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The most powerful signals under the suni

Wn
~ Redesigned |
HAMCAT

Out-hustles them all!

The famous HAMCAT... nhow redesigned for greater per-

formance...equals or exceeds the performance of any other
Amateur Mobile antenna. We guarantee it! And you need buy
only one mast...whether you mount it on fender, deck or
bumper. There's just one set of coils and tip rods...and they
all stand up io maximum legal power. That's performance,
that's value... THAT S HY-GAIN!
Qriginal Hy-Q “quick changer” coils wound on tough fiber-
glass coil forms for greater heat resistance, less RF absorption
/ Fiberglass shielded coils can’t burn up, impervious o
weather / Shake-proof, rattle-proof, positive lock hinge now
even stronger...eliminates radio noise / All stainless steel tip
rods won't bend or break / Full 5 mast gives you 10% more
radiating area than the competition / Rugged swivel-lock stain-
less steet base for quick band changes, easy garaging.

Get the Hamcat...from Hy-Gain

Qrder No. 257 All new design 5 long heavy duty mast of high

strength heavy wall tubing 516.95 . ‘ .
Crcer No, 252 75 meter mobile ¢oil $19.95 NO_-.
Order No. 256 40 meter mobile catl $17.95 ‘ 267

Order No. 255 20 meter mobile cail $15.95 E
Order No. 254 15 meter mobile coil $12.95 :

Order No. 253 10 meter mobile cotl $10.95 : l
Order No. 498 Flush body mount  § 6.50

i

GRIL ASSEMBLY CUT-AWAY
A Chrome plated brass Dittings

Order E - Irmm llherﬂ:ss core.
NO. © Frecisign oo :
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Shpt wi impreznated wiih I
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HY-GAIN ELECTRONICS COBPORATION -

P. 0. Box 5407-HF Lincoln, Nebraska 68505




SSB/CW transceiver wit

A ‘with latestgg
- FETand mtegrated circuits plus nded coverage.

s

WA

This new radio, with built-in AC-DC power supply, is compactly designed
with modular construction techniques for effective and reliable service in
fixed, plgrtable and mobile use for amateur, Civil Defense, CAP, MARS,
RACES and other utility HF Communications Services.

The new transceiver has premium type glass epoxy printed circuit board
construction for greater reliability, routine maintenance and features the
latest state-of-the-art solid state devices th roughout. The All-American
made radio, priced at only $595, is also equipped with a unique integrated
circuit speech compressor design for extended "talk power™ plus many
other built-in features —all good reasons why you should be talking with
a Hallicrafters. ‘ '

For additional data see your Hallicrafters distributor or write or phone:

The Haliicraﬂers Co., 600 Hicks Road, Rolling Meadows, lil., 60008 U.SA.
Phone: 312/259-9600 3 ‘
|

performance
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Adding an MC-4 Mahile Console, with its
excellent wattmeter and built-in speaker,
is the enly way to improve a Drake TR-4.

BUILT-IN TR-4 FEATURES

+ Full Frequency Coverage on all
amateur bands 10 through 80 maters,
Mo additional crystals required,

» 300 Watts PEP input on $S8B.

« Shifted-Carrier CW 260 watts input

+ Upper and Lower Sideband ail bands,

« Controlled-Carrier Screen Modulator
for AM

» VOX or PTT

s Qutput Impedance Adjustable with pi-net.

e Two Special @ MHz Crystal Filters
for sidebiand selection,

« 1 kHz Dial Accuracy.

» 100 kHz Crystal Calibrator

» Price $599,95 Amateur Net

ACCESSORIES
MC-4 Mobile Consale {shown in

photos above. . . ........ $ 69.00
MMK-3 Mobile Mounting Kit , , § 6.95
AC-4 115/230 VAC 50/60 Hz

Power Supply ... 0. ... $ 98.95
DC-4 12 YD Solid State

Power Supply . . ... ..... $125.00
34PNB Noise Blanker, .. .. .. $100.00

R. L. DRAKE COMPANY

540 Richard 5t. Miamisburg, Ohio 45342

can top’a Drake TR-4

the optimum
Sideband
Transceiver

(Sometimes even
the MC-4 ends up
on the bottom., . .}

TR-4 SPECIFICATIONS: » Frequency Coverage: Fuil coverage on all amateur
bands 10 thru 80 meters, in seven 600 kHz ranges: 3.6 to 4.1 MHz, 70t 7.6
MHz, 13.9 10 14,6 MHz, 21 to 21,6 MHz,. 28 to 28,6 MHz, 385 to 29.1 MHz,
29.1 to 29,7 MHz. » Solid State VFO: Has linger permeability tuming, Tunes
449 to 5,9 MHz for ali ranges. s Dial Calibratton: 10 kHz divisions on main
tuning dial ard 1 kHz divisions on the tuning knob skirt. = Fraquency Stability:
High stability solid state VFQ tunes same rangs on gl bands. Driit is less than
100 cycles after warm-up, and ess than 100 eycles for plus or minus 10% ling
voltage change. « Modes of Operation: SSE Upper and Lower Sideband, CW and
AM, o Mise: 20 tubes including voitage regulatar; two transistors; 8 dlodes; 100
kHz crystal calibrater buiit in; Dimensions: 5%" high, 10%” wide, 1444 darp,
Waight: 16 |bs... TRANSMITTER: « Single Sideband: 300 watts P.E.P. input
power, VOX ar PTT, Twe special 9 MHz crystal filters provide upper or fower
sideband selection on any band, withcut the necessity ot shifting oscillators,
* CW: Power input 260 wazts, Carrier is shufted approsimately 1000 cycles into
une sideband, ang mixer and driver are keyed. Grid block keying is free from
chitps and clicks, Automatie transmit/receive switching when key is operated,
CW sidetone oscillator for momitoring, & AM: Contralled carrier AM screen
modulater is built-in, 260 watts P.EP. input. Low carrier power Increases &
times to 50 watts cutput at maximum modulation, This system is compatible
with $5B linears. VOX or PTT. Diode detector used tor receiving on this mode,
Praduct Detactor can be used by switching manually ... RECEIVER: »
Sensitivity: Less than % microvolt for 10 dB S/N » I, F. Selectivity: 2.1 kHz at
& d8, 3.6 kHz at 60 dB, = Antenna Input: Nominal 50 chms. # Audic Response;
4?10 to 2500 eycies at 6 dB, ¢ Audio Output Power: 2 watts. = Impedance: 4
uhims,

MC-4 SPECIFICATIONS: o Frequency Coverage: 1,854 MMz  Line Impadance:
B0 Ohm resistive » Accuracy: * (5% of reading +3 wais) + Power Capability;
300 watts forward or reflected » Controls: Front panel 2-position switch sefects
forward or reflected power » Speaker: 3" x 5" oval, .88 ounce ceramic mag,

Phone: (513) 866-2421

Lo ® Telex: 288-017
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QUR COVER

= the garbage®

JUNE 1972

PUBLISHED MONTHLY, AS ITS OFFICIAL JOURNAL, BY THE

—CONTENTS —

TECHNICAL —
450 Cubic Centimeters of New Front End

VOLUME LVI NUMBER &

AMERICAN RADIO HELAY LEAGUE INC,, NEWINGTON, CONN,, U. 8. A,
OFFICIAL ORGAN OF THE INTERNATIONAL AMATEUR RADIO UNION

for Your Fm Receiver . Thomas McMullen, WISL 11
The W2FMI 20-Meter Vertical Beam . Jermv Sevick, W2FMT 14
- More on Instant Voice Interruption
H. Rommel Hildreth, WP 19
Antenna Impedance by Direct SWR Measurement
Michael J. Tola, W3ITOM/4 22
Notes on the Amateur Station Counter
Douglas 4. Blakeslee, WIKLK 31
CB Whip + Mod. = 2-Meter 5/8-A Vertical
Lew McCov, WIICP 34
Technical Topics:

Time - IC Controlled 36
Technical Correspondence 38
Gimmicks and Gadgets:

An {C Audio Tune-Up Device for the Blind

Thomas P. Riley, WAIBYM {1
An Adjustable-Voltage Carrent-Limited Power Supply
H. Mauch, DI6JX 43
Taking Out the 2-Meter Gatbage Doneld R Moler, WAIMRF 48
Recent Equipment:
Heathkit Modef §0-102 Oscilloscope . . . . . . ., . S
The Henry Radio 2K Ultra Amplifier . . . . . . . . 53
BEGINNER AND NOVICE -
A Simple Ham-Shack Wavemeter Lew MeCoy, WHICP 27
OPERATING —
Results 2nd ARRL 16(-Meter Contest A Noone, WAIKQM 66
July “Open” CD Parties . . . . . 70
QRSP Via Satellite? . 72
Reviewing the 1972 SFT Frank Connelly, WAIPMD 78
GENERAL -
The First Novice Crystal Bank of San Diego County
Harley (Gabrielson, K605 57
Do You Really Dig Transistors? s e e e e e e e 58
“Houston, This s Apolla . . . Paul M, Wilson, W4HHK,
and Richard T. Knadle, Jr., K2RIW 60
ARRL Proposed Band Plans for 220 and 420 MHz . , ., 9
ARPS . . . . .. 0. . 72 Leapue Lines - 10
ARRL QBL Bureau .« « . BY New Apparatus v e e . . DB
Coming Conventions . . . 77 New Books . . . ., . . 30
Correspondence . . . , ., BB  Operating Events . 105
Feedback . . ., . 40,110  Operating News . . 106
Hamfest Calendar . . Silent Kevs . . 98
Happenings of the Month . BB Biaton Actvities . . . 111
Hints & Kinks . . . . . . 48 World Ahove B0 Me, 92
Hows DX? . . . . ., . 9% YL News & Views . 96
IARU News . . . > . . BB WI1AW Schedule ., . . ., . 107
“It Seems to Us . . .’ -+ .9 25 and 50 Years Ago in QST 18



TYPE 901

Crystals shown are actual size.

Either type, for transmitter or receiver,

§9.75

Postpaid in U.S.A

Specify crystal type, equipment make and model,
desired frequency, transmit or receive.




TEMPO...a quality

name...a

growing family

TEMPO

ONE”

SSB TRANSCEIVER

............ represents the

TEMPO/ fma

the top of the Tempo VHF line. This
transceiver offers all of the famous

ELECTRONIC KEYER

The Termpo DKT keyer is
the latest in electronic
keyaer  design,  Using
integrated cirguit
technigues it provides the
unique features of dot
rmemory and single dot
injection which, with a
specially  designed  twin
lever key assembly,
affords effortiess sending

and perfect character
formation regardless of
speed,

Price: $89.00.

culmmatmg achievernent of ;f:;?ge;;?NE" $31 Tempo quality and performance
;u;‘a;v ay;?:egf e:;;r;enc:?elhn r .00 at 25 watts of power output, The unit
Modarn® e oy, AC/ONE Power also features & low power position
opern GRsIgN,  SURETD  gupply (117/230 Vol for 10
perfarmance, high styling,  50/60 cycle ¢ ar Watfs output to conserve
sturdy construction, battery power, Here is a true value
autstanding reliability, DC/1-A Power supply in VHF FM; Ternpo presents high
exceptional value {12 valts DCY $110.00 power operation For onty $249.00,
TEMPO DKT

TEMPO FMP

Truly mabile, the Ternpo fmp-3 watt
portable gives amateurs 3 watts, or a
battery saving % watt, FM talk power
anyplace at  anvtime, With a leather
carrying case included, this little
transceiver will operate in the figld, in a
car, or at hame with an accessory AC
power supply. The battery pack is of
course included. Price:$225,00,

TEMPO LW 1500 DUMMY

L.OAD WATTMETER
The Tempe LWI1500
load-wattmeter offers typical
Tempo price-performance
vatue, Designed for amateur or

. commercial use, the LW1500

Other Tempo products:

FMW 450 - 10 watt UHF fransceiver
FMY - 10 watt 2 meter transceiver
RBF-1 Wattmeter & SWR Bridge
MHF & LIHF Solid State Amplifiers

15 completely portable, An
internal  "D™  cell  hattery
paowars the averheating
warning light s0 no AG
sonnections are necessary. The
buitt-in  handle and light
weight make the load
convenient for desk, bench,

aute or fietd  testing. 1

Price: $119.00.

431 N. Euclid, Anaheim, Calif. 82801
Butier, Missour: B4730

Henry fadl

1240 W_Olympic Blvd,, Los Angeles,
Galif. 90064 213/477-67H
714/772-9200

BI6/ETE-3127




Section Communicatinns Managers vf the ARRL

Repars Invited. All amazeurs, especully League members, aze wvited to repott Statian activities on the first of each mronth {for preceding
manthy direct to the SCM, the administrative ARRL official eicted by trembers in each Section. Radio ¢lub teports are alsa desired by
SCMs for inclusion in 87, ARRL Field Organization stetion zppointments até available in areas shown ta qualified League members,
ieneral or Cardditional Class hcenszes or higher may be appointed ORS. OVS, OPS, 0O and Q5. Technicians may be appomied VS, OBS
we V.H.E, PAM. Navices may be apposnted O¥S SCMs desire anplication feadership posts o SEC, EU, RM and PAM where vicaacies sxist
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for the EXPERIMENTER!

INTERNATIONAL EX CRYSTAL & EX KITS

OSCILLATOR « RF MIXER * RF ANPLIFIER « POWER AMPLIFIER

1. MXX-1 TRANSISTOR

RF MIXER

A single tuned clrcuit Intended for
signal conversion in the 3 to 170
MHz range. Harmonics of the OX
osciilator are used for Injection in
the 60 1o 170 MHz range. Lo Kit 3
to 20 MHr, Hi Kit 20 to 170 MHz
(Specify when ordering)

33.50/} \¥

2. SAX-1 TRANSISTOR
RF AMP

A small signel ampiifier to drlve
MXX-1 mixer, Single tuned inpu?
and link output. Le Kit § to 20
MHz, Hi Kit 20 to 170 MHz
{Specify when ordering}.......$3.50

A

3, PAX-1 TRANSISTOR
RF POWER AMP

A single tuned output amplifier
designed to {cllow the OX oscil-
lator. Qutputs up ta 200 mw,
depending on the frequency and
voltage. Amplifier can be ampli-
tude modulated. Frequency géﬂggj

to 30,000 KHz......

4. BAX-1 BROADBAND
AMP

General purpase unit which may
be used as a tuned or uniuned
amplifiar In BF and audio appli-
cations 20 Hx to 150 MHz. Pre-
vides 6 to 30 db gain. |deal for
SWL, Experimanter or

Amateyr

5. OX OSCILLATOR

Crystal contrellad transistor type.
Lo Kit 3,000 to 19,999 KHz, Hi Kit
20,000 to 60,000 KHxz. {Specity
when ordering). .o $2.95

AN

6, TYPE EX CRYSTAL

Avaiiablae from 3,000 {o 60,000 KHz.
Supplied only in HC &/U holder.
Calibration is = .02% when aper-
gted In international QX circuit
or its equivalent. (Specify
frequency) $3.98

. J

>

INTERNATIONAL

supplied to meet specifications M

{GP] for “'@sneral Pur
applications
C5) for "Commercial

CRYSTAL
TYPES:

perature toleranc

for the COMMERCIAL user...

PRECISION RADIO CRYSTALS

|nternational Crystels are availeble from 70 KHz
1o 160 MHz in a wide variety of holders.
Crystals for use in military eguipment can be

HA) for "High Accuracy' closo tem-

/
<

1L-C-3098E,

posa'’
Standard™

o regquirsments,

<

write for
CATALOG

INTERNATIONAL

CRYSTAL MEQ, CO., INC.
10 NO. LEE ® CKLA, CITY, OKLA, 7302

J

T_
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“It Seems to Us...”

FM CHANNEL COORDINATION

THE RAPID GROWTH of channelized fin
communications and fm repeaters was
described in a July 1969 ¢87 editorial.
Fueled by low-cost U.S.-made and imported
transceivers, and an abundance of commer-
cial surplus rigs as well as a spurt of
home-brewing, a spiraling pattern of more
stations and more repeaters continues. And
it is mostly to the good. Many local
cross-town QSOs that once cluttered the hf
bands now take place on vhf. For the first
time, high-quality, noise-free communication
is consistently possible from a mobile
station.

But any rapidly growing field has iis
problems, and repeaters are no exception.
Most “machines” are run by a few
technically skilled individuals, or club
groups, who try to operate in accordance
with FCC regulations and observe good
practices generally, and who in their
planning atfempt to hold interference to
other activities to a minimum. Sad to sav, a
few repeaters have been put on the air
willy-nilly with little thought given to QRM
created for other stations using the same
channel, In some metropolitan areas, par-
ticularly on 2 meters, conditions have come
near chaos,

Recognizing the growing pains of fm and
repeaters, the ARRL Board of Directors has
taken a number of steps the past several
years, hopefully to help bring order to these
situations, Puring 1968 the ARRL Vhf
Repeater Advisory Committee ~ a group of
prominent and knowledgeable m-ers — was
formed to aid the Board on policy matters.
The committee did much of the analysis of
FCC’s proposed rules for repeaters, and the
ground work for the League's filing in this
docket {18803}, where we argued strongly
for considerably more freedom and flexi-
bility in repeater activity. Later the Board
requested the VRAC to develop sugpested
standards for fm and repeater operation, a
project which is still being developed. Alsa,
proposed frequency subdivision plans have
been formulated for the 220 and 420-MHz
bands. These proposed “gentlemen’s agree-
ments™ are presented elsewhere in this issue.

If maximum usage is to be obtained from
the channels available, a' common fre-
gquency-assignment plan for each band musr
be agreed upon, und the planning musr be
done on a regional basis. Recognizing the
difficulties of repeater frequency coordina-
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tion, ARRL Birectors at the 1972 annual
meeting requested VRAC to study ways of
bringing the various frequency-planning
efforts together (Minute 75). While some
fm-ers have asked the FCC to step in and
assign repeater channels, ARRL has always
taken the opposite view ~ holding that we
amateurs are a highly skilled fraternity able
o work out problems on our own., A
minimum of regulation so as to provide a
maximum growth potential is a basgic tenet
of League policy. And FCC has offered us
the opportunity: amateur division chief
W4BW has said that he would prefer
ammateurs to do the coordination job,
through a nationwide effort, rather i{han
have FCC prescribe exact frequencies,

ARRL strongly supporis the many
organizations (see story by W3NSQ in the
May issue) working to achieve standard
separations for repeater input and ocutput
channels, to coordinate the geographical
distribution of channel assignments to hold
interference to a minimum, and to provide a
forum where repeater owners can meet and
discuss their difficulties. Whenever possible,
representatives from Headquarters and the
VRAC attend regional meetings. @857
regularly reports fin meetings in the hope
that such publicity will aid in getting all
repeater groups in an area together.

Work on band plans, frequency coordina-
tion amd siandards for repeater uperation
continues., The Board, the VRAC, and the
Hq. staff can provide aid and assistance in
the effort to improve fm and repeater
operation. But, as always, the task must be
undertaken by individual amateurs of good
will. Local clubs, state-wide organizations,
and area groups will be successful only with
the help and support of all fm-ers. Through
such efforts amateurs can again demonstrate
that they solve their own problems -
without ovutside interference or additional
Government regulation,

Right now we have two big jobs ahead of
us. One is to generate band plans, frequency
coordination and standards for repeater
operation. This is a cooperative effort
amongst us wmateurs, through voluntary
regional groups, with the aid and assistance
of the VRAC and Hq. staff. Because of the
rapid growth of repeaters, helter-skelter
across the natton without enough planning
and coordination, for some time there will

{Continued on page 26)
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| I;e‘agi},e Lines...

Thera must be sometliing about CB which brings out the lawbreaker instinct, 4 news
story reports that hundreds of U.8. military and civilian personnel in Germany are
munications unlessm{finéy get licég;;smto operate legally. And these are the kinds of
people for which EIA is requesting FCC to provide more frequencies, taken from ham
hands!

In its presentation to the House appropriations subcommittee earlier this year, FCC
spoke of the "widespread rules viclations, abuse of operating privileges, and de-
fiance of our regulatory authority" in the Citizens Radio Service, and plans special
mobile tsamyg for additional monitoring and enforcement. Three cheers!

Reminder: The second of two yearly meetings of the ARRL Board of Directors will be
held in mid-July. Let your director-representative (address page 8) know of any
ideas, comment, complainis or bouquets vou may have on the staius of amatsur radio
and the conduct of League affairs. Expressions from affiliated clubs are particularly
helpful, when they represent a concensus after open group discussion.

Clubs: Are vour activities being reported suitably in the local press? If vou've mis-
laid your copy of the ARRL Publicity Handbook, write for another. Hg. will help with
special p.r. opportunities, too, but give us as much advance notice a8 vou can if
vou're planning to set up a station at a state fair, or placing a display in your library
{say for Amateur Radio Week, June 18-24) or writing a story for vour company's house
organ.

FCC amateur exams, ab least in the higher levels, contain more and more orientation
to solid—-state theory and gircuits. We've had complaints that our License Manual
doesn't cover the area adequately; yet FCC staff claims its sample questions (repeat-
ed in the Manual) are definitely sufficient as an indication of scope. KZAMN found
one simple answer -~ purchase of the "Let's Talk Transistora" geries reprint from Hy.
for $1, which enabled him to sail through the Advanced exam. And see the quiz else-
where in this issue for another approach,

Where, in one weekend, can you combine the good fellowship of a hamfest, the under~-
lving motive of preparation for public service, the fresh air and fun of a picnic, the
teamwork of cooperative effort, and the excitement of an operating contest? In ARRL
Field Dav, thai's where, CU there,

This issue carries an interesting description of reception by two amateurs of Apollo
lupar signals. Another of our fraternity was involved in a different way in the recent
Apollo 16 flight -~ the voice of mission conirol In Houston was, for much of the time,
that of agtronaut Tony England, W5RAP.

NOTICE

To meet the current and anticipated {inancial needs of your League, the Board of Directors has set new
annial dues rates effective July 1, 1972 — $7.50 in the U8, $8.50 in Canada, $9 elsewhere. Remittances
received by the Secretary on or before June 30 will be applied at the present rates ($6.50 Clanada and U.S.,
57 elsewhere) and any number of years may be paid in advance at the old rates. Family membership and
blind member dues rate remains the same - $2 yearly, without receipt of QST. New rates for Life
Memberstup will be $150 1.8, $§170 Canada, $i80 elsewhere. On an eight-quarterly-payment hasis, the new
amounts will be $14.75% U.§,, $21.25 Canada, and $221.50 elsewhere. Again, the old rates will be accepted if
remittance is received by June 30 5130 Canada and 1).5., 5150 elsewhere. The instalment payment plan will
be honored at the old rates ($16.25 Canuda and US., 517.50 elsewhere) if the first payment is received by
June 30 and the remainder is paid an schedule, Last call!
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The 220-MHz converter is mounted in a box made
from sheet aluminum, A phone jack at the lower
ieft 15 the inpul connection, Another jack at the
upper right is the output to the receiver. The i-f
output coil shaown here is for use with a [ow-band
recaiver. Changes necessary to work into a 2-metar
receiver are explained in the parts list and text,

450 Cubic Centimeters of New
Front End for Your Fm Receiver

A Compact Converter for 220-MHz

BY THOMAS McMULLEN,* WISL

W’ITH THE RECENT increase in repeater plan-
ning and, in some cases, activity on 220 MHz,
thete is a need for receiving systems on that
frequency, Many past designs for 220-MHz con-
verters have suffered from bulkiness in size, and
complexity of circaits, that has made them unat-
tractive for most mobile installations. The convert-
er described here is small enough to be mounted in
or near most mobile receivers,

One decision that must be made when designing
a converter is what frequency to use as an i-f. For
fm use the field is narrowed somewhat by the
availability of surpius equipment. Much of this
equipment is in the “low-band™ range of 30 to 50
Miz, or in the “high-band™ range of 148 to 170
MHz. It has been common practice to convert
these rigs fo work in the amateur 6- or Z-meter
bands, Therefore, a most useful converter design
would be one that could be adapted to use either
of these bands as an if. This converter can be
constructed for either i with only small dif-
ferences in the components needed.

Circuit Considerations

One of the important features of this converter
is the crystal oscillator and the multiplier stage that
follows it. As shown in Fig. i, Q3 is the oscillator
and quadmupler. By using a crystal frequency of
19.25 Mz, and funing the collector circuit to 77
MHz, the transistor stage provides the injection

# Assigtant Technical Editor, OST.
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voltage to the mixer for an if of 147 MHz, or
high-band. For a fow-band i-f, only one more stage
is needed - a frequency doubler. With a crystal
frequency of 21.5 MHz, the output of Q3 is 36
MHz. Q4 doubles this to 172 MHBz, which is the
injection frequency for an if of 52 MHz. The
foregoing figures assume an input or signal frequen-
vy ot 224 MHz. Crystal frequencies for other input
or output frequencies can be calculated as follows:

Foz alow-band i-f. f5 fé':gff

For a high-band i-f, £, :fgilm

Where fp i the crystal frequency, f; s the
signal frequency to be received, and f7 is the if. If
the receiver to be used has several chanmmels, an
extra one ¢an be set up for use with the convertet.
Where the choice of channels is limited, the one
with least likelihood of feedthrough interference
should be used. The severity of such interference
will depend on the sensitivity of the receiver,
shielding, grounding of the chassis, and the
strength of the repeater signal.

Fmn receiving equipment for 220 MHz
bas been notable by its absence. Here
is a converter that will work into a
144-MHz receiver. By making a few
changes in the circuit, the converter
output frequency can be changed to
50 MHz. The circuit-board layout is
such that coustruction for either i-f is
not difficult,
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¥ CONNECT C8 ACCORDING TO TEXT

Fig. 2 - Scale drawing of the pe-board pattern for the 220-MHz converter. Foil side shown.

A 40673 dual-gate MOSFET is used for the
mixer, with the gate 2 connection tapped on the
input-frequency  coil. Cate [ obtains injection
voltage via a 5-pF capacitor from the output of the
osvillator multiplier chain. The i-f output circuit is
coinected to the drain of the MOSFET. This
circuit is fixed-tuned for simplicity’s sake. H can he
peaked for maximum output by sgueezing or
stretching the coil.

The sf amplifier uses an MPF102 or 2N5486
JFET in a grounded-gate configuration. The latter
device will give slightly better performance, A
word of advice when using these transistors in such
a cireuit: The gate must be connected to ground
with the shortest possible lead length. A stubborn
case of self-oscillation in the converter described
heze was cured by leaning the 2N5486 over so that
the gate lead was just long enough to reach through
the board and connect to the ground fotl,

Construction

The converter is built on a piece of glass<epoxy
board, 8.8-cin wide by 9.9-cm long, In inches, thut
works out to be just under 3-7/16 % 4. An alumi-
mim hox, 9-cm wide, 10-cm long, and 5-cm high
was vonstructed as a housing. If the converter is to
be installed inside a receiver, the box may not be
necessary. However, care should be tuken to assure

June 1972

that the converter is not mounted close to cireaits
that would couple unwanted signals into it. Such
circuits might be the oscillator, multiplier, or of
amplitier stages of the i-f receiver,

Metal stand-off posts af each corner of the
board serve fo mount the converter and provide a
good pround to the chassis. Phano connectors are
used tor input and output. The 12-valt dec supply is
connected to a feedthrough vapacitor on the wall
of the hox. A silicon diode in the supply lead
offers protection against damage caused by re-
versing the palarity, although in most mobile
installations this should not be a problem.

The cireuit board has been designed to include
parts placement for eithez high- ur low-band i-f,
For an outpot at 147 MHz, the injection coupling
capacitor, C8, is connected from the top of .7 to
gate | of the 40673, For a 52-MHz i-f, 04 is added
to the board, along with its associated resistors,
capacitors, and L8, When the doubler is used, C8
must be connected in the alternative position
(from the top of L8 to gate 1) to provide injection
voltage.

All of the coils are wolnd with wire large
enough to he self-supporting. Vibtation should not
be a problem, but a few drops of coil dope van be
applied to each winding for further stiffening.

(Continued on page 35)
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Jerry Sevick’s article in July 1971 QST
can be considered a classic in Amateur
Radio. Jerry provided some basic rules
for ground-radial systemns used with
vertical antennas. (n this article
W2FMI takes us one step further — a
3-element vertical beam, mounted at
ground level, that bolds its own with
tower-mounted Yagis.

The W2FMI
20-Meter

Yertical Beam

BY JERRY SEVICK.,* W2FMI

OME-BUILT EQUIPMENT is still to be found

in some ham shacks, although probably not on
such a grand scale as before the days of ssb.
Commereial rigs and kits are well designed and
reasonably priced, su they are widely used. Signifi-
cantly, the actual power difference between low-
and high-power commercial rigs is only about 10

+ Tephnical Relations Mgr., Bell Laboratories,
600 Mountam Rd - Mm:rav Hill, NJ 07974

JB. Therefore, the noticeable differences in signals
are mainly the result of the antennas used by the
amateurs. The antenna system ~ and possibly some
test equipment - seems to be the last stronghold
of the do-it-yourself artist.

Yet most effort in antenna design and construc-
tion is directed toward Yagis and quads, and the
towers needed to support them. If cme is not
fortunate enough to have a tower, then he has to
resort to a dipole or (even worse) a vertical. The
vertical rates high aesthetically but, as many have
said. radiates poorly in all directions. It has long
been known that the earth is unkind to vertical
radiation, especially at the low angles necessary for
reliable DX operation.! But earlier work?2 by the
author has shown that a vertical antenna can be an
efficient radiator if earth losses are minimized. This
gave promise of a vertical beam competing with
horizontal heam antennas af elevated heighis. That
investigation on a vertical antenna was actually an
extension uf the work on z-m broadcast-antenna
g_-round w‘:tems3 as applied to sky-wave transmis-
sion.

This paper presents the first results from a2
three-clement, 20-meter, parasitic array. On-the-air
checks, over a three-month period. have becn most
exciting and gratifying. Reports from a hundred
ubservations in Europe and Africa strongly indicate
that this beam is competitive with a Yagi or a quad
on a 50- to 50-foot tower.

Antenna and Image Plane Description

Quver the vyears, many atpateurs have tried
phased vertical antennas, This is probably a carry-
pver from broadeast-antenna work, where they are
widely used. But in general, phased arrays are
difficult to work with.4 The design of the required
networks can be quite formidable since currents
have to be controlled in both magnitude and phase,
and input impedances may vary with the direction
of transmission. Therefore, the parasitic Yagi urray
wag chosen for investigation since it i5 a simpler
svstem, and because considerable information is
available for comparison. .

The specific antenna investigated was a sym-
metric, three-element, parasitic array (actually
ane-halt of & Yapt array) with spacing between

i Feldman, “The Optical Behavior of the
Ground for Short Radic Waves,” Proceedings of
the IRE, Vol. 21, No. 6, June 1933,

2 Sevick, “The Ground-lmage Vertical Anten-

L ST, July 1971,

3 Brown, Lewis, and Epstein, “Ground Systems
as a Factor in Anfenna Efficiency,” Procecdings of
the IRE, Vol 25, No. 8, June 1837,

4 King, The T’heorv of linear Antennas, Har-

vard University Press, Cambridge, Mass., 1956, p.
622,

Shown here is the three-element switched array.
This system is mounted in the center of the back
vard. and is approximately 2 wavelengths from the
wooded area shown above as well as the author’s
fiouse, The narthesst direction, which was mostly
used for the data in this paper, is through the
wooded area.

QST for



Matching network for three-element array. The
enclosure is a standard aluminum meter box, The
edges of the box are sealed with tape ta minimize
moisture seepage.

elements of 0.2 wavelength (12-1/2 fest on 20
meters), This specing rasulis in & good compromise
between gain and input impedance. Closer spacing
would reduce the input impedance, and hence the
cfficiency, because of the inherent- earth Josses
with vertical antennas. This vertical symmetrical
Yagi allows for electrical beam switching (changing
a director into a reflector by switching in a loading
<0il at the base) while maintaining a constant input
impedance at the driven element. The dimensions
of the three-element antenna, when used ag a fixed
or a switched array, are shown in Table [. A
switched array is also shown in the photograph.
The elements are constructed using 1/16-inch-wall
aluminum tubing and consist of three telescoping
sections with one-inch OD tubing used for the
hottom portions. This results in a self-supporting
structure. Actually, many choices are available,
including No. 14 or I2 wire taped to bamboo
poles.

The three-element array with the full image
plang, described later, presents an input impedance
of 1§ olms. This i close to the theorstical value
expected over an ideal image plane (infinite in
conductivity und extent}. Matching is accom-
plished with the step-down transformer5® shown
in the photograph and in Fig. 1. This transformer is
also shown connected to the driven element. One
of the parasitic elements is shown in a photograph,
with the switching network and the indicating
meter of the fieldstrength detector which was
placed two wavelengths away. Having the indi-
cating meter close by proved invaluable in tuning
the array.

Fig. 2 shows the geometry of the image plane
used in the measurements and on-the-gir checks
reported in the next section. The inner square has a
diagonal of 4/10 wavelength (25 feet) and was

5 Ruthroff, “Some Broad-Band Transformexs,*
Proceedings of the {RE, Vaol. 47, August 19569, pp.
1337-1342,

6 Core — 2-1/24inch QD Q1 materlal; supplier —
Indiana General Corporation, Electronics Division,
Keashy, NJ.

4.1 IMPEDANCE
TRANSFORMER UN-
BALANCED TO UN-
BALANCED, {0 BIFILAR
TURNS OF No.12 WIRE

constructed from four sections which were first
laid out on a form of 1 X 2-nch bhoards in the
basement. The outer wires of these sections are No.
14 wire and the inner wires are No. I8, Al
cross-connected wires were wire-wrapped and sol-
dered. The pattern was chosen to give an easy path
for the surface currents of a five-element array
(parasitic elements at the four corners). The outer
radials were all 0.4 wavelength long and also of No.
i8 wire. Twenty-five wires emanated from each
corner and nine from the sides.

At first glance, the image plane thown in Fig, 2
appears formidable and overdesigned. But consider-
able reduction in performance was noted with the
removal of the outer radials. Obviously one cannot
get something for nothing and the trade-off for a
fower appears in the image plane, Much work still
remains to be done in this area. For those with
considerable real estate and wire, an image plane
with an extended sector? could prove very interest-
ing. From the author’s first work? as well as
Wilson’s, a 10- or 20-degree sector, 2 to 10
wavelengths long, bears investigation.

7 Wilson, “*Measurements of Low-Angle Radia-
tion from u Monopole,” J. Res, Nat. Bur. Stand.,
Vol. 65D, pp. 641-645 (Nov,-Dec. 1961).

88ee footnote 2.

Fig. 1 — Schematic of the step-down transformer,

CONVENTIONAL FORM
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Fig. 2 « Geometry of the image plane used in this
investigation. The pattern was chosen to approxi-
mate lines of current flow.
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Base hardware of the driven slement and the
ratching transformer.

Measureinents

As was stated earlier, the input impedance of
the three-element array is {5 ohms. This value was
obiained with all radials as shown in Fig. 2 and the
director and drven elements adjusted for maxi-
mum forward gain, and the reflector for minimum
signal in the reverse direction. This overall system
adjustment also vielded the lowest standing-wave-
ratio, A plot of the horizontal radiation pattern is
shown in Fig. 3. These data are the average values
faken at approximately 22.5-degree intervals. The
measurements were made at approximately
degrees in elevation and 2 wavelengths in distance.
Even though this distance does not assure ideal,
far-zone measwrements, the pattern is not far from
what is expected. The beamwidth of 84 degrees is
larger than the 50 to 3§ degrees obtained with a
horizontal Yagi, but, in the latier case, very little
radiation is expected off the ends (the 90-degres
direction). The front-to-back measurement yielded
a value of 19 dB. This was coafirmed many times
on the air. The standing-wave-ratio is shown in Fig.
4. Az was expected, the lowest SWR was obtained
at 14.30 MHz.

The gain over a single 1/4-wave vertical was
measured and found to he 5.2 dB. This again is an
vipected value and should not be confused with
the 7- to 10-dB figures guoted un horizontal
beams. In the latter case, the gain (which is a
function. of c¢levation) is also affected by an
increase in the energy in the lower lobes because of
the vertical directivity of the beam. It should be
noted that this vertical directivity does not lower
the lohe angles,

Measurements were also taken with the outer
radials gradually removed one by one, until just the
inner square remained. The most noticeable effect
was the reduction of the front-to-back ratio from
{9 to 7 dB. This is particularly harmfunl on the East
Coast when one is trying to work Furope and
Africa. The forward gain ziso gradually lowered by
about 2 dB.

Oun-the-Air Checks

Obviously the mosi accurate comparison be-
tween this vertical beam and a horizontal one at 50
to 6i) feet can be made only when the two
antennas are close by and compared over a
considerable length of time. Lacking this ideal
situation, it was felt that a good indication could
be obtained on the air if comparative evaluations,
at the same approximate time, would be reporied
by the amateurs contacted. [n this way variations
in 5 meters and transmission condttions wouid be

Fig. 3 — Horizontal directivity pattern of 3-
glement parasitic  image-plane wvertical array.
Spacing = (.2 between elements; beamwidth = 84
clegrees,
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Fig. 4 -~ SWR vs. fraquency tor the 3-element
parasitic image-plane vertical array.

minimized. Fifty-nine amateurs were contacted in
Furope and Africa over a five-week period. [n ail
cases the signal reports were above average and
comparable to the strongest on the band. In no
case was there a stateside signal reported which
was stronger than from the W2EFMI vertical beam.
The distribution of signal reports is shown in Fig.
5. Fig. 6, which is a picture of one page in the log,
showns some of the comments.

Mr. G, ). Wall, ZE2KV, located at Rhodesia,
Africa, also made comparisons on 69 state-side
signals over several hours of operation. Only three
signals registered S8, one 5 unit stronger t{han
W2FMI. The interesting result of these data is that
the vertical beam gives a fairly good signal into
Africa even though this direction is 90 degrees., or
2 8 units, oft the center of the radiation pattern.

And finally, a comparison was made with

2l
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S
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5 & 7 a 2 45 HQ 415 20
S UNITS
Fig. B - Distribution of signal reports from

European and African contacts in interval October
8 to November 15, 1971.

TABLE |
Dimensions of 20-Meter Parasitic 3-Element Array
1} Fixed Array

Director 15ft8in.
Driven Efement 16 ft
Reflector 17 ft 7in,
Spacing Between Elements 12142 f¢
2} Switched Array

Director and Reflector 15 ft
Driven Element 16 ft
Spacing Between Elaments 12-1/2 ft

WA2BVU/4X aperating portable out of Jerusalem. Loading Coil 2t No. 12 wire
While in contact, a breaking station offered to wound 3 turns
make a direct comparison since he was using about with 3 in. dia.
the same power with a Yagi at 60 feet and was Length adjusted
located only 60 miies away from my QTH. The for max. F/8
difference amounted to about one S unit in favor vatio
of the elevated Yagi. This result again is very
interesting considering Jerusalem is at about the
half-power point in the W2FMI antenna pattern (3
EoH Pt e ‘::'l;“l' SI.G'I;J':AI !lé{ll e %E' ::":; 'pI‘:n:%‘o.’ QIR BATA s ‘o!lu.
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Fig. 6 — Picture of one of pages of the log during the run of 59 contacts with European and African

amateurs.
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Base of one of the parasitic elements showing the
relay enclosure, ioading coil, and the indicator
meter of the field-strength detector, which was
lacated 2 wavelengths away.

dB down) and hence consistent with all the other
reports.

On a more subjective note, it can be said that
this vertical beam has been an exciting performer.
A €0} on 20 meters genarally raises a DX reply. [n
many cases several stations respond making it
embarrassing to one not used to such attention. A
threc-element Yag at 40 feet used by W2FMI
{then K3RXG) when operating out of Bethiehem,
Pennsylvania, never came up to this luxury.

Conclusion

From this work, as well as the previous one, it
is yuite apparent that a good ground system is
required for efficient aperation of vertical anfen-
nas. Even though the vertical antenna has been
around for a long time, much remains to be done
on image-plane antenna configurations.

it is hoped that others will help in supplement-
ing and extending this work since little has been
done on the vartical antenna over the last three
decades in skywave transmission investigations. [t
is quite evident that the payoffs could be large,
puarticularly on the 40- and 80-meter bands, where
antenna gain is ditticult to obtain.

Another observation should be noted relative to
this study. Although the eaperimental results
vbtained ut this location were completely con-
sfstent with theoretical expectations, they were
obtained over a relatively short interval of time and
should be verified by others. 1t may be difficult for
some to believe that three, short, thin zluminum
poles un the ground could compete favorably with
beams at 50 and 60 feet. But if this investigation
turng out ko influence antenna siructures of the
future, then our frateraity could very well take on
a look more in tune with the new ecological views.

Finalty, t would like to acknowledge the many
amateurs who contnbuted important data and
encouragement to this work. In particular, [ would
like to thank Mr. Gerard D. Wall, ZE2KY, for his
reports. BET—]

YSee footnote 2.
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50 Years Ago {

this month
A

June 1922

. The great power-factor controversy of the

first ARRL National Convention breathed its last
in June 1922 @ST. The lead article, by Frof. F. C.
Blake of Ohio State, analyzed it dispassionately,
with rather more mathematics than was usual in
the QST ‘of those days. The verdict: Both
contenders were right, but one was looking at the
circuit from the inside while the other’s viewpoint
was from outside.
.« . in an early instance of amateurs stepping to
the fore in 3 communications emergency, R ZL set
up a temporary station {spark!) when communica-
tion lines were wiped out by a storm in the Fox
River Valley, Wisconsin. ‘The equipment was
installed in a manufacturing plant which generated
its own power, the power lines being out ton, and
communication was westablished with Maaitowoe,
Some 250 urgent messages were handled. Other
amateurs, including 90DHG at Oshkosh, similarly
without power, set up spark-coil stations and
participated in emergency traffic handling.

. Technical highlight of the issue is &
symposium on electrolytic rectifiers edited by S.
Kruse, Coliecting the observations of many
“slop-jar™ users and putting them into perspective,
the sound dope in the article benefited numberless
readers, the present writer among them.

June 1947

. The editorial this month introduces a topic
that in coming vears was to dominate amateur
operating — TVI. A threat unparafielled, as it
turned out, since the early days of BCI, it was at
that time foreign to the experience of all amateurs
outside metropolitan New York - and even there
there were comparatively few TV receivers in
operation. No doubt the thunderclouds were
dismissed by most readers as not being 4 menace to
them, but this happy condition was not to last.
The answers, as the editorial said, were vet to be
found — providing effective ones could be found.

. In one of his many significant contributions
to umateur technology, Q. G. Villard, Ir,, W6QYT,
described a method of suppressing overmodulation
in a-m phone. Properly applied, it made over-
modulation impossible by the ingenicus scheme of
turning the excessive modulation swings into
out-of-phase rf peaks, 2 form of reduced-carrier
modulation that automatically came into operation
when the swings exceeded a preset level.

. B CL Geist, W28TZ, is the author of an article
on a 2-meter tm transmitier whose frequency
deviation can be varied to meet the needs of the
superregen receivers then widely used.

. Removal of restrictions on the 2-meter band
that had prohibited operation hetween 146.5 and
(4% MHz in certain parts of the country, because
of military use, is reperted in “Happeningg of the
Month.” - WiDF

QST for



More on Instant Voice Interruption

BY H. ROMMEL HILDRETH.* W{IP

THE CONVENTIONAL VOX control system
performs two functions. [t enables and disables
the transmitter and receiver alternately and
switches the antenna between the receiver and the
transmitter. As the voice strikes the microphone, a
trace of audio signal is amplified and rectified. This
de pulse is used to close a relay. In turn, other
relavs may be closed and many circuits are
completed. An electronic delay function maintains
the relays in a closed state until the voice has
stopped for a suitable length of time,

The author’s VOX system ases the voice-
generated de pulse to forward bias 4 transistor. in
turn, this transistor controls other electronic cir-
cuitry which performs all the above functions
without the use of relays. Electronic switching is
much faster than activating refays. Fhe switching
transistors must be connected to points in the
circuit to assure that recovery time is very fast. The
electronic switching eliminates noise from chatter-
ing relays, and reduces other troubles, such as relay
sticking and arcing, Additionally, the operator is
permitted to hear between syllables or dots and
dashes, Each syllable spoken into the microphone
creates a dc puise which is adjusted to etncompass
the entire syllable. Toward the end of the svilable,
as the voice intensity diminishes, a dead space
oceurs. During this short period the transmitter is
disabled and the receiver is activated. These short
hearing periods occur at the rate of about three
hundred per minute so o considerable amount of
the total aperating time is devated to listening.

There are countless times when it is desirable to
ask the other fellow to wait a moment, or to ask
him to repeat something that was missed. The
procedure of speaking and then saying “over’ is
not the natural way of carrying on a conversation.
In fact it was never experienced until Marconi
invented the “wireless!™ Although this electronic
switching system falls short of landline telephony.
at least, the operator knows when others are on
frequency. There is no longer a chance of doubling
or unnecessary calling.

Muting Control

A few words about transistors may be helpful.
As used here, they merely open and close circuits,
When a transistar is fully conductive (saturated) its
resistance is very low, When it is nonconductive,
the resistance is quite high and for most purposes
the circuit is opent. FETs resemble 2 vacuum tube
triode: When a negative voltage is applied to the
gate, the device becomes nonconductive. The
conventional tvpe of transistor becomes con-
ductive when a small current is made to flow
between-the base and emitter (forward bias).

The basic circuit diagram appeared in an eurler
issue of Q8T.1 The center terminal of the muting
jack in the 758-3 is connected to the ungrounded
end of a resistor in the bias system. This point,
which is at -23 volts, is also connected to the grid
of the first mixer. The mixer is cut off until the
resistor is shorted to ground. The standby switch
and the muting jack terminals are connected in
parallel across this same resistor.

Q1 is connected across the standby switch.
When Q1 conducts, it shorts the resistor and
activates the receiver. The battery-resistor com-
bination in the basecmitter circuit serves to
forward bias the transistor into full conduction. If
the base-emitter connection is shorted to ground
the current through the battery resistor increases
giving a greater voltage drop. Since the voltage
drop opposes the cell voltage, the resultant voltage
between the base and emitter of Q1 is lesy than
before und the transistor becomes nanconductive,
thus muting the receiver.

Q2 is forward biased by a dc pulse furnished by
the VOX rectifier. This pulse is adjusted in
amplitude by the VOX sensitivity control. The
pulse duration is regulated by the VOX hold
control. The threshold volfage at which switching
takes place is regulated by a potentiometer con-
nected to the base of Q2.

The shape of the dc pulse is important. Fast
attack is needed to assure no noticeable loss in the
first part of a syllable. With a given voice intensity
at the microphone the amplitude of the pulse will
be governed by the VOX gain. If the amplitude is
too low, the beginning of a syllable will he
chopped. If the amplitude is too high, the hold
time will be lengthened unnecessarily, cutting into
the dead spaces between syllables so that the
operator could miss breaking signals. [t is possible
to transmit so that there is no evidence that
change-over switching takes place with each syl-
lable,

Exciter Enabling and Disabling

When an exciter is turned on, the tubes warm
up and the relays close, provided the PTT jack
vontains a shorted phono plug. Voltage is being
delivered to all circuits. The oscillators are func-
tioning and there output combines to form a
carrier, The 6146As are idling normally at about
50 mA. The latter cavses “hash™ in the receiver,
and the carrier, even though suppeessed, forms a
strong signal at the receiver. Both of these noise
sources must be silenced for normal receiving.

Two types of electronic switches are used to
conirol the noise sources. The first switch applies
cutoff bias fo the first mixer, and the secand one

* 18 Brighton Way, Clavton, MQ 63105,
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1 Hitdreth, “IVL"” QST, Qct., 1968,
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opens the screen-voltage line to the 61465, Both of
these switches are controlled by the receiver
muting voltage so that there is instant enabling and
disabling of the transmitter and receiver.

Cutoff Bias At The First Mixer

Two separate (but identical) switches control
the prids of the twin-triode mixer. With the two
types of switching shown in the diagram, there is
no adverse interaction with any of the original
circuitry. Note that each switch is completely
isolated from the other and there is 2 ten-megohm
impedance presentad to the muting voltage of the
receiver. The finalamplifier sereen switch is iso-
luted completely from the receiver muting line.

V4 in the 325-3 has a 470.000-0hm resistor in
each grid circuif, A 22.5-volt battery is connected

across the resistor to place cutoff hias on each grid,
In series with the battery is an FET which opens
ihe battery uvireuit when the receiver muting
voltage appeurs at the FET gate. Thus, as the
receiver is muted, the minus 23 volts fums on V4
by removing the cutoff bias. The secoad grid of V4
has a similar control switch,

Screen-Circuit Control of the 61465

A high-voltage transistor is placed in the screen
line of the final amplifier. When the transistor is
forward biased hy. the base-emitter battery, the
normal 22-mA current flows in each screen circuit.
When the base of Q3 is grounded through one
section of a twin triode, the forwand-biasing
voltage is reduced sufficienfly to interrupt the
sereen voitage. The increased current through the
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Fig. 1 — Revised circuit diagram for the “1VI" control. R1 should be adjusted to assure proper activation

of Q1. S1is & dpdt slide switch.
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Fig. 2 ~ Circuit diagram
for antenna switching bes-
tween  the receiver and
transmitter. The battery
connected in series with
the 30-ohm resistor and Q2
should be checked periodi-

21
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ation of the switching de-
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tery could allow full trans-
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battery resistor causes a voltage drop just as in the
case of Q1 and Q2. One may wonder why the
vacuum tube? Cutoff switching is required between
ground and the base; the small leakage of solid-
state devicey fails to control Q3. Also note that the
thrze terminals of the conducting transistor are all
at plus 290 volts.

Linear-Amplifier Controf

Q7, QR and Q9 operate to control the Collins
30L-1 bias. Since the amplifier relay is activated
during transmitting and receiving periods, there are
200 watts of needless heal dissipation from the
idling current. A 220-ohm resistor plugged into the
antenna relay jack raises the grid biws to cutoff.
‘The linearity must be restored. however, for proper
ssh operation. This resistor must be shorted by a
transistor which is controlled atong with the other
electronic switches. Q8 is connected between the
FET and the power transistor for reversal; the FET
is cut off by the muiing voltage, while QR becomues
nonconductive and QF conducts.

Antenna Switching

The diode method of antenna switching shown
in Hig. 2 is not original with the author, A T
connector is used at the antenna jack to pick up of
for receiving. Two capacitors pass the incoming
signal to the receiver. The line between the
capacitors connects o ground through an rf choke
which completes 4 de forward-biasing pathway for
the diode cutrent. When the FET is not conduct-
tng, a dc of about 7 mA flows through the diode to
ground. In this state the diode passes transmitter of
appearing at the connector to the ground capacitor
and thereby protects the receiver.

The device was tfested by substituting a 0.5-
watt, 50-ohm resistor in place of the recefver.
When the diode was forward biased, the loading
resistor remained cold even with a transmitter
power of 260 watts. The f voltage across the
resistor reached 5. With no forward-biasing current
the loading resistor cracked open from heat in-
stanily with only 100 watts of transmitter input

June 1972

power, The diode is rzted for 200 PRV at 1
ampere.

The leads beiween the coaxial T connector and
the diode circuit should be kept short. Loading the
exciter without the T circuit produces slightly
different loading values than when the T cireuit is
connected. Receiving tests were made by guickly
shitting the receiver lead from the diede switch to
u direct antenng connection, No difference in
signal strength could be observed. Caution: The
battery voltage supplying the diode must be
reasonably normal. The 7-mA drain is low and not
critical but if the battery fails, harm could comie to
the receiver. All other batteries in the device may
fail without harmful results.

Cw Switching

For fast cw hreak-in, a slightly different muting
system is used. This operation was presented in an
earlier article.? Instead of switching with the VOX
cirvait (which handles slow ow fairly well), a
separate transistor is switched into the (M position
and the battery voltage to (1 is turned off. A pap
transistor is forward hiased with the negative
voltage supplied by the 325-3 key jack terminals, A
dpst switch connects the collector of this addition-
al transistor 1o the coltector of Q1. The emitter is
connected to the QI emitter. The cw transistor is
connected permanently to the key jack and keyer.
With the key open, the transistor is conducting,
with the key closed the key voltage is shorted out,
and the receiver is muted instantly. The receiver
muling voltage controls the electronic switches for
the transmitter as already described.

Age

The Colling 755-3 age has a slow-release time of
about two seconds durstion. Even when switched
ta the fust position. the recovery time is too slow
for break-in service. Disabling the age by the off
switch is satisfactory for ¢w work because usually
the aperator {5 in communication ouly with one

(Continued on page 37)

2 Hildreth, “Transistor Kever-Muier for the
Colling §-Line,” @ST, Dec., 1964,
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Antenna Impedance by Direct
SWR Measurement

BY MICHAEL I. TOIA* W3TQM/4

'DURING YEARS of experimenting with amateur
P antennas, it has often been my dream to have a
black box that would indicate directly the tesis-
tance and reactance of the antenna feed point. Of
voltse, such boxes have existed for a long time,
Rut their price puts them out of the reach of many
Amatenss.

After many un- or semi-suceessful atfempts fo
build such a device were made, an ides presented
itsetf. its development into a useful tool is given
befow,

The Device Postulated

Conswder a transmission line ferminated in some
mismatched load, as shown in Fig. [A. Since the
line is mismatched, there will be u pattern of
voltage maxima and minima along the line, repeat-
ing each electrical half wavelength, as shown at B.
1f we could measure the voltages along the line and
plot them as in Fig. 1B, we could divide the
maximum voltage by the minimum to obtain the
voltage standing wave ratio, or VSWR, or merely
SWR, This ratio will ulways be greater than {oz
equal to) one.

The wuestion is. bow may the voltage hbe
measured at points along a coaxial transmission
line? We may try cutting a small hole in the line
amul inserting a voltmeter probe, as in Fig. 1C. With
enough holes, spaced every inch or so, we can
make the measurement. This technique s actually
used at microwave frequencies, but the row of
holes is eniarged fo form a slot running the length
of the Jine, as in Fig. 1D, Rigid coaxial line aboat
une wavelength long is used to make the measure-
ment. However, working with rigid coaxial lines 8(
or 160 meters in length is a it awkward, Cutting a
slot in the same length of flexible line, such as

* G737 Greenleaf St., Springfield, VA 22150.

RG-8/U, is somewhat impractical, as the line
refuses to stay together. Another method of
inserting a voltmeter into the line must be used.

Construction

As an approach to the slotted-line technique,
several coaxial lines with lengths in ratio of 2:1
were prepared. By rearranging these lines in various
sequences, a voltmeter may he inserted into the
total line at any multiple uf the shortest length, as
will be shown shortly. Initial measurements indi-
gated that readings every 015 wavelength are
tecessary., The shortest wavelength of interest to
the writer was ten meters (28 MHz). Thus the
shortest line section prepared had a length of 7.03
inches, including connectoss. This length is obtain-
ed from the following formuia:

Lengih feet) Frequency (MHz)

x Velocity Factor

For the shortest section,
FLength (inches) = {%%4 X 025 % .06) % [2

The cables were prepared with RG-38C/U, which
has a velocity tactor of 0.66. Each section was
prepared with two male BNC cable connectors and
one UG-914/U adapter included in the section
length. The adapters are necessary to link the
sections in series for use.

Table { lists all sections required, assigns each a
number, gives the physical lengths, and lists the
¢lectrical lengths of each section at the various
frequencies that are likely to be encountered in
amateur measirements. Nine sections permit mea-
srement at all frequencies from 1.8 to 29.7 MHz.

Operation

Using the line sections to obtazin antenna-
impedance measurements is not difficutt. Draw up

TABLE 1
igwtz‘on Length filectrical length, wavelengths
0.
J8MHz 2IMHz I4MHz “MH: 33MH: 1L8MHz
1 7" 025 019 012 006
2 ir21/16" 050 138 025 012 (a6
3 27 4-1/8" 0.100 075 050 025 12 006
4 4'g-1/4" 0,200 0.150 0.100 050 025 012
5 9 4.1/27 0.400 0.300 0.200 0.100 050 025
[5] 89" 0.800 0.600 0.400 0.200 0,100 050
7 376" £.800 0400 0.200 G.100
8 7!_5" 0.800 0.400 0.200
9 1807 0.800 0400
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Fig. 1 —~ The principte of measuring SWR in a
coaxial transmission line.

a sheet of paper in the format of Table If. Connect
the lines as shown in Fig. 2A nsing section lengths
of 0257, 0504, 100}, .2007, and 400X Connect
alt sections sharter than 25X between the source
(transmitter) and the line. Apply a signal fram a
low-power (five- to fifty-watt) transmitter to the
source end of the line. Remove the UG-914/U
adapter at the load (antenna) end of the line and
insert an 1f voltmeter by using a UG-274/U T
adapter. (Details of a suitable voltmeter circuit are
given later.} Read the relative rf voltage and enter
this reading into Tuble 1I at .000A. An absolute
voltage measurement iS unnecessary, as we are
interested only in voltage ratios. The voltmeter
sensitivity may be adjusted for about half-scale
deflection at this reading.

Move the voltmeter and T to each point marked
with an X on Fig. 2A, read the relative voltages,
and enter these rcadings into Table II. This will
complete the entries at 000X, 400X, 425\, and
.4755‘. (These figures refer to the line length from
the load end of the line o the voltmeter.)

Rearrange the line as in Fiz. 2B and take
voltage measuremants at 025N, 075, L1752, and
375N Enter these readings into Table II. Continue
through the configurations of Fig. 2 until the
column of Table IT is filled to the 475N entry. it is
not necessary to extend Table 1 beyond this point,
as the voliage standing-wave pattern repeats itself
each half wavelength along the line.

if all voltage readings are identical, stop here —
and congratulations! Your antenna will give an
SWR of 1.00 at fifty ohms! If you are not so
fortunate, set up the line and voltmeter in the
configuration that gave the lowest voltage reading.
Find the minimum voltage und position by moving
the line sections shorter than 025\ from the
source end of the line to the vicinity of the
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voltmeter. Use these sections as “trimmers’ of the
load-to-voltmeter length, and record as acturately
as possible the minimum voltmeter reading obtain-
able, as well as the position at which it occurs.
Enter these figures into Table I as MIN and
POSITION entries, respectively, At the higher
frequencies, one UG-914/U and one UG-$91A/U
may e used as a short line section for the
trimming operation,

Note that the total lengih of line between the
source and the antenna is the same for every
measurement. The various sections are simply
interchanged; no sections are added to or removed
from the total line length once measurement has
begun. This is necessary to keep the transmitter
load constant.

The electrical length of feed line between the
antenna and the load end of the measuring line
must be entered into Table II as the FEEDER
entry. If the impedances of the antenna feed line
and the measuring line sections are different,
disregard this instruction and enter “.000” as the
FEEDER entry.

Calculations Simplified

From Tuble II, the SWR is calculated by
dividing the MAX entry by the MIN entry. All
remaining caleulations are done graphically on a
sheet of paper designed specifically for this pur-
pose. It is called a Smith chart and is shown in Fig,
3. A description of the Smith chart and its

TABLE il -~ Data Sheet Format

Antenna-to- Voltage
Voltmeter Length
{ Wavelengths} LoadA foedBR Load(C
000 53 50 40
025 B3 48 41
050 53 850 43
078 53 54 41
Q.160 54 50 45
0.1256 5153 52 43
0.150 654 51 45
0.175 52 50 39
0.200 54 48 39
0.225 54 43 37
0.250 b4 38 41
0275 54 33 38
0.300 54 32 36
0.325 54 28 i
0.350 53 32 38
0.375 53 32 36
0.400 53 37 38
0.425 54 41 40
0.450 b3 47 41
0475 53 50 a1
MAX 55 B4 45
MIN 52 29 n
SWR 1.06 1.86 145
POSITION 0,175 0.325 0.325
FEEDER 000 000 Ko
TOTAL 0175 0.325 0.325
RiZs 1.03 1.23 1.18
XIZ 0.05 0.65 0.38
CAP/IND CAP IND IND
R 515 61.5 59
X 25 32,5 19
23
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Fig. 3 — Smith chart. See text.
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Test cable lengths and arrangements for

I
LOAD

applications fo amateur anienna measurements
have been given by Hall.l Further descriptions of
Smith chart theory and applications are found in
other fiterature.+3-4 A bricf description of the
chart given here will allow the reader to follow the
instructions of this writing like a cuokbook to
obtain results with no further knowledge of Smith
chart theory or transmission line formulas.

Examine Fig. 3. The outer circle of the chart,
the wavelength circle, is divided info evenly spaced
wavelength increments. Above the top of the
vertical axis is a zero and an arrow pointing in the
counter-clockwise direction, marked “wavelengths
toward load.” Moving along this circle is equivalent
to walking along the transmission line being repre-
sented by the chart. The antenna is the load, and
the transmitter is the source.

The circles which cut across the vertical axis of
the chart represent “normalized™ resistance values,
which simply means resistance divided by the
characteristic impedance of the transmission line.
The normalized resistance circles are labeled along
the central vertical axis, beginning with 2ero at the
tap, through 1.0 at ¢he chart’s center, to very large
values (infinity) at the bottom. The numbers from
the center of the chart to the bottom of the
vertical axis also represent SWR, us we shall shortly
FEE. :
The lines which rise from the hottom of the
chart and «uve away from the vertical axis
represent normalized reactance values. Again, the
true reactance it the normalized value multiplied
by the characteristic impedance, Reactances to the
left of the vertical axis are capacitive: those to the
right are inductive.

Circles drawn on the chact, centered at the
chart’s center, represent transmission lines opet-
ating at SWR values above [.00. The smaller the
circle, the smaller the SWR. An SWR of one results
in the circle’s collapse to the center of the chart.
The SWR for a given circle may be read from the
normalized resistance value at the crossing of the
vertical axis and the SWR circie betow the chart’s
center.

In Fig. 3, point X represents an impedance of
2.0 1.0 in normalized resistance and reactance
values. If the line impedance of Fig. 3 is 50 ohms,
then point X represents a resistance of 2.0 % 50=
100 ohms; the reactance is 1.0 » 50 = 50 ohms.
The notation 4 simply indicates that the reactance
# capacitive. A notation +/ means inductive reac-
tance. Thus, point Y represents a normalized
impedance of 0.5 #/1.2, or 25 460 ohms, which
means 23 ohms resistance and 6U oluns inductive
reactance, Circle A represents a line operating with

1 Hall, “Smith-Chart Calculations for the Radio
Amateur,” Q8T, January, 1966, p. 22 and Febru-
arv, 1966, p. 30.

2 Snuth “An Improved Transmission Line Cal-
culator,” E:eorrom‘cs. Vol. 17, January, 1944, pp.
130-133

owman, “Impedance Matching and Broad-
bandmg.” Ch. 31, Antenna Engineering Handbook,
MeGraw-Hill, New York, 1971, pp. 31-34.

4 Silver, “Cireuit Relations, Reciprocity Theo-
rems,” Ch. 2, Microwave Antennga Theory and
Design, Vol. 12, M.LT. Radiation Laboratory
Sertes, New York, 1949, pp, 23-36.
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Fig. 4 — The five steps which are used to determine
a load impedance by direct voltage measurements
along the line,

an SWR of 2.00; ciicle B represents another line
operating with an SWR of 3.5.

An Example

To develop the procedure in its final form, and
in as clear a manner as possible, let us calculate the
impedance of a 16-foot 6-inch ground-plane an-
tenna for iwenty meters, as shown in Fig. 5B.
Following the instructions given in the “Opera-
tion’ section resulted in coiumn B of Table 11. The
maximum voltage, at 075\ was 54, and this is
entered in the MAX position of Table IL.

By using trimmers of fess than (025X, a min-
imum voltage of 29 was obtained, with a line
length of .325A between antenna and voltmeter.
These are entered into Table IE under the headings
MIN and POSITION. In this example, there was no
feed line between the antenna and the measuring
sections, so 000 was entered into the FEEDER
entry of Table [f. The TOTAL entry, which is the
sum of the entries POSITION and FEEDER, is
thus .3235.

The SWR entry is obtained by dividing the
entry MAX by the entry MIN. The value obtained
was

SWR = i% = 1.86

Further discussion is based on Fig. 4. Here a
five-step procedure to convert Table [l to antenna
impedance is ontlined:

1) Mark the vertical axis at the SWR value of
Table 11. The mark in this example is placed at
1.86.

2} Draw a circle, centered at the chart’s center,
which passes through the SWR mark.
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3) Beginning at the zero of the wavelength
circle, proceed toward the load (counter-ciockwise)
until the TOTAL entry of Table [1is found. If the
point to be plotied exceeds .500A, subtract incre-
ments of 500X from the entry of Table 11 so that
the remainder is between 00X and 500X Mark
the wavelength circle at this point. The mark is
placed at .325\ in this example.

4} Draw a straight line from this mark to the
center of the chat.

5} From the intersection of the straight line
and the SWR circle, read the normmalized imped-
ance. In this example, the normalized impedance is
£.23 +/0.65. Record these normalized values in
Table 11 as R/Z,, and X/Z, entries. Also record the
type of reactance.

We are now finished with the Smith chart.
Enter the resistance and reactance of the antenna
into Table It by multiptving the normalized values
by the measuring-line impedance. In this example,

R=123x50=671.5 ohms
K=065x50=325ochms

The Procedure Extended

With this information in hand, the antenna may
be pruned a bit more intelligently. After each
change in the antenna system, record a new
column of Table 1T and obtain new SWR and
impedance values. Note that it is not necessary to
make measurements at the antenna terminals. Any
length of line that has impedance equal to the
measuring-line sections may be used between the
antenna and the measuring sections. It is only
necessary to enter the electrical length of the feed
line so used into the FEEDER position of Tabie 1.

Suppose a measurement of the impedance of a
beam located atop a seventy-foot tower is desired.
Suppose further that the antenna feeder is 73-ohm
coax, and that the measurement lines have been
constructed of 50-ohm line. The antenna imped-
ance measurement may still be made, as follows:
treat the antenna plus feeder as one load. Deter-
mine the impedance as before, but enter “.000™
intoc the FEEDER entry of Table 1. Then renor-

S
52 OHM
- 5 WATT
> CARBON
(A)
161 Gh 15(
VERTIGAL VERTICAL
e
16" 6%
HORIZGNTAL RADIALS (3} | HORIZONTAL
(<)

Fig. B — Various loads for which the impedance
was measured by the author. The results ot the
rneasurements are tabulated in Table I,
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Fig. 6 — A suitable rf voltmeter for measuring line
voltages. Resistances are in ohms, capacitances are
in microfarads. Once set for a series of measures-
ments, R1 should not be disturbed until measure-
ments are completed for a particular load,

malize the impedance values entered into the R
and X positions of Table I by dividing these values
by 73 ohms, the impedance of the antenna feeder.
Plot this notmalized impedance point on z new
Smith chart. Draw an SWR circle and a radius to
the wavelength circle through the impedance point
plotted. Proceed vounter-clockwise along the wave-
{ength circle, from the intersection of the radius
drawn, an amount equal to the electrical length of
the antenna feed line. Draw another radius from
the final point established on the wavelength circle.
From the intersection of the final radius and the
SWR circle, read the nommalized impedance of the
antenna, and multiply by 73 chms to obtain the
actual impedance, Read the antenna’s SWR from
the SWR circle as before.

Although the line sections described here have
been designed for one frequency (or rather, a set of
harmonically related frequencies) they may be
used at any frequency. As an example, when using
the lines at 3.5 MHz, the sections numbered 4, &,
6, 7, and 8 should be used, to have lengths of
H25A, 050, 0.100A, 0200, and 04007 When
using these sections at 3.9 MHz, the electrical
lengths are given by

Length (3.9 MHz) = Length (3.5 MHz) X g‘;‘

‘Thus, the lengths become 02867, OSTA, 0.1 147,
and so on, In general, the new length is given by

New Length = Design Length X new frequency
When setting up Table 11, use these new tengths,
and proceed as before.

The Voltmeter

The voltmeter circuit used by the suthor is
shown in Fig. 6, It was built in a4 small Minibox
with 4 BNC chassis connector and a BNC T
vonnector mounted to the side of the box. Other of
voltmeter designs may be used,
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Concluding Remarks

Fig. 5 shows an assortment of loads checked by
this procedure, and Table LI tabuiates the resuits. [t
can be seen that the 52-ohm resistor gave 2 nearly
vnity (1.04) SWR, The twenty-meier ground plane
was found to offer a hetter match to a fitty-ohm
line when the vertical element was trimmed to 15
feet. The initial length of 16 feet & inches offered
some Inductive teactance, which prompted the
pruning.

Srmuth chart paper may be difficuit to obiain.
Some university bookstores carry a supply. The
charts used by the author carry General Radio
Company's identification “Smith Chart Form
5301-7560-N." The suthor has sometimes used a
piece of {racing paper or waxed paper placed overa
chart in an article or book.

The set of lines described herein constitute a
piece of fest gear, and should be treated according-
ly. Tao often, the temptation to use one or more
carefully prepared sections for some other mun-
dane use will arise. Consequently, a container with
hinged lid has been obtained to house the nine
sections, the BNC fittings, the voltmeter, copies of
‘Fable 1, Table 1I and Fig. 3, and some note paper.
‘The lines have been tagged with the section
numbers of Table I for easy identification.

Care in the use of the lines is also in order. BNC
fittings fif up with dirt easily - they should be
kept clean. A small brush for this purpose is a
handy addition to the carrying case. BNC connec-
tors may be bent or crushed by stepping on them!
In addition, RG-S8RCfU is easily removed ifrom
connectors when the user trips on a taut line.
Pon’t be in a hurry,

These measurement-line sections and the mea-
surement technique described have proven to be a
valuable addition to my shack. The way is now
upen for at least one “prune-to-tune™ enthusiast to
have a more fertile untenna farm. I hope the
procedure described herein will help the reader as
well. May vour antenna farm likewise bear fruit. §
wish to express my appreciation to R. Nether,
W3KFB, whose constant encourzgement and many
helpful comments have strongly influenced the
completion of this paper. [EEF=]

“It Seems to Us...”
{Continued from page ¢!

undoubtedly he some conflict between what
is happening and what is recommended.
Which brings us to the second big job —
that of moving individual repeater channels
a5 necessary in order to conform to the
over-all plan. It will mean expense for new
vrystals in many cases, and it will mean
inconvenience in many cases. And, surely,
there will be those amongst us who resist
any “direction” from the “‘establishment,”
But if we are fo realize the maximum
communications for the greatest number,
this approach ~— <coordination through
cooperation — is the way we are going to
have to go. msE]
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o Boginner and Novice

A Simple
Ham-Shack

Wavemeter

BY LEW McCOY,* WIICP
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This is the completed wavemeter, with sume of the coils.

ANY NOVICES when their tickets arrive,

happily get on the air and start calling “*CQ.,”
or other stations. To their dismay, they get no
answers. Everything appears to be warking, but the
resuits frequently leave much to be degired. When-
ever we are asked to check such a case, we often
find that the newcomer iz transmifting on one
band but listening on another. (And vou’ll never
work anybody that way!)

Whether the rig is homebuilt or commeruial it is
possible to tune up on the wrong band, even
though the band switch is set correctly. What is
needed by the amateur is a device that will show
him visuatly that his rig is on the correct band.
Such an instrument is un sbsorption-type wave-
meter,

What It Is

Probably the handiest device an amateur can
have in his station is an absorption wavemeter.
Simply, a wavemeter is an instrument that permits
you to ‘‘see” the presence of radio-frequency
engrgy and tells you where it is in the rf spectrum.
When you couple a wavemeter to an #f field, such
as near the final tank circuit of a transmitter, some
of the energy is detected by the wavemeter,
changed to direct current, and the level of de is

* Novice Editor, OST.
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displayed on a milliameter. One imporiant point
that should be mentioned: An absorption wave-
meter i mof an accurate frequency meter. It
doesn’t tell you the precise frequency vour signal is
on, bhot it will tell you what band the signal s in.
This is accomplished by using a tunable circuit in
the wavemeter.

What Vou Can Do with a Wavemetey

As we have slready poinied outf, the most
important use of 4 wavemeter fo a Novice (or any
amateur) is that of making sure his signal is tn the
correct band, The wavemeter van b coupled to the
final amplitier stage or to the feed line to check the
appraximate operating frequency.

Another serious problem for Novices is the
second harmonic when transmitting an 80 meters.
This second harmonic falls oufside the tugh end of
the 40-meter band, in an area occupied by com-
mercial services. [t the harmaonic 3 strong enough,
the Noavice may ¢nd up with & citation from the
FCC, A wavemeter can be coupled to the feed line
and the Frequency region above 40 meters cun be
checked. If there s any indication of z sweond
harmonic the Novice should take immediate steps
ta solve the problem.i

1 Details for handling the harmome radiation
problem are given in Understonding A mateuy
Radio.
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Another hazard the newcomer faces is never
being sure that the output from his transmitter is
actually leaving the rig und reazching the arltenna.
The wavemeter can be placed near the aatenna io
show that f is being radiated by the antenna
system. Also, the device cun be loosely coupled to
the feed line und used as an putput indicator when
tuning up the rig. In fact, this is really one of the
best methods for tuning up a transmitter. Always
tune for maximum output, keeping the transmitter
within its rated limits, and of course not exceeding
T5-watts input if you are a Novice.

The wavemeter can be used to make sure each
transmifter stage is operating on the correet hand,
or tor that matter, operating ut atll. Receiver
vscillation can be checked m a like manger.
Another use of the device is ax a field-strength
indicator to check the adjustment of beam and
mobile antennas to make suge that the antennas are
funed up for hest performance. One other point:
the sensitivity of the unit described here is ade-
quate for checking low-power solid-state gear.

Circuit Details

The wavemeter described here is quite haste in
its concept, is small in size, and requires no power
saurce. The plug-in cous are made from the bodies
of sumpius FTF-243 crystal holders. Conseyuently,
the coils are small enough fo fit into crowded arcas
of a cironit under test. The sensitivity is very good
hecanse a 100-UA meter is used for visnal indica-
tion of the rectified rf sampled by the instrument.
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It should be apparent from this inside view of the
wavemeter that construction is simple and any
beginner should be able to make the instrument
without difficulty,

Tbe Circuit

The cireujt diagram of the miniature wavemeter
is given in Fig, 1. A parallel-resonant tuned circuit
is used with a diode detector. Whenever the
combination of C1 and LI is tuned to the same
frequency as the f field being checked, the
coupled emergy Is rectified by CR1 and the
resulting de is indicated on the meter, M1, A 5-pF
eoupling capacitor, C2, is connected to the high-
impedance end of the tuned cireuif. The small-
value capacitor is needed to lessen the loading
effect of the diode detector. Heavy coupling (as
with a 100-pF or larger capacitor) would result in
decreased sensitivity and broad tuning character-
istics.

A hot-carrier diode is used in the model shown
here ~ a tHlewlett-Packard tyvpe 5082-2811. How-
ever, any germanium ubf diode will do nicely in
the circuit. A IN34A was tried in the wavemeter,
and performance was nearly as good as with the
hot-carrier version.2

2 The hot-carrier diode has better vhf response
than many other types. This type of diode is

diseussed in detail in Chapter 4 of the 1972 edition
of The Radio Amareur's Handbook.

Fig. 1 -- Circuit diagram of the wavemeter,

C1 — 100-pF variable (Hammarlund HF-100, Mil-
len 201001,

22 - H-pF mica.

C3 — .001-(F disk ceramic.

L1 -~ See Table |.

M1 — 3-100 UA meter.

BFC1 — 1-mH rf choke {Millen J300-1000],

RFC2 - Ferrite bead {Amidon Assoc.}.
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Fig. 2 ~ Details for making the vhf corl.



Construction

A Minibox measuring 2-1/4 % 2-1/4 X 4 inches
houses the wavemeter. A James Millen 33102
crystal socket is located on one end of the box and
is positioned near the lower edge of that box wall.
Having the coil socket mounted fow on the end of
the case permits the coil in use to be more easily
inserted into a chassis than if it were located at the
center of the box wall.

The plug-in coils are wound on surplus crystal
holders as shown in the photograph. it is not
nccessary to employ FT-243 style holders. There
are pumerous kinds of holders available, and one
should use whatever types are readily available at
low cost (check those flea markets and swap-and-
shop sessions for bargains). The calibration plate
given here3 is set up for the FT-243 holders, but if
forms of different size are used one can still use the
dial plate if the coils are wound for the inductance
values given in Table I,

It will be necessary to remove the innards from
whatever kind of holder vou use. The crystal, its
metal plates and compression spring are not used.
If the holder has a metal face plate, throw it away
too. In place of the metal plate use a piece of
phenolic sheeting, Formica, or plastic material. The
new cover can be glued in place with model or
epoxy cement,

An alternative method for making the wave-
meter is to adapt a surplus radiation counter. The
unit shown in the photographs is made from such a

3 Some amateurs may not wish to cut up osT
to obtain the dial plate, ARRL Hq. will provide 2
dial plate, with pressure sensitive adhesive backing,
for 25 cents and a self-addressed, stamped enve-
lope. Please address vour request io: Technical

Department, ARRL Headquarters, 225 Main St.,
Newington, CT 08111,

TABLE 1

Here is the modified radiation counter,

\ange MHz Inductance No. Tums  Spacing Wire Size

Coil Information

5-3.0 100 uH Millen type J330-100 rf choke

A4-74 42 U4 70 Close-spaced No. 30

.2-20, 4.8 19-1/2 ’” " No.22

-02_0.5090 0_55% 6-1/2 .- " Na., 22 Thisis the fullsize calibration plate for
0.0-175.0 See Fig. 2, the waverneter, Also, see footnote 3.

Bottom view of the radiation counter case with the wavemeter components installed.
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counter which is available quite reasonably on the
surplus mnarket.* The works for the wavemeter are
mounted on the top section of the radiation
counter case.

Modification of the counter consists of first
removing the switch and resistor knobs from the
top of the case and then the top is lifted clear of
the rest of the components. This leaves just the
meter mounted in the top. CI, ¥Fig. 1, is instailed
where the switch was located. A crystal socket for
the wavemeter coils is installed on the end of the
top and the remaining components for the wave-
meter are mounted on a standard-terminal tie strip
that is secured by one of the bolts holding the
crystal socket. The completed unit is larger than

4 Radiation survey meters are available from

John Meshna, Jr.,, P. ). Box 62, E, Lynn, MA
01904,

the ane using the Minibox for a chassis, but the
size should be no problem in the use of the
wavemeter.

Other Comments

Someone is sure to guestion the use of rectan-
gular coil forms tn this circuit. Don't let this he a
psychological handicap! The @ is as good as that
obtained with cylindrical forms. The unloaded (s
of these inductors check out at 100 or more,
Comparisons were made with conventional in-
ductors (cylindrical) while using the same wire
sizes. The  readings were nearly identical. Further
checks were made by comparing the {s of the
inductors described here against those of commer-
cially mamufactured grid-dip meter coils. Almost
identical readings were noted on 2 Boonton ¢
meter.

NEW
BOOKS

RCA Solid State, RF Power Devices, Databook
Series SSD-205, by RCA, Somerville, NJ 08876.
Paperback, 6-1/2 % 83/4 inches. Price $2, 448
pages, including index.

The First six pages of this mapual list a
“solidstate selection guide” by category, function,
material and performance level in numerical se-
quence, Jt is handy for the amateur designer or
builder in helping him to decide what power level,
frequency, and type of material is available for his
project without having to search through volumin-
vus data sheets eisewhere, RCA specification sheets
are still available, however, if more information is
required than that given.

The next 359 pages are filled with complete
electrical specifications, charts, and physical di-
mensions of each of the devices. Pictures of sach
show what might be required in the manufacture
of the pe board before actually viewing the unit.
Induded are suggested gircuits and component
values for numerous practical uses. In addition to
all the graphs and charts showing all parameters
that a designer might need, there 13 included the
terminal diagram for each unit, similar to that
found in the older tube manual series. Power levels
to 150 watts and frequencies to 2.3 GHz are
treated in the manual,

A great time- and money-saver for anvone
interested in the building of solid-state circuits is
included in the next three pages, which fist types
not recommended for new equipment design be-
cause of discontinued production.

The operating considerations for the RCA
solidstate devices (im the application notes) pro-
vide a warehouse of information. They include:
MOS field-effect transistors, integrated circuits,
and just about every semiconductor device manu-
factured by RUA. As in the tube manual series, this
book covers some suggested methods for the
building of complete f units. Most values are
chosen with 50-ohm input and output impédances
in mind, which aliow a builder 1o construct a series
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of circuits and cascade them to whatever frequency
and power level desired, and for most any mode of
operation.

The rest is devoted to an index of all RCA
solid-state devices by number, giving the data-book
number for reference, so that if desired, the more
comptete information can be tound quickly in
other RCA publications.

In this reviewer's opinion, a library of severzl
books would be required to equal the information
that is contained in these 443 pages. The educa-
tional value of the material would be difficult to
parallel in any other manner, which makes this
book well worth the price asked. - WINTH

Thyristors, Rectifiers, and Other Diodes, by RCA,
size 6-1/2 % 6-1/4 inches, 512 pages. Price: §2.

The semiconductor industry, over the past
several years, has been developing devices at an
almost alarming rate. Keeping abreast of state-of-
the-art components can he a chore, to say the
least! 'The Solid-State Division of RCA has com-
piled a very extensive and comprehensive set of
data sheets into one bound volume, This publica-
tion, when used in conjunction with a monthly
newsletter entitled, What's New in Solid State
(available directly from RCA), provides the hobby-
ist or engineer with the latest specifications and
product types. Four chapters, encompassing 362
pages, ygive complete details on RCA’s product line
of Triacs, SCRs, rectifiers and other diodes. The
remaining pages feature useful reference material,
and indeed one chapter title, *“Types Not Recom-
mended for New Fguipment iDdesign,”” is a bit
thought provoking!

Each solidstate device which fits one of the
above-mentioned categories is treated in minute
detail. Characteristic curves for temperature
ratings, surge vurrents, turn-on times, triggering,
and all other parameters are shown. 1n many cases,
operational xud mounting considerations are dis-
vussed in textbook fashion.

Although this dJata book is published a5 a
refecence guide, over 100 pages are devoted to
application techniques und custom circuit design,
Typical circuits are given as examples. Whether this
book is purchased as a reference guide wr a
textbook, the two-dollar price represents yuite a
bargain on today s book stand, -~ WIFBY
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Notes on the

Amateur

Station Counter

BY DOUGLAS A. BLAKESLEE* WIKLK

I EN MACLEISH'S COUNTER article in OST

triggered -« wave of construction using digital
devices.l His article described a digital frequency
counter which displayed the operating frequencies
of & Collins S/Line transmitter and receiver. Later,
Macleish, Pattison and Hejhall described a balanced
mixer system that was used to interconnect
amateur gear and commercially made digital
counters,2 While the basic Macleish design was
most useful as a station accessory, this writer
wanted also to use the instrument as & test-bench
unit to check the frequency of audio and of energy
and to set vhi fm rigs on frequency.

An feput Circuit

For general bench use, an input section with
high impedance and high sensitivity was needed.
Many of the popular counter input circuits were

* Assistant Technical Editox, OST.

1 Macleish, “A Frequency Counter for the
Amateur Station,” QST, October, 1870,

2 Macleish, Pattison and Hejhall, ‘““Fhe Rec/
Counter,” ST, May, 1971,

The vhi prescaler is mounted on the front panel,
the upper left corner of the unit in this view, just
ghove the two Rec/Counter circuit boards. The
freguency standard is positioned vertically at the
center of the unit. Portions of the input-circuit and
power-supply pc boards are visible below the 1DI
display module.
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A homemade cablnet is used to house the frequen-
ty caunter. Separate BNC jacks are employed for
input connection to the hi counter and the vhf
prescaler,

tried. For simplicity and low cost the HUA eircuit
(OST for April 1972) proved to be the best choice.
The circuit used and a pe-board layout for it are
shown at Figs, 1A and LB, respectively. T'o assure
good performance above 30 MHz, a vhf FET, O,
and a high-speed inverter package, Ul, were
employed. A switch was included to allow
selection of inputs from the RecfCounter, a vhf
prescaler, or a direct input via a panel-mounted
BNC connector.

A Vbf Prescaler

A frequency counter provides an excellent
means for fm-ers to set their crystal-controlied
transmitters “on channel.” To provide vhf
coverage, the counter inust have an upper
frequency response of at least 250 MHz - su that
it covers the 50-, 144- and 220-MHz bands. Rather
than trying to operate a counter directly at vhf, a
device called a prescaler is employed to divide the
incoming signal by a preset amount, usually 10 or
100. Thus, with a divide-by-10 prescaler, 4 30-MHz
counter can be used to 300 MHz (provided, of
course, that the prescaler has a response of at least
300 MHz).

Fairchild Semiconductor recently has intro-
duced an IC which includes an input circuit with
cxcellent sensitivity and emitter-coupled logic
circuits providing division by [0, This device,
which is Jesignated UGB9SHR059X, is rated for
operation to 300 MHz, and typical units can be
made to operate at 325 MHz. Although the
Fairchild unit is expensive ($16 in singie
quantity)3 and there have been some long waits for

3 Some difficulty has been noted in obiaining
the Fairchild prescaler IC. The units purchased by
the author were obtained from Hamilion/Avnet
Electronics, 10916 W. Washington Street, Culver
City, CA 90230. Aliied Electronies fists the IC in
their 1972 catalog, but at $20 rather than the
distributor price of $16. A complete list of
Fairchild sales offices and distributors can be

obizined from Fairchild Semiconductor, 464 Eillis
Street, Mountain View, CA 94040.
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delivery, it would be difficult to build a unit
costing less from either discrete components or IC
Mip-flops that would deliver the same fovel of
performance,

The 059X cirewit i shown in Fig. 2A. A bias
voltage is applicd to the input circuit, 'The bias is
set for maximum sensitivity using R1: typical
sensitivity at 146 MHz s 0.1 mV. Because the
prescaler must work over the 30- te 250-MHz
range, an elaborate broadband decoupling scheme
using two rf chokes and two forrite heads is needed
fo eliminate 1f from the hiay Hne. Two diodes,
connected back to back, are included at the input
ta prevent the [C from being damaged by high-level
if voltage. The output buffer uses an HEPT20
transistor ta drive 2 | 2-inch length of RG-174A/U
coaxial cable which vconnects the prescaler to the
counter input circwit.

The simpte layout shown in Fig. 2B will provide
operation up to approximately 250 MHz. A more
sophisticated pc board it needed if the full
frequency vapahilities of the *5059X are to be
utilized. However, as the prescaler covers the
220-MHz amateur band using the simple layout,
and it is not possible fo get it to aperate ubave 440
MHz - for coverage of the 420-MHz band — a
snphisticated layout wasn’t used,

A Ubf Scaler

Anyone who has tried fo keep a surplus
440-M1tz rig on frequency will appreciate the vatue
of u direct-reading uhf counter, Plesscy? and
Hewlcti-Packard® are now selling divide-by-10
prescaler 1C= with a frequency response of 600
MHz. At present the 600-MHz decade counters are
priced at $100 each, ln March, Plessey introduced
a new divide-by-10 1C rated to ahove | GHz.

To keep the cash outlay ta a minimum, a
divide-by-2 prese dler can he used to drive the vhf
prescaler of Fig. 2. This spprouch doesn’t altow
direct frequency ra*adout {you must muliiply the
reading by 2} but it i simple. An interesiing
approach to get ditect frequency readout would be
to lengthen the count period by a fuctor of 2 when
using the ahf scaler: this feature was not tvied in
the author’s unit. A suggested circuit for the uhf
scaler ig given in Fig. 3

Building the Counter

In his article, Macleish listed the cost per digit
of readont at $32.58, Today the same devices can
be purchased for $6.99. The drastic price
reductions of TTL 1Us and readout Jdevices are
certainly responsible, at least in part, for the
vurrent counter craze. The cvompetition between
surptus dealers is keen, so some shopping around
for {he boest prices is worthwhile. Most of the
devices sold at  cut-rate  prices  are  surphus;
veeasionally a defective one will be found. Most

4 Plessey Microelectronies, 170 Fian Court,
Farmingdale, NY 11735, (Plessey componenis are
available divectly from Bemard ¥. Erde, Compo-
nents Marketing Manager, for a .50 handling
charge,) ]

5 Hewlett-Packard Company, 1501 Pape Mil
Road, Palo Alto, CA 94304,
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Fig. 3 —~ Suggested 500-MHz, divide-hy-2 prescaler
design. Resistors are 7/d-watt composition and
capacitors are disk ceramice.

CR5, CR6 — High-speed silicon switching diodeas.
U3 — Plessey IC.

dealers will exchange & bad enit, if vou can get it
hack off the cizcuit board. 1f you are going to use
surplus 1Cs, use IC sockets. They are well worth
the slight additional expense.

The features included in a counter can be
chosen to suit individual needs, The author used a
commercially manufactured 8-digit readout see-
tion.® The power supply and the count/contral
sections followed Macleish’s design. The frequency
standard was modified to include two additional
SN7490s in the divider chain, Two additional
positions were used on the RESOLUTION switch
to allow selection of count periods of 10 or 10
seconds. The long vount periads are useful to
inurease the measurcment avcuracy when chee king
low audio frequencies such as the PL (private-line)
tones used with fm transmitters.

The importance of keeping the voltage feeders
“clean™ and controlling ground returns in digital-
(Continued on page 25)

8 New Apparatus, “/1) Counter Display Kits,"
QST July, $971.

PR
% 1 PRESCALER '
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L] counr
,_[) © | coNtROL
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POWER 1 e INPUY
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™ L e ¥
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Fig. 4 - Recommended wiring of the 5-V bus to
minimize difficulty with ground-return toops. The
capacitors are disk ceramic.
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Every bam likes to save « dallar. Here
is a modification of a CB whip to
provide a 5/8-wavelength vertical for
2-meter operation, Suvings over com-
mercial bam equivalent? About $20.

CB Whip + Mod.

The new coil is tapped two turng from the base
end, it may be necessary to file the coil ends so
that the assembly will fit in the phenolic covering.

= 2-Meter 5/8)\ Vertical

BY LEW McCOY.,* WIICP

P ROBABLY THE most popular mobile antenna
used by the 2-meter fm pang is a base-ipaded,
5/8-wavelength vertical. Commercial versions of
this tvpe anterina are inn the thirty- to forty-dollar
class. One way to save about half the cost is to
modify a UB mobile antenna. We won’t go into the
philosophy of why (B antennas are so much
cheaper than ham antennas, but there must” he
good reasons!

The whip that was chosen for this modification
is an Archer Model 21-908 (Radio Shack), but
there are simifar types available, The antenna
consists of a clamp-on trunk mount, a base loading
coil, and 4 3%9-inch spring-mounted, stuinlegs-steel
whip,

The moditication consists of removing the
loading-coil inductance, winding a new cedl, and
mounating a 3-30 pF trimmer in the bottom
housing. The capacitor i3 used for obtaining a
precise match in conjunction with the base coil
tap. -

+ Novice Editor, QST.
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Modification

The First step is to remove the weather-proof
phenolic covering from the coil. Remove the base
housing and clamp the whip side of antenna in a
vise. lnsert a knife blade between the edge of the
whip base and the phenolic covering. Gently tap
the knife edge with a2 hammer to force the housing
away from the whip section. Proceed carefully,
working around the edge of the phenolic covering
until it starts to loosen. Yow'll find that the
housing comes off quite casily,

Next, remove the coil turns and wind a new coil
using No. 12 wire. The new coil should have ning
turns, equally wide spaced. The tap point is two
tuins ap from the base {ground} end on the
antenna we modified. The tnmmer capacitor is
maunted vn 4 terminal strip which is installed in
the base housing. A hole must be drilled in the
housing to ajlow access to the capacitor adjustment
SuTew.

Adjustinents

[nitially, the tap on the c¢nil was tried three
furns from the hottom. The antenna was mounted
ve the car, an SWR bridge wus inserted in the feed
line, and C1 and the whip beight were adjusted for
a match, A match was obtained, but when the
phenolic sleave was placed over the coil, if was
impossible to obtain an adjustment that provided a
match with Cf and the whip height. Apparently

The trimmer capacitor is mounted on a tie point.
Note the hole {lower left} that provides access to
the capacitor, The hole should be plugged with a
piece of rubber 1o keep moisture out o the
assembly,

QST for



the diclectric material used in the coil cover has an
effect on the coil. After soine experimentiog it was
found that with the tap two turns up from the
hottom, and with the cover over the coil, it was
nossible to get a good match with 50-ohm line, It
was interesting to note that mounting the antenna
at different points on the car required a readjust-
ment of C1 in order to obtain 4 match.

Several tests were run comparing the 5/8-wave
antenna to 2 quarter-wave whip. Both antennas are
amnidirectional, but the 5/8-wave vertical is said to
have a 3-dB gain over u quarter-wave whip. The
pain results from the lower angle of radiation
common to 5/8wave configuration. We made no
actugl gain measurements, but it was very apparent
the 5/8-wavelength vertical was the better per-
former, In several instances, when operating near
the fringe area of a repeater, it was possihle to
work into the repeater with the $/8-wave vertical,
but impossible with the quarter-wave  whip.
Another advantage in using the 5/8-wave antenna is
the absence or marked reduction in mobile “flut-
ter,” so pronounced using a quarter-wave whip.

c1
30pF

S0~0HM
coax

TQ RIG

Fig. 1 — Circuit of the whip antenna, C1is a 3 to
30 pF trimmer.

Fm Front End
{Continued from page 13)

Some of the resistors are installed Hat and some arc
upright, depending on the space available. Power
consumption of cach stage is low enough that
I/4-watt resistors can be used, resulting in a more
neat-appearing board.

FTune-up and Performance

As with most construction projects of this type,
a grid-dip oscillator is un almost indispensable tool
to aid in petting the tuned circuits on the correct
frequency. A pood quality crvstal should be used
far Y1. There s no oven to kecp the crystal at a
vonstant temperature. so a good commercial-grade
crystal is worth the price. If the ascillator has o low
ouiput or shows a reluctance to start, it might newd
a feedback capacitor connected from emitter to
base. Something in the range from 10 to 30 pF
should du, but use the smallest value that will
assure oscillation. Most of the transistors tried in
this circuit did not require extra feedback. The
oscillator performance should be checked to be
sure that its output is on the 4th harmonic of the
erystal, and not the third or fifth.

After the frequency multipliers are tuned for
maximura injection to the mixer, the converter can
e connected to the input of a recejver. 1f 4
transceiver is to be used, the converter must be
ahead of the receiver portion only. Accidental
keying of u transmitter with the converter connect-
ed to it can ruin several hours work! The rf
amplitier and mixer stages can be peaked up on a
signal while monitoring the limiter current in the
receiver. The spacing between 1.2 and L3 should be
adjusted a small amount at a time, and each circuit
retuned for maximum limiter current. The ultimate
o adjustment requires a calibrated signal generator
and 4t gudio-output meter to measure the amount
of quicting that a given signal will provide. When
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this converter was used ahead of 4 Motorola strip
on 52 MHz, sensitivity was such that 0.28-
mictovolt into the converter produced the sought-
after 20 dB of quieting. Under these conditions (). §
microvolt would open the squekch of the receiver.
Performance like this makes the converter equal to
many of the two-meter receivers now in use, gnd
better than wome, Image rejection was more than
70 dB,

An i-f amplifier was not needed with the strip
used to test the converter. If the receiver needs El
bit of help in the sensitivity department, it is an
easy matter to add a small amplifier, Single-stage
preumplificrs for 6 or 2 meters should be adequate.
Examples of such amplificrs can be found in the
vht chapter of The Radio Amateur’s Handbook ur
w The Radio Amateur’s Vif Manual, G

Station Counter
{Continued from page 3.3)

lagic cireuits is often overlooked by nswcomers,
When the author tirst tried his counter, there was a
Tot of action on the display tubes. but none of it
seemed related to the input signal. A few tenets of
what  digital engineers call “good engineering
practice” had been neglected. To get the unit te
work properly, shielded cables were used for the
5-V lines to each pc card, a 0.1-UF hypass capacitor
was added to the voltage feeder at each circuit
card, and the only chassis ground point, other than
the input, was made at the power supply. The
amangement used is shown in Fig, 4.

H you count the number of devices needed to
make it work, the frequency counter is one of the
most complex electronic devices ever to be used in
the ham shavk. Yet, Heath Co. reports that 440
percent of the sales of their popular IB-101
veunter have been to hams. By building counters
from scrateh or a kit. again amateurs are proving
they are intetested in any device, no matter how
complex, which will improve stufion efficiency g8~

35



o Tecthuical [opics

Time — IC Controlled

FPYHE  FIRST integrated cireaits Jesigned tor

linear applications were general-purpose devices
such us op ataps. Today, specisl [Cs, intended to
o # specific job very well, are being introduced. A
roud example of the trand to spevialized 1Cs is the
Signetics NESSS timer, A block diagram of the
NESSS is shown 1o Fig, LA, The length of the time
viele iy oset by RECT, The voltage peross €1 s
applied to @ high-input-impedunce  vomparater
which uses a reference equal to two thirds of the
supply valtage. When the voltage across the capuci-
tor teimches the reference value, the flip-flop is
toggled, & transistor discharges the timing capaci-
tor, und the output level chanpes from high to low,

An input «n the trigger line will reset the
flip-flop and release the short across the timing
capacitor, making the output go high and restarting
the timing cycle. An unusiual feature of the "535 is
that the length of the time cycle can be varied by a
Jeoovoltage, ¢s shuwn using R3 in Big 1B, The

A
i g ) VOLTAGE
l SR MODULATION .,
., i
<, 2R
wr RA
S
L~ o o~
T \
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applied voitage changes the reference level at the
camparator. Becalse both the rate of charge on the
vapacitor and the reference voltage for the wun-
parutor are peluted to the supply voliage, the
effects of any change in supply potential will be
cunceled, making the timingcycle duration inde-
pendent of supply voltage.

An external reset connection is provided which,
can be hed to the trigger ferminal i the timing
ciele i to he restarted when the circuit s
triggered, i, the reset terminal van be used for
external control. If the reset function wall not be
employed, its termuna shoutd be tied to the supply
line in prevent false triggering, The three reset
conaections are shown seiected by 51 in Fig. 18,

The NESSS can ulso be used ax a pulse
generator, The pulse fength van be set separafely
from the frequency. Signetics olaims that the
stability f the *355 approaches that of crystal
vantrol at audio frequencies. Tests in the ARRL
lab indicate that the cluims are not exagperrted,
Temperature stability 3 mated ab .0US percent per
depree Celsius, The hasic connections For u pulse
generator are vhown in Fig. 1C, With the com-
ponent values given. a 1-kHz cutput with puaises ot
TU-pereent duty cvele will be developed.

Amateur Applications

Une us¢ for the NESS3 will he in repeater
vantrol circuits. A 3-minute “‘time-cut” timer 1s
shown in Fig, 24, The length of a single time cycle
ix controlled by the setting ot R1. The trigger, 52,
and reset, 31, tuactions would be part of the
eepeyter control cicmtry, The refay, KU1, can be
chosen to provide as many contacts as needed ina
particelar application, The refay connection at A iy
the “normally oft™ wiring. Te have the relay
“normaly win,” use the connections at B.

Fig. 1 — [A} Simplified chagram of the Signetics
MNESS5 timer. {1 and C1 are external components,
(B) Basic NESES circuit, 52 s used to start the
nming cycle, while §1 selects the type of reset
function. The values of B2 and C2 establish the
langth ot the time cycle: de voltage applied to pin
% alfows remote programming of the time duration,
{€) A 1-kHz puise genegratar using the NEBESS,

1,686
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i
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A slightly  different cireuit, providing 1TL-
compatible output, i shown al I 20, This
arrangement could be used to control a repeater
wentifier, for example, 1o the ham shack, the
vircwit of Fig, 2D will provide |(bminute warnings,
reminding an operitor wf the FCC identification
tequitement, When swifched on, the timer will
produce an audible tone every 10 minutes. Reset is
accomplished using S4. R3 could also be adjusted
for 2.8 minutes, to semind the fioer who tends fo
talk longer than the 3-minute time limit sei an
most repeaters,

cl

Fig. 2 — Timer circuits using the NEG55, Resistors
are 1/2-watt composition unless otherwise marked.
{A}l Repeater nmer with “normaily off” relay
wiring. (B} Alternative “normally on” refay con-
nection. (C] Timer with TTL-compatible output.
(D} Identitication reminder circuit.

BT1 — 9-V transistor-radio battery.

C1-C3, incl. ~ Low leakage type, tantalum pre-
ferred.

K1 — 12-V coil, contact arrangement to siit
application.

R1-R3, incl. ~ Linear-taper compaosition controt,

1/2 watt, pc mount,

81-83, incl. — Part of reprater control circuit.

54 — Spst momentary push-button type,

86 — Miniature taggle, spst.

U1-U3, incl. — Signetics 1C.

Ua — Mallory Sonalert SC628 {Altied Electronics
854-6502).

Perhaps the most unusual feature of the NE5SSS
in s price. Traditionally, new [C products have
been priced high when fisst introduced. The price
is then allowed to float down as volume produce
tion is achieved, Happily, Signetics has taken a
different approach, gambling that the NESSS is
going to be very popular, The price for the
NESSSV tan 8-pin plastic dual in-line package) is
$1 in single quantity, A 12-page introductory
application note describing the device is available
from Art Fury, WAGILI, Signetics Corporation,
811 EBust Arques Ave., Sunnyvale, CA 940%6.
Signetivs components may he purchased from
Corapag, 2531 Whitney Ave., Hamden, T 06518,

WIKLK

Instant Voice Interruption

{Curntinued from page 1)

ather station. However, when aperating ssh break-
in, especially when working in a geoup, the loud
signals will be uncomforéubly loud. Ut the ¢f gain is
reduced, 4 weak station sttempting to break may
be missed. This bas happened to the author with
embarassment! Fast release with adequate age will
result, however, if the switch is placed in the fast
position and the loading resistance reduced.

To obtain guick age action, a slight modifica-
tion 8 necessary. Merely solder w 100.000-0bwm
tesistor across R24. As long as the age switch is
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kept in the fast position, full rf gain may be used
without receiver nvetfoading and recovery time is
Fast enough for specdy cw.

Concluding Remarks

The wuthor has been on the air neatty every dav
for more than four years using this break-in device,
Almost without cxveption, the response has been
enthusastie, Schenatic diagrams are cnough to
scife Off most readers, especially it the subject is
new or not of their particular interest. 1t is hoped
that readers of this article may be led through the
diagram with understanding and meaning, Hopetul-
ly the farze number of enthusiastic listeners may
became a hit more interested in how the system
functions. [GE¥—]
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Correspondence

AFISL - AUTOMATIC
FUEL-INJECTION-SYSTEM INTERFERENCE

Yechnical Editor, QST

Last Christmas 1 discovered that 1 conld not
operate my mobile rig on twenty-meter phone
without killing the engine. it worked ovkay on
forty- and seventy-five-meter phone. The car is a
1971 squareback VW,

| was surprised to find that there wete other
hams in Colorado who had experienced the same
phenomenon, A ham in Colorado $prings had the
problem with & Mercedes Benz. He tried filtering
and shielding the lead to the uutomatic fuel-
injection system to no avail. He ewven had the
American factory hack Euast working on it. He
finully had to sell the car as he traveled a lot and
wanted to keep in toveh with home. K@ZCM in
Boulder said that they had a few cases of this
problem in the Boulder area. He said there was one
man in bt Collins who couldn’t start his VW when
it rained or snowed; the trouble turned out to be
related to the strong rf field of a broadcast siation
nearby und his automatic fuel-injection system.
KPQAR has told me that he kills the motor of his
*12 VW squareback when modulating with ssb on
twenty, fifteen and ten meters, He says everything
was okay when he ran a cafrier in the tune
position.

This fuel system is associated with a computer
and although the manufacturer {Bosch, [ believe)
will not issue a schematic diagram, tt is rumored
that there are some twenty-five fransistors in the
circuit, Both VW and Mercedes Benz use the same
automatic fuel system. lloes anyoue have a
sulution for this prohlem? Don Middleton.
WONTT, 020 W, Adams, Pueblo, ('O 81004,

FINDING THE INTERNAL RESISTANCE
OF A DC MILLIAMMETFER
Technical Editor, Q87T

‘Fhe wliassic method of finding the internal
resistance of a current meter is to use a voltage
source (generally u L1.3-volt dry cell), a series
variable resistance to set the meter to full scale,
and a parallel variable resistance to shunt the meter
tn half scale. The shunt resistance is then remaoved
and measured, its value being approximately the
same as the reter’s internal resistance,

Ta understand what really happens, let’s say we
have a 100-ohm meter with 2 one-mA movement,
and a onevolt source, To vause the meter to read
full scale, we will need 1000 ohms in the vircuit,
100 ohms in the meter plus 900 ohms in the series
resistor. We also find that we have 0.i-volt drop
across the meter and the rewmaining 0.9-volt drop
across the series resistor.

We shunt the meter to half scale and now find
we have a .05-volt drop across the meter-and-shunt
combination while the series-resistor voltage drop
has increased to 0.95 volt. The circuit current has
increased to 1.0%6 mA, If the meter draws 0.5 mA
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Fig. 1 ~ W8NN's test circuit for determining
unknown internal meter resistances, See text.
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Fig. 2 - WBNN’'s test circwit for single-switch
operation. in use, the selector switch is placed at

positions 1 through 4 consecutively, depressing 52

and adjusting the appropriate resisior far each

position, as explained in the text, The selector 1§

then returned to position 1 for measurement of the

resistance value at which R1 has been sat.

BT1 — 1.5 voits.

B1 - 500 ohms, wirewound.

B2, R3 — 2000 ohms, wirewound.

S1 — 3-pole 4-position rotary.

§2 - Momentary push,

¥ - External resistance, if needed, to limut current;
ntherwise a direct connection.

then the shunt draws 1.056 — 0.5 — 0.856 mA. The
fact is the shunt will he 9.0 ohms, and not 100
hms as expected.

At one volt the shunt will be 10 percent low.
This percentage will held true for uny meter as
jong as the source is ore volt. |f the voltage is
increased the error will decrease proportionally.

But why use a high voltage when we can add an
esxtra series variable resistor and forget about
method errors? See the cireuit of Fig. 1. To test:
Close §2 and adjust R2 tor a full-scale reading.
Cpen 52.
lose 83 and adjust R3 for full scale.
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Cllose 31 and adjust BRI for about half scale.

Close 82 and adjust R1 for full scafe.

Open 53, 82 and 81, in that order.

Remove artd measure R1,

With this setup R2 = R3 = 900 ohms. With R2 and
R3 paraileled, we will have 450 nhms. With R}
adjusted for full scale we will have a 0. Ll-volt drop
across both the meter and R1. We will also have

1.0 — 0.1 = 0.9-volt drop scross R2 and R3. Then
Fede 2o 007 4 - 2mA.
% "

The meter and the shunt will share one mA each;
therefore R1 = 104 ohms,

This method can be wied with any voltage or
mieter resistance combination, s long as H2 and
R3 are properly sized to fit the meter current. [
you use the method often, you can build the test
circuit into a box and use a single switch for ease
of operation. The circuit is shown in Fig, 2. ~ R
M. Mason, WENN, 551 Turner, Lot 70, Lima, OH
435804,

CA3055 IC VOLTAGE REGULATOR
AND CURRENT LIMITING

Technical Editor, QST

(After tinkering with the CA3055 IC regulator, 1
must take issue with information on the value of
that 56-chm resistor shown as R1 in Vig. 4, page
14 of UST for last November.l In 'the manu-
facturers ¢ypical c¢ircuit, a §.6-ohm value is
indicated,

! measured the maximum outipuet current vy,
resistor vaiue as follows:

3.3 & 16 3256 110
115 68 40 20 13 8.4

274 284 Infinite
44 36 18

It seems the 5.6-obm value recommended by RCA
is correct for protecting the IC by limiting the
current to the maximum rated value of 115 roA.

When an external pass transistor is added it may
be necessary to limit at lower values, ro protect
evither the transistor o1 some other component. IT
56 ohms limited at 1 A in the QST circuit I wouid
conclude the transistor was delivering a current
gain of about 80, which seems reasonable,

1 Blakeslee, “AC-Operated Regulated DC
Power Bupplies for Transistodzed Rigs,” 87T,
November, 1971, p. 11. [EDITOR’S NOTE: That
portion of the schematic diagram discussed by
Srith is reproduced here as Fig, 3.3

2 Iinegr fntegrated Circuits, RCA Technical
Heries 1C-42, Fig. 363, p. 286.

2N3055
é +
h
+ -
REGULATED
woue OUTPUT
. Rc
o mm—— \,.omm&
560 j 7
..:,;—-—H——-—m-#——‘»—t\f\/\r
3
SRR T

Fig. 3 ~ Portion of power supply dc voltage
regulating circuit using a CA3085 IC regulator and
a 2N3055 pass transistor, The complete schematic
diagram is contained in an earlier issue of (5T see
foatnote 1.
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1 tried the RCA «ircuit with a 25496, at
250-mA output it had a gain of a little over 200.
With such high gain in the transistor, limiting at
low currents presents a little problem. One answer
might be to add a bleeder from the U output
{transistor base) to ground, to bleed off the 2 mA
or s¢ that flows with the current-limiting terminal
open-¢ircuited. In the unamplified circuit (CA3055
barefoot) the voltage divider used to set the output
could be selected to bleed the full 2 mA at normai
output voltages, so as to permit a variable resistor
to set the limiting current right down ko zero.

"Twas a good article anyhow. Q8T has the
fowest error rate of &l the ham magazines. Zero
errors can be obtained bnly with zero output. Keep
up the good work, - Witllam L. Smith, K4RJ,
Route 7, Box 315, Franklin, NC 28734.

ON USING SOLDERING PASTES

Technical Editor, QST

Hey . . . [l bet all you guys know you're not
supposed to use soldering paste in radio-electronics
work. I wonder how many of us poor slobs vut
here know it too. Count me among the ignorant,
that is, up until three days ago; after 17 vears of
amateur radio and ten years eagrning a living in the
fietd of commuaications, 1 find that it has atways
been “common knowledge!' to everyone hut me.

T+’ alf like an incaiculably bad dream. I have
#pent nearfy every evening and every weekend of
the last two years buitding, rebuilding, modifying
aind rewiring the entire. shack ~ using copious
amounts of “noncorrosive” soldering paste. The
shack consists of four bays of equipment plus an
operating desk loaded with more; all this is
interconnected by extensive amounts of wiring,
neatly laced. You now have some inkling as to the
amount of work'that has been done, plus an idea
of how much my family may have been alienated
because 1 didn’t spend time with them, Al this
work was to'achieve an end. This end was suddenly
shattersd one week afier its completion. when
some learnaed (7} people advised me of the hazards
of soldering paste.

Soldering paste is great stuff. it spreads the heat
rapidty, cleans immaculately, and facilitates fast,
beautiful soldering jobs. Many types are fabeled
“noncorrosive,” leading any intelligent human
being to ‘believe just that - that theyv're nat
corrosive, and therefore ideal for electronics work.
1 just couldn’t believe it when | was told otherwise.
So I did = fittle research:

1) Sixteen years of QST “how to solder™
artictes, while warning of the old acid-core solder
bugaboo, made no mention whatsoever of the
hazards of soldering paste.

2} Qut of several years of (@ magazine, one
article does advise us to throw the old paste flux in
the garbage can, but makes no meation of why, or
whether there are “‘good™ paste fluxes and “bad™
paste fluxes.

33 Both Heath and Fico state that they will
refurn unrepaired any equipment showing evidence
of the use of acid core solder or paste fluxes. They
must be talking about those “bad™ paste Tluxes!

4} The ARRL Handbook (1956 ‘and 1963)
encourages the wnse of soldering paste when
soldering' hollow pins of male connectors: in the
1966, [, and 1971 Hardboak, | see that a twist
drill is advised tor the same operation,

5} A telephone vzll to an engineer at Eagle
Electric Mfz. Co. in Long Island City was
enlightening, The engineer said that they've just
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mf to get that “noncorrosive’™ label out of their
catalogs and off of their flux containers, The man
was extremely sympathetic, fold of the zinc
chloride and its acid-producing properties, und
advised that the stuff is NEVER to be used in
clectronics work. | felt then that a phone call to
the makers of soldering paste would be just a waste
of time,

6) A subsequent experiment showed that
heating either type «of “noncorrosive”™  paste
produced fumes which turned litmus paper red.

7 A check with FEnevclopedia Britannica
revealed that wme chloride s widely used in
suldering tiuxes, that zinc chloride is extremely
hvgroscopic, and that when it takes mnisture from
the air it produces » nice little acid.

%) [ then inspected some four-vear-old solder-
ing work of my own. tnder the insulation and
hetween wire strands there was considerable white
dust, green corrosion, and vellow corrosion.
Dismantling some old phono plugs revealed large
amounts of accumulated erud in the coux hraid,
The aforementioned engineer had said that many
types of insulation will absorb and tetain the zine
chioride. 1 can add even more to that: The liquified
flux is obviously sucked up like a spunge hy
stranded wire, by coux braid, and by just about
ay insulated wire.

9] Suppose that the eventual amount of
corrosion is vegligible, that it doesn’t chew away
more than, sav, [0 percent of auny one wire — a
person would be inclined to leave it alone, to think
that it’s all right. That would indeed be poor
judgment; not unly would he be the proud owner
of a sloppy mess, but he could coneeivably have a
shack full of junction diodes in the tarm of
corrnsion/metal combmnations. 1f he lived near a
broadcast radio station, like T do. he vould be
plagned by intermodulation problems, the likes of
which | couldn’t even hegin to predict.

S0 that’s my story. After two years of diligent
effurt, 1 am rewarded with a radio shack full of
lurking hydrochloric acid - in shart, a pile of junk.
[ don’t know whether to spend the next few vears
redaing  everything [Mve ever soldered. or to
abandon ham radio entirely. Wha is to hlame?
Who knows, but it's a pretty sick world when a
corrosive substance is allowed to be flaunted as
noncorrosive, and then the secret s caretully
guarded. The information could easily have been
provided in ham magazine articles, radio hand-
books, Movice tests, commmercial radio license
exams, and so on — but it wasn’t. - . K. Heirz,
I, KYKHA, 25320 Tybo Ave., Reno, NV X9502.

FEEDBACK

In 8T for February 1972, “Measuring
Phone-Patch Levels Accurately,™ the first heading
in the box (page 25) should be I mW reference,
not 1 mV. Thanks to K4RS for the cocrection.

The voltage-regulating circuit | in Hints and
Kinks section nf the February 1972 QST should
have the source and drain terminals reversed to
woark properly.

In Fig. 3 of the Aprid 1972 Q87T article, A
High-Performance Tunable Fm Receiver,” the vri-
mary side of T1 has one lead grounded to the
chassis. This is 4 dJrafiing evror. In place of the
ground connection there shonid be a .01-LUF by pass
capacitor. Never connect nne ride of the ae fine to
the chassis!

40

In Fig. 2, “Double Standards,” Q87T for April,
1972, the input to U% should be via pin one and
the autput taken from pin two. The circuit-board
fayout is correct. The text reference to points B
and C of Fig. 2 should have been to A and B. When
the vitcuit is wsed with a battery supply the
1000-UF filter capacitor mmst be lefi in the circuit.
it any Jifficulty occurs with stacting of the
cevstal  oscillator, add a 47-nhm composition
resistor between the hattery and the filter capacitor.

The relative-rf output meter in kKig. 2 of
Hayward’s article, “lincreased Power for the
Solid-State Transmitter,” QST for May 1972, page
21, should be fabeled O-I A, not 0-1 LA Tt’s a
neat trick if yon can ¢ome up with a O-1-{A meter.
The Hg. technical staifers will take a punny suck
full of "em if they become available for a couple of
bucks each! — WICER

Stolen Equipment

Swan model 55B remote bandswitching mobile
antenna, SN 0658, P, . Poston, KSKMX, 3126
tanila, San Antonio, TX 78217,

Along with my 1968 green Mustang (Wisconsin
plates K9CCZ) a thief yot away with my Swan
270, SN M207111. Rev., Jerome R, ‘Furmer,
K9CCZf3, 1018 Palmer Rd., Apt. 8, Oxon Hill,
MI} 20022, telephone 301-245-3655.

Sometime on  March 22 a4 Collins 628-1
transverter, SN 1072%, was stolen from the
Michigan State University Amateur Radio Club,
WBSH. Anvone with information is requested to
contact the Electrical Engineering Department,
Michigan State University, East Lansing, M1 48823
or the MSU Department of Public Safety.

Club Members Retrieve Stolen Transceiver

In Janttary, WA4LBM’s 2-meter fm rig was
stolen from his car. A few weeks later, a stranger
was heard on 1da.9d Mz testing in an un-
orthodox manner for 2 ham band. Al, WBATLF,
and Eb, K4GEW, engaged the mystery woice in
conversation and while Al lured his approximate
location from him, Eb decided to go mobile
heading in that area. With a astroke of luck, Eb
noticed a var pass with a gutter clip vht antenna.
As this was the kind of antenna taken in the
thetf, Eb jotted down the license number and car
description and he then proceeded to follow him.
After several blocks of silence, Eb decided to try
and jolt the driver ahead into a foolish move by
calling WB4TLF and giving him  the hcense
tmmber and car description. As was suspected,
the driver shead was monitoring “*24™ and gave a
startled glance into the rear view mirror. He then
fried ta pass cars but was blocked by ancoming
fraffic. tle turned down a side streef which
turned out to he u dead end. Fb positioned his
car to block ary escape from the street, He took
a look in the car and, seeing the rig, caled
WR4ATLF and asked for the Sheritf’s assistance.
After waiting with an aggravated and nervous
voung man and no sign of deputies, Eb falked
hwim into turning over the pear which he said he
“had hought from a vouple of ‘long hairs’ tor
55,00, At ths time K4ROY arrived ont the seene
and  identified the equipment. b uotified
WHBATLE that he was headed for the Sheriff™s
office with the gear and complete identification
of the man. WA4LBM is now happily operating
again on 2-meter fm. ~ . Breunich {from the kt.
Myers ARC QSCILLATIONS)
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®Gimmicks «e Gadgets -

An IC Audio
Tune-Up Device

for the

Blind Amateur

This photograph shows how smalf the unit is,

A Simple Unit for Use with the HW-16 and Other Rigs

BY THOMAS P, RILEY,®* WAIBYM

EVERAL ARTICLES have heen published can-

cerning tuning devices fur blind amateurs.
When a sightless friend got his Novice tickef, [
decided to build such a circuit for him. After
researching some of the published articles on the
subjfect it hecame apparent that most of the
circuits were unnccessarily complex and outdated,
a8 compared with the availability of present-day
integrated circuits. The circuit, Fig, 1, wus used in
canjunction with the HW-16 transceiver, but van
casily be adapted to almost any transmitfer. [¢
utilizes ane monolithic integrated circurt which is
availabic for $2.60,1

How It Works

The unit provides an output tone whose fre-
quency is proportional to the meter deflection on
the HW-16. Thus, it can be used o dip the final or
peak the relative owutput power. In addition, a
reference frequency is provided which is set to give
that frequency which corresponds to the plate
current for 75-watts input power. The operator can
resonate the final, then adjust the power level for
T5-wutts input.

The 1C is a dual-voltage controlled multivi-
brator (VCM} which is intended for use in a
phase-locked loop. [t lends itself ideally to this
application. The multivibrator provides a syuare-
wave output whose freguency is proportional to
the de voltage applied to its input. The output
stage of the device is a TTL driver which can be
short circnited indefinitely without damage to the
device. Thus, a loudspeaker may he connected
directly o the output and sufficient volume is
obtained without the need for an additional audio
amplifier. Although the output is a square wave,
the tone is quite ucceptable.

* 12 Tickle Road, Westport, MA 02790,

1 The author is equipped to fumish an etched
cireuit board and a kit of parts for a nominal

charge. Address your requests to Thomas Rilev, 12
Tickle Rd., Wesiport, MA 02790,
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The 0.1-pF capacitor, C4, is used to set the
vitput freyueney range of the oscillator; in this
cse it s approximately 1000 to 4000 Hertz (the
center of the human hearing range). Since the
HW-16 has no built-in loudspeaker, it was decided
fo use the same speaker for both the receiver and
tuning circuit. A dpdt switch performy the necgs-
sary switching for the speaker and alsa applies
power to the circuit. When switch 82 is in the REF
(reference} position, the input of the oscillator is
connected to the wiper arm of a [0-k§2 potentio-
meter {(actually, any value between 5$-k§Y and
100-kE2 will do). This pravides # vartable dc valtage
which it furn is used to set the oscillator frequency
to any value within its 1- to 4-kHz range. When the
switch is in the XMTR position, the input of the
oscillator s connected to the meter in the transmit-
ter. A 3 mA, [000-0hm meter is used in the HW-16
and therefore develops a voltage drop across it of 3
volts at full scale. The voltage-controlled mulfivi-
brator, however, is insensitive to input voltages
between U and 2 volts, and actually delivers its tull
output frequency range for input voltages between
2 und § volts. The combination of diodex ('R,
CRY. and CR3 and the [00-kE2 resistor provide u
level shilt caused by the voltage drop across the
diodes. The junction of the diode and resistor
varies from 2 to 5 volts for inputs of 0 to 3 volts
and is thus within the desired runge for VOM. (1.
C2, and 3 bypass any 1f which may have been
picked up in the interconnecting wiring. These
should be placed as close to the 1C us possible. it
was found that on 13 meters a considerable
amount of rf was getting on the power leads and de
input to the oscillator, adversely affecting its
operation. Addition of the bypass capacitors ¢or-
rected the problem,

Power is obtaired from a 6-volt hattery and it 1
suggested that battery operation be used. Diode
CR4 drops about 0,75 volts thus delivering about
3.25 volts to the circuit. Power consumption is on
the order of 30 mA. Since the unit draws so littie
power and s in operation oaly o sinall amount of
time, battery life is quite high. The first hattery
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Fig. 1 — Clrcmt diagram of the tuning aid.

BT1 — G-wolt hattery.

C1, C2, C3 — .01-UF disk ceramic, 1000 V.

CR1 CH2 CR3, CR4 — 1N914 or equiv.

R1 — 100-k§2 1/2-watt carbon resistor.

B2 — 10-k§2 potentiometer, preferably multiturn
trimmer.

$1 — Dpdt toggle or siide switch,

§2 - Hpdt toggle or slide switch,

U1 — Integrated circuit, Motorola MC4024P.

used was a small mercury cell which lasted a vear.
Four (C or D cells should last in excess of a year,

One attempt was made to power the vircuit
from the 6.3-V ac accessory output of the trans-
cefver. A fullwave rectifier, capacitor filter and
Zener diode regulator were used. However, the
sinall amount of ripple on the power supply
showed up as 2 120-Hz modnlation on the oscilla-
tor cutput. Rather than incorporate an <laborate
voltage regulator, it swemed easier and more eco-
normical to use batteries, which has proven quite
suecessful.

HW-16 Changes

Only one small addition is reguired on the
transceiver. This is to provide a4 means of getting
access to the meter circuitry. Connect 4 piece of
hookup wire from the positive terminal of the
meter, through a grommet in the chassis, and to an
unused pin on the accessory socket. In addition,
vonnect a 01-UF disk ceramic capacitor from the
pin on the socket to chassis ground.

Calibration

Calibration must be done by a sighted amateur
and should be checked about every stx months,
Battery degradation causes z change in the refer-
ence frequency. However, this change is not as
great as one might expect because the output
frequency is not dependent on the absolitte input
voltage to the oscillator but is more closely related
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to the ratio between the input and power-supply
voltages, Since this ratio is fixed by the potentio-
meter, the frequency change is very small. Also,
the frequency change is in 2 negative direction so
that as the battery pgeis weaker, the reference
frequency would correspond fo a lower input
power level. This prevents damage to the final and
gnarantees that the Novice regulation of 75 watts
maximum input is not exceeded.

The transmitter should be tuned up in a normal
fashion into a Jummy load. The POWER-LEVEL
gontrol is then set to give a plate current reading of
eractly (25 mA (red mark on meter scale} which
corresponds to 75 watts input. Key the transmitter
and feave it on. Tum the tuning circuit on and
slowly adjust the setting of the reference potentio-
meter while switching 52 back and forth. When the
same tone is heard with $2 in either position shut
the tuning circuit off and release the key on the
transmitter. The circuit is now calibrated and ready
for operation.

[ e e -
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| Y S S {
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1= 4700 OHMS FOR TSW INPUT
R1c 10k CHMS FOR 300W INOUT
Fig. 2 — Circuit for use with tuning unit tor

relative putput indication.
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Operation

Operation is quite simple and straightforward,
The tuning circuit is turned on with 82 in the
XMTR position. Set the meter switch to PLATE
and the POWER LEVEL contral to minimum. Key
the transmitter and adjust the TUNE control for
minimum pitch (plate cutrent dip). The POWER
LEVEL is then increased slowly while switching 82
back and tforth. When the twe tones are equal,
release the transmiiter key and shut the tuning
cirenit off. The transmitter is now tuned up to a
final input power of 75 watts,

The unit will also monitor relative . output
power by sciting the meter switch to that position.
The reference frequency of course has no bearing
when using the unit in this Fashion, and the TUNE
comtrol is adjusted to give the highest output pitch.

The cireuit is not (imited to use with the HW-16
transceiver, and can be used with almost any

transmitfer. 10 the meter cirenitoy 14 similar to that
of the HW-16 (i.c., the negative terminal of the
meter is grounded and the meter provides approxi-
mately 3 V full scale} the unit can be used as is. If
not, a suitable nesistor can be placed in the cathode
circuit of the final to develop a voltage drop of
approximately 3 volts for full-scale deflection of
the existing metor.

In any case, if it I8 not practical to modify an
existing transmitter, the unit may be used to
monitar relative output power. In this case the
reference potentiometer and switch 52 are not
required. The circuit at Fig. 2 may be used in
conjunction with the tuner for that purpose.

A special note of thanks goes to John Pavao,
WATLPM, for whom [ designed the vireuit and
who encouraged me to write this article so that
other sightless hams may bepefit from it.

BT

An Adjustable-Volitage,

Current-Limited Power Supply

BY H. MAUCH,* DJ6IX

yVER A LONG period of time [ searched far an
easy-to-build power supply which delivered
common voltages and had good hum-suppression
qualitics. Here 1 present such a unit for a voltage
range from (.5 to 31 volts with a fill-load hum
level below [ mV and adjustable current limitation
from 50 mA to 1.1 A. The basic unit consists of a
transformer, o printed circuit board, and the pass
transistor. In addition one needs only two pots,
two aeters, a switeh, a fuse, and two terminals for
de-outpui.  Arrangement of the components is
shown in the photograph. The two transistors, type
2N3053 and 2ZN30535, should not be replaced by
other types. The remainder are nof critical. Q3 is
mounted on a heat sink. Conneclions to the circuit
hoard should be made according to the numbers
shown in Fig. . The author used s 3i-pin
connector. However, the wirey may be soidered
divectly to the comnections on the board. Align-
¥ 7991 Oberteuringen, Kugen-Bolza-Str. 29,
West Germany.

The current-limited power supply is contained in
a homemade cabinet., The voltmetar is positioned
on the left, the ammeter is on the right, Controls
far adjusting voltage and current are mounted
helow the meters,
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ment is very simple. Set R17 fully clockwise und
adjust R18 to 31 volts. Connect an ammeter across
the output terminals. Adjust the current limits by
alternate trimming of R19 and R20 to a range of
50 mA to 1.1 A.

The Circuit

Q1 with its assoctated parts forms a constant-
current regulator which is independent of the ioad.
The necessary reference voltage for cascade control
18 derived from CR1 and CRE and is applied to the
base of Q2. The ontput voltage comes via pin 12 to
the emitter of 02, The voltage difference hetween
the emitter and base controls the Dartington
amplifier. The voltage drop zcross R12 drives the
final transistor, Q5. If the corrent surpasses the
setting of R16, u voltage deop across R13 and R14
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Fig. 2 - Full-size template for circuit board. Foil side shawn.

cuts off transisfar Q& theeeby lowering the col-
fector voltage nf Q2 via CRe to the emitter
potential of Q3. I'urther driving of (3, 4, und Q3
it prevented, The voltage drop aeross BR13 and R14
is compensated by consequent voltage sensing, The
uritghows no voltage change or hum at a sitting of
30 wvolts between rero and full lead. Shouid

-

vverload conditions oveur, hum voltage rises &0 7
V. The relatively simple circoitry for current
limitation allows no stable limitation at currents
Below S0 mA. During the first minutes of opera
fionr the voltage rises 200 to 300 mV. [ do wish all
OMs who build this unit plenty ot fun and sucuess.

From june 9-23 the Rede dos Emissores Por-
tugueses will be commemorating the |V Centenary
of “Os Lusiadas™ written by the famous Portu-
puese poet Luis de Camoes, and SOth anniversary
of the first Senth Atlantic air erossing hy Giago
Cuutinho and Sacadura Cabral. During the Interna-
tional Fuir of Lishoo a special amateur radio
station, CTUFIL, will be in operation. A apecial
QSE card will be awarded by Rede dox Fmissores
Portugueses, Run de D, Pedro ¥, 7, 4.9, Ligshap-1.
Purtugal, | to radio amateurs who contact this
special station.

e Stravs “§s

This is Erasto Ortiz, KP4DID, who at the tender
age of 15 not only has his Advanced Class license
but slso holds a First Class Radiotelephone tickety
with radar endarsernent. Erasto isn‘t the oniy
ham m the tamily; his brother is KP4BIX and his
father 15 KP4GN.
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For the Experimente

HIGH-ACCURACY FET DIPFER

Shown in the photograph and diagram is a
sensitive dip meter that cannat be drawn off scale
i gither direction. 11 is possible tu pet an mdica-
tion of resonance down to 0.5 A on the meter
when coupled to a circuit 2 to 3 inches away,
Angther advantage of this unit is that there are no
spurious responses on any range. Also, there is no
need tor u sensitivity control. The readings shown
on the graph were taken with a fresh battery (9
volts), but satisfactory readings are possible down
to 7 volts.

All companents, excluding the range coils, have
been housed in o metal box  measuring
4% 2 x }-1/2 inches. The coil torms dre of Tocal
design and are 7 mrm in dizmeter ((L28 nchl,
mounted on a buse that fits a 9-pin tube socket.
The voil winding for 1.1, starting with the highest
frequency range, is 12 turns of Neo. 22 wire, close
wound. The next four lower ranpes are wound
using wire two gauges thinner, with each successive
coll covering about the saume amount ol space as
the first, 3/8 inch, The three lower frequency coils
wepe made fram i teanstormer cores. The voils
were removed from the transformer aad placed
over the T-mim Forms, then turns were removed
until the desired range was teached.

If there is congern by the builder for the fack of
coil values, or 4 tuning chart on the face of the
dip-meter, the reason lies in my different means of
readout. The unit is quite small, which would make
& chart difficult to calibrate and read, 1t would be
eoaly an approximation anyhow: therefore, an
additional coil, L2, is added as a pickup loop. Thus
at J1 there is u sumpling of the oscillator frequency
that mdicates » Jip at the resonance point of the
viteudt under test, The sample & read out on a

RFC1

The FET Dipper has power applied. With no
resonant circuit near, the meter reads 90 percent of
full scale when one of the coils is piugged in. The
iack J1 at the bottom feeds a portion of the
oscillator signal to a frequency counter.

raal
un
The approximate frequency range and the meter

readings for each of the eight plug in coils used in
the FET dipper.

/
1?? 2.5uH t} O 4
?é m-.50 A TI /3 E(, -
Ri o~
oy (>
( - > (SEE TEXT)
I\.|Z '-L-so o \l; EACEPT AS INDICATED, DECIMAL
7 7 b JALUES OF CAPAGITANCE ARE
oy ¥ 1 [ g < eRe e IN MICROFARADS { uF 1 : OTHERS
: P A— u ARF IN PICTFARADS (pF ORF up¥ i,
HA : LR LI
180 L7 ..I.1 RESISTANGES ARE IN UHMS,
BOK o0 '_j:’ K 1000,
>ssoo
tyi  Circuit diagram of the FET dipper. The vaiues for

565-8).

.1, L2, and R1 are given in the text. Resistors are
1/2-watt, 10-percent tolerance, composition.
C1 — 365 pF per section, air variable {J. W. Miller

CR1 -~ {N34A or eguiv.

Q1 — MPF102.

81 - See text.

S1 - Bpst miniature slide switch,

QST for
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frequency counfer and indicates the f{requency
with greater accuracy than hefore possible. One of
the pickup loops is. just visible in the photograph
(in the coil nearest the dip-meter). :

CRL was added to prevent the meter from
soing nepative when closely coupled to some
circuits, R1 is a part of cach plugin coil. The
amount of resistance is found éxperimentally by
using # variable resistor in place of R1, and
adjusting for an approximately 90- to 95-percent
full-scale reading on the meter., Measure the value
of the variable resistor, then replace it with one of
appraximately the same value (in the coil form). In
my case, each resistor was in the 10k- to 33k-ohm
range. With R1 and CR1 connected as shown, the
meter can never read off scale, in either direction.

-~ Peter Lumb, GIIRM,

ANTENNA-ROTATOR HEATER

{ was having trouble turning my antenna with a
stall prop-pitch motor when the temperature went
below +209F. This seemed to be caused by the
lubricant thickening during these cold speils.
KSBXG suggested that | use a heal strap of the
tvpe used in mobile homes to Keep exposed
plumbing from freezing. I purchased a 12-foot heat
strap  from  Montgomery-Ward for $5.30
(83AGR9961), which came equipped with fiber-glass
insulation and a thermostat set at 359F,

[ wrapped the tape and insulation around the
gear box and motor and placed the thermostat
outside the insulation. The 117-volt tine was run to
the tower and the heater is plugged into it there. 1
have used the rotator at temperatures down to
+79F without experiencing uny trouble. - Harold
k. Davis, WSFFW,

ECONOMICAL WEATHERPROOF HELICAL
ANTENNA

Previously, helical antenna efements have been
formed from soft copper or aluminum tubing,
shaped with 2 custom-machined mandrel. Anfennas
made by this technique (and of this material) are
expensive. and are susceptible to corrosion. Both
of these problems have been solved by using a
semi-rigid coaxial cable to form the helical ele-
ment.

The helix of the weatherproof antenna illus-
trated here is made of a foam-dielectric Heliax
transmission line that has been shorted at each end.
The helix is formed by mounting the transmission
line on standoff insulators which are attached to
the antenna shaft. By using this technique the hefix
can be formed with any diameter, pitch, or taper
without requiring expensive tools or technigues.
Recause the conductor is sealed in the oufer plastic
jacket, the resulting antenna element s highly
corrosion resistant, and may he used at seacoust
installations with minimum maintenance, - ¥4.54
Tech Brief 70-10016.

The inexpensive helical antenna has been made of
flexible coaxial cable which has its plastic jacket
retained. The method offers a high degree of
protection against the corrgsive elements at a
spacoasy location.

Tune 1972

ANTENNA COUPLING UNIT FOR THE
WWVL RECEIVER

When I built the NAA Reeeiver (ST, October
1962y I found that 1 reeded something in the
antenna circuit fo reduce be harmonics and other
birdies. A 200-turn honeycomb coil happened to
setve this purpose nicely, and ever since then, 1
have included the coil on the various vif receivers
that [ have used,

Recently. when | attached the anienna directly
to the WWVL receiver (8T November 1971) T was
utterly dismaved to discover that the local crud
was pgreatly in evidence, so much so that I couldn’t
find WWVL. | know of two other people in this
area of the counfry who were experiencing similar
frouble.

500pF

-5

Shown is the method of connecting the 88-mH
coupling unit to a WWVL receiver and antenna,

After trving and discarding several different rof
chokes (noune of which had the magic effect of the
old 200-turn coil), | used an 38-mH toroid coil as
an autotransformer and fed the antenna to the
center tap. For good measure, | placed a SO0-pF
capacitor across the output, and to my inmmense
relief the signals increased with no trace of crud,
The coil and capacitor are mounted in a small
tobacco ftin and are installed external to the
receiver. One might want to try a vartable capaci-
tor, but in my case the improvement was so good
that 1 did not go any further. ~ (ene Pearson,
W30V,

/ .
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Hardly the thing for your transistor portable rig,
but the WA1MRF garbage-can filter is fairly simpie
to build, and it works wonders in eliminating
spurious rachation, and can be beneficial during

Taking Out
the
2-Meter Garbage

Unique High-¢ Filter und Hamburg Cooker

BY DONALD R. MOLER,* WA IMRF

FPVHE WORD roify is much misused, in both

amateur and commercial rwlio circles, in con-
nection with vouasial-line devices. A true vavity is
somethime quite Jifferent: a resonant box, with no
inner conductor in the sense of the inner con-
ductor of 4 voaxial or stripiine filter. There could
hardly be wnything muoch simpler than & resonant
hox. but readers brought up on coils and capacitors
as circurt elements may find it nseful to start with
them in a discussion of cavity principles and
properties.

Any tuned circuit has inductance and capaci-
tance, and these determine the frequency to which
the circuit is funed. To raise the frequency of the
simple £.C cireudt, Fig. [A, sv must decreuse the
jnductance of /. or the vapacitance ot ¢, or both,
We can continue this pracess until £ is Juss than a
vine-turn coil and C s the stray vapavitance across
its ends, as in IB. We¢ can tlatten £ info a
horizontal U, u» in 1C. The viteuit is now, m eficct,
A transmission fime o guurterwavelength lang.
vharted at one end and open at the other. [n a
well-designed line, € is very low, and the electncal
and physical lengths are pragctically identical. i is

1 180 Duer Street, North Plainfield, NJ 07060,

impaortant to remember that high of current flows
at the shorted end, and the rf voltage is highest at
the open end. These are vommeonly called the “H”
and “RK7 fields, respeetively.

We can vonnect wnother line of the same
dimensions to £, ux shown in Fig. 2A, with little
eftect on the resonant frequency, We have added
capacitance £ 'in paraflel with (', which would tend
to tawey the resonant freguency, but we wlso added
L purallel with £, which tends to ruse the
frequency by reducing the inductance, so the
effects cancel out. There is an important side
effect: the total resistance in the vireuit has been
halved, so the circuit (2 is higher,

This trick vasn be repeated indefinitely, 28,
until we eventvally have @ cylinder with a elosed
top and bottoms, as 0 20, The result is a true
resonant cavity, with its B ficld at the contess and
the H field at the sudes. if high-conductivity
materials are uscd, such a evlindrical cavity may
have a £2 af 25,000 ta $LODU, many times the (2 of
the best L.C circuit that can be made. Such a cavity
can be a highly ctfective tilter, ut frequencies
where its size does not become protubitive.

Becagse of these properties, a resonant cavity
can have very high voltages across its center, with
quite fow levels of rf power fed into it A surprising
esperience i3 to see o cavity arcing actoss ifs

Tuned circuits baving very bigh Q are often used in vbf stations to preveat radiation
and reception of unwanted frequencies. Such a device is sometimes cufled a “garbage
filter,” but the name was never so appropriate as when applied to this one by
WA IMRF, Don “takes out the garbage™ with — what else — a garbage can. Though
the filter draws a erowd wherever Don takes it, we hasten to assure skeptical readers
that this is no gag. The filter really works. The garbage connwotation is taken still
fitrther when the builder demonstrates the filter's properties as an rf oven — doing
hot dogs and bamburgers to a turn with 100 watts or move of 2-meter rf power.

48
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centers. Even more interesting is the demonstration
often performed by the author, wherein hot dogs
dand hamburgers are cooked beautifully in 2 or 3
minutes, by placing them in the ¥ field of the
vavity described here, Some 200 watts at 144 MHz
will do this very nicely. “Carbage can,” indeed!

fHow To Make 1t

Qur project startod with an ordinary 32-gallon
galvanized parbage can from a loval Sears store.
The empty can itselt is a fine cylindrical cavity for
the 420-MHz band, requiring only installation of
coupling loaps and coaxial connectors. These are
along a linc through the center of the buttom
surface. The @ of such a cavity is about 6000, at
around 432 MHz.

The resonant frequency can be moved into the
2-meter band by adding center posts and a variable
vapacitor, as seen in the photographs and Fig. 3.
This is now a reentrant cavity, not a coaxial tank.
Both ends are closed and the K and H fields are
similar to those of the self-resonant box. The @ of
the cavity, tuned to the 2-meter band in this way,
is still much higher than is possible with conven-
tional tuned lines or circuits,

Center posts wre made of 2-inch copper pipe,
available from plumbing supply houses, and pos-
sibly in the Sears plumbing department. The
cutaway wview, Fig, 3, shows construction of the
pusts and the capacitor. Three 5-1/2 X 1f16-inch
brass disks are needed, two for capacitor plates and
one for the base of the lower past. The base is
fastened to the inner surface of the can bottom, to
stiffen the assembly and provide high conductivity
it this high~current area of the cavity.

The bottom post is §3 inches high, The 16-inch
top post runs through a copper repair coupling
fastened to the can cover. A setscrew at the top of
the slecve makes it possible to lack the capacitor in
place, once the proper setting is found. The siceve
is centered in and soldered to the can cover. Finger
stock around the botiom edge of the sleeve assures
goond electrical contact with the movable top post.

The 5-1/2-inch disks for the capacitor plates are
dritled ai their centers, 1/2 inch in diameter, and
If2-inch brass nuts are soldered to the dJisks,
concentrie with these holes. A half-inch Teflon
rod, 6 inches long and thremdued its entire length, is
held i place, extending up trom the lower
capacitor plate, as seen in Fig. 3. As the apper post
is rotated tn ity sleeve the upper disk and its brass
nut move up of Jown the insulating rod, to vary
the capacitor spacing. It will be seen that a locking
mit is threaded onto the end of the Teflon rod,
below the bottom capacitor plate. The rod and nut
are drilled and tapped for 440 thread, and a 4-40
screw is used to pin them together. Thread the rod
vpward into the nut that is soldered to the lower
brass plate, until the two nuts bind together. Be
careful not to exert excessive strain in doing this,
or the threading on the Teilon will strip.

The installation of the brass nuts on the plates,
and the assemnbling of the threaded rod, must be
done betore the brass plates are soldered to the
pasts. Flectrical contact between the posts and the
van top and bottom must be as good as possible,

June 1972

(A}

Fig. 1 — Evolution of the quarter-wave 1ine. The
conventional tuned circuit, A, can bhe reduced to a
part of a single-turn coil and its end-to-end
capacitance, B, and finally flattened to make a
resonant line, C,

for highest @ in the finished filter. The inner
surfaces of the can top and bottom can be lined
with flashing copper, if desired. This may be
necessary for use of the filter in critical appli-
cations, as in improving transinifter and receiver
isolation in a 2-meter repeater.

Coupling into and out of the cavity is by means
uf loops and coaxial connectors mounted on the
bottom surface, near the edge of the base disk.
They are on a line drawn through the center, on
upposite sides ot the post, so that they coupls into
the cavity and not to each other. The grounded
ends of the coupling loops should connect to the
hase disk, as well as to the can hottom, for best
electrical contact, The base Jisk is beld in place by
eight 440 screws und muts. The loops are made
from 2-inch lengths of 3/8-inch copper steap. They
can be made shorier or longer, for varving the
insertion loss and circuit sclectivity.

Adjustment

There are several ways of setting the resonant
frequency of the filter, No 1f power will po
through it uniess the filter is tuned precisely to the
transmitter frequency. Most transmitiers do nat
take kindly to being run without a suitable load, so
a receiving check is preferable, This is easy if vour
location is a nofsy vne, or if vou have any kind of
signal souree or noise generator available. Connect
a woas-fed Z-meter antenna through the filter to
the receiver, and tune for maximum noise or signal,
i the receiver is well-shielded nothing will be heard
until the filter is very close to ihe receiving
frequency.

(B)

Fig. 2 - Evolution of the resonant cawity. Two
nuarter-wave lines connected in parallel, A, result
in higher {1, with fittle change in resonant fre-
quency, Process can be continued with more line
sections, as in B, until a cylindrical cavity with
closed ends results, as in C,
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Fig. 3 — Cutaway view of the garbage-can cavity,
showing.the coupling loops and construction of the
tuning device. The ¢ of the tuned cavity is many
times the best that is possible with conventional
tuned circuits,

A wvisual indication can be obtained with the
transmitter hy vonnecting a No, 47 pilot lamp or a
diode-and-meter indicator externally to the-coup-
ling loop shown in the upper right portion of Fig.
3, The BNC jack ig held in position with two nuts.
which are set just tight enough to permit the loop
and jack to rotate inside the can. Depending on the
power level, and the size and position of the
coupling loop. transmitter adjustment shouid be
made with vate. The filter tuning is guite critical,
and too much voupling will burn out the foad
guickly as the filter goes through the transmitter
frequency.

Uses

No end of interesting tricks can be performed
with the garbuge can. It was first tested at the
writer’s home location alongside a husy highway in
Hampden, Conn., using an HW-17 transceiver. As
any owner knows, the HW-17 is susceptible to
ignition interference, and it has strong spurious
rusponses to fm broadcast stations. The fm broad-
vast interference was comnpletely eliminated with
the filter, as might be ¢xpected. More surprising,
the ignition noise level was considerably lower with
the filter in, though the insertion loss at the signat
frequency was too slight to be noticeable on any
but the very weakest signals. This seems to indicate
teception of notse un the image frequency with the
filter out of the circuit. in any event reception is
matkedly quieter through the filter.

The HW-17 was also used to make rough checks
on handwidth and  insertion loss. Transmitter
power through the filter is down less than 1 dB at
the resonant frequency. At 300 kHz away it is
down 1¢ 4B, from that at the resonant frequency.
Attenuation over preater spreads was too high to
be measurable readily by this method.

The tuning range of the filter is roughly 90 to
160 MHz. Attenuation and sclectivity can be

50

demonstrated with a sinall fm recewer with bult-in
antenna. Tune in a jocal station, turn up the audio,
and place the recewer in the cun. Connect about
two feet of wire o one of the connectors on the
hottom of the can, Tune the filter slowly, near the
low-frequency end of the range iplates close
together), No sound will be heard until the fiiter
goes through the fm station frequency,

The filter ean he calibrated by seribing horizon-
tal lines on the top post, close to the top edge of
the repair coupling that serves as a sleeve. If these
are marked with the frequencies, and the sleeve
and post are given a vertical alignment mark, the
filter can he reset with reasonable accuracy, with-
out a test sighal,

Other Uses

The filter can be made to simulate a imicrowave
oven by connecting one terminal to a Z-meter
transmitter. Place hot dogs, hamburgers. or any
moist food to be cocked, between the disks. Turn
un the transmitter and tune the filter to resonance,
as indicated hy a lamp connected to the BNC jack.
The Jielectric properties of the food affect the
resonant frequency of the filter, so it must be
repeaked during the cooking process, the cooking
resulting from energy losses in the food. About
100 watts of 1t power will cook a hot dog nicely in
five minutes. Hamburgers can be couked in three
minutes with 200 watts!

A daar can be cut in the wall of the cavity, to
permit watching the cooking process, and also to
probe the E and H fields visually. A neon bulb on
the end of 2 rod of good insulating matertal makes
a useful probe, us Jdoes a pilot lamp with 4 small
loop of wire connected across it. Very interesting
work. can bhe done in checking the dielectnic
properties of various insulating materals. To sum
up — though the puibage cun filler was built as
something of a gag, at {irst, it has turned out to be
a most interesting and usetul - not to mention
entertaining .- tool. &=

‘e Strays "5

On vacation fast summer, KADKD's wife “finally
found a good use for this ugiy thing!™
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To acqueint you with the technical features of current amateur gecw

Heathkit Model 10-102

Oscilloscope

THERE I$ scarcely a modern bam shack or
workshop in which an oscilloscope does not
have frequent application. the price range of
highly sophisticated scopes is somewhat beyond
the reach of most amateurs, but a good low-cost
general-purpose instrument can be justified in most
instances. The Heath 10-102 S-inch scope falls into
the latter classification. ¥t comes in kit form and s
useful for measuring frequency, phase, and ac and
de voltages. The instrament s cssential for wave-
form analysis, especially in audio, transmitter, and
video work.

The 10-102 is a solid-state scope. lts vertical
amplifier is designed to operate from de to 5 Mliz.
The sensitivity is rated at 30 mV pk-pk/centimeter.
Rise time is 80 nanoseconds, and the input
impedance is 1 megohm (shunted by 35 pF). The
horizontal channel has an impedance of 1 megohm

(*3dB), andsensitivity of the horizontal channel is
0.1 volt per centimeter.

A recurrent, automatic sync generator is used in
the 1Q-102, and ranges {5) are available from 10 Hz
to 300 kHz. The display tube 5 a SDEPL. Lt
provides 6 x |0 centimeters of viewing area. The

{shunted by 80 pF). Frequency response is | MHz  trace is a green. medium-persistence  phosphar.
ac
[( o ] ATTEN. VERT, DIFF,
TTEN F3 ivpuT B AMP.
INPUT 11
GND;
VERT. VERT.
GAIN FOS,
-
INT, -
TRIGGER SWEEF BLANKING
SYNE CKT. P GEN, AMP, T
mpuT ——OExT.
SYNC
FREQ.
VERNIER
'"TA\C 5 HGRIZ BIFF.
NPUT [ AMP, .
mf{lzo““} “Oexr. >
ARROWS INDICATE DIRECTION
OF SIGNAL
HORIZ HORIZ §
GAIN POS.

POWER SUPPLY VOLTAGES
+a9v  +120v  + 180V
=9V +150v 1000V

Fig. 1 ~ Btock diagram of the Heathkit 10-102 scope.
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interior view of the 10-102 scope. The vertical
amplifier of Fig. 2 is assembled on the p¢ board at
the lower right in the photograph. The heavy-gauge
metal box at the lower left houses the power
transformer, thus keeping stray ac fields away from
the rest of the circuit,

Additiony! features are repulited voltages to all
amplifters, and careful shiclding of the power
supply to prevent unwanted av from being coupled
into the remainder of the vircuit,

Construction ot the oscilloscope was without
invident, The manual is complete, insteuctions are
vonetse, and are rerdered in plamn language, Assem-
bly time was 10:1/2 hours from start to finish.
Alignment and checkout required an sdditional
hour of fime. Nof bad, indeed, for a relatively
“husy™ test-instrument circnit! Onc reason for the
rapidity with which one van assemble this kit is
that it is built on bosrds, four in zll. The unit uses
30 transistors and 31 diodes. The only fube em-
employed is the CRT, ‘

A block diagram of the svape is given in Fig, 1,
The vertical amplifier is llustrated schematically in
Fig. 2. Ficld-etfect transistors are (tsed in the carly
siages of both the harizontal and verhical ampli-
fiers, The circuits of hoth amplifiers are guite
similar, except, of course, there is no attenuator at
the input of the horizontal amplifier.

The outward appearance of the test nstrument
is as professional ay is the interior. Those remem-
bering the early day Heath scape kits in this prive
class will find it difficult to believe that the 10-102
was engineered by the same manufacturer. Gong is
the somewhat flimsy cabinetry, the uc ripple found
(all too ofteny on the displaved waveform, and the
rather blase” front-panel decor. Furthermore, this
scope feels like there is something inside the
vabhinet other than a handful of fubes and a lot of
anused space, Despite the compactness of this
scope, it's a heavy [ittle fellow,

Pages 6% through 74 of the assembly manual
contuin a down-to-earth short course an the use of
an owilloscope. Data are given on checking audio
wave forms for linearity and distortion. A section

is provided which shows how to troubleshoot 1V
teceivers with a scope, smphasis being placed on
signal tracing. Information is provided on using the
seope for receiver alignment and the measurement
of ac und de voltages. There i a section which
deals with frequency measurement with the 10)-
102, and phase measurement s discussed at the
end of the presentation. Varjous signiffeant wave
forms are Wustrated 1o the toxut, thuy providing the
leswexperienced amateur with clues as to what be
should look for when unalyzing a circuit,
WICER

Heathkit Model 10-T02 Oscilloscope

imensions (HWD)Y and Weight:
[2-3/4 x 9-1]4 % t6-1/4 inches, 27

peunds.

Power Reguiremeonts: FID-130 ¥V ac or
220-260 V av (30-60 Hz).

Paower Consumption: 70 watts.

Price Class: $124.

Manufacturer: Heath Company, Benton

Harbor, MI 49022,

Q8T

ST

Q5T

The Henry Radio 2K Ultira Amplifier

¥ ONE WORD were used to describe the Heney
2K Ultra, that word would be unrgue. This ix
the first two-kilowatt amplifier marketed for ama-
teur use employing conductively cooled tubes. The
LAtra is designed for continuous operation: (& is
rated at 2000-watts PEP input for ssb service and
1000-watts input for cw end RTTY in the amateur
bands botween 3.5 and 30 MHz. A-m operation is
not recommended. The drive wquirement to pro-
duee the rated finaf-amplifier input is ooy 75
watls.
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Fig. 1 — Partial circuit diagram for the 2K Ultra
power supply. The power transtormer may be
connected for either 117-V ac or 220-V ac opera-
fton, The functions of K1 and K2 are dlescribed an
the text.

The X873

The hewrt of the TR Utra is a pair of 8873
conductively cunjed triodes. These tubes have a
plate dissipation of 5 watts each, but with the
addition of a heat sink, the power Jmnpatlon
capability increases to 400 watts, Actoally this isa
nominal fipure. Eimac states that plate dissipation
is Lmited only by the ctficiency of the heut sink.
The anode and base-seal temperatures must not
vxcerd 250%C. Henry Radio uses o small biower to
circuiate air past the heat sink during long periods
uf key-lown service. The blower aperates when-
ever the temperature of the heut sink rises sbove
2109C and is wired to function even after the
amplifier is tumed off. With the amplifier funed

for 1-kW input, the blower activates after the key
is depressed continuously for fwelve minutes!,
Since the blower normally is not used {except for
the most severe uperating conditions) the umplifier
produces no mechanical noise.

OF particular interest js the thermal link used
between the 8873 usnades and the heat sink, it is
made . trom beryllivm oxide {BeO) which has
beat-conducting properiies of aluminum  while
maintaining high electrical esistanes,  Thermal
compound s used to form a heat-conducting bond
between the fube anodes, the BeU link, und the
hent sink,

The RET3 has an indirectly heated ecathode
which requires that heater voltage he applied for
one minute before full cathode emission can bhe
attained. A 60-=second delay relay prohibits the
amplitier from being driven Junng the warm-up
period. Heater volfage ts obtained trom a separate
6.3volt secondary winding on the plate trans-
former. To prevent exceeding the rated heater-to-
vathode voltage, cxeitation ig applied to both the
vathode and heater of cach tube. A bifilar-wound
choke keeps the heater ubove rf ground.

A fivestection band switch performs all of the
switching functions, The first section controls the
indicator lights on the front panel. The second and
third sections provide the appropriate taps for the
output network. The fourth and fifth wafers select
the proper input inductors.

Inpurt and Qutput Circuits

The 2K Ultra uses a tuned-input eircuit which
reduces hoth intermodulation distortion and drive
requircments. A broad-band 1. network 1$ used for

A look into the Ultra shows the L section of the
pi-L output circuit. The input circuits are [ocated
in the perforated box. The blower is mounted to
the bottom cover and is not shown in the
photoaraph.

QST for




Intarior view of the amplifier. Tha 8872 heat sink
is mounted to the back of the cabinet. Next to it is
the directional power meter. The beryllium-oxide
thermai link conducts heat away from the tubes.
The plate choke is located above the main-tuning
capacitor and the multimeter switch is at the lower
right.

an input circuit on 10 meters. Pi networks are used
on the 40, 20 and 15-meter bands., Two band-
switch positions are emploved fo cover 3.5 to 4
MHz. The input impedance is 52 ohms,

A pi-L output circuit enables the amplifier to
operate efficiently on either ssb or ¢w without i
need for changing the plale voltage. The pi-l
network matches a wide vange of plate load
impedances.. [t alse has the advantage of enhancing
harmonic suppression. The amplifier output im-
pedance is 52 ohins, unbalanced. The SWR should
not exceed 2:1.

Tuming the amplifier is accomplished quickly
by observing the tuning meter located above the
latge multimeter while making the adjustments.
This zero-center meter monitors the current in a
bridge circuit consisting of the amplifier tubes and
several diodes. When the circuit is balanced, the
tubes are operating into the opiimum toad im-
pedance for ssb and the meter reads zero (marked
888 in the center of the meter scale). For cw
operation. the amplifier is tuned so that the meter
needle swings left of the ssb position. Ritoutput
power as wefl as reflected power are monitored by
the large panel meter. When the amplifier is tuned
propetly as indicaled by the small tuning meter,
peak output can be confirmed on the large meter,
and the drivé can be adjusted for any power input
up to the legal limit.

The tuning and loading capacitors each have a
reduction drive to make adjustments easier. Ap-
proximate hand setiings are marked un the panel
corresponding in color to the band indicator lights.

Pawer Supply

The power supply delivets 2200 volis under full
foad and s rated  for continmous duty. It iy
equipped with a handle which makes the -supply
guile easy to mwove (considering it weighs 61
pounds!). ' ;

A full-wave bhridge rectification oircuit with a
choke-input ({ilter provides the operating high

|

The power supply for the Ultra is connected to the
rf deck by a twelve-conductor cable. A full-wave
bridge circuit with a choke-input filter is used. The
power transformer supplies all voltages to the
amplifier. The filter choke is mounted next to the
diode heat sink under the resistors. Both time-
tlefay relays are shown at the upper left. The small
capacitor on the right side is used in conjunction
with the filter choke to improve regulation and
filtering.

June 1972

vitltage. The 13-pE filter capacitor is rated at-30(00
valts. A 0.1-pF, 7500-volt capacitor is connected in
parallel with the filter choke, s shown in Fig. 1.
This tuned-choke system is a very effective circuit
{0’ provide e¢xcellent valtape regnlation while im-
proving the filtering during low-current load con-
ditions. Fransient suppression is assured by a
Thyrector assembly wired across the primaty of
the transformes.

Two ihermally activated relays are used to
provide a time-delay function for warm-up and a
visual indication of when the amplifies iy ready tor
operation; sce Fig. 1. K1 is connected to the
filament winding of the power transformer. When
primary power is supplied to the transformer, the
refay filameni begins to heat. At the end of one
minute, the filarnent has heated sufficiently to
cause the normally open contacts contained within
the relay fube envelope to close, This action allows
a dc voltage to appear at the antenna relay so that
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fig. 2 -~ Spectral analysis of the 2K Ultra under
two-tone test conditions, The third-arder distor-
tion products are 34 «IB below the output. {The
Panoramic scale is calibrated in dB below a single
tone. To convert this scale for a two-tone test,
subtract 6 dB from the figures indicated at the left
side of the scale.}

the amplifics may he activated by means of the
exciter YOX  control. Buring the one-minute
period betore K closes, the sf deck indicutor
famps regeive an intermittent voltage from K2, The
thermally operated contacts of' K2 open within
short pepod after voltage is applied, intermpting
the relay filament circnit. The contacts then close
ard the cvele repeuts, This iow-frequency oscillator
v ised te provide o flashing Luwlicator on the
amphtier tront panch, When K1 closes, however,
the tront-pane! indicator lamps receive a contin-
uus voltage directly from the low=voltage line via
{R1.

Some Fal Comments

Fhe withor received many compliments about
the clean sounding sighal of the Ulfra. Fig 2 s a
panotamic displey of the third- and fifth-osder
distortion products. No TV was noiiced at the
author’s QTH, The 2K Utra is « very rugged ynit,
it can be eusly overdniven, however. it the ale is
nut adjusted properly. Haicessive grid current will
sepigusty shorien tube iite, The replacement cost of
the 8873 is vomparable to that of a 3-5007: under
forty dollars. = WRDRE/]

The Henry Radio
2K Ultra Amplifier
PYimenstons (HWD) and Weight:
{Rf deck) 8-3/4 » 12 % 11 inches, 20
paunds; (Power supplv) 7-1/2 x
12,872 » 1012 inches, 61 pounds.
Power Requirements: 220 V ac, 50460 Hz,
£S5 A or 117 V ac, 50060 Hz, 30 A.
Price Class: $850 including tubes and power
silpply.
Manufucturer: Henrv  Radio,
Angales, (A 90064,

fne., los

o Noaw dpparatus

A New 10.7-MHz Filter for Fm Receivers

Builders of amatenr fm receivers should be
interested in this new produect by Spectrum
International, the XM HOT504 crystal fifter. | his
vamponent is swifable for use in the i-f circwit of o
single-conversion feceiver, or it cun be nsed in
double-canversion  reveivers  that  employ
10,7-MHz first i-f.

The filter is relatrvely small in size, measvring
approximately  0.721 X (.75 X 0.316 inches. An
sspecially interesting featuee s its package stvle.
An HU.ojU-tvpe crystal cuse, such as used for
transmitting and receiving crystals, is used to house
the four-pole filter. The assembly 18 eguwpped with
two small pins which can be mude to Ht wto a
standard crystal socket. A metal clip is welded to
vite side of the case. and is used for connective to
the geound bus in the cirenit.

The &M 107504 is designed tor narrow-band
ise. A band width of £7 kHz is characteristic ut the
4 B points of the filter’s passband. At
J0-dB-down paints the band width is +21 kiiz
Insertion [oss & rated at 3 B, and ripple is | JB
maximum, The filter i5 bilateral, and has un

56

impediance of 910 ohms with 35 pb of capucitance
in paralle!l with each port.

The filter is the most recent product developed
hy Schiliing «f West Germoany, and is available
from Spectrum  Internutional. . . Hox &7,
Topstield, MA 1983, 51595 0 single lots.
WICER.
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The First Novice

Crystal Bank

of

San Diego County

BY HARLEY GABRIELSON,* KoDs

“JOE, WHEN ARE you guing to clear these
thimgs out of this drawer?™

“What things?™

“These,”

“Oh, thase ‘things’ are the crystals [ used when
1 was 2 Novice,”

Do you still need them?™

“Na. One of these days 'l find someone who
van use them.™

Across town, Frank. WN6ZZZ, s listening in on
“his* frequency ~ his omly freguency on 18
meters. There has been i ragchew going on there
for the past half hour — no chance at all for him to
operate. I sure conld use another crystal for (5
meiers, but my allowance for the rest af the month
went last week for the materials to put up the new
antenpa. Gness I might as well turn the gear off
and go outside and shoot a few baskets with
Jimmy next door.”

Gduestion: How can loe get his surplus erystals io
Frank?

Awnswer: Through a Novice Crystal Bank.

QJuestion: What is a Novice Crystal Bank?

Answer: 1t is an activity sponsored by 2 dlub or by
an interested amateur which gathers crystals
donaied by amateurs and swhich loans these
crystals to Novice operators,

One or the other of these twa situations is afl
too familiar to many amateurs. A Crystel Bank can
serve asoan eftfective chaonel for moving unused
crysials from the junk boxes of the more advanced
wnateur into the crystal sockets of the Novices, It
assures the donors that the crystals will be put to
pood use efficiently. Because the crvstals became
the property of the Bank, they will not disappear
into someone else’s junk box. never to be used and
never to be seen again. Through the Bank, when
ane Novice has used the crystal(s] and has gone on
ta get his General Class License, the ucrvstal is
teturned to the Rank where it can be ioaned out
again aed again.

Here in San Diego County, the Novice Crvstal
Bank is sponsored hy the Amateur Radio Club of
E Cajon, Urystals deposited with the Hank become
the property of the ciub and are turned over to the
custody of & Bank manager, The manager will then,
in  turn, distribute the crvstals te Novices
requesting them. The Bank wmanager assumes the
responsibility for keeping track of the crystals out
on loan und for seetng that they are returned to the
Bank when the Nowvice's license has expired or has
heen superseded by a higher class license,

t 5820 Delaware Ave., Lia Mesa, CA 42047

Iung 1972

e il

Bank Manager, WBELYG

The existence of the Hank is

publicized
wherever possible, at club meetings, in hulletins on
the air, at Novice classes in the area, by personal
vontacts, and by notices on bulletin boards which
might be seen by Novices, No charpe is made for
the loan of the crystals and the loans are availahle

o an eyuai hasis to any  Novice
operating in San iego County,

Much eredit for the success of the San Diego
County Crystal Bank must go to Bruce Flagg,
WBaLYG, who manages its operation. Brice is a
young amatetr who vame vp through the Novice
ranks, He is acquainted with many of the fosmal
Waovices und is aware of the problems they tace. 1T
vau have spare crvstals to deposit in the Bank, ur it
vl are o Novice licensee with a need for
additional ¢rystals, Bruce is the person o contact.
We have, us a4 matter of practical necessity, [imited
the scope of this operation to Ran Diego (ounty,
but it #s hoped that branch Banks will be formed to
aid Novices in other areas of the coungry, [osr—]

e Strays “§s.

“Medicine and its Relationship to Amateur
Radio™ will be the theme of the scientific program
of the sixth annual meeting of the Medical Ama-
teur Radio Council {(Marco) to he hetd in conjune-
tion with the annwal meeting of the American
Medical Assaciation, on Thuesday, June 22, 1972,
af the St. Francis Hotel, Ban rancisco, California,

Such subjects as the “Role of a Satellite in 5
Bio-Medical Communications Network, Missionuary
Radio Services, Slow-Secan Television and Tele-
phone ‘Fransmission of Medical data, and Amateur
Radio and Health Care in Medically Underzerved
Communities,” will highlight the talks to be given
during the scientific session.

e, Donald W. Needbam, D.V.M., WelNM, will
be inangurated as the new President of the Medical
Amateur Radio Council and wilt preside af the
svientitic session. A Marco club station will be set
up at the 3t. Francis Hotel ta he operated by those
mermbers attending the ¢onvention.

fiving and

The Purple Martin Net is looking for bird lovers
to check in ut 4 P.M. CST every Sunday afternoon
on 7280 MHz, WASMPQ is net control with
WSBW the alternute,

- BY




One of ARRL's live-wive affiliates, the
Vellow Thunder Amatenr Rudio Club
in Wisconsin, bas a “transistor gquiz”
prepared By K9PKQ as part of s
veneral training program. With permis-
sion, we reproduce it berewith, plus
couple of additions of our own, 1t s a
good geveral refresher vn principles,
aird particularly so for anyone going
up for FCC exams — which these days
bave more than a smatering of
solid-state coverage.

Do You

Really
Dig
Transistors?

1) This symbal is a:
a.Ppn transistor.
h. Pnp transistor,
c. Npn transistor,
d.JFET.
& None of the above.

e

This is the symboi for a:
a. Pap transistor,

b. Nnp transistor.

<. Npn transistor,

d. Silicon rectifier.

8. N-channetl FET.

3) The three elements of a transistor are:
a, Plate, grid, cathode.
b. Plate, base, cathode,
o. Collector, base, cathode.
d. Collector, base, emitter.
e Giate, source, collector.

4

Transistor junctions are made of:

4. Clay and sifican.

b. P- and n-type semiconductor. material.
o, Copper and germanium.

d, Ceramic and substrate.

2, All of the above.

58
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d
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Name the unidentified

transistor;

a. Plate

h. Base
¢..Gate

d. Emister
e. Collector

element of this

BASE-
EMITTER

{Ine disadvantage of transistors is:

a. They cause harmonics,

br. They use too much power,

¢.They will not withstand long periods of
uxcessive voltage or current,

. They always require heat sinks.

&, All of the above,

One advantage of transistors is:

a, They use very little power.

b. They are small in size,

1, They are efficient,

o, They can pravide amplitication,
e, All of the above.

If @ transistor is connected with the wrong
polarity supply voltage:

a. The sine-wave output will be inverted.

k. 1t will draw no currént.

<. it will probably be destroyed.

cl. The internal alarm will fire,

2. The transistor wall work normally,

In normal operation with a fransistor, the
emitter-base junction is:

a. Saturated,

b. Forward biased.

¢. Reverse biased,

d. Highly reactive,

e. None of the above.

10} I a base current increase of 1 milliampere

of 10
ot the

increase
{Beta)

causes & collector current
miltiamperes, the dc¢ gain
transistor is:

a..01

b 0.1

c. 10

d. 100

e lt has no gain.

11} Transistors can be used as:

12} Transistors

a. Amplifiers.

b. Oscillators.

¢. Detectors.

d. Rectifiers,

e. All of the above,

usually from

voitages in the range of:

a.3 to 30 volts dc.

b. 150 to 500 volts dc,

¢. 5 millivolts to 50 millivolis ac.
d. 1000 volts ac.

e. None of the above.

pperate supply

13) Basically, transistors have “gain’ because:

a. They have no filaments.

b. A simall change in base current causes a larger
¢hange in collector current.

. They are operated from batteries.

. They are unilateral devices,

e, All of the above,

14} Transistors are made of:

a.Various subsirates.
b. Emitter materials.
¢, Silicon or germaniuem.
d. Mica and epoxy resins.
e. All of the above, .

QST for



18] The fr rating of a bipolar transistor is:
a, The feedthrough capacitance of its junction,
b. 115 gain-bandwidth product,
. lis frequency-temperature characteristics.
d. The maximum collector-current rating.
e. lts alpha characteristics.

16} A transistor’s qain-bandwidth product 1s:

a.lts gain at some specific frequency of
operation.

b. The transistor’s low-frequency characteris-
tics.

. The frequency at which its gain is unity, or 1.

d. The frequency at which it delivers maximum
gain.

. Its dc beta.

17) The Aipha-cutoff characteristic of a transistor:
a.ls dependent upon whether it is an npn or
pnp type.
b.ls the lowest frequency at which it will
amplify.
¢. ls the frequency at which its gain is 0.707 —
the value at 1000 Hz.
. I'ts feedback characteristics at 100 MHz,
. None of the above.

18) A transistor heat sink is used to:

a.Increase the operating temperature of a
transistor,

b. Prevent the transistor junction from cracking
in cold weather,

c¢.Reduce the junction
transistor.

d. Assure quick starting of tranststor oscillators,

e.Minimize the frequency drift of oscillators.

19} A junction field-effect transistor {JFET]) is:

a. Characterized by 1ts low input impedance.

f. Similar to a medivm-mu triode tube,

<. A unity-gain high-impedance semiconductor.

d. Most often used . in  high-power audio
amplifier circuits.

e. Forward biased to saturation before it can

amplify.
”3)_

LI

termperature of a

24} The symbol at the right represents:
a. A n-channel MOSFET,
b. A cornmon-emitter JFET.
¢, A grounded-gate MOQSFET,
d. A pchannel MOSFET,
e.None of the above.

25} A trapsistor that is known for its high input
impedance is catied:
4. Smallsignal bipolar,
h. A field-effect transistor.
c. A balanced-emitter transistor,
d. A bootstrap transistor,
e. A mesa-type transistor,

26} FETs are suitable for use as:
a.Small-signal ac and dc amiplitiers,
b. Oscillators,
c. Mixers and product detectors.
d. Sold-state switches,
e, All of the above.

27) The Alpha cutoff of a transistor is measured
in:
a. Commuon-emitter configuration,
b. Commeon-collector configuration.
c.Common-base contiguration.
d. Inverted supply configuration.
e. None of the abave.

28} The Beta of a transistor is measured in:
a. Common-base configuration.
h. Common-emitter configuration.
¢. Common-collector configuration.
d. Reversed power-supply configuration.
2, There is no such thing as "Reta.”

EF-]

e Strays %5

This hit of iron sculpture, 80 pounds and 39
inches high, adorns the front yard at KELQOM. He
welded it from stee! bar and plate, and an auto
coil spring. Resonant frequency? — Unknown.

e mde : T

20) The symbol at the right is that of:
a. An n-channel tfunnal diode.
b. A dual-gate MOSFET.
c. A p-channel JFET.
d. An n-channel JFET,
v, An overlay hipolar transistor.
21} A semiconductor device which has a gate,
source, and drain is:
a.An npn bipolar transistor.
b. A hot-carrier diode.
¢, A single-gate FET.
d. A unijunction transistor.
&, Water-cooled high-power bipolar transistor.

22) The unlabeled element in the diagram at the
right is:
a. An emitter,
b. An anode.
. A source,
d. A substrate.
e. A common collector.,

23} The symbol at the right is that of:
a. A two-gate JFET,
b. A& twin-base bipoiar transistor.
c. A silicon-controlled rectifier,
d. A triac.
e. A dual-gate MOSFET.

DRAIN
GATE:
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‘Houston, This is

BY PAUL M, WILSON,* W4HHK AND
RICHARD T. KNADLE, JR..** K2RIW

reception of volce fransmissions from the Com-
nasd Service Module 108SM} was achieved. This
ouedried af 126 GMT on the morning of August
t, 1971, when the partuadly queted tm receiver
suddenty yuicted completely and the vaice of CSM

TTQUIPMENT ORIGINALLY BUILT by W4lIHEK

for 2304-MHz BME und  fropo  watter
ciperiments has been successtully used to recewve
J247.5-MHz signals from Apalle (0, 12, 14 and t5

spacecratt i funar orbit. L2334 Tt was not until
the Apallo B3 unussion, however, that successtul
* Hnx 430, Colliernlle, Tennesses 34017

=# 416  YVanderbilt Parkwav, Dix Hills, NY
11746
1 Tilton, “Fo the Moon and Back - on 2300

MHz,” O8T, July, 1969, p. 54.

2 Wilson, A 2.3-GHz Crystal-Controlled Con-
verter,” 08T, April, 1971, p. 34,

3 Sraith, *“The Waorld Above H0 Me.,,” 8T,
Deeambay, 1970, p, 92,

4 Fisk, '*Parametric Amplifiers,” 7.2, 1964, p,
53,

pilut Al Warden was heasd loud and clear from the
speaker! Linprepared tor this seception, b was
caught without the tupe recorder connected to the
reveiver. 1T was an esciting moment 1 shall always
remeinber. Minutes [uter the signal cut off sharply
as the spuaceeraft wend behind the oo, imtinl
reception of the Apolio 15 OSM had been made
the previons  day  at 2120 GMT. Unhmted
maonitoring of the Apolio 15 misson 1and others)
vwas not posable hevause of a0 repulur stk
schedule and  the changng funar position. The

The Lunar exploration which the Apollo astronauts are curreatly undertaking iy one of the wost
exciting fecimical events of the decade, for gmatenrs Wio wisit 1o take part v these events and
fearst much ahout modert space comailications wetworks, divect reception of the Apolio
rrasmitter winle it i in duray orbit is possible for the dedicared amateir, using mostv emateur
squipment. This article descrihes two gquite differcnt equipment setups; according io NASA, they
are one of the first independent stations i the world which have demnodulated the Apollo N-beatd
vaice signals from a funar distance.

Apoflo J6 took off on Apal P& dpollo 1T jwhich mav be the last manked mission!
i soheduled for December 9, [0 Dhe oyidpiient that amatenrs assemble for tese sissions will
nol gather dust, becguse i will have the possible capability of recening Pioweer Foand G {1972
Supiter fiv-brs), Helois {1974 sun probe] and Viking (1975 Mars tander) probes, sinee they all will
transmit hetween X265 and 2300 ATz Alse tropo and FME cxperivaents i the J300-2350 MEz
amatenr band are possible the vear vaund, ay WHHHK has discovered,

The first section of this article, by WHHHK, descrihes the use of g commercialle manytactured
{R-foot digmeter Jish and a fomemade receiver which ave been used 1o receire signals sice
Apoilo 11 ard which aciveved voice reception of Apollo 15 us well ag the firse 23000 H2 EME
EASE). Fhe seconrd section, by K2RIW, describes the wuse of ¢ home-constrieeted 1 2-foot diameter
Jish eombined with g receiver, made up of commercially monufactured amateur cqapend mui
lahorarory instrutments which recorded 3-3id hours of vowee reception from the Apollo 15
aatrontants. 1his oecomplishaient resulted i K7 RIWs visit o the NASA Mauned Spacecraft Cenler
in Houston,
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moon is always in view of two of NASA's primary
tracking stations in Australia, Spain and California,
bt not so for the amateur, Suome ot the most
exelting events and transmissions from the Apobio
missions always scem to occur when the woon is
below the honzon for the continental United
States amateur! Nevertheless, five lunar parking
arbits (LPO) and several hours of return irp
transmissions were uhserved by this experimenter.

At WEHHK

The block Wlingram shown in Fig 1 illustrates
the cquipment sctup. The dish s remotely
controlled and fully steerable in azimuth waed
clevation. Look angles for imitially finding the
moan and  spacecraft are calenlated from The
Nautical Almanae and conversion tabfes, Visual
ohservation of the moaon is unnecessary. Once the
signal is acquired, tracking is done by steering for
maximum signal strength, However, keeping the
dish on target, cunstant receiver tuning {because of
Poppler shift), and log keeping. results in a busy,
ue-man aperation.

The Apollo signal first is converted {0 two
meters, amplificd, and ther fed to two receivers. A
GE Progress Line fm eecviver with  30-kHz
bandwidth (much too broad for Apollo reception)
is used for voice reception. A crystal-controlled
two-meter converter changes the fiest i-t signal to 7
MHz far feeding « 5104 Collins receiver, which is
used for acquisition and to measure signal strength
and Doppler shift. The GE fra receiver second local
oscillator {normally c¢rystal controlled) is made
vatiable by removing the crvstal and feeding in a
signal fram a4 Neoxthern Radio -163/UR VFOQ.
Once the spacecraft signal is acquired on the 5144,
the VIQ is adjusted to center the signal in the fm
weeniver passband. The S G used in the cw mode
with 8 3-kHz bandwidth for signal strength and
Dappler-shift measurements. An aadio level meter
on the 5134 nutput is employed fo messure the
sticngth of  the bheat note  relative to  the
background noise kevel (in the absence of signal), A
J-K 1-MH7z frequency standard {1078 stability) and

22515 MHz

{/ SCR-584 PEPESTAL

Important! FCC regulations prohibit
disclosure of the content of com-
muni¢ations not intended for the
public. Thus, it is illegal to inform
the press or any other third party of
the content of any information re-
ceived directly from the Apolio com-
munications link.

harmonic generator provide calibration markers for
the S-baud/3114 receiver combination at 2286 and
2287 MHz.

The theoretical guin difference between the
18-font  Jameter dish and  the [2-4oot one
{described {uter) is about 3 dB. This advantage was
cancelled by the use of lincar polarization at
WAHHE, since CSM transmissions employ cirenlar
polarization. In addition, feed-line loss at W4HHEK
is 4 dB (K 2RIW’s line loss is nearly sero) and the
parametric amplifier noise figure is probably 2 JB
inferior ta the commercially manufactured vne.
Siinultancous observations of Apaollo 15 signals
during LPO were not made, but by chance K2RIW
and WAHHEK were monitoring the same spacecraft
transmissions during the refurn voyage to carth,
Maximum ain carrier {(2187.5 MHz) strength
loggred by WAHHE Jduring the LPOs was 18 dB.
Signals were received for a total of 65 minutes
during one of these orbits. Doppler-shift measure-
ments made Jduring this period produced the curve -
shown in Fig. 2. A totdl change of 49.9 kHz was
measured. NASA says it should be 48.4 kHz for a
60-mile lunar parking orbit. At first glunce the
apount of shift would appear excessive. LEis twice
the notmally caleulated Doppler shift becadse the
transmitted froquency is derived from the fre-
guency reweived on board the spaceeraft which has
beert shifted on the uplink (from eurth) and is
shufted again on the downlink. During the return
trip a <gpal strength maximum of 22 dB was first

HHK, 194 .5
PARA HHK 5 | HHK KKK COLLINS
it h 23 e M| CASCODE (5] 2 METER [— o] 5104
2048 GAIN INZIMISER | ¥H2 | oF AME CONV. | MHT | RECEWER
{
— W5 GE
f,'%ﬁf z 2286 MHy MMz || PROGRESS ﬁ_li'g[EO
K ON 2287 MHz LINE FM RECOR
PUMP MARKER SIGNALS HECEIVER CROER
J-K
[ MH2 a?ﬁfmﬁ
STANDARD

Fig. 1 — Black diagram of the 5-band receiver system used to receive Apollo 1% at WAHHK,
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vbserved at 0234 GMT August 6, und the following
duy readings were in excess of 23 dB (off the meter
awalel. At this time the spacesTaft was less than half
the Jistance to the thoon. Voice fransmissions werc
correspondingly stronger, but little conversation
was heard. The Fadeavour’s crow was apparently
enfoying a well-carned rest. Sometimes the voice
subcarrier was furned oif. leaving oo the nain
vatper for ohservations, 3t was reassuring to know
vvervthing was probahly “A-OK™ uboard the (SM
by the presence of this cantinuous signal.

A written report was sent to NASA on the
reception of Apollo 15 S-band signals and a tefer
nt confirmation was received frons them. Similar
letters were received far the 10 and 14 massions.

~AGSE i 0036.45 GMT

2286280
2236,270' _
& i
:szss.zso[ —
2286250 \
2286240 e ;N\
\ Los omeTT
7286230 I 1 i —
Q035 0045 OBSS  0DloS 015 Q125 35 0145
GMT
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A unique view of the gear used by K2RIW, as seen
through his screen covered dish,

Treasured even more are two photographs and one
Doppler  graph  submitted  with  the reception
reports for those missions. They were returned
hearing the signatures of the heroic crews making
those historica! voyages to the woon — wniyue
©SLs that this amateur will always chensh.

WAHHK/A4HHK wishes fo give special thanks
to Third Army MARS for the intercst and support
recetved making the Apollo reception expetiments
possible and to the NASA Manned Spacecraft
Center, Houston, Texas, for the attention und
response given to the reports submitted by this
station,

Ar K2RIW

“Houston, this ix Apollo . . .7 These were the
tirst words | heard from the 13.2-watt Apollo 13
transmitrer at 7:25 PM. EDT on August 4 from
40,000 miles w1 space. Words cannot describe the
feelings  that Robert Coe, WNZMUE, Mario
DiDiego, WB2MLH, Byron David and I shared
upon unexpectedly hearing these words of
Astronaut Al Worden come booming from the
loudspeaker of the equiptent we had assembled at
the rear door of Airborne Instruments Laboratory.
We had listened to the wudio subearrier during two
hinar orhifs the previous night and not a wond had
been heard. We were bepinning o think that there
was a  maltunction M our  eguipment.  Not
2ypecting to teceive anything for the time heing,
we had left the tape recorder turncd oif and had
the receiver volume vontrol set quite high, hoping
to Jdetect any passible faint voice. Consequently,
when wodulation suddenly appeared, it gave us
guite @ jult. The only record we have of these first
wentences is the notes of my wife, WB2HID.

The Dish

‘itie 1des ot cven attempting the reception of
such a smalf tranststter trom so far away using
such o small dish (12-foot diameter) seemed quite
optimistic to me, especially since several systems
cummunications experts had told me 1t couldn’t be

done. MASA's Manned Space Flight Network, by
contrast uses antennas from 30 to 210 feet in

diameter to assore seliable astronaut
communications  even  during  use ot the
omunidirectional  antenna wboard the Command

Service Module {CSM).

Amateurs can realize acceptable reception with
a 12toot untenna amd prabably even a b-foot
antenna during the time the high-gain antenna is

Fig. 2 — Doppler shift measured at 2288.25 MHz
as recarded on fAugust 3, 1971,

QST for
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Fig. 3 -
Apolla signals on the retura trip from the meon.

heing vged on the CSM. As the block diagram in
Fig. 3 shows, our system contained two expensive
horrowed components (a parameitic asplifier and
a  spectrum  analyzer used ay oa 2287.5-MHz
converter). However, we received the main carries
as strong ax 29 di above the npise of a 3.6-klz
bandwidth, which leads e to belicve that many
equipent substitutes will succeed. T know of
cleven other amateur groups who are building
ditferent receivers for Apollo fe.

'The mast important component of 20 Apollo
recetver systemm is the S-band antenna, [ found
dishes difficult to obtain. so § buiit a portable
1oound, 12-174-foot diameter dish from window

June 1972

-
ALDIC DEMODULATION

tA} Apollo 15 reception system used by K2RIW, (B) Phasedocked fonp system used to receive

wreening, fishing stving, aud 1/ 2-inch aluminum
tubing. The total cost was $43, it delivers
approximately 34 dB of gain and reulizes 6-1/4 dB
of S-band salar noise. Surface accuracy for S-band
use should be better than 1/8 wavelength or 1/2
inch, The circular-polarized feed horn  was
vonstructed from an American paint can and an
vatmeal can made in Scotland (3-3/4-inch diameter
cans  are hard to find). All Apolla S-band
transinissions use right-hand circular polarization: a
348 disadvantage will be suifered f a linear-
polanzed feed horn is used, (ur receiver was yuite
an inexpensive one, a highly modified Knightkit.
The nbifm adapter is from the Redio Amateurs
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TABLE |

Apotlo Frequencies (extracted from information
received from NASA.)
Command and Service Module {CSM)
Whi: 296.8 or 259.7 MHz (a-m vaice].
Unitied 8-Band {usb}: on Main carrier: 2287.5 MHz
Fm Voice subcarrier: 1,75 MHz
CSM Backup Voice: on Main carrier: 2287.5 MHz
{tm)
funar Module {LM) ush: Main carner: 2282.5 MHz
Em Voice subcarrier: 1.25 MHz
LM Backup Voice: an Main carrier: 7282.5 MHz
{fm)
Lunar Communications Relay Unit (LCRU):
2265.6 MH=z
Fm Voice subearrier: .25 MHz
LCRU Backup Mode: Voice on Main carrer:

%ignal loss at 2287.5 MHz and 240,000 Nautical

2265.5 MHz
{tm}

Miles: —213 dB.,

Hendbook, We were anable to make a phase-lock
lpop 1C fm  demodulator have a3 good &«
threshald as that tube-type demodulator.

We oxpected the 2-degree beamwidth of our
{Zfoof antepna o make aiming Jdufficult; but
peaking <ignal strength hy manual tracking with
the antenna mounted on » photographic iripod was
quite easy. Lirst acquisition was acvomplished by
airting the antenna’s center pipe at the moon like a
yun harrel. The Apollo [5 Command Service
Module Jeft Lunar Parking Orbit Wednesday night
August 4. The CSM wag 12 degrees to the right of
the monn an Thursday and 25 degrces to the right
ui the Friday, the day before

maan an

splashdown. This surprised ©s, because we had
naively assumued the astronauts traversed « styaight
path trom the moon io Earth.

Receiving System

Another impartant component of an Apolle
receiver system s the S-bamd preamplifier and
vonverter. Svstem noise figure 5 the cntical
patatheter. [ located the low-noise parametric
amplifier right at the teed horn and fed power up
to if. This procedure svoided the feed-line loss
which would have added directly to the system
noise figure. The two extra preamnpittiers were used
to overcome the noise figpure of the spectrum
analvzer, which s higher than that of an
amateur-built  2300-MHz converter. ([ have ual-
culated since that one of the preamplitiers was not
required.)

The Apollo transmitter is slightly ditferent
from the nhfm transmitters we are familiar with,
The ustromaut’s voice frequency maodulates a
1.25-MHz oscillator, sce Fig. <. This oscillator,
along with others which carry telemetry informa-
tion, phase modulates the 2287.5-MHz carvier and
resufts in the spectrum shown in Fig. 3.

At least two kinds of reception of this spuetrum
are possible, depending on system threshold:

I} 1t is possible to concentrate on the main
cardter which is typically 8 dB stronger than the
voite or {elemetry =idebands. Defection with a
BFO wvields more than 10 dB of additional
theeshold, so main carder detection s ut feast 1R
dB easier to wecomplish than voice reception. From
the main carrier vou can measure Doppler-shifted
frequencies, AOS (acquisifion of signal) times and
LOS floss of signal) times ax the capsule travels
around the moon, disappears behind it and
emerges while in PO (iunar parking otbit).
Doppler-shifted frequencies define velacity away
fromn or toward the earth during the mission. The
maximum shitd is + 27 kHz, which oceurs dunng
LPO. (Doppler shift is the apparent change in
frequency of a transmitter which is approaching or
receding from the peceiver.) if the antenna gan
minus system noise figure 3 (8 dB, the wman
carrier will be received with 10 dB to spare, even
while the CSM is in LPO.

2} For the hailder with more system threshold,
voice subcarrier reception will be most enjoyable.
The upper and lower subcarrier sidebands can he
cotsidered as completely independent abfm signals
spaced 1.25 MMz from the main carrier, as we
considered them during our first fwo davs of voice
reception, We lstened to the upper sideband at
DIRRTS MHzZ . WAHHK listened to the lower one at
2286.25 MMz. The more udvanced huilder vun
constmet a phase-locked-loop system for subcarrier
extraction, by which we realized 3 to 4 dB of
additional voice threshold on our last day of

Close-up wiew of the 2287.5-MHz W2IMU dual-
moda feed horn constructed from an American
paint c..1 and a Scottish oatmeai container.

QST for
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M OSCILLATOR
AND AMPLIFIER

ANTENNA

£ OSCILLATOR

I 1
43TRONAUT | e N ! 132 waTTS
R T P PN LS SOOI . L
! 08¢, ! PHASE
LES i MODULATFION
i t
! If Fig. 4 — Command Service Module S-band voice
TFIEME.TRYI F M OSCILLATOR | system. Peak subcarrier fm deviation st ?,‘”:—’ kHz.
iHFORMATION | 024 BHE ;004 wpiz] | Antenna gain with ‘th_e high-gain antenna is {6.3 dB
e {OTAGE CNTAOLLED (=g H and with the omnidirectional antenna is -6 ta +6
| A5C. { iB. Cable joss to the high-gain antenna 1s 5 JdB, and
; | to the omni anfenna 5 2.5 dB. The wansmmtter
U | power output is 13.2 watts. Polarization is
SUBLARRIER GENERATOARS right-hand circular.
reception, August 6. The loop must Jovk on the |
main carriet, and in this manner it extracts the <X
upper and lower sidebands together, thus recetving adfi

twice us much energy. The loop output is «
1.25-MHz  signal which must be nbfm  de-
modulated. The antenna gain minus system noise
figure must he about 30 dB it voice reception is
desired. See Fig, 5. It was inferesting to note that
Caommand Module Pilet Lt Col. Al Worden fully
madulated the transmitter but Col, David Scott
and Col. James [rwin occasionsly undermodulbated
the command module fransmitter, 4 condition
sinilar to what amateurs experienee when someone
tise uses the station rransmitter.

Friday, August 6, we picked up the Apalle 15
signal 200 minutes before the capsule came up over
our horzon, which sugeests ihat there are some
mteresting mades of propagation on 2300 MHz
which are worthy of tavestigation. Latet 1 stoad in
frant of the aptenna and was amazed that my
presenve did not affect the signal strength. Only
when { put my hand in front of the feed hom did
the signal decrease, {The antenna hus an area of
112 square feet, and my body was only blocking a
fow square feet.)

A Visit with NASA

The NASA Manned Spuceeratt Center sent me o
mucht-appreciated packet which included a letter of
confirmation of astronaut voice reception which [
cansider a QSI. vcard from a 13.2-witt QRP
transmitter a quarter ot’a million miles away — not
bad DX! Our project may sound well-planned, but
in reality our enthusiasm  for  assembling  the
equipment did not occur until the day of blast off,
and the week of the tlight was one of the most
hectic ve cver spent.

As a result of cur Apollo 15 vowe reception |
had an opportunity to visit the NASA Mannad
Spacecraft Center in Houston on September 2201
had o telk with systems engineers of the flight
support division and had a chance to inspect the

A 12-fogt diameter parabolic antenna can be used
to réceive Apollo communications, Shown here are
K2ZRIW (left), WBZMLH (kneeling), and Bvron
David,
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Mission  Control  Center, Compuier  Support
Complex wnd Astronaut Truining Pacilities. Lsat
an Apolle Corpnand Module, sat wn the Lunar
Rover Car. impected o Service Module, [unar
Module, Lunar Module Lumding Simmulator and o
Zerapravity Tranung Tank. | met astronauts and
watched them during training exercises,

We are presentiy making systems improvements
in anticipation ot Apollos 16 and |7, during which
we will sttempt recepuion of the Lunar Module and
Lunar Rover vehicles white they aie on the Moon.
A low-noise Apaollo receiver system also makes J
fate mudio telescope, and our grodp (the newly-
formed AIL Radig Astronomy Group) iy con-
sidering observing somme of the galaxies and pulsars,
as well us other space probes. | have o fecling that
we're just getting started! 8%




Results
2nd ARRL

160-Meter

Contest

REPORTED BY AL NOONE, *WALKQM

N A CONTINUING cffort to arrive at a better
st of rules for this popular new activity. the
and ARRL 160-Meter contest (held Dec. 10-12,
1971) incorporated a numbet of changes (recom-
mended by the ARRL Contest Advisory Commit-
tee) designed expressly to increase participation.
The starting time was maoved up to 2200 GMT and
each DX country tnot including KG4 KP4 KV4
cte. which already count as sections) was counted
as i separate muliiplier.

(Hd the changes help? You bet! While entries
remained at about the same level as last year, 272
to be exact; there were upwards of 1000 different
+ Asst, Communications Mgr., ARRL.

_ e ' [

s

VE3BMV (!.) managed 367 QSOs in 68 sections for a final score of 50,624. This was more than enough to
take_ Canadian Division leadership and places Yuri as 7th among the TOP TEN participants! Earl, WSRTQ"
ir.] is back again this vear as West Guif Divisian Ieader with 175 (O50s in 57 sections] i

calls noted in the lops sent in to Ha.! (A nuntber
of stations commented that the activity scemed
almost like 2 November Sweepstakes at times!)

Even conditions were good to us. Last coast
stations were able o work into Furope both
nights, the West coast gang took advantage of the
excellent KH6 activity, caught that occasional JA,
KR& and VS6 und the Central states kept busy
cleaning up those section multipliers!

Ay for DX, well here's just a sample of what
was available to work: CO, El, G, GM, HB9, HB®,
IA, KRE, OK, PAD, PY, VK, VP9, YN, ZD8 and
£P6, Wonder what the kist would be fike if all the
active stations sent in logs? Oh well, maybe next
year!

Some T2 stations have carned certiticates as
either sectian or country winners, You can expect
them shortly after their June 15th mailing. -
WA KM,

TOP TEN
Single Operator: W3GM 72,200 - 76 mult-
ipliers; W3IN 68,406 - 78; K1PBW 66,300 - 78,
WOAIH 61,028 - 73, W9DL 39,427 - 71, wWoYT
(K9LBQ, vpr.) 54,270 - 67; VEIBMV 50,524 - b8;
WADB 45,560 - 68; KRKHB 43,485 - 65; and
VESXU 43,470 -70.

TOP FIVE

Multioperator: WSLT 47,718 - 66 multipliers;
K3RUQ 40,257 - 63: KBBYI 37,210 - 61; WOVB/9
33,630 - 59;and K@QLIL 30,180 -0,

SOAPBOX

Fine contest, seemed that there was more
activity than last year although my totfal score
turned out about the same, Heard North and South
Dakota, Missouri, Montana, North Texas, KV4FZ
and some Califormians that | just could not seem to
work. idd QSO South Texas, Utah, Lolorado and
Mississippi. (WIFLN). . . The highlight of the

Frank, HBONL managed 31 (S0s with 14 sections
located as far West as WB8/9! His FB signal was
audible tor many hours on the East coast.

QST for



DIVISION LEADERS
Single Op. Multiop.
W3GM Atlantic K3RUQ
WoDL Ceniral W9YB/9
WOAIH Dakota KoL
W3sUSs Delta ...,
WEDB Gr. Lakes WRLT
W2EQS Hudson K28TO
WONFL Midwest ... .,
K1PBW New Engl. Wiop
KNDX Northwest K7TALD
WRB&QIT Pacific ... ..
KdCia Roanoke w4ipy
WAQCVS Rocky Mt. WoMS
WAYWX Southeast WaHAW
"W7NQ Southwest WoYY
WSRTQ West Gulf KSDEG
VEIBMV Canadian ... . .
confest was the QSOs with KL7HEE and

WAGZQB/KL7 to complete my 1.8 Mhz WAS.
Managed to work HEONL and PYIDVG through
the severe W/VE QRM in the 1825-1830 “DX
Window.” Somehow more emphasis must be made
to keep this portion of the band open for the DX
stations to use, Also, the W/VEs should he remind-
ed that ihe DX there is listening  between
1800-1807 for replies, not on their frequency. No
Asians heard, JA frequencies covered by Loran
here, (WIPNE), . . Conditions were very good
the first night, and excellent the second. The
aflocation of the band with everybody on the low
end is just great. Climax to the test was working
VSeDO! (W7CF1, opr. WINQ). . . Worked &0
ARRL sections in 42 states, includinog Hawaii.
Biggest thrill of all was when ZD8AY answered my
CQ. In addition, 1 worked Mexico and Brazil 1
would like to make skeds (weekends-night time
only) with any le0-meter stations in Maine,
Vermont, New Hampshire, [daho, Montana, Ore-
gor, Wyoming and Alaska. (K5AGIf5). . . New
93-foot vertical has lots more punch than [ast
years long wire, (W3IN). . , The contest went
very well, and was a lot of fun for everybody. The
changes over the first one were well received. DX
stations felt » hit left out, and the participation
from DX was low. (WIBB). . . Would be nice to
modify the rules again so as to increase DX
participation and interest. Increasing the DX QSO
point count or providing additional multipliers for
continent to continent (SOs  might help.

(KIPBW). . . Bigthrill to hear JATAO calling CQ
with a good signal, big frustration not being able to
work him. (K@DCFE/@). . . Thought this years
contest had much better conditions, and certainly,
much better participation by US hams, but where
were the VEs and DX? (W@fl). . . The conditions
un December 12 morning here on TOP BAND was
fantastic and so | could work many stations from
the states never before worked or heard. But the
Ws were not listening for Europeans all, like the
W9s and especially the Wis! The WABE and WeALS

Here's Jarda, OK1ATP, weli-known TOP BAND
enthustast frorm Czechoslovakia. His 10 watts ta a
dipoie netted him 10 QSOs with 7 East-coast
sections.

June 1972

No wonder WOAIM was heard in Europe! The
antenna ta the left of the picture is a 137-foot
vertical fed against over 2000 feet of ground-wire
radials!

are here 579 hetween 0500 and 0600 GMT o the
12th. | also noted W3DA, Ki1GSU, WASJUN, and
WIYT. For 1.8, 3,5 and 7 MHz | have a RO-meter
zepp or & 160-meter dipole, not high, but hent
down by about 30 deprees in the direction of the
USA. The best frequencies for Ws, are 18072 -804
here, but the broad-band fone stations cormmercial-
Iy are QRMing very often if the band is not open
good for DX, (HBYNL), . . The trequencies from
1830-1835 here in Australia are uswally clear, so
during these |6é0-meter contests, | would suggest
using the Europeans DX Window for Australia
stations as well, On December 12th heard WSVLN
5S4 at 12152, WSRTQ 56 at 1246Z and WOEIU/9
5S4 at T2558Z. (VK30D. . . Suggest change in the
rulus to allow DX to DX QS0Os nnly if the station
QS80d is on another continent. OFf course, any DX
to W/VE would be aliowed, such as XE to W{same
continent). (WSRTQ) . . . Conditions were very
good, heard W7 stations and one European.
(WiQV). . . Enjoved the contest very much and
have no suggestions for improvement. Antenna was
a 130-foot long wire that snaked out of the
basement over the air-conditioner, through the
tower legs, up the tower for 32 feet and then down
to the roof of the house! (K@DYM). . . Didn’t
hear any DX but did manage to work 1 lot of
needed USA stations for my leD-meter WASI
(WABOFT). . . Seemed like one heck of a lot of
activity. (WSLT). . .

2nd ARRL [60-Meter Contest

Within each scction, scores are broken down by
callsign, finai score, contacts, sections and oper-
ating time. Example of listings: VEIASJ
38,324-268-67 or final score of 38,324, number of
contacts 268, number of multipliers 67 and total
operating time not given. An asterisk denotes a Hq.
staff member, ineligible for an award, The station
tirst-listed under each section or non-W/VE coun-
try is the award winner. Multi-operator stations are
grouped in order of score following single-operator
station listings in exch section tabulation.
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Optana

VEIRMY FHE 24207 R

VT B0 294513

VEIRYG Q023 dn-30-14
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YETARL 1.500-123- 47
VETHY S84 04108 3y
Yokon—N.W.T.
YIE805% 15122 33%-71-
tisA
1
Connecticut

KIKSH LIS 14Ee 120
WING SEAMU 2344817
WAPIL*

{0,920- 140 3451 2
WRLRE/*

4394- HT-31- 6
Wity S8k 63 38
WATGWL/L*

4719- 6l3i- b
WOy 4ohk Pl 3
WaWI-L/1* [349- 3119« 4
AIZNDA fdd- 13-1d-
WATKQM/* sud- 15-54- 3
WagyvRRI* 348

Eastern Massachusetts

WibL trTek-1db-4 -0
Wil LRI FR ST A
WALCTT TOOR T L3R 2
WIDMD TRBOE 41 30
W1RR TAIR- 4I-37-1)
WILIN T4O1037- 7
wiax Adb-100-32- &
winpo A1 6524410
RICYVOD TRS-125-21-01
WIMX (WALCQW, opr.)
15 42285
WIHVE RG-S K- 3
WALITD 4- M-la- o
Wikewil T S A
New Hampshire
WICTW 3401 b 25
Rhode islond
inlIKN 15 48017 ded3-1 5
WILN (2 U04ak 1 49-40- (K

WIOP (K Is HAN NTS)
Ting- HE-2d-11

Western Massachusetts
L1PBW B AR 1-TR29
2

Easteen New York

WILWL 14 RS- 145-45-1 5
SIVGR H1582-145-520-17
Ny.C-LI,

KIGNC 34 h92-279-54.05
WIKTH 13,5051 46-34-22

WaGT a9 0 51
WHIMEZ nie iN(5-9
Northern New ferscy
W28 56,04 2-285-62- 31
WBILURL RO 41351 K

WIAGT KA1 13- 30
WG allgg- T34 7
WB2OLW A46{- BO-7R- 8
WILHY ELCTER P A
WA O T lo- 14
W2CVW ofik 6] 2
WAIKWE 468 1813 1

KISTO 1+ WAZIGIN
214~ 632117

68

Sautbern New Jersey

R2GAL MTIR-IS 2 56

W2t o KR IT- A6 200
W2IRP {160 2R-20 7
WG f140- 30-19- 4

HALKWE 8 o
WAZLEQ 1+ WA 2HPRE
g 10 3- 3

Western New Ynrk

KaLWR 48 TUS- HFT-65-20
WivXa 4712- 7a- 3l

WIONP 465U TEAL-LY
RIPKK KT AY-2T- B
WIOHK Hd- bl k-4

WRITCY (4WA2IPKT
L5 0b5-T06-39-12
3
Belaware
WiAGC 14514 R
Fasterm Pennsylvania

WAL T2 04511632
Wilkoe 56220 26521
WICNS 12,59 ok Bk 4
WAMIBT H846-1 30-3 231
wiabi RA00| 2013515
WiaAls 43758 Ra-23- 14
WAIOR ladk 4208 1

Maryland-DrC.
W3IN 48,406-4 22 TH24
WIGN 19,11 195- 39
KIRUQ G+ WAINYH R A4 LN
30,2874 12-63-37

Western Pennsylvania

WIVIQ 26,3 16-25%-51-15
Witk RIN130-40- 1K
WisN RUIBEIE 4 PR )
WIRWEH (W38VI, opr.)

uize 14149

4
Alahama

WAKVC 2h, 414222350
hAMG A3R0- 65-26-11
WRIADLT REALENE R T

Eagtern $-forida

WAKKE 14, 155-21h0-35-04
WH4OZE 11,740 ] 51-45- 9
WRAITK 110 4220
WEALH ], 400- 201012
WAHAW (7 opry;
BETR- wg- to

{seorgia
WAYWX EINLICE LS. VAR
WHAYCP 1%,236-194-47-22
EABAl |6, 234192421y
kASNI4

L3 9h1-168-41-11

WaXl1 AURE- KR-39-1

Kentucky
k4t U 45,9032 L6520

WAYOK tRANDWOWITRID
198641915212

Nogth Carolina

KACTA 36 462-306.59-0 |

WATMR 30,94 2-285.54- 30

RACAX a2 2-lat-3t-t
Tennessee

K4 23,1257 47

W4RIL F400-100-37- R

w4000 {482- 14-(9. 3

Virginia
RAUG (WABKG), upid
13,420-074-60F 26

E4M 9BU-140-35- 7
WARXY REI% A A28 3
Wa4M T84 5427 2
WHAWVC e 2] 4

W4OR) (+ K4GUL WB4SWT)
13%,344-181- 37

west Indies

KRG4CS G130- 3413
5
Arkansas
13808 4. (T6-20 1 b4

Wd 1M/ 3 1WA00C, spr.s
Abd- IR-34- &

1 swiisiapa

kasaulis
SINEL 2R 63
WanPN EndK- Bo-d4-16
REAIR [140- 30 19
Mississippi
WsRUB 14,798-15 14 7
WaLwWD Bede 24-|B-14

New Mexico

WHSBHN PLI90- 1183110
WaKS? Sy M-{4- [
Mutth Texas
WG AR 38
WHILK Sutre 748411
WalKD 1943 67- 29
WikYS ARk 2318

KINOR 65 opre)
23086357, 38

Uklazhuma

REIVE 4438 %7311
South Texas

WIRTO 0,202-1 7557412
WaRED TR 3101005006
WASINY 13,622 13939 (&
WSRPS BR[O LR T
WSIRE (Y O B

iWSHUB/S Hife 24-17- %

KADECG t+R 58 1
0312555930
WG T oprs,
15 850-1 8730 3G

6
bast Bay
RolLli B -1iag1-20
{as dngeles
We kX PRANR2INBL-26
WhDOH 13A00-2a0-59-
[ 1] ] AR b- 1948 1
WanOX RHA- F7.20- 4
WARMBP THO- My (3 4
BoleH S4B,
/ it
1=

WhYY (KaS (el Ut
14,160-146-48- 21

Orange

WHhhNKEK 14 382-141. 8¢
WaAMO TES20:12K-45- 16
BeQGY %170- 954114

Supta Barbara

WINOLIG
3 38U-242.6247

Sunta Clam Valley
WReOUT ¢ WBSCHE, wpe.)
16.626-ib3- 31
D316-107-34-14
SORG-101-40-11
Sy {Hego
WhlsA (KaVl.opea
A0,186-224- 61
21 M-8 -HU-16

WeLwo
Yol

WaMAR

San Francisco
WaNUT LA IS Yn-34- A
WaMTI P34 19-13- 4
&an boaquin Vadley
T4R8. 96.39.

kel 12
V326 Byl f-10

oMUV

Hagmmento Valley
WhZ M 631034411
RONEER w9l 7944 6
Hawaii

KHARS IKINIE. vpr

TR 6454513
1160, 372211
7

Anzona
WINQUWITE) opr.x
30,324-280-68-23

EHBHCM

WIGAY LGN RRVTEEE 8 B
KINEQ THIR- wdnd 210
Idato
WIHZL H4bg-100-43-26
Montana

WIMER HisU- A= 51
Nevada

RNCwW T3 33H-156.4Y.25

WY TDoR- 42-12-
Uregon

WITIMP 1% 35-17

wihT - 17- 3

EIALID ¢35 opria
100, 240 | 2He4- 25

Utzh

K7RAL 0822076417
[ETALN 1H,232-172- 52
WICYH Shl K1-185-10
WATUAL 4151 6R-1210
Waushington

RIDX 14,464.1 32-53-24
WTRX 4rid- 73-19-01
WIHyPr?

T AR29- Y
WATQYE 1470- 49.105- 1
EFOWT A 21

Wyoming,
WIHI A Ihd- 1Lt
Alaska

WAPZQB(KLT

24 251242

g8
Micligan

KEVQR 36270755923
WANILN IT360.20AD-( 3
WHTRZ 00154 1H9-33- 14
WEREIIN 1H,718-19149.12
WHROC Lt 5611714820
WHECCE, YA 1024014
WETZZ ¥713321-3629
WARGLE IhBE- 614 R

EEEYI 14 oprs.)
I210-105-61.52

WABCQR (7 oprs.)
4628 4V-29-18

Ohio
WRIB 4% . May-352-68-20
EHHKB 41,445-133-65.35
Rasy HLEBD-3 39010 1)
KRCCY 342202196122
WARTNO TH,980- 2406026

WA2ASMIB

=3,9272-220-84-04
WANTYE 11,726-143-d 1 v

WEUMD (WABTGX. upr)
R40GL 1R 30- b

WREX H4018-101-41
WRIDM 5346 ¥l- 13
WRPCR dh2g- - 13
SEHWYY A0 6D-2R-11
WERLDO 414 Jw11- 4

WBLT (7 oprs.)
47, TR GN-66.24

West Virgini
Rl 9R- 14
FFI8- h32R- 4

QST for

WEHZA
WRIWX



9 wilLs J680- 78 3
.o WOCH) 1340 26-20- 3
Ylinois .
WO 5943781751128 Minnesota
wapny WAL 61 028-41 57321
INE0%-258-63-20  WPOAW 41,752-304-68-21
WAGRAT 309002564002 WAHW 28,6M233-85-13
WYLVT MEARR2603-58-16  WPRHI 172,054-123-49-16
WapPNE 14 UR4-165-56-14  WITAM 1,176 163648 §
WYARA 13.728-143-4%-15  WAPOOU 7176 92- 39
WM 11,528 3[-44.14 WH B480- B1-40- &
WHRYBMY BlI56-106-38-11  KODCEF/D iR N
ROKEP S6d4. 83-34-11  K@UL (+K@LIP)
WaTAL 5312 RE3- 6 L1 25060122
HAYNKT 49501 75-13- 4 . .
WaRlC 318 SR-JE-10 Missonrt .
WOHVP 1054 3117 WAL TLEY210- 63
WHAZIY (4 oprs.) WARBLY )
12001275079 16 404-168-49.24
WAAMLSY 4 oprs) Wby 10,530-126-43.12
14,720.160-46-25  KEDYM 6564- Ko-3¥ 7
WUYH (3 oprs) WARKMI S576- H134- 8
RON BT-35- 5 Nebraska
Jodiana WAMSC 1R.592.166-5t- 1 6
K:a('[;:r ﬂ”‘?&iﬂ%‘é ]3':‘2} N North Dakota
wone i 2i11.4  WOZTL 18,900 SB-50- 16

WOYR/D 1S opis,t
33,6300 285-59.30

Sauth Dakota

Koup? 11.330-118-53-23
Wisconsin KOLXD 11,074113-49- &
e h]
WOYT (KSLBO, opr.) Wagerx 72001 40-36-12
WHIT 4500 75-30-10
samanzerre SR 2484 46, 17
WoPIT 1 34524-148- 44 pomi. 2 &l
WERAVN  10.842-139-34-14 bx
FAYGYF g6 29-17.
WAYGYF Bb- 2917 Switzedtand
10 HEYNL. B4 31- 14
] Colorade Japan
WABCYVS 37854281 bb
; A 1 256 16 R-
WANOQ Sotb-10143. & 1180, s
worw 6Rd0- 03812 :
WAQYIH 1980- 48-22- 4 Okinawa
WIMS (+WBPCMM) KRECF 4 21
1386401 54.45-1
7 Crechostovakia
fowa CE1ATP 140 - %
WANEL 41,795-320:63-30 G saNT R 2002
weall 19,096-10%-506-16 {3 | AOH b R |
WORET 4312 771281
KOVMY W24 56-27- § Australa
Kansas VE3OI 2110
warst 0,937 514-67-26 Bermuda
WOEC] 11,782-137-43-15  VPIBO w42 7317 §

e Strays "%

The scouts of Denmark are staging z contest
1800Z ¥uly S through 1800Z July 6, open {o hams
worldwide. QOperate phone or ow B0-2 meters;
exchange RS(T) and QSO no. Call CQ FDF Test
{the station call from the camp site 8 OZ1FDF).
Score 2 points per complete Q50. OZ1FDF counts
4 points. Multipliers are the countres oa the
DXCC List plus QZ1/2/3/4/5/6/7/8/9. Figure the
score for each hand separately and add all
single-band scores together for a final result. There
will be phone, cw, single and muftiband awards, I
4 [RCs are included with the log, the participant
will receive a diploma stating his results. Logs plus
vour DRI should be mailed before Aug. 15, Send
to: Peter Hylested, OZ8XZ, Skovkanten 6, 8500
Grenaa, Denmark.

Remember the “Let’s Talk Transistors™ series
by Robert E. Stoffels, WBIESHT? We've put
iegether 2 reprint booklet of this 9-part transistor
primer and it is available from ARRL for $1
including postage.

June 1972

ARRL QSL Bureau

The function of the ARRL UQSL Hureaw is to Tacilitate
detivery tn gmateurs in the inited States, its possessions and
Clanada, of those Q5L cards which arrive frem amateur stateons
in nther parts of the world, All von have tn o is send your QSL
manager (see list below) a stamped, self-addressed envelope,
abnut 4 44 by 9 172 inches in size. with yous name and address
in the wsval place on the front nf the envelope and voue call
printed in capiral lecters in the uppee left-hand corner,

fards for stations in the United States and Canada should be
sert {o the proper call aresa boreaw Yisted beiow, Recant thanges
are in bold face,

WLKLWALWNIL ~ Hampden Cotnty Radio Assoctation, Box
216, korest Park Station, Springtield, MA 01108,

W2, KL WAZWEIWN2 — North Jersey DX Assn. PO Box $0%,
Ridgewood, NI 07451,

W3 K3IWA3WNI ~ lesse Bicherman, W3KT, RD 1, Box o6,
Valley Hill Bd., Malvern, A 19385,

WEK4 — Nomh Alabama DX Club, P.Or. Box 2035, Hontsville, AL
J48404,

WA4WBAWN4L - U R, Baker,
Melbourne, E1. 32%01.

W3, K5, WASWBSWNS — Kenneth ¥
kesterfield Blvd., Enid, OK 73701,

We,K6,WAs,WBa.WN6L ~ No. California 1'% Club, Box £1, Los
Altos, CA 94022

WFETWATWNT — Whillamette Valley DX Club, Ine., PO, Box
545, Portland, OR 97207,

WB,KH‘WAS,WBB,WNSJ- -~ ATolgmbus Amateur Radio Assn.,
fadin Roam, 250 E, bBroad 5t., Columbus, (V1 43215,

Wy K9 WAGWHI,WNS — Northerit Hlinois DX Assn., Box 319,
Elmhuest, 1L 60176,

Wl — Reggie Hoare, WROYE, P.O. Bax | 15, Mitchellville, 1A

]

W4LR, P.(+ Box 1939,

Ishedl, WIOMI, 306

50169,

K9 WADWESWNOL — Dr. Philtip ). Rowley, KZFT,, Route i,
Bnx 455, Alamosa, CO B1101.

KP4 — Alicia Rodrigues, KP4CL, IO, Box 1061, 3an Juan, PR
0DS02,

KZs - Canal
Balbou. UZ,

KH6WHS — luhn H, Oka, KH6DQ, P.O, Box 107, Alea, Qghu,
HI 96701,

K17 WL7 — Alaska Q3L Bureau, Star Route Box 65, Wasilly, AK
PLTT s

Vi - L, 1. Fader, VE| €}, P.C), Box 663, Halitax, N5.

VE2 — A, G. Daemen, VE2IF, 3960 Doublas Avenug, Montresl
307, P3. '

VEI — K. H, guckley, ¥F3IUW, 20 Almont Hoad, Downview,
N,

VE4 — D. k. McVittie, VE4OX, 647 Academy Road, Wianipeg
R3N OE8, MB

VES — A, Linyd Yones, VESH, 132% Ursnt Road, Regina, 3%,

VEs - D, C. Davidson, VESTE, [ 108 Trafturd Dr. NW, Calgary

VET - i{}}g'. Haugh, VETHE, 1291 McKeazie Rd., Victacly, BC
VES — Yellowknife Centennial Radio (lub, P.O. Box 1944, Yel-
lowknite, NWT, Catada.
V1 — Eraest Ash, VO1AA, B.O. Box 6, 5t. John's, NF,
V1 - Goose Hav Amateur Radio Cluh, P.OL Box 232, Goose
Bzy, LB,
SWI, — {emy Waite, 3% Hannem St., Bzllsion Spa, NY 12020,
1 These bhuseans prefer S X & inch or No. 50 mauils
envelopes.
QSL Bureaus far other LS, Tossessions and for other
countries appear in the Jure and December fssues of (8T,
Note: First-Class mail in the U.S, and Canadais now & an ounce,
Q8L Bureau psers should send theit manager enough two-cent
stamps to cover the envelopes on file,

Zone Amateur Radio Asseciation, Box 407,

IS YOURS ONFILE
WITH YOUR Q5L MGRZ



July Open CD Partice

APPOINTEES—-OFFICIALS-LEAGUE MEMBERS

JOIN THE FUN! SN THE FUNT JOIN THE FUN!

N MAY OF 1969, the ARRL Board of Directors
voted to vipand omne of the guarterly ARRL
CD Parties {o include aH leagne members.

What, vou may ask, is this CQ CD all ahout,
anyway? CD in this case designates the ARRL
Communications Department. CQ CD is, in effect,
a call for all ARRL appointees (and elected
officials, tao} to get together, work each other and
etjoy a brisk test of operator and equipment. The
wbject is to work ax many of the eligibles as
possible in as many different ARRL sections (p.6)
as possible. The sume station may be worked on
each of the bands, but a section may be worked
just once for credit. Thus, the maximum multiplier
will be 75, Now, how come that, when there are
only 74 sections? Well, for many vears Yukon and
the Northwest Territories were grouped topether to
form the VEB section. Because of the small
rizmber of hams therein, this section (as such) was
dropped quite a few years back. However, the VER
multiplier was refained in’ ARRL contesis - just
for fun!

The e¢xchange 18 brief and to the point, Ap-

pointees/ officials transmit a short designation of

their ‘‘stafus™ plus ARRL  section. Non
appointess-officials may transmit: member (MBR),
life member (LM) or charter life member (CLM) —
whichever is applicable: plus AKRL section.

The appointees and officials you'll run into,

w
Neerts 2300 GMT July 15
Fads 0500 GMT July 17
PHONE

Stares 2300 GMT July 22
Ends 05300 GMT July 24

You may ovperate any 20 hours out of the

A0-hour periods. Times out must be 15

minutes of more to count as off-time.
Route Manager . RM
Phane Activities Manager PAM
Headguarters Statter . HO
Official Relay Station RS
COfficial VHF Station . AVE
Official Observer Coe . . Q0
Official Bulletin Station - v .. . OBS
Official Phone Station . . . . . . . . LOPS

Scoring 8 simple. Count 5 poinis per QS0
{remecmber now, vou can work the same station,
for example, on 160, 80,40, 20, 13 and 10 meters
- vht too!). To this figure add vour ARRL code
proficicncy credit (vou must have the certificate at
that time}, Multiply this new sum by the section

with some “probable™ cw abbreviations of their  muitiplier.
designations, are shown below: . Suggested frequencies in past parties have sort
President . « PRES  of “shaken down™ to the following pattern: C'W,
Vice President - - VP up from 3535 7035 14035 21035 28035; PHONE,
';?“ ‘:fe-‘"ie"t PAY “’g‘fg up from 3905 7265 14280 21355 28600, (T1y 160
";,!rcc ar ' meters at 0330 GMT and keep checking periodical-
ice Director - VDIR RS i
Assistant Director . . . . . C T T T apr 1y for 10 and 15 meter activity.) Activity on 6 and
General Counsel . . . GC 2 meters is welcomed!
Assaciate Counsel CASSTGC Reporting should be done on ARRL (D Party
(JSL Manager . . QSLMGR  report forms. An addressed stamped envelope sent
Section Communications Manager SCM now should get the logs to you in time for use in
Asst, 5;:;{“"" Communications Manager N"‘r';%%M mid-July! The cut-off date for receipt of entries at
N'TS Otficial o : SMGR - 1a. is August 15. All participants reporting activity
Contest Advisory ommtttee CAC ) ; H . - ;
DX Advisory Committee “yxac Wil receive a copy of the appropriate D Bulletin
Repeater Advisory Committee REPAC “ontaining final results. 1”H:gh— claimed D scores
intruder Watch . . . . . . . . . . .. . jw will, as usual, appear in ST _ 7
Section Emergency Coordinator .SEC Kemember now, CQ CD CQ CD CQ CD de
Emergency Coordinator EC - WIYL K
MULTIPLIER CHECK-OFF LIST
1 H 3 4 5 6 1 . 9 # VE
Conn ENY EPa Alx Ark EBay Ariz Mich 1 Colo Mar
EMass NLI Det EFla La LA da Dhio Ind lowa ue
Me NMJ MDC Ga Miss Org Mont wWia Wisc Kans nt
NH SNJ Wra Ky NMex SBar Nev Minn Man
L] WNY [ NTex SLV Qreg Mo * Sash
¥t sC Okfa 50g0 litah Nebr Alta
WMass Tenn STex SF Wash NDak Br:
Va Gz SV Nyo 3Dak VER
WFla 5 kL7
w1 KHE

70




‘a-Stravs

Amateur Radio Week in Puerto Rico toak place
March 19-25. At the signing, left to right: Jose
Toro, KP4ARK; Roberto Gorbea, KP4AEF; Enrique
Boneta, Undersecretary of State; Fernando Char-
don, Secretary of State of the Commonwealth;
Juan 8. Sepulveda, KP4QM; Ramon Vila, KP4SV.

Cne of the most consistent proclamations of
amateur radio week has come from the mayor of
Englewagod, New Jfersey, Mayor Walter S, Taylor
makes it official for June 18-24, 1972, while
WAZRIN, WAZ2NVG and WAZCCF {left to right}
watch.

The QOctober Cover Plague also went to the
Southwestern Division: Jack Althouse, K6NY {at
right} receives the award for his article, “"Voltage
Multipliers.” Lyle Farrell, WEKGC, assistant direc-
tor, imakes the presentation on behalf of Director
Griggs. :

Tennesg;eé Amateur Radio Week is prociaimed by
Governor Winfield Dunn, for January 24-30, 1972.
SCM 0. D. Keaton, WA4GLS {right}, receives tha
document for the amateurs of Tennessee.

"A 40-Meter DDRR Antenna,” the Beginner &
Novice article in December 1971 QST won for its
author W, E. English, WGWYQ, the Cover Plague
Award_ for best of the month, decided upon by
ARRL directors in a mal wvote. Making the
presentation at the right: Southwestern Director
John R. Griggs, WKW,




In the Public Interest, Gonvemence Necesszty

VIiCE

CONDUCTED BY GEORGE HART,” WINIM

QISP VIA SATELLITE?

ON'T LAUGH, it 15 done all the time, as

everyone who waiches 'I'V knows, und the
fechnofogy s alrealy so advanced that pictuses
received by this means are indistinguishable, to the
unpracticed eye, from direct transmissions, Buf
what we are talking about now is relaying ematenr
signals via sutellite.

You're all fambar with repeaters, und how a
tlea-power rig down tn a valley can eatend ifs range
manvtold by hithng the repeater’s input frequency
and being sprayed all wver ihe cotntry on its
output frequency. How wonld you like to huve this
vange extended fo cover un entire continent by
guing through 2 repeater so “high® that its
line-ofsight surveys such an area”? lmagine, for
vvawple, a tunction of the NTS Transcontinentad
Corps heing conducted on two meters!

Just such a repeater is now being planned by
Amsat  {(Radic Amateur Satellite Corp.y for
launch un u NASA vehicle this summer (hopetully
July or Avgust). Some details are already in QST
fMay issue, p. 693, more will be forthcoming - and
suodness krows we don’t want to get involved in
such technical defails in this column but it’s
worth noting that the satellite will repeat 1800 kilz
of Jemeter signals by any mode on 100 kilz of ten
meters. In other words, anything that enters the
satellite receiver in its 100-kHz bandwidth an two
will be retrunsnutted in the same bandwidth on ten

splatter, Jistortion, key clicks, spurious emis-
stons angd all. It the signal vou transmit ten kHz
inside the bandwidth of the satellife receiver
reaches the receiver out in space, 1t will be
contained i the satellite’s transmitted signal ten
kHz tuside the eguivalent segment on ten meters.

In the upcoming sunspot null, it is not expected
that the ijonosphere will have uny appreciable
cffect on the return signal, and with a normally
“desd” ten meter band, the signal should be pretty
much by itself. However, Lo better the chances, the

'Communications Manager, ARRE,,

retransmission will appear in the upper reaches of
the band which are not so heavily occupted as the
region below 19 MHz.

But read all the details in the May (ST article,
You will quickly see that it offers some infriguwing
public service possibilities, and indeed this was a
strong falking point to obtain NASA launch
approval. While it won't do anything that cannot
he dome on the high frequencies, it has the
advantages of being all but impervious to aurora
and varying “‘skip™ conditions. ln fact, there wiil
he no “skip” zones at all, because a signal sent up
on two meters will be audible on ten anywhere in
the satellite’s “Wne of sight” wone, which will
inclede a circle with an almost-3000-mile diameter.
You will be able to work across town or across the
rontinent  with equal facility from the same
two-meter tig with the antenna pointed at the
satellite. And the satellite will repeat as rany
siemals as can be squeczed into ifs TOU-kHz
pandwidth, A 100kHz-wide amateur band imper-
vious to skip and aurora!

The purpose of Oscas-6 {also referred to as the
“AQC™Y is fo gain experience in ifs use, not to
determine if it will work, ¢This has already been
determined.) Atfer 4 vear's testing, well have a
hetier idea just how and to what extent this new
method can be used for public service (expecially
emergency and {raffic) purposes. Fufure plans,
including some units actually under construction,
call for additional amateur satetlites, with the ful
approval and couperation of lincle Sam, with
Jdifferent  configurations, orbits, coverage and
purpose, incfuding possibly a synchronous (con-
stant position in horizon, so fixed antenna can be
psed)  satellite by 1975 and  special-purpose
sateflites — for example, one especially for trafiic
handling, vne designed for DXing, phone patching,
ete.

We amateurs interested in public service not
vnly have an opportunity but an obligation to
investigate this kind of device and make use of it to

In February, the Southern
Calitornia Net held a meet-
ing and a picnic in New-
port Beach, Calif. Some of
those attending are pic-
tured here, Left to Rights
WBUE, WABZKI, LA SCM
WEINH, WABAMEK, Santa
Barbara HCM  WASDE!L,
Asst. SCN Mgr. WBGZVC,
and SCN Mgr. WELYY.

QST for




This group of amateurs belong to the Kentucky Traffic Net and gathered for this photograph during their
meeting at Somerset, Ky. last July.

best advantage. So read the May OS8T article and
start getting ready tor long distance communica-
tion by amateur satellite on the vhis! — WINIM.

Traffic Talk

This is about “legal” and “iilegal® traffic. The
subject keeps coming up, and although it has been
discussed hefore, seems time for anather go-
around.

First of ail, the booklet Operating an Amateur
Rudio Station comments on the subject, and we
assame you are all familiar with it, If not, dig out
your copy and read up (p. 9.

‘The question frequently comes up: “Iz husiness
tratfic illegal?” This depends on a lot of things,
Whose bhusiness is it? What kind of business? [y
anybody getting paid (or otherwise compensated in
a material way)? Just because the contents of the
message  indicate some  kind of commercigl
transaction doesn’t, by itself, recessarily make the
handling of it in violation of any KOO regulation, I
you handle the message because you like handling
traffic and are doing it “purely with a personal aim
and without pecuniary interest,” vou are in the
clear, much 4s you mayv disapprove the whale iden,

However, we have said befure and we sy again
that origination of such tratfic is a bad practice and
may do us all dirty in the end if it should become »
widespread one. Let’s eschew it. As for refusing to
handle it, once it has left the originating station,
this amounts to setting yourself UP a8 4 Censor, as a
iudge of the significance of the text, which is none
of wvour affair. Admittedly, any amateur may
refuse fo handle any message for any reason, and in
rare circumstances this could he justified. In our
opinion, it is kot justified when the only reaso is
that the contenis sound *“commercial”™ ur “like
business” to you. if vou receive the message from
the originator, perhaps vou can taik him out of it;
but it you are receiving it from 4 relaver., like
yourself, just QSL. If ¥ou wish to exXpress an
apinion on the contents, express it {o the licensee
of the orginating station. Meanwhile, relay the
massage onward,

The alternative to this is completely impracti-
cal: to query a station zhout (o send YOu a message

June 1972

to make sure it meets your personal requirements.
This might mean asking if it asks for fmoney,
mentions a death, uses stupid or inane weirds,
makes sense (to whom?), sounds. commercial
also how long it is, whether a telephone number i
included, and a lot of other things. Let’s not be
ridiculous. Let’s not refuse traffic unless it’s really
illegal. The anly clearcut cases of itlegality invalve
messages containing indecent or obscene language
ot messages illegally handied with foreign coun-
tries.

And that brings up the seennd part of this
discussion. While nur message-handling privileges
domestically are pretty hroad, internationally they
are comparatively strict. In fact, an internationat
regulation prohibits the handling of any third-party
communication internationally by amateur radio.
A “third party™ is anyone other than the W
operators involved in the contact.

This prohibition is modified, however, hy a
provision for special agreements between specitic
counfries to permit such communications under
whatever cireumstances andfor restrictions they
wish to siipuwlate. The U.8, has such agreements
with 24 countries, pins partial agreements with
three others. Clanada has snch agreermnents with 11
countries, (Nee p. 87, April UST, for complete list.)
In handling thivd-party tratfic with these vauntries,
there &5 typically a restriction against business or
vommercial or any {raffic which wonld normally
utilize regular commercial or gavernment-operated
international commmuanications facilities.

One correspondent calls to our attention the
fact that some amateurs appar to feel that it the
third party being addressed or heing heard from is
on the ofirer end, the restriction applies only to the
licensee af that end, Not so. It applies to the
licensees at hoth ends, both of whom are violating
an infernational regulation to which their £OYErn-
ments are signatory. It is the fuer of third. party
communication that governs, not the location of
the third party. Both licensees are lighle to
prosecution by their respective governments,

It should also bhe noted that wfthongh
third-party fraffic is permitted with certain foreign
countries, this doesn’t necessarily mean that
regular routes exist for hamdling such traffic, or
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even that it is encouraged, The problem is mainly
in getting outlets in the foceign countries (other
thap Canada, of ¢ourse). NTS has no regular outlet
for such traffic, although there is usually someone
who can take it to an independent net which can
frequently get it through.

incoming MARS traffic from foreign countries
has diminished considerably, but such traffic from
1.5 armed forces personnel is perfectly okay to
handle. When transferring it from MARSY to regular
amateur uircuits, it is treated as An originated
message by the transferring station, with a‘standard
amateur preamble and an amateur “check.”™ The
only difference is that if, it originated in an
“illegal” foreign country (e.g., Viet Nam, fapan or
Germany) the “‘place of origin™ is given as that
country followed by the words “via MARS,)” to
show t