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The world’s
broadest line of
linears now boasts...

Nowyou Have a choice of ten -
superb amplifiers spanning the -
spectrum from 3.5 MHz to 450 MHz.
The most dazzling display of value
and performance the omofeur |

world has ever known. ' |

Here they are! Treal yourseif to fhe kind of amplifier vcwhnw
cilways dreamed of owmng

2K Clessic, 2K thssic"‘x
ang 3K Classie simifar in

I For VHF and UHF:
837.7 fube. More than 13 dbo_gain. The TEMPO 2002 for 144-148
2000 watt workhorse of the
band. $1095

! ;

- I S export ‘and military cus’rome e P
KD Classic S 52895 The new TEMPO 2004 offers 2000
The 4K ULTRA A general caverage,, nPuf af 440 mHz Few amateurs

HF amplifiers..80 through 15 meters

(10 meters included on export models) ~ 99neral purpose amplifier for  OVer seen an ampliier capatie of

commercial, military, scientific and Wpowered UHF. 51295 T

export customers. Not for sale to ew! :
@Jm 1KD-5..1200 wat desk model 5695 , arr?meurs'in the U.S.A. $4500% The TEMPO 2006. The same: relidble
“ The 2KD CLASSIC..2000 watt desk model. design for 50-54 mHz. (For GXQO” only)
We chdllenge you to find a better desk 51095 :
rmodel for even a thousand dollars more. All three models: 2002, 2004 cmd
$980 are also available on frequent
The 2K CLASSIC The lafest and best outside the amatreur bandsand are
version of the console that made the of a unique line of high powe
name "2-K" famous around the world. commerclal, industrial and scientific
$1205 amplifiers and transmitters for
New! communications, plasma-genearation;
~ The 2K CLASSIC “X” We can't think of any nuctear magnetic resonance. heating
way fo make this magnificent 2000 watt and ofher special applications. Let us
amplifier better. Rugged..durable..the lermpa 2002, 2004 SR know what your requirernents are, We'rs
last amplifier you may ever need to buy. 2004 simiar In eppecrance here to help both in the USA and
$1790 throughout the world,

20508 Bundy Dr., Los Angeles, CA 90025  1213) 820-12
931 N. Euclid, Anaheim, CA 62801 E?M) 772-921
Butler, Missouri 64730 818} 679-31:

TOLL FREE ORDER NUMBER: (800) 421-6831
Far all states except Califarnia,
Calit. residants pleasa call caliect on sur ragular numbers.
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IC-720A + IC.R70

The “plus” is the New IC-7072 Transceiver Unit

Now you can add ICOM's
most versatile HF general
coverage receiver fo your IC-
720A). Combine the
porability and operating
convenignce of the IC-720(A),
with its long list of standard
features..and the IC-R70,
ICOM’s latest general
coverage receiver, into one
fransceiver by using the new
1C-7072 transceiver unit.

Check ths list of featuras
that will be added to your IC-
720(A) receiving system:

Audio Moniter. Monitor

Seleciable AGC With Off
Position. Perfect for use with
aNswerters

2 Position Noise Blanker.
ffective, virtuciv
tas impulse noise.
S00Hz CW Filter Standard.
; Hz (FL63} aptiondl 8-pole
filter

3 Stage Preamp/Oit

a0t Mixer receiving systarn,

All stared sprschconons are approximare and subject o change wathout nonce o obligation. All K0 rad

I

L T
0 T

e

$quelch Contrel. Efective
in all modes allowing only
signals above o cerfain
strength to be heard,

Audio Tone Confrol. For
sl listening/less fatigue.

Record Jack. 4o
nnection of a tape recorder
d both sides of o @30,
ad by the volume or
onfrot Also may be
sad to dive an R !
Notch Filter.
noteh aliminat o]
hefrodynes from interfering
adiacent signals,

i

anadad
L TR

targe Front Mount
Speaker. Full 3 wafts of audic,

Band Tuning. For
adfiacent signal rey
A mode.

