for this primitive FF is shown in
Fig, |, topether with its truth table. Simply, the
outputs tollow the inputs. Fig. 2 shows how ane
snight construct an R-§ FF from two NAND ot
NOR gates.? [fis also clear in Fig. 2 that an FF has
inherent regeneration (outputs tied back to in-
puts). Thus, this simple F¥ might be used as an
“edge-sharpener,” useful for converting incoming
pulses with sloppy tise and fail times into clean
sharp pulses. There will be sorme threshold voltage
at the R and § inputs at which the ¥F will decide
to change state, Once the change of state is
underway, it proceeds rapidiy due to the feedback
paths,

£HGO1 Mt, Acara [Ir., San Diego, CA 92111,

o 1RSee Pos, “THgital Logic Devices,"OST, July,
1968,
2ihid,
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The Type T Flip-Flop

Syimbals for the T FF are given in Fig. 3, with
timing diagrams illustrating the action, As you can
seg, the T FF “toggles,” or “counts,™ or “divides
hy two™ (the terms are synonymous), Whether the
FF togeles on the *‘one-guing” or “‘zero-going™
edge of the 7' pulse {called the “clock™ puise)
depends an the presence or absence of the little
“negating” circle, Whenever you see such a little
circle at an input or output connection, swap ones
for zeros, and swap one-going edges for zero-going
edges, The 7' TT can be considered as « special case
of the J-K FF to be described fater.

The Type 1D, or “Single-Rail” Flip-Flop

This FF is shown in Fig. 4. It acts as a storage
element in the following way. Af the one-poing
edge of the clock pulse (C), the status of the £
input is transferred to the @ output (the ¢ output
assuming the apposite state, of course), The FF is
called “single tail” because when a number of them
are built up into a shift register, only one “rail” is
needed to connect each FF in the register. This is
shown in Fig, 5. Every time a clock puise hits the
xegister, the pattern of ones and zeros matches to
the right by one stage. The D ¥Fs shown in Fig. 5
also have B and & inputs, This is commanly done.
These allow » number to be “jam set” into the
register by inhibiting the clock-pulse line while
gating the desired number all at once (called
“pagrallel in™) into the R-S impuis. Then, as the
clock is allowed to run, the number comes scouting
out the right-hand end (called “‘serial out™), Note
that, it the ¢ is tied back to the I} of the same FF,
the FF then will act just like the type 7.

The Type J-K Flip-Flop

Refer to Fig. &, This FF might be called «
“double-rail” FI' because when used in a register,
both J and K inputs musi be wired to the
preveding outputs, There is some confusion in the
literature on nomenclature, Properly speaking, an
R-8 FF is not clocked, while a f-& is. However, the
J input is frequently called the “set.,” or § input;
the K is called the “clear™ or ' input {te be
confused with ¢ for “cluek”™), while the clock

Pictured at the left is a Texas Instruments
SN74H72N integrated cireuit, called a J-K master-
slave flip-flop. In single-unit quantities at electronic
mal-order houses, this device costs approximately
%14.50. Showmn in the center is a Motorola MC1027P
I1C, which is a 120-MHz ac-coupled J-£ {lip-tlop,
available tor about $9.75 each. Both of these I1Cs
might be considered “universal’ flip-flops, for they
may be used in a variety of ways. Shown at the
right is a Motorola MC726P, a simple J-X flip-flop.
it is available for slightly more then $2.00.
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Fig. 5 — Type D tlip-flops connected as shift
reqister.

Fig, 7 — The J-K Hip-flop wired as a “counter,” ar
type 7.
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Fig. 9 — The universal flip-flop — exemplified by
the Texas Instruments type SN74H72N.
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Fig. 2 — An R-§ flip-flop constructed from twa
NAND or two NOR gates.

Fig. 4 — The type D flip-flop with timing diagratns.
Note that the output becomes synchronous
with the clock,
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Fig. 6 — The type J-K flip-flop with frequentiy-
used alternative symbols,
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A shift register buift from J-K flip-flops,
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Fig. 10 — Another universal
Motorola type MC1027.

Hlip-tlop ~ the
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ipput is culled T as in the type T FF. This alternate
symbology is also given in Fig, 6.

This FF operates as follows. When a clock pulse
hits the IF, the status of the inputs is transfersed
io the outpuis where it remains until the next
clock pulse. Fig, 7 shows the S-& ¥V wired as a
type T, and Fig. 8 shows a shift register tuilt from
J-K Fis,

The Universal Flip-Flop

£ and § inputs, a8 mentioned earlier, may be,
and usually are, added to any FV. Also, inputs may
be dupticated at an input-gating structure built into
the integrated circuit, When all is done, an FT7 of
great versatility is created. As an example, the
Texas instruments tyvpe SNT4HT7IN is shown in
Big, 4, The R and & inputs override the other
inpats, and unconditionally operate the FF as a
type B-S. With this particolar FY boweves, the zero
at & produces a one at @, (Note the little circles.}
‘I he logic diagram of the T shows that S = J;) . J2
S and that K~ Ky . K». K3. (The dots here
symbniize the loge AND fanction.® Then, if hoth
£ oand & are ones (INOT ZEROS, because of the
vircles), J, K, and C (again, note the circle) operate
the FF as a simpie J-K FE. Many sorts of fancy
stunts may be contrived with an FI° as vemsatile ax
this one.

This Tast example, and one which wiil perhaps
pique the intergst of the rf-minded folks, describes
the Motorola MECT. T} tyvpe MC1027, which can
be togpled at frequencies as high as 120 MHz!!
{(MECL stands for “Motforola FEmitter-Coupled
Logik™ - which refers to the internal construction
of the devices.) Not ifmpressed? MECLUI tvpes
can go as high as 300 MHz, and 1 am told that
moere it on the horizon! At any rate, this BF i
shown in Fig. 10, 1 chose this example to show
another possible arrangement of input gating, Here,

J J/ r h » 13 1-'.i4 ar, by DeMorgan’s law, J= /)
. J3 . J3 . Jg, with similar equations for A3 (Litcle

3%ee Footnote b,
13ee footnote L

“v'" stands far the logic OR funchion,) One can
form a clock input by tying ane J and ane K input
together. At my place of employment, [ have used
these units in the construction of phase-locked
loops for some fancy signal-processing equipment.
it is of interest to find that life comes tull circle at
times, Having moved away from conventional
tinear circuit techniques, 1 now find that one st
pay attention once apain to matters such as proper
stiekdng, unwanted stray lead resonances, careful
erounding, and the like, when using Jogic circuits at
these frequencles,

Conclusion

Progress marches on, We have seen the advent
of transistorized amatcur radio equipment ranging
from receivers i keyers, The wave of the future
encompasses more and broader technology, Old
devices will remain where they do best (vacuum
tubes in kKW linear amplifiers) hut new devices will
hecome mote peomient where Hey do the hest

fab.

Bibliographby
The following articies from (ST are selected as
Hiustrative ekamples of now FFs are used,

R-§ FFs are nicely employved in:
Van Cleef, “‘TCKEY - An Integrated- Circuil
Elecironic Keyer With Dot and idash Mem-
aries,’” (8T, Navember, 1968,

Ttype action is primarily used in the following:
Grilka, “A Frequency Counter With Binavy-
Coded Decimal Reudout,” ST, Adagust,

1969,

Jahn, “Mierocircwit Electronie Fever
ST, September, 1969,

Staples, ‘‘lategrated-Circuit frequency

Dividers,” (ST, July, 1968,

By far the most frequent FF used is the tvpe
J-KL Q8T bas had many articles which used this
FF. Afew recent ones are!

Uall, A Digital Morse-Coda Message Gener-
ator,” OST, June, 1970,

Bryant, “Touchcader I1," OST, July, 1489,
Paltison, A [iny Freguency Standard with
Rig ideas,” Q8T, March, 1969, s

NEW BOOKS

Better Shortwave Reception, Znd Edition, 1970,
published hy Radio Publications, Inc,, Box 149,
Wilton, CT U68Y7. 5 1/2 % 8 1/4 inches, [56 pages,
soft cover, Price; $395 (34,95 Cunada). From
amaieur dealers, or publisher,

The new edition of this handbook has heen
revised, and a4 new chapter covers the tvpes of
transmissions from 0t ¥Hz through uhf, including
facts ahout the frequencies used hy the Apollo §
spacecraft, space satellites, digital transmission and
wuterspace signals, [nteresting, indeed, as amateurs
rend to Torget that a tremendous amount of
communication takes place outside the edges of
the bandspread dial of their receiver! Amateuwr
radio und B are covered in this handbeonk and the
vartinents on esch should be of interest to those
sesking infnrmation ow both services, Bath authors
of this book. by the way, are radio amateurs:
William i Orr W6SAI and Stuart L. Cowan, W2L X,

February 1971

While this book pruvides an introduction to the
tield of radin commurnications in general. it also
vuntaing coosiderable information of value to the
new and inlermediate amateur, For example: what
ta Inok tyr in buying 3 new or used receiver,
discussion of sensitivity, selectivity and stability,
aid receiver wlignment procedures, Alsor how to
huild 2 cegstal calibeatoe, o preselectar, and a
ermultiplier, The text is ¢learly written and easly
uniderstood,

Other subjects include nine {ypes of receiving
antenmas, transmission lines, antenna placement,
single-sidehand reception techniques; international
broadeasting and jainming: shartwave signal paths;
the Z4-hour time svstem and ligtening tips.

The honk is afmed at potential amatenrs, newer
hams, B woperators and sgience students. The
cover features evaluations on the usefulness of the
bank by Senator Barry Goldwater, K7T7GA, Bil
Leonard, W2RKE, and Genrge lacebs, W3ASK.

A tot of fun o read, even for the jaded DXer
who knows all (well, simost all} the listening tricks,
He may know 4 few more afier raading this clever
little book, - RICER.



The ATR-166 -

A Homemade Transceiver for the 160- to -Meter Bands — Part 1

With Provision for Vhf Transverters, Too.

BY WILLIAM J. HALL,*K IRPB

C ERTAINLY, THE most satisfving aspect aof any

fobby 1s the ability to produce tangible results
from a creative effort. This holds true whether the
participant ix & gardener, photographer, or a
weekend pilot, {ndividuals in euch ot tlese groups
bugy themselves with experimentation directed
toward improving the performance of their pro-
duct. Many tind that such efforts (ead to new
insights and u broader self-development. Imagine
the thrilling experience of fust flying & bhome-
designed and home-tuilt airplane!

With amateur radio, the rare-P¥X snag, the high
seupre in a contest, and just plain capchewing
provide the bulk of the fun. The amateur who is
able to ciaim that at least part of his station o1
antenna system is a ereation of his own mind and
hands is a proud fellow, indeed! This is especially
true if his homeiade gesr provides him with some
operafing advantuge that puts dm on top of the
heap in 4 contest.

Approximately five vears apo, the author de-
signed and built a two-meter transverter,! This umit
allowed  vhf uperation with  the  Heuth $8-
A00/8B400, The puoject wis a relatively simple
one, but the finished product worked very well.
Being, at that point, un enthusiastic builder, the
author immediately began to consider u complex
project. The obvious choice was fo design and
build a camplete station that was wleally suited to
this writer's personal operating newds and habits,
The ATR 166 transceiver is the result of this
cffort, und it is hoped that sceing what can be
weepmnplished using simple hand tools will inspire
the reader to try his hand at an advanced pooject,

Features

The versatility of the ATR-16A transceiver
makes 4 un ideal station for the single-hand
opetator, the MARS man, the technician, or
anyope with an experimental bent. The rig is
designed to operate on any chesen frequency

+Prospect Hill Road, Brimfieid, MA 01010,

{Hall, » A 100-Wati, 2-Mefer Transmit-Heceive
Clonverter,” QT Jan., L9656,

This is the first of a twoe-part sevies
describing KIRPB's traunsceiver, Com-
plete  mechanical  details,  assembly
bints, and aligniment instructions will
ke gioen in Part H, which will appear
in a subsequent issue.

34

The transcerver, including power supply, is built on
astandard 13 X 17 X Z-inch chassis (Bud AC419),
A 8 3/4 X 19-inch rack panel is used as the frant of
the unit, The main tuning dial is an Eddystone 898
(avanlable from British Radio Electronics, Ltd.,
1542 Wisconsin Ave., NW, Washingten DC 200071,

betweea 160 and & meters divectly and with
external transverters for higher frequencics. Tuning
is in 500-kHz segments. Bund chauging is accoms-
plisticd with plug-inn rf aplitier, osciltutor, deiver
and pirnetwork ocutput circuits. The plug-in units
can be designed specitically for the frequency in
use, giving optimum efficiency on each band. &
panel switch determines whether the transveiver is
used us a “barefoot™ seli-contained exciter, o
dlternativeiv, ag a driver for a lingar anplitier on
the two-imeter transverter. The panel switch stmply
rerontes the power and sipnal inputs and outputs
of the transceiver to the proper auxiliary units.
Receiver baundwidths, ranging from 200 Hz to 100
kHz can be selected independently of the vperating
mode. Hrequency contrel can be switched-selected
for VFO on transceive, VXQ fransceive. ur VXO
transmit, YFO receive, The panel meter can be
switched to read alc. plate varrent, or grid current
during transmit, and it reads signal strength oniy
while regeiving, The MODE switch selects u-m, ow
or ssb fransmission.

From a design viewpoint, the rig utilizes circuits
gopied from vommercially-tnade equipment and
fram  the Radiv Anateur’s Hondbook., Standurd
vamponents were used throughout, and no faney
tools ure required for the mechanical construction
phase. The bailder does not need 1o he an
electronics engineer or shop mechanic! (The author
sertainly hay no claim on being either.,

QST for
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Fig. T — Block diagram of the transceiver.
TABLE I

Band [ 0 13 X i 40 80 ine
1,02 i L] 47 ~__68 aHl Hid 68
3 15 n 39 7 1o 50 470
4 an 12 2 39 47 68 6
s 120 150 150 330 394) 561 360
Ca7 2 47 1oty 200 o0
8 - - (L] RG]
(Y - - R0 2200
L1 | turn | turn 1172 turns 2 dumns 4 turns 8 furns 16 turns
1.2-L6, incl| 5 turps B turns 12 turtts th tnrns 32 turns 64 turns 130 tuens
[ ¥ furns 1% turng 15 furms ik turns 40 turns #0 turns 103 trns )

tup at tap at tap at tap at tap at tap at tap at

3 turns 4 tums t turns # turns Ih turns 32 turns ad tams
(B4 2172 turns & 12 turas 7 tutes ¥4 turns 20 turns 31142 turns 35 1472 turns

1/16-inch No. [# No, 18 Wa. M) No. In No, J0 No. 24

wupper tubing | 2 tpi # tpi L& tpi it tm 16t 2 p

st %euund PRI RN {3014y [T L8y CA0LSy (a0 lay
Yi 58,8954 368954 29,8954 32.89é4 13 8954 12,3954 10,6954

MHz MH7 MHz MHz MHz MEl? MHz

Table 1 — Component values for the plug-in modules. Coils L1 through L7 are wound with No. 30 enam.
wire {except on 6 and 10-meter units where No, 22 enam, is used) on 1/4-inch slug-tuned forms, Miller
Z0AG00RBIE, The numbers in parentheses ave for B&W Miniductor stock suntable for LB. Crystals may be
purchased from International Crystal Co., Oklahoma City, OK 73102,
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Fig. 2 -~ Schematic diagram of the transmitter and
rermver seefions. Uniess otherwisa noted, resistors
are 1/2 watt composition and capacitors are disk
ceramic, except those with polarity marked, which
are electrolytic,

10, C11 - Dual-section  variable, 28 pF
section (Hammartund HF D-30X).

€12 — NPO ceramic trimmer, 8-50 pF {Centratab

per

822AN).

€13, C18, C19 — NPO ceramic trimmer (Centralab
a27Ch.

14 - Air variable, modified with all but one

stator and one rotator plate removed {(Johnson
160-104),

15 — Ajr variable {Mitlen 23-1001.

G16 — Air trimmer {Johnson 1680-130).

17 - Butterfly wvariable, 40 pF per
{Hammarlund BFC-38).

G20 — Differential variahle, 1% pF per section
{(Johnson 180-308),

section

P

21 —~ Air variable (Johnson 160-107).

22 Alr  wvariable, 1750-volt
{Hammarlund MC-1005X).

C23 -~ Twosection variable, 365 pF per section
{Milter 2112).

FLT — Crystal filter, 400-Hz bandwidth {Heath
$B-301-2}

FL2 - Crystal filter, 2.1-kHz bandwidth {Heath
404-283),

J3-J5, incl. -~ Qctal socket (Amphenol 168-015).

J& — 4-pin sncket {Amphenol 49RS54).

7, J9 — Phane type, shorting (Switchcraft 124},

J8 — Microphone receptacle {Amphenol 8OPC2F).

J10 - Coaxial receptacle {Amphenci 83-1R).

J11-814, incl. —~ Phone type (Switchcratt 35018,

K3 — Dpdt contsets, 115V ac coil, antenna-
switching type (Potter-Brumfield KT1TAL

L9, L10, L14, L17, L21 — 80 turns, No. 30 enam.
wite on  V/4inch, shigtuned form  {Miller
20A000RBI}

(Conrffuued on page 3R]

spacing
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L.11 ~ 140 rums, No. 30 enam, wire on 1/4-inch,
slug-tunied form (Miller 20A000R81}."

L1412 -~ 22 turns of No. 22 snam. wire an 3/d-inch
stug-tuned ceramic form.

L13 — 3 turns No. 22 enam. wire on Miller
20A000RBI form,

Li5 ~ 8 turns No. 30 enam. wire on the bottom
end of Li4.

116 — 50-MH rt choke {National R-33).

118 — 8 turns Na. 30 enam. wire wound on the
bottom end of L17,

119 ~ 80 turns No. 30 enam, wire on 1/4-inch
slug-tuned form,

L20 = % turns No, 30 enam. wire wound on the
center of the L19 winding.

P1 - Vector plug-in assembly, octal base, for 7-pin
rniniature tubs (C10N),

P2,P2 — Vector plug-in assembly, octai base, For
8-pin miniature tube (C10M}.

RE, R7 — Audig-taper, composition.

18, R10-R12, incl. — Linear-taper, cormposition.

R9 — ziee B3, Fig. 3.

58 — Rotary ceramic switch, 2 sections, 4 poles,
24 positions, 4 used {assembled from a
Centralab PA-300 switch master and 2 PA-3
switch sections),

56, S8 - Rotary ceramic. switch, 5 poles, 2
positions, 1 section {Centralab PA2015),

57 — Phenolic rotary switch, 1 pole, 11 posttions
{3 used) 1 section (Centralab PA-1003).

59, 511 — Spst toggle.

510 — Ceramic rotary switch, 2 poles, 6 pasitions
(& used), one section {Centralab PA2003}.

13, T8 — 8-MHz broadband transformer {Heath
52-65}.

T4 - Aucdio output type, 5000-ohm primary,
3.2-chm secondary {Knight 5402064},

¥2 - 3395 kHz {international type EX|.

Y3 — 3396.4 kHz (Heath 404-206}.

Y4 — 3393.6 kHz (Heath 404-208).

Y6 — 3395.4 kHz {(Heath 404-215).

Y& -~ 100kHz standard crystal
Crystal type GP).

Z1 —~ 4 turns No. 22 wire on a 47-chm, 1/2-watt
composition resistor.

£2 ~ 4 tums Ne, 18 wire pn a 47-ohm, 2-watt
composition resistor,

(International

The top view shows the positions of the piug-in
rircuit modules, which have heen painted black for
easy identification. At the lower right, the PA-tank
coils plug in through a hole in the shielding that
surrounds the amplifier section. A chassis iayout
sketch is included in Part 2 of this article.

Clircuit Description

Fig. 1 is a block diagram, «nd Fig. 2 the
schematic diagram of the transceiver, The plug-in tf
amplitier is at the top kft, The two mixers
following the rf umplifier are designed for pood
conversion gain with minimum noise. The resultant
i-f signal. after passing through the common if
filter is wwoplificd in two sfagex and ready for
detection. A triade product detector also donbles
ax an infinite-impedance detector for a-m sigrals
with a simple cathode bias change. The second half
of the 12AX7 detector tube functions as #n andio
preamplifier, driving the HALQS vuiput stage. A
fast-attack age system can be run either with slow
or fast decay, or furned off entirely. The [U0-kHz
calibrator has an ontput jack for catibration of an
auxiliary receiver, as well as the ATR-166 itself.

The transmitter section iy straight-forward. A
two-stage speech amplifier modulates 1 7360 com-
bination balanced modulator and carsier oscitlator.
The 7361} also serves as 4 vrystal-controlled BFQ
for the product detector Jdesuribed ubove. The
precise frequency of the 7360 dsb signal can be
adjusted with small trimmer capacitors to place the
oscillator in the proper position with respect to the
bandpass of the crystal filter. A separate ow
oscillator is provided for switching simplicity. '[he
filtered ssb signal is amnplified by the same circuit
which serves as a first i-f stage for the receiver
section. The signal is heterodyned twice to nhtain
the desired output frequency, The second mixer
stage is gnd-block keved for cw operation. The
plug-in driver stage excites the $146 power am-
plifier, with diive to spare. The final “loafs along™
at abouf S0 watts input. Intermodulation dis
tortion products are down 30 dB or maore. The
sccond harmonie i well soppressed, measuring
3540 dB down, Suppression of the unwanted
sideband i more than 40 dB. Any grid current in
the 6146 is sumpled, amplified and rectified to
produce an ale voftage. Ale amplification was
found o be nevessary hecause the grid-sampling
technigue tried didn’t produce enough de conirol
voltage to prevent flat topping.

Some circuits are common to both the trans
mitter aad receiver sections. These include the
power supply, panel meter, relays, VEQ, hf oscil-
lator, erystal tilters, first -0 amplifier and carvier
frequency osvillator, The use of common cirguits
has obvious benefits in cost and simplicity, but
maore imporiant the use of the same thres master
oscillators guarantees that the transmitted-signal
frequency it precisely fhe szme as the ieceiving
frequency.

Fig. 3 — Transceiver power supply. Linless other-

wise marked, resistors are 1/2-watt composition

and capacitors are disk ceramic, except those with

polarity marked, which are electrolytic.

CR1-CRQ, incl. — Silican, GO0 PIV, 750 mA,.

CR10-CR15, incl. — Silicon, 100 PIV, 1 A,

J1,J2 — Qetal socket (Amphenoi 188-015).

K1, €2 ~ 4pdt contacts, 12-volt dc coil, {Potter-
Brumfield KHP17DU).

L2t ~ 2:H, 200-mA

5401418),

filter choke {Knight
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S3 ~ Ceramic rotary switch, 5 poles, 3 positions, 1

122 -~ BH, 100-mA  filter choke {Kn'\ght section {Centralab PAZ015).

5402348). 54 — Phenolic rotary switch, 1 pole, 11 positions

M1 — Imported type (Kyoritsu MR-2P). {5 used), 1 section (Centralab PA-1003}.

R1. R2, R4, RS — Linear-taper, composition [IRC  T1 — Power type, 117-volt primary. secondary 800
(1 series). volts at 200 mA, center tapped, 5 Vat 3 A, 6.3

R3 — Composition controd, 2 sections, consisting Voath A, 83V at3 A (surplus TV transformer
of 1RC 4505604 first section (R9) and IRC used, Knight 54D2033 plus a Knight §42031
45DMD103 second section (R3}. Separate ¢on- - for the extra filament winding — suitable).
trols may be used, it desired. T2 ~ Power type, 117-vait primary; secondary 125

81 — Spst pawer switch on RB6 [IRC 76-11, volts at BO mA and 6.3 V at 2 A (Knight

$2 -~ Spdt toggie, B4D1411),
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Refore going into construction aspects, it
should be noted that the ATR-166 has. over the
past four years, provided excellent service. Lt has
performed refiably in routine home opetation and
survived four Bield Days and five vhi contests, A
burned-aut pilot lamp has been the only com-
ponent tailure tis date.

Planning

Pechaps the most critical stage in any project is
the planning. Serions and often expensive errors
can be avoided, and a good deai of coniidence in
the praject can be developed, with proper plan-
ming. In publishing any construction article, an
author rarelv mentions the planning and ex-
perimental stagex of his work, e describes the
project in its final and, presumably, best-developed
form.

Starting from scrateh, several steps should be
followed. Vhe firsi order of business in a can-
struction project is fo Jraw a simplified black
drageam of the cireuit. In this way, one can shudy
the mteractions of the various functions. Once this
is done, a veiy rough sketch of the chassis and the
front panel can be mwade. Third, each individual
circuit is drawn in detail. Without an engineering
dJegree, it is best fo use circuits that are well
established, whether they come out of the Hand-
hook, ST articles, or the schematic diageams of
commercially-budt units, Fourth, the circuits must
be tied topether an paper with appropriate switch-
ing, power and signal wiring, and provisions made
for any accessories to be added later. At this
junctuze the rough planning is completed, and the
tough job really begins.
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EXCERT A% INDICATED, DECIMAL
VALUES OF CAPACITANCE AHE

N MICROFARADS [ uF ] OTHERS
ARE IN PICOFARADS {pE OR pyFl,

Fa BUTPUT TANK

Fig. 4 Schematic dragrams  of  the plugin
rnodules, Waltes for the labelled parts are given in
Table 1.

Refined nlanning starts with a thorough search
for components in the industrial catalogs supplied
by Newurk, Allied and other distributors. & com-
plete parts list is drawn up at this point. Cireuit
revisions may be needed as certain destred com-
ponents may prove to be unavailable. With the
design tuum, 2 precise scule diawing of the front
panel and chassis layout is needed. The author has
found it best to Jdraw these to scale, Cardhoard
cuteuts were used to represent transformesrs, tubes,
knobs, switches and tuning capacitors. Then, the
writer was able to dope net a practical mechanical
design for the rig. The physical layout is very.
impartant and a good design pays rich dividends
later, us the builder can avoid the difficulty of
putting tuning shafts through vacuum tubes in this
manner! Of equal importance, however. (5 @
physical layout which optimizes the electronic
design. Circuits should be positioned to reduce
undesitable coupling amd feedback problems, and
to keep signal leads short. For example, it is poor
design to plave the carrier Jsb generator near an
amplifier which follows the sideband filtering
system, This effort, coupled with the techrique of
testing each creuil during construction, pays otf
fandsomely. This tig worked satisfzctorily the first
time 1t was plugged in. That certainly is a happier
tale than the author can tell about some earlier
projects, which either fatled to work at all or were
such poor performers that a decent buiial was the
only recourse,

Comstruction and  alignment  details for the
A'TR. 166 will appear in an early issue of ST, HEi—

Use your Zip cade when \;'riting ARRL.

QST for



o Beginner. and Novice
A
15-Meter

Beam

“On A Budget”

8Y CHUCK DAILY.* WN7PDT

HERE ARE many plans available for con-

structing beain sntennas which use wluminum
tubing for the clements. However, in many areas
of the country aluminum fubing is difficult to
find, Also, alumimun stock can be quite ex-
pensive, For the Novice who hav jusl tied up his
life savings in a teansmitter and receiver, {he cost
ol & vornercial beam van be prohibitive, Neces-
sty breeds strapge inventions, and in my case it
enabled me to put together a high-performance,
threewlement beam at a fraction of the cost of a
commercial unit.

Beating the High Prices

The key to keeping the cost down is the use
uf electrictan’s thin-wall tubing and pressure con-
nectors, Thin-wall tubing comes i 10-foot
fengths, which of coatse ure too short for use as
glements. In order to join the tubing sections, to
obtain the iequired lengths, pressnte connectors
are used. A pressure connector is 4 coupling unif
that fits over the tubing emds amd can be tighten-
ed to make a solid connection between the twa
lengihs of pipe. Thin-wall tnbing and pressure
connectors ¢an be purchased from Sears, either af
their stores or through the mail-order cataiop. 1

Constructional Detatls

Information is given here for the assembly of
either a two- or theee-elettent bewn, 1 originally
built a two-element version using 1 if4-inch
thin-wall tubing for the boom (Fig. 23, Then I
found that Sears stocks 21-foot lengths of tubing
that are used as the top rail in their chain-link
fence. 1 couldn’t pass up the chance ta try 4
thieewlement beam, which ix now what’s in use
at WNTPDT,

The supports for the clements are made from
3/4-inch plywood which is treated with an out-
door preservative to protect it from the weather,
Details for the supports are given in big 2. The

*11R7 Ash St., Provo, UT 84601,

1Also, nearly all cities or towns have nearby
eiectrical paxts distributors, — Fdiror

February 1971

bigh-performance
move important,
“peanuyts”,

Here’s a Novice who designed bis
own three-element beamn.

This is a
Vagi, and what’s
it can be built for

Sa,oport_\

Duiven Efement 266" long

~ Y
‘Coax " Coredudt
Connecior e

o Boown-8 Tatal iength
1" wmmw

™,
Reflector 279 “Long
(A)
253" DIRECTOR
]ma“
266" DRIVEN

279"

[
} REFLECTOR

THREE-ELEMENT VERSION
(®)

Fig. 1 - At A are the detaiis for the original
two-lement heam. At B, the information for

three elements.

4]



The completed antenna has heen mounted an the
chimney, using TV bhardware. While not ¢learly
visible, quys are used to secure the rotar and
mast.

center of the support should be chiseled out, | X
2 inches, and to a depth of 1/4 inch, so that the
center pressure connector can be recessed, With-
ouf this step the L-bolts pull the clements down,
vausing too much stress at the center connection,
Foue small U-bolts and twao large ones are tsed to
connect the element to the support, and the
support to the hoom.2

The elements are made by connecting L)-foot
sections of the thin-wall tubing together. It was
tound that support was needed in addition to the
pressure connectors, [ decided to furn down
5/8-inch wooden dowel rod with my electrical
sander (disk tvper and place the rod inside the
conduit aft each of the connections. This dowel
vod fits inside the tubing at each of the joints
and provides the additional support reguired. The
same  system of connectors and dowel tods s
used to make ap the supplemental length ai both
ends of the 20-foot section.

A pamma system is uked for matching the
arttenna to 50-ohm coax. Por the gomma rad |
used a S5-foot length of the 1/2-inch thin-wall
comduit and made clamps out of aluminum strips.
[ used a length of coax tor the gamma capacitor.
‘The capacitor is formed by the outer braid and
inner conductor (Fig. 3 shows the Jetails). The
fength of the coax section van be determined
fram Table 1, Make the capacitor at least six
inches longer than the wvalue listed hecause the
coax must he pruned tfo ubtain an exact mateh.

2)f the antenna is to be wsed in an ares whese
moisture is a problem, it would be a pood idea {o
insulate the clements from the U-bolts. This
could be accomplished by using pieces of plastic
garden hose over the elements where the U-bolts
hald the elements. Also, all elements ¢an be
grounded directly to the boom, at the center of
the elements. This is known as “Plumber’s De-
light” cunstruction, The performance of heams
using grounded or ungrounded elements is ident-
ieal, -~ Fditor
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The capacitor is consteucted by removing
three ar four inches of the outer insulation io
expose the braid. The shield should then be cut
in the middle of the area from which the cover
was removed. Make sure not to cut the dielectric
between the shield and the inner conductor. The
two lengths of exposed braid should then he
anraveled and twisted fogether to form the twa
leads, The coax shield should be connected to the
center coupling of the driven elermment by means
of a self-tapping metal screw. The shield lead
from the gamma cypacitor should be connected
to the end of the gamma rod. No copnection is
inade to the center conductor at the capacitor
end. A voax fitting, fur connection to the feed
fine ranning to the station, should be installed at
the ather end of the pisce of coax. it is & simple
matter to install an SWR indicator at this point
for ahservation during matching adjustments.

Adjusting the Gamma

When assembled, the untenna should he
monnted at least 10 feet above the ground for
making the matching adjustments. I the anfeuna
can be reached in its permanent location, all the
hetter for making the adjustments.

Fesd encugh power into the antenna to geta
reading on the SWR indicator and then slide the

uy qatts

-

k- U Bolts 26"

gt

B it *‘:::.g::ﬁ_
A

=

f Elemtert

ﬂé::: {4l

34" Plywood Support

(A)

Eiemqnf

74 £

* Sguare metal plate

g Bovwmt
A
¥

(©)

Fig, 2 -— Constructional details for the element
supparts are shown at A and B. llustration ©
shows the mount used for the boom-to-mast
bracket,

QST for



TABLE 1

Hand {Meters) Capucitance required (pF)
20 100

15 75

10 36

o 30

Given below ave figures for capacitance-per-foot
of various eoaxial cables.

RO-8/T 29.5 pFiit.
RG-11/0 0,5 pFift
RG-58/U 28.5 pEIft.
RG-59/U 21.5 pFft,

gamma shorting clamp back and forth, looking
for the lowest SWR rexding. Be sure the trans
mitter is funed to the Jesign frequency of the
anienna Tor these iests. Prune the gamma capac-
itor ahaut an inch af a time and adjust the
shorting bar for the best match {minimum re-
flected power). 1t shoutd be powmible to get a
perfect match iF care is taken in the adjustmenis,

The dimensions given in Fig. 1 are for the
Novice portion of ihe 21-MHz band. Figuring the
element length is quite simple. The formula for
the driven element is 468 divided by the fre-
quency in MHz. The answer will be in feet, The

Suppart  Seff-lapping
C[amp upp\i Scrg\w
- :/ | L, & r
7~ | IS

3

T

‘5'\
BFT, Y¥2"CONDUIT

Fig. 3 — Details of the gamma-matching system.
The portion of the gamma rod extending past the
shorting clamp can be cut off after the matching
point is found.

reflector should be made five percent longer than
the driven element, and the director five percent
shorter than the driven element. These figures
upply to the other bands as well,

The froni-to-back ratio on my beam is ex-
cellent. The entire heam cost about $15. One
thing for sure — with a beam [5 meters becomes
a whole new world for the Novice. s

Crh
50 'Eg’&g?g Ago g

Hebruary 1921

. L. M. Clawsing, of the Hureau of Standards,
deseribes how to get a high-pitched musical note
out of a 60-cvcle supply. He has a ‘“current
reverser” in the high voltage oufput from a
trausfarmer, Might be g little difficult to make, ['m
thinking,

, . Roften 50,17 is the title of & yarn by The
Old Man and this recounts his experiences at the
Midwest Convention. He meets all the “greats™ and
has w hall, Well ilustrated by Clyde Dare, 827,
with realistic cartoons. Think miniskirts are new?
Kead this.

. Well, we have instructions for making an
electrolytic rectifiet. £, J. Furlong, tFF, of Boston
gives the horible details. He uses it as plate supply
for a W. B, VT2, (Maxim had one with vne
hundred twenty test tubes. Allowing five minutes
for cleaning each ¢ell everyso-often, that comes
aut ten hours of messy work. | dunnit once!)

. Allen H. Wood shows how to make a simple

wavemeter. 1t s intended for use in locating the
lemg  wavelengths, primariby. Just a cail and
vandenset. A note by the editor says this is a form
of seusitizing circait which wilt increase signal
strength several X,
... The famous 2RK, stafton of |, Kenneth
Hewift, Brighton Heach, N.Y. is well described.
This was & powerhouse all righi, using a United
Wireless  30,000-volt  fransformer, 2kW. 4-wice
flat-tap, 7U0-t. high.

February 1971

February 1946

. K. B.Warner talks abwmt our various ham
brands. He gives them a sort of personality, thinking
of the 3500-4000-Ke band as a sort of “mother
hand.” (1 think of this band as un old fogy’s haven,
ut least part of it]). The 7 and 14 Mc hands to him
are populated by bardened warriors (with their
mike gains wide open). Ten meier i3 “just slightly
polty and very inventive.”

. John Huntoon discusses war sueplus geur at
length and describes the process by which such
material becomes available to hams.

. Byron Goodman, WU1IPE, has a nifty litile
combination I8-Me converterfreceiver, For cw it
works as a simple supechet, For phone, the output
is piped into a broadcast receiver.

, “Ivixie Jones (hwl Juice™ makes it appearance
and he wonders how come all his dumb huany ham
friemds came out of the war as Majors and higher
while he was a lowly CaptainfHeh, | was just a
Pfe, when b got ot of Wiwil)

. Payl Robbiane, W6PKM has Part U1 of his
story  of the enemy radar jammers developed
during the war, at Harvard, Lots of trick antennas.

. What's thig” W, W Smith, WaBCX, vue-time
editor of the old Radin, spelis our the glories and
benefits of “Premodulation Speech Clipping and
Filtering,”™ Says ot i& possable to realise 2 gain of
nearty 100-fald, as fae a8 workmg DX is concerned.
Of course there s a “slight” sacrifice in gualify.
Yecechhl  WIANA
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TV COLOR-BURST SIGNAL FOR
PRIMARY FREQUENCY REFERENCE

Technical Editor, Q8T

[ have an idea that someone might like to
implement. The idea is to use the calor pulse from
4 locat TV station as a primary frequency reference
for calibration of freguency meters and other
amateur equipment.

By ®CC regulations the transmitted color-bust
frequency of 3.579545 MHz must be maintained
to an absolute acearacy of £10 Hz with a rate of
change of no more than [/to Hz per second.l
However the networks maintain the frequency by
means of a rubidium frequency standard which has
an wceuraey of 1x10°11 Hz. 'I'he National Bureau
of Standards at Boulder, Colorado made measurs-
ments on the color burst pulse wriginating from
New York City. and Jemonstrated that pracision
of a few parts in luﬂmay be obtatned for 15
minutes averaging time.,

it appears to me that the colore hurst reference
frequency is readily available in anv part ot the
couniry to an acguracy of several times that which
can he nbtaiged from WWV dicectly, and might be
used for calibration of freguency meters and for
ather amateur applications, | helieve that a simple
direct-reading Jdigital frequency meter could he
deveioped using a muitiple-turp, iron-corve-adijusted
imaster oscillator, using the color burst signal as
reference for extreme accuracy on the ham bands.
- Kenreth L. Hunttey, WRCXP, 334 Flliott Road
&, F., Ft. Walton Beach, FL 32548

MESSAGE-REPEAT AT INTERVALY
FOR THE MORSE-CODE GENERATOR

Techneeal BEditor, Q8T

I just finished u version of the Morse.code
generat0r2 and it works beautitully! My machine
valls QO three times and signs my call twice, using
287 diodes in the matrix.

I incorporated a circuit to make 1t repeat the
message al 4 variable time interval. This circutt is
shown in Fig. i, and is a simple relaxation
agcillator. When 51 is closed, (11 charges through
K1t and R until the voltage across it exceeds the
threshold of Q1. The unijunction transistor (UIT})
tires, rapidly discharging ¢'1 through R4. The
reselting sharp voltage spike is fed from base 1 to

1The color-burst frequency, known technically
ag the chrominance subcarrier frequency, consists
ui at least eight eycles, transmitted immediately
after each hownzontal syne pulse, but omitted
following the equalizing pulse during the hroad
vortical  pulses, Chrominance components are
transmitted as amplitude-modulation sidebands «f
a pair of suppressed subcarriers in quadrature, The
chrominance subcearrier frequency forms the basjs
wf 4l other frequeories used m a eolor-T'V
transmission: the hoxzontal sean trequen(-v is
41455 times the bukst frequency, or 15,734,264
40,044 Hz; the vertical scan rate, 50734 Hz, ix a
bmultlpie of the bursi fquuency, ‘alor bursts
?rg rumlf.t;e\\:l during moaochrome transmisstons.
Yelftor.

ZHall,* A i¥gital Morse-Code Message Generator,™
8T, dane, 1974,

pin A of 117, the control flip-flop, causing it to
change xtate and initiate the cw messape.

When S1 15 in the position shown, the message
will repeat indefinitely after a time interval
sefected by adjusting the deluy control, K.
Cnmponents K1, BT and C1 determine the time
constant of the circuit, which can be from 28
seconds to about 2 minutes with the values shown
in the diagram. R2 and Ci can be smaller values if
the builder wishes the delay rdange to be shorter,
but keep in mind that C1 is charging up while the
message i3 being sent. The message is nof
disrupted if Q1 fires during the message sequence,
hut the various positions of RI may seem {o give
incoinsistent results. When 51 is placed in the other
positton, the vode generator will function as
originatlly designed and the message is started by
pressing the message-initiate push button, 52.

+3.5\J

lNITiATE y i

-

2

M&NUAL

i
Lot

F!EPFAT

Fig. 1 — The WB4EGA circuit for repeating code
messages at adjustable intervals., Hesistances are in
ohms, k ~ 1000, M = 1,000,000. Parts not listed
below are far text reference.

21 - See text. Types 2N4B8B1, 2N4871, «r
Motorola HEP 310 are also suitable,

51 - Dpdt. A spst switch may bhe used by
eliminating top section and permanently wiring
junction of A1 and R3 1o +3.6 V,

52 - 852 of original circuit.

This repeat teature, when used with the
selectable-message-stop feature of the generator,
catt give even wider use. A 10-MEF value for O, a
10,000-0hm resistor in place of R1 and R2, und
shunting 1 with 10 megohms for added timing
stability will produce initiate pulses abaut three or
four times a secund. If one selected a message-stop
pilse from the matrix ahead of a K normally used
at the end of the message, the geperator would
repeatedly sessd Q) followed by the call. Lhen by
switching 81 &0 manugl and the stopselector
switch to the second position, the Q) call wouid
be conviuded with the call followed by 4 K. A
three-position switch at 31 would fet the huilder
select rapid repeats, delaved repeats, or manual
mitiation.,

Far 1, almost any EUT will do, | used ane of
the d.Foe-53 variety, ] guess you coold say i have
become a lazy cw aperator. Now all T dn s tune up
my trapsmitter, turn on the digital coude gengrator,

QST for
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and sit back and relax until it snugs A contact for
e ! Phillip 1), Deem, WBLFGA, 1900 Holly
Ridge Dr., Apt. 204, McLean, VA 22101,

FIXTURE TO TEST DIODE-MATRIX BOARDS

Technical Editor, ONT

1 have built a neat little gadget to fully check
out a muatrix wired for the digital Morse-code
message generator,$ My scheme uses 17 minlature
dpdt switches ¢only one poje i used), which
permit the upplication of voltage te selected diodes
that comprise a given AND gate, aad checking the
nutput voltage at the keving line of the matrix
board (actually the output of the ussociated OR
gate}. A schematic diagram of the device i shown
in Fig, 2,

Far an example to explain its use, suppose we
are checking a gute which has diodes in the 1.4, &,
16, nd and 158, We simply plug the board under
test into the Amphenol 22.contact socket and
contlect a voltmeter to the binding posts, and turn
“up’ the six switches marked with the same
flip-flop output markings. 1f the AND gate is
functioning as it should, the meter will read
upscale {o about 3.2 volts or higher. If it fails 1o do
5o, the chance is that the QR gate diode is bad;
here a check can be made on the OR gate by
eonnecting the alligator cip to the input side of
the OR-gate diode.

Ta check each diode of the AND gate, one by
one, Mmomentarily throw the switches imto the
grounding position, The voltage indicaied on the
mater should drop to a very low value, about 0.3
V. Should any switch be thrown to the ground
position aird no voltage change noted, the diode
may have bheen “wvonked” and rendered useless.
iome ather possibility also exists: there may be a
hair-line crack in the copper foil on the matrix
board. 1f this is the cuse, the break will be between
the finger contact and the diade nnder test. { have
found that where redundant combinations of
dindes ure used, the meter has » fendency to lie.
This can be cured by nat connecting any of the
47,000-0hm  resistors until all of the gates are
wired, and by tempararily connecting the resistor
tn eavh AND gate for the test,

3Tbid.

February 1971

Fig. 2 -- Schematic diagram of the test {ixture for
diode matrix boards. Spdt switches are indicated
for the linas: if miniature dpdt switches are used,
cannecting bHoth poles in paralfel wil! assure lower
contact resistance. Stopsignal AND gates may be
tested by connecting the alligator ¢lip to pin ¥ or
Z on the connector and piacing the KEY switch in
the down paosition.

‘Tie beauty of this {tle gadget is that it permits
ene to test the etched board for open circuits or
even shorts, without having to unsoider either end
of any of the diodes: that is to say, all testing can
be dome “in the circuit.” Using this test fixture, |
have found seven cold-solder joints, 18 diodes that
had heen “‘cooked,” four cases of hair-line breaks
in the foil lines, tweo cases of dead shorts between
Iongitudinal foil lines, ane bad resistor, and two
diodes that had inadvertently been mousted with
the polarity wrong. Bv using the device on every
single AND and OR gate, | have been ahle to make
the whole matrix tunction heautifully. A,
Croshy Bartlett, WOMOC, 3207 Knollion Road,
Tndianapolis, IN 46208,

NARROW-BAND S5SB EMISSIONS

Technical KEditor, Q5T

In the October, 1970, issue of ST, the article
by Karl Meinzer, DJ4ZC, appears ta be the answer
to one of the most trying problems faced by hams
tuday. It appears to me that the output of his
processor is an ssb signal that is 1 KHz wide. I this
is %0, what is there to prevent the transmission nf
the signal in this state?® By moving the tripling
down the processing path a few ligear and
heterodyning stages from the microphone to the
speaker, and tripling in the receiver’s i-f just before
the product detector, it wouid seem that the signal
would Iose no essential modulation, My point is
this: The transmission of the [-kHz-wide signal
would double, maybe wyven triple our effective
uxable bandwidih in the hi phone bunds, where we
need it. — Joseph E. Price, WASUNK, Box 543,
Olton. TX 790064,

45pecial Temporary Authorization would be
requived from the FCC, See QST for February,
19864, paEe. 63, “BExperimental Reservation
Denied,”' -&ditor,
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Hints «=« Kinks

For the Experimente

HAM~-M ROTATOR MODIFICATION

Ham-M rotors symetimes develop ar intermit-
tent connection at the rotor which causes meter
tluctugtion at the contral box. The arm of the
potentiometer is driven by a leaf spring which
presses against the bell housing. BEventually the
teeth in the Jeaf spring cut a groove in the housing
and two things can happen: The drive mechanism
van slip, causing incorrect readings, and the ground
vontact can cause erratic meter indications.

Bath problems can be cured by faking the
fallowing steps.

13 Remove the bell housing and mark # point
about 316 inch away from the center point where
the leaf spring has been bearing.

2} Drill and fap a hole at this point (No. 3
drill).

3) Cut a section of a nwuhine screw about 1 1/8
inches long, This screw will be used as a threaded
stud.

4) Drill a 3/32-inch diameter hole through the
center of the stud (longitedimally ).

5) Using an 0 ring washer or a gromiet, a
brass washer, and a hex nut, tighten the stind into
the tapped hole as shown in the diagram,

&) Lrill o 3/32-inch diameter hale through the
ceniter of the leal spring. Thet attach u fleaible
wire {lamp cord without insulation) to the spring
and sulder it in place.

7Y Pass the tlexible wire through the hole in the
stud while lowering the bell housing back into
place.

#) Cut off the tlexible wire approximately if8
inch above the stud. Bend the wire over and spread
it out an top of the stud.

) Drop a smatl flat brass washer into an avorn
nut, then tighten it on the stud over the copper
strands,

I Paint the stud and nuts if thev are not
brass. It it is necessary ko disassemble the rotator
again, the flexible wire must be replaced. The
serews and acorn nut were purchased at a Jocal
hardware stare. Taps and drilis of the proper size
cost less than 50 rcenis each. - George Spencer,
VEZMS

~~SPREAD COPPER WIRE
.~ STRANDS AT TOP OF $TUD.

117-VOLT VARIAC WITH 230-VOLT
TRANSHFURMERS

Here 15 a way to use 1 11T-volt Varac on a
230-volt plate supply. This system ullows the plate
vultage fo he varied from half to tull voitage and
permits eneypizing the plate primary ut the lower
value, - Mark Mendelker, WSRSZ

Hrv
VARIAC

O 1

230v
S0 onsueaL)
LINE

PLATE
TRAN.

CENTER INSULATOR FOR ROTATABLE
DIPOLE

The plastic “F” connectors made for joining
wactions of heavy-duty plagtic water pipe aie
readily avadable af plumbing suppliers and are
casily modified to make 3 strong and versatile
venter msilator, Hast-deying epoxy cement should
be used to join the elements to the connector. -
Alan Wise. WNINTV

BAMBOO POLES

Bamboo, switable for quad arms, can be
purchased from Western Auto in bundles of 1)
pieces. They vome in 12, 14, and 1o foot lengths
and arte listed in the fishing-supplies section of the
vataiog. One bundle of the [2-foai lengths lists for
$4.60. — Russ Puets, WIEFRZ

RIVETS IN PLACE OF SCREWS

While building an antenna funing onit, I bad
trouble locating suitable hardware {o install the
two S(-239 coax connectors. To my SUTprise, a
pop rivet tool and sume 1/R-inch diameter rivegs
wotked very nicely. The tool has many houschold
uses avd s inexpensive. The vivets are sasly

semoved hy drilling theough their center holes. -
Evie C. Elison, WB2CHT

174 -28 ACORN NUT

1/4—20 HEX NUT
BRASS WASHER-—~.

FING APROX o
NS AT~

L~4/4 =28 THREADED STUD
-1/ IN.LONG. DRILL 3732 N~
DIA HOLE THRU THE C¢ENTER
AXES,

REDUCING AMPLIFIER DISSIPATION

After building a kilowatt grounded-grid linear
amplifier, which used a voltage doubler in the
power supply, 1 found fhat the voltage reguiation
was poor. Dunng idling periods {no speech), the
SPRING. Irigher plate voltage increased the tube dissipation
¢ LEAF SPRING substantiafiy, Even between words, the idls current
\.“' wetit up, rutining the tubey red hot. 1 decided that

QST for
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Six silicon diodes are wired in series to provide 4.5
volts of regulated bias. The voltage rating of the
diodes is unimportant but the current rating must
!ae greater than the tube plate current at full power
mnput,

adding a small amount of bias should cool things
off a bit. High-current Zener diodes can pravide
bias, but they are expensive, in checking some
garden-varicty silicon power rectifiers 1 learned
that the baerier veltage aeross their junctions
remained fairly constant with changing carrent.
Althotgh they are not intended to he regulators.
they actually de a fair job of regulating.

Six of these ordinary diodes, connected in
series with the cathode of the amplifier tube,
decreased the idling current from 120 mA to B0
mA. More hias can be vblained by wsing additional
diodes. The six diodes in my system provided 4.3
volts. — B, H, Brunemeicr, WoFHMIDU

SIGNAL GENERATOR FOR I-F ALIGNMENT

Most commercially-made  grid-dip  oscillators
have a low-frequency limit of 1.5 Milz, Most of
these instruments van be persaaded to oscillate in
the vicinity of 453 kHz by adding a fixed-value
capacitar across the pins of the largest inductance.
No internal modifications to the unit are required.
If difficudty ix encountered in obfaining oscillation
at the lower frequency, two capacitors of egual
value can be used from each end of the coil to
ground.

The use of a lareg fixed-value capacitar acrass
the varighle tuning capacitor results in a large
amount of bandspread, Typically. a value of about
500 pF results in a tuning range of only i4 kHz at
455 kHz. This s an ideal spread for exploring the
shape of the i-f response curve of a receiver.

13 short diseussion of hias for prounded-grid
amplifiers, and its effects on distortion products
can he found in QST for December, 1970, page 28,

February 1971

A simple way ta see if the added capacitance
has broaght the frequency down to 455 kilz is to
Iook for the second and third hatmonics on a
broadeast radio, — £, P, Tavior, GSOD

7583 AUDIO MODIFICATION

Many amateurs use [ow-impedance headphones,
and these headsets will not operate sattsfactorily
with the Cuollins 75-8 scries of receivers, A simple
wiring change at the phone juck will correct the
problem. Remove the orange wire going to J6, tape
the end and tuck it out of the way. Connect a wire
to the terminal where the orange wire was fastened
and connect the other end to the terminal on the
jack having a white wire (with brown und hiue
tracer). Simplified versions of both circuits are
shown in the drawing. — H. Dale Strieter. W4DQS
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PANEL MATERIAL

Discarded washing machines, drvers, ard other
appliances are good sources for panel and chassis
material. Scrap dealers are usually willing to let
customers cut panefs from these mackines for u
very reasonable price. The steel bends easily
without breaking and can be cut with a subre saw.
An added feature ix that one side is painted and
this can serve as either the final finish or as a
primer for another coloy, -~ ¥, H  Moody.
WAZRKIS

SPAGHETTI

Your local hospital 18 wn excellent souree wf
spaghetti tubing, For medical applications, the
tubing van only be used onee, A tegquest (o a
doctor or nurse will usually hring you enough
plastic tubing of various sizes to provide a lifetime
supply for ham purposes. — WIKLK
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To d.cqu.a.int you with the technical features of Current amateur 3wr '

The Heath SB-102 Transceiver

UILDING A five-band ssb transceiver from a kit

could be the most difficult project that some
hams will ever attempt, fn their SB serwes, ileath
Company has developed the business of von-
structing @ “‘station in @ box™ to the point where
any amateur with patience und a little kit-building
pxperience can produce a first-class 1ig. Vhe
SB-102, 2 1evised version of the %B-100 and
SB-101, was recently introduced. Although the
havic design remaing unchanped, the new maodel
features improvements in receiver sensitivity and
YEFO stability, as well as having provisions for
attaching outboard vhf transverters, Readers may
refer to uu earlier ST review for a stage-by-stage
description of the “works, "

Changes
To upgrade the sensitivity of the receiver
section, especially an 21 and 28 MHz, a 6156 has
been substituted Yor the 6AUG used in the front
end of the earlier versions, The revised circuit is

shown in Fig. 1.2 Input und plate tuned circuits of

the tf stage ulso seive as the plate and grid tanks,
respectively, for the driver stage. Adjustment of
the PRESELECTOR vontrol, therelore, tunes buth
the receiver input and the exciter section,

The tube YFO used m the eadier models has
been replaced by n solidstate  version  with
improved clectrical gnd mechanical stability. Drift

1Recent Equipment, “The ieath SHB-100 "

ST, September, 1HRE,

Z4n enterprising chap has been advertising a
front-end medificaiion kit to allow SB-100 owners
to install the 5B-102 cireuit, See Ham Ads.

14-Hz change in
atter 4

tests revealed an

average ol
frequency over a fifteen-minute period.
thirty-minute warm-up. No details of the new
cirenit have been released by Heath (not eveu a

schematic diagramy. 1'he wmanufacturer stutes that
the YFO assembly % bemg made by several
subcontractors aind that circuit details vary from
suppliey  to  supplier, Heath's requirement s
compliance with their specifications, upparentiy
giving suppliers some  leeway in component
selection und circuit design. The YFO housing Is
completely seuled, and the instruction book carries
4 stern warning against tampering.

For those who night be thinking of widing the
tew VEQ to s SB100 or SB-101, inechanical
differences will prevent Jdirect substitution. The
YFQ is suld as 4 replacement part, so (t might be a
poond chojce for o homemade rig i inear-frequency
readout is desired.

I'he VFO power supply provides a 10-volt
regulated output, using 12,6 volts ac from the
filament line and 150 voits de regulated with a VR
tube. [he details of this circuit are shown in Fig, 2.
Filament voltage is rectified by D906 and filtered
in an RC pi section. & No. IB15 pilot famp
functions as a variable resistance, supplying a
Fo-valt Zener dJdiode. Further regulatiom v wc-
complished by a 2N3567 pass transistor which uses
4 sample of the regujated B plus ithrough an

appropriate dropping resistory as 2 reference
element.
Another modification incorporated in  the

5B-102 is the provision for operation with a vhi

The SB-102 consists of five etched-circuit board
subassemhlies, the YFOQ (lowar centerl, and the
final amplifier section (which is contained mn the
cage at the upper leftl, Above the control refay, a
transverter power jack has been added an the right
side of the amplitier cage. The power supply for
tha YF0 is contained under the cover on the VFD

housing. Crystal contral of the transmitter
frequency uan be selected with o front-panel
swntch. However, only one crystal socket s

provided, which s visikhle at the center fefr.

QST for
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Fig. 1 — Modified receiver front end.

transverter such as the Heuth §B-500.8 No
modifications are tecuired, other than punching
out the knockout section in the rear cabinet wall
to allow access to a power jack., However, the
otherwise foeid and complete instruction manual
codtains no directions for transverier conneciion.
The schematic disgram shows that a sample of the
driver signal is available at a rcar-panel connector
marked, sppropriately enough, DRIVER OUTPUT.
The final-tube plate and screen voltages are routed
by way of the nylon jack mounted on the rear of
the amplifier cage (beftind the knockout section of
the cabinet}. Removing the shorting plug frem this
juck wiil disable the final ampfifier — and the B
vultages to run the transverter may be obtained at
this point.

Accessories

One extra-cost item, the ow filter, was tried in
the SR-102, I cw operation is planned, this
accessory is 4 big help in sorting out stations in the
crowded hi bands. The ssb-bandwidth filter is far
too wide for (QRM-free cupy during the popular
operating hours, External audio seletivity is often
employed to improve cw reception with un ssb
transceiver, but it is doubtfui that an outboard
adapter could provide an  equivalent of the
steep-sided bandpass of the crystal filter.

Another accessory that most hams will need is a
power supply, as none is built into the §B-1 02,

ORecent FKguipment, ‘“The Heuth SB-500
2-Meter Transverter,” Q.fa;{‘, September, 1970,

in the bottam view of the $B-102, the ow 400-Hz
arystal filter is located just behind the main tuning
dial, with the ssb filter positioned under the tw
unit, Most of the exciter alignment adjustments
can be made through the plate at the center left;
two coils have extra slugs which must be peaked
from the tap side of the chassis through holes in
the circuit board.

February 1971

Heath markets the HP-23A for home use and the
HP-13 far 12-volt mobile aperation. Twe improve-
ments were noted in the 23A: a circuit breaker
replaces the fuse in the old HP-23, and a
front-panel switch dllows selection of 150- or
G-V B-plos output. The laower voltage can be
used during initial testing and the higher for
aperation, One rtem missing from the new design is
4 three-wire av cord fitted with a grounding plug.
Heath supplies a standard two-wire cord. This type
of cord 15 1eguired hy the electrical code in some
areas and is a desirable safety feature on all
amateur equipment.

Asseinbly

By any measure, the canstruction of an 8B-102
15 z long task, Fifty to one hundred man-hotirs aye
requited. Une amateur reported to ARRL that he
huilt his unit in ene nonstop, weekend-long binge,
For mast builders 3 few hours at a time iy the best
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dpproach, as the vhance for errors climhs with
increasing fatigne.

The hox of purts destined to be an $B-102 is
Heath's most expensive amateur kit. To insure that
these components produce the desired result when
assembled - a high-performance transcetver - the
manufacturer’s instruction book must be fallowed
to the letter. Also, it 45 a good dea to go back and
vheck over your work after every ten steps, or su.
Parsans who do not have previous exprerience with
Heathkits would do well to put the HP-22A
together first, to become familiar with the Wiy
that Heath's instructions are presented before
starting the transceiver itself,

The SB-102 instruction hook contains three
pages of resistance checks that are used to spot
wiring errors which could produce smoke if not
vorrected  before  the power is applied, ‘The
alignment steps are rather simple, requiring only
about 30 mmutes to complete, Only the assembly
of the dial mechamsm proved to be difficult. A few
minute metal chips became lodged between the
dial shaft and the panel bushing, vuausing the shaft

e
100 DR N e

M
L]

Fig. 3 — Spectral analysis of the transeeiver nutput
signal under two-tone test conditions. The third-
and fifth-arder distartion products are down 20 d8
below the PEPF output, {The Panoramic scale is
calibrated in dB below a single-tone tast, which
may he converted tno Heath's rating system by
stbtracting 6 dB.)
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to bind, Disassembly of the dial, cleaning the parts
mvolved. and reassermnbly was needed ta avhieve
stmooth rofation,

Test Results

The new front end of the receiver section
provides excellent sensitivity, C'w stgnals of NIy
or greater are clearly audible, as are 7,34V or
stronper ssb signals, The dynamic range of the
receiver ts much better than u oumber of other
transceivers in the seme price class, giving freedom
from  overload and  crossmodulation effects.
Rejectian of out-of-band signals is also exeellent,
Heath specifies an eight-ohm speaker for use with
the weveiver; andio output will be down if a
3.2-ohm spegker is employed.

A spectral Jisplay of the tf outpur, using a
twitane test stgnal, is shown in Fig. 3, Third-order
distortion products are 30 dB below the Jevel of
two-tone output, just the rigure quoted by Heath,
In the vw position, power output is in excess of
IN0 watts on the 8- to ]S-meter bands and
measures H watts on 28 MHz. When checked into
# A0-ohm dummy load, second-hasmonic energy
was 37 dB down — less than the 45 dB specified hy
the manufacturer, but more in line with what can
be expecied ftom u single pi-section tank cireuif,
Ale action s excellent, as two pentodes in the
exuiter section ate fed control voitage.

The keyed vw waveform is well shased, soft
enolgh to eliminate clicks on both make and
break, but not so soft that the note sounds mushy.
An mternal RC phaseshift ascillator provides o
keved monitor tone which is fed to the audio
power aroplifier in the receiver section and to the
VOX circuit to turr the transmitier on when the
fitst ww element i sent. The utput of this
oscillator has some distortion, hut not enough to
b ahiectionable.

As a package, the SB-102 is an excellent choice
for a mabile. portable or fxed atation. 'he
complete line of SR accessories allows an amatenr
to add exdra features as his budget permits. No
doubt  Heath’s less expensive fransceiver. the
HW-IN1, will appeal to many, but the $B-102
offers precision ddial calibration, an uptional cw
filter, wrvstal coatral of the transmitter, plus
pravision for an external VFQ (Heath’s SB-640)
and station console 1the SR-630) — features which
the amateur who takes his hobby seriously may
desize. - WIKLK

HEATH SB-102 TRANSCEIVER

Height: & 5/8 inches,

Width: 14 7/R inches,

Depth: [ 3 3/8 inches.

Weight: 17 1/2 pounds,

Power Requirements: +700 volts de at 250
mA; +300 volts de at 150 mA;-115
volts de at 10 mA:and 12 volts ac ar
do at 4.76 A

Frice Class: $380 plus accessories.

Manufacturer:  Heath Company, Benton
Harbor, MI 49022,

QST for



QST

QsT

QT

Eldorado Elecirodata Model 225 Frequency Meter

N ELECTRONIC frequency cougter as a piece
of equipment for the ham shack? Not toa
many years ago it was either a rather weaktthy or
else 2 very fortunate amateur who could make such
4 claim. Bat electronics technology has improved
by leaps and bounds within the past few years, so
that medivm-  and  low-cost  counters, some
manufactured and some homemade,l are finding
their way into more and more ham shacks, These
instruments are proving themselves invaluable for
participating in ARRL Frequency Measuring Testy,
for ¢hecking drift of VEFOs or other osvillators. for
“tweaking” worystal oscillators onto the proper
frequency, for checking transimitted frequencies,
for reasuring resonant trequencies of funed
wircitfts and frequetcy responses of filter networks
need we go on?

Npecifications

The I/idorade Flectrodata iodel 225 frequency
counter is small in sige, but nof small
performance. Containing 25 infegrated cirenits and
& transistors, this Uttle counter will ineasure
freyquencies  which are greater than (0 Mz,
typically to 15 Milz and higher, The counter
contains only two operating confrols, a power
ON-OFF switch and a HZ-KHZ switch to select a
counting interval of either ooe sevond or one
millisecond, T'he counter's time-base section uses a
1-MHz crystal oscillator, a rather deluxe feature for
commerctally avatlable instrumenis in this price
class. {Many cconomical frequency counters use
the 6(-Hz power-Hine frequency as the “standard”
for the time-base section.}

Necimal readout is wfforded by five 57308
Nixie tubes, which stand only 1 /4 inches ta]l
tnumeral height 15 /2 inch). A decimal point is
posttioned by the setting of the HZ-KHZ switch.
During vperation, a display-storage section pro-
vides a continuous reading of the frequency which
was measured at the last vount interval. Fhis
“memory”” is updated to provide 4 new indication
atter each couniing interval has t:lap\:cd The result
is that indicated “frequency run-up” during the
counting period s svoided, in  contrast
older-style counters not containing this feature.
Instead, a coostant reading is Jdisplayed on the
indicators, with perhaps a hit of “bobble’ in the
last few digits, depending on the stability of the
signal being measured.

toy

Operation

This type of frequency meter or counter has
otten been called an EPUT mefer ~ events per unit
time. See the block diagram of Fig. 1, The signal
being measured is fed through u front-panci-
mounted BNC jack to the input wave-shaping

circuits, The input circuits will accommodate any
IMacleish, “A  Frequency Counter for the
Amateur Station,’ (L)S r, tletober, 1970 Alsa

Grillo, “A Frequenc Counter with Binary-Coded
Decimal Readout,” ST, August, 1969,
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signal between 100 mV and 50 V rms amplitude,
The shaped output signal from this block is a
continuous train of pulses, one puise for each cycle
of the input signal. These pulses are fod to a gated
inpui of the fatalizer section — the section which
fotals the number of pulses per unit of time for
which the gate is open. This gating time is derived
from the 1-MHz crystal oscillator signal, through a
chain of infegrated-circuit frequency dividers. With
the gate opened for exactly one second in the HZ
position of the front-panel resolution switch, the
instrument  truly measuges ilertz vycles per
secoml, In the KHZ position the gate is held open
for ane miflisecond, with cycles per miilisecond
being directly equivalent to kiiz,

The totalizer section of the counter consists of
five decade counting units, one for each significant
digit of the indicated couni, Prior to each opening
of the count gate, the totalizer is reset to zero.
During a counting interval, the totalizer operates in
much the same way that one would manually add a
cutumn of figures. The fn