Qptien for FM Reception.
Usetul for 100 meter EM

Expanded Range Pass
(ter

Excellent, Clear
Recepfion. With { !
advance re iNg systern with
the first IF ait 70MHz, and with

sl available — better than
els costing much mote

Bring all of these )
advanced feaiures o vour |C-
(AY S K with the R?0 and

reproces
funing knob uand sel

A amplifier o (C~AT800
tornatic antenna tuner or
h

station can
nost advanced

n
. And vet, the 12 volt
IC-7200 8% may bie
ila or portable ror
the ultimate i o ham band
fransceivar and vou still have

The World System

ICOM America, Inc,, 2112-116th Ave NE. Bellevue, WA 98004 (206)454-8155/3331 Towerwood Drive, Suire 307, Dalics, X 752034 (214)620-2780.
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You've got to
get a Santec
to get it right!

Compare Santec to anything you like, and you'll see — you've got to get
a Santec to get: Ml memory channels which store standard repeater
offsets for instant recall M less than 10 ma drain in receive to conserve
power while you're monitoring Il extremely wide power options of 0.1
W 1.0 W or even 3.5-W for varying conditions ill an accurate 24 hour

clock for instant reference Ml and a full two year extended service plan
which no one else will match.

When you get a Santec, you alse get: W the widest frequency range of
arty hanciheld ll odd offsets other than + 600 kiHz Il variable step sizes
in bandscar: I a 500 ma battery with charger IR a full six digit back-
lighted 1.CD display for full frequency readout plus the memory channel
number I the easiest keyboard entry of any handheld B eight modes
of scan, search, manual control and open scan M the ability to ¢hange
batteries without losing memory data I easily programmable bandscan
B 4 frequency lock switch on the keyboard Il an automatic fow ‘
battery indicator M and much more.

BruaRRIRLS

Frequency Coveroge

500 mahr 2.6 ¥

[ 149 148995 T
(1405095 aptonal)
142 149 99% Rx

SANTEC YAESU

FEATURE ST.144 FT-208

Sizg fown)  GEx TT0 5 47 &l x168x 49

werht with Batt - 500 gm 7490 am

Reacat LCE () 6 iligits) LD {4 chigits) KD 04 dkgip&)

tAarery Channels i 10 10

Memory of Offtuets || YES NC NO :

My Bae kup | YES, Capacitance Y, Lithium Batt, Yes, Lithium Batt’

Sein (mem & bandd) [} YES e i fes '

Search Mol YES NO NC -
e Sie 5-700 kHe 5 ar 10 kHz onily Ay Skfiz multiple

fhattery Gk Chonge Pack | Quiick Change Pack | Slide-on Pack

450 maty, 108 Y
143.5-148.495 Ta Rx

400 mahy, B4V
1439-148.995 TR

Poywier ' i) | 35 W High 2.5 W High 2.5 W High
1.6 W Mexd ,
0.1 W Low 0.9W Low 3 W low {aporox.)
Priority | YES {m Mem Scan) Yes {Priority Ch.j MO '
Ciock - YES | NG SN
Computer Current '
Saver YES ¢ 10 mas MO (20 ma} NO (97 ma)
Dusprliny & Digits + Memn, # 4 Digts « Mem- # | 4 Digits + Mem, #

New! Affardable Price! See your Authorized Santeg for details.
Competiors specifications were obtained

from putdlished specifications sheets, and they
are subject ta change without notication
Santeg or Encomin, k.

Shown with optlonat

e

SM-3 speaker
microphone.
i ACCESSOTIES fOT SANTEC Handheld Radios - e vomsnns =z jaanil-
cluckrise from upper left . i
Leather Case (5T LC) Export grckans wvited) . R
Base Charyger & Power Supply 57 5B Al ttest spRnificalions i subleit 19 thange Wt nonce o obligation
Remate Speaker (MS5-508) . .
Mabile Charger [T MCi -
. Encomm, Inc. Please send me more information abiout:
... Speakermictophone iM% 2000 Avenug G L3 The $T-144/uP
The ST 14 pfos approved undder 02 Part 15 Surte 800 [ Autharized SANTEC Dealers
Plano TX 75074
SANTEC | ===
*
151982, Encotom, Inc, ADDRESS
OO Awenite ©, Sute HOGO Plana, Texds 15074
hone CETE AT E N TTE 19 TR ERE S DA e T
Fhone f.M VRN l4 Iiln" L] H.J EHE Cmara DAt oY STATE. 5P
Jpp——— R T B, SErAe Aamiatie YOU MAY SEND A DUPLICATE OF THIS FORM




The best combination of gain,
bandwidth and low angle radiation
for simplex or repeater operation.

Quick easy assembly and installation

Mount anywhere with compact dimensions and neat
appearance

Proven performance and durability in all environments
Complete FM band coverage
One year warranty

Cushcraft antennas created the FM antenna revolution by
making the best performance and valug available to every
ham. We continue 1o set the pace with a broad line of
antennas for every FM application. Tune across the band
and you will tind the overwhelming majarity of hams using
one, two, of more Cusherait antennas. The reason is very
simply that they are the best. Now is the time tor you to
enjoy the vaiue of 2 Cushoraft antenna See your ngarby
dealer today.

RINGO RANGER Il

ARX-ZB 134-164 MHz
ARX-220B 220-225% MHz
ARX-450B 435.450 MHz

RINGO RANGER
ARXZ 134164 MHZ
YAGIS
_ RINGO A147-4 1455148 MHz & Element
AR-6 80-54 Mz 2 A14711 1455148 MHz 11 Element

AR-Z 135175 MHz £ A147-22 1455148 MHz 22 Element
AR-10 28-29.7 MHz z 214-FB 145 5-148 MHz 14 Element
CARZ20 220225 MMz , AR20-7 220-225 MMz 7 Element
AR-450 440-460 MHz s A449-6 440-450 MHz & Element
; A449-11 440-450 MHz 11 Elemeni

MOBILE ANTENNAS =

\MS-147 144148 MHzZ  Magnetic Mount CROSS YAGI
A7%-147  144.148 MMz Trunk Lip Mount FOR CW/SSB and FM
MS-220 220-225 MHz - Magretic Mount % A147-20T  144.146 MHz Honzontal

ATS220  220-226 MHZ  Trunk Lip Mount S T 145 5.148 MHz Vertical

_m.w_.. I e
CORPORATION

THE ANTENNA COMPANY

48 Petimeter Road, PO. Box 4680
Manchester, NH Q3108

e
2]
(=l o © o o
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SSB, CW, AM, FM, digital VFO’s, 10 memories,
memory and band scan, dual 24-hour clocks...

The R-2000 is an all mode SSB, CW, AM,
FM recelver that covers 150 kHz —30 MHz
in 30 bands. New microprocessor con-
trolled operating features and an UP
convergion PLL eircuit provide mazimum
flexibility and ease of operation to
enhance the excitement of listening to
stations around the worid. Key features
include digital VFO's, ten memories that
store frequency, band, and mede informa-
tion, memory scan, prograrnmable band
scan, fluorescent tube digital display,
and dual 24-hour clock with timer.

®-2000 FEATURES:

* Covers 150 kHHz— 30 MHz in 30 bands.
tises innovative UP-conversion digitally
controlled PLL cireudt, UP/DOWN band
switches (1-MHz stepl. VFQO's continuousiy
tuneable across 150 kHz-—-31 MHz.

All mode: USB, LSB, CW, AM, FM.
Provides expanded flexibility in recelving
various signai types. Front panel mode
selector kevs, with LED indicators.

Digital VFQ’s for best stability.

S0-Hz step, switchable to 300-Hz or 5-kHz,
using front panel pnshbutton switches.

F. LOCK switch provided.

Ten memories store frequency, band,
and mode data.

Complete information on frequency, band,
und mode is stored in memaory, assuting
muximum ease of operation. Each mem-
ary may be tuned as a VFO, Origimal
memary frequency may be reecalled,
AUTO. M switch for automatic storage of
vurrent operating data, or. when off, selec-
tive storage of data using M, IN swileh,

-

* Lithium battery memory back-up.
(Est. 5 yr. life.)

¢ Memory scan.

Scans all memories. or may be
programmed to scan specific memorles,
HOLIY switch interrupts scanning. Fre-
quency, band, and mode are automatically
selected in avcordance with the memory
chanmiel being seanned, The scanning
tme is approrimately 2 seconds )

per channel,

Programmable band scan.

Seares mutomatically within the pro-
grammed bandwidth. Memory channels 9
and O establish upper and lower sean
limits. HOLD switch interrupts scanning,
Frequency may be adjusted, using the
tuning control, durlug sean HOLD.

Fluorescent tube digital display

(100-Hz resolution],

Bullt-in 7 digit fluorescent tube digital
display indicates frequency or time, plus
mwory channet number, 1M switch pro-
vided. The display nway be switched to
indicate CLOCK-2, FREQUENCY, (LOCK-],
and timer ON or OFF by the front panel
FUNCTION switch,

Dual 24-hour quartz clocks, with timer.
Permits programming two difterent time
zones. Ttmer for ON and OFF program-
ming, Timer REMOTE output on rear
panel inof for AC power],

Three built-in IF filters with NARROW/
WIDE selector switch. (CW filter
optional,)

£ kHz wide or 2.7 kHz narrow on AM.
2.7 kHz automatic on S8B. 2.7 kHz wide
an CW, or, with optional YG-455C filter
installed, 500 Hz narrow, 15 kHz auto-
tatic on FM.

* Squelch circuit, all mode, built-in, with
BUSY indicator.

-

¢ Noise blanker butlt-in.
Eliminates pulse-type noise on S58,
CW, aird AM,

¢ Large front mounted speaker.

* Tone contrel.

* RF step attenuator, [0-10-20-30 dB.)
Four step attenuaror, plus antenna fuse,

* AGC switch. (Slow-Fast.)
* “S" meter, with SINPO “S” scale.

* High and low impedance antenna
terminals.
A high impedance (500 shm} terminal,
and a low Impedance 150 nhm| co-axial
connector are provided.

* 100/120/220/240 VAC, or 13.8 VDT
operation. {Optional DUK-1 cable kit
required for 13.8 VDG

Other features,

* RECORLD output jack.

= Audible "heepes” (through speaKker),
* Uarrying handle. i

* Headphone jack,

* External speaker jack.

Optional accessories:

* HS5-4, H5-5, HS-6 heardphones,

* DCK-L BC cable kit,

* YG-4550 500-Hz UW filter.

* HC-10 World digital quartz clock,

More information un the R-2000 is
avatlable from all authorized dealers of
Trio-Kenwood Communications

1111 West Walnut Street

Compton, California 90220.

KENWOOD

. pacesatter in amateur racio

Specificatlons and prices are subject to charge withowt notice or whligation.



meter FM handheid transceives
with every conceivable operating
feature,

TR-2500 FEATURES:

* Weighs 540 g, {1.2 tbs). 66 (2-5/8)
W x 168 (6-5/8) H x 40 (1-5/8) D,
mm {inches),

* L.CD digital frequency readout.

* Ten memories includes *“MO” for
non-standard split repeaters.

¢ Lithium battery memory
back-up, bilt-in. (est, 5 year life},

* Memory scar,

* Programmable automatic baret
acarl, and upper/lower sean
limits; 5-kHz steps or larger.

* Repeater reverse operation.

* 2.5 W or 300 mW RF output.
(HI/LOW power switch).

» Built-in tunable (with variabie
resisior) sub-tone encoder,

* Buili-in 18-key autopatch encoder. E

* Slide-lock battery pack.
* Keyboard frequency selection,
* Cavers 143,900 to 148,805 MHz,

Bl

Battery stalys indicator.
“E1 & * Complete with flexible antenna,

ol 400 mAH Ni-Cd battery, and
AC charger,

Optional accessories:

* 5T-2 Base station power supply/

7 5 charger (approx. | hr
cimapmipe A 30 ¢ MS-113.8 VDC mobile stand/

b charger power supply.
b e VB-2530 2-M 25 W RF power
datnps., [TR-2500 onlyl,

* TU-1 Programmable OTCSS
encoder [TR-2500 onlyl,

» TU-35B Programmable CTUSS
encoder imounts inside
TR-3500 onlyi.

» i*53-25H Heavy-duty 490 mATH
Ni-Cd batiery pack.

« DC-25 13.8 VDO adapier.

+ BT-1 Battery case for AA
manganese/alkaline cefls,

* SMC-25 Speaker microphone.

* LH-2 Deluxe leather case,

e el

7 W

70 CM FM Handheld

» Covers 440-449.995 MKz in
5-kHz steps.

» Hi-1.5 W, Low-300 mW.,

* TX OFFSET switeht, £5 kHz to
18,805 MHz programmable,

» Auto/imanual squelch control.

« Tone switch for opt, “F11-358

+ Other odstanding features
similar to TR-2500.

¢ BH-2A Belt hook.

* HA-3 2 m 3/8 A telescoping
antenna {for TR-25001,

* WS-1 Wrist strap.

* £P-1 Earphone,

LCD, Big
21 memories, Compact.

5 W, Big

Qutstanding features providing
maximum ease of operation
include a large, easy-to-read
LCD display, 21 multi-function
memories, a choice of 45 watts
{TR-7950} or 25 watts {TR-7930),
and the use of microprocessor
technology throughout.

TR-FUH/ TR-TH30 FEATIRES:

» New, large, easy-to-read 1.CD
digital display. Easy to read in
direct sunlight or dark (back-
lighted). Displavs TX/RX fre-
quencies, memory channel,
repeater uffset, sub-fone number,
scan, and memory scan lock-out.

* 21 new multi-fimction memory
channels. Stores trequency,

repeater oftset, and optional
sub-tone channels. Memory
pairs for non-standard splits.

“A" and “B" set band scun limits.
Lighted memory selector knoh.
Audible *beep” indicates channel
b position,

* Lithium battery memaory back-up.
[Est, & yr. life.)

* 45 walts or 25 watts output.
HILOW power switch for reduce-
ton to b watts,

» Autpmatic offset, Pre-programimed
for simplex or £H00 kHz affset,
in accordance with the 2 meter
band plan. *08" key for manual
change in offset,

* PFrogrammable priority alert.
May be programmed in any
NEMOry.,

* Programmable memory scan

channels during scan.

s Center stop circeuit for band
scan, with indicator.

* Scan resume selectable, Select-
ahle suiomatic time resupie-
scan, or carrier nperated
resulne-sean,

* Sean start/stop from up/down
microphone.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut, Compton, Califarnia 90220

Iock-out, Hkips selected memory

+ Programmable band scan width,

* Programmable thiee sub-tone
channels with optional
FU-79 unit {encoder).

* Bullt-In 16-key autopatchencoder,
with monitor tAudible tones),

¢ Front panel keyboard control.

* Covers 142.000-148.995 MHz in
H-kHz steps.

* Repeater reverse switch,
{Locking)

+ “Heeper” amptlified through
speaker.

+ Compact lightweight design,
Optional accessories;

« TU-79 three frequency tone unit.

* KPS-12 fixerl-station power
supply for TR-705(

* KPS-TA fixed-station power
supply for TR-7930.

* 3P-40 compact mobile speaker,
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¥ erty . Hoy Ellis, . (), Box 2, . Fort Saskatchewan <

Coliage Park MO Bo7an oonay rrpnode tstend Ave. girich Gotumba H. E. Savage, VE7FR, 4553 West 12th Ave., Vancouver VBR 2R4 (604-224.5226)

9 P ! Manitoba Peter Guenther. VE4PG, Box 178, Morris ROG 1K0 (204-746-6502)
Vice Director: George W. Hippisiey, KZKIR, Maritima-NHd Donald R, Welling, VETWF, 36 Snerwood Dr., St John, NB E2J 3HBE (306-696-2913)
7932 Inish R, Colden, NY 14033 (716-941-5287) Ontario L. P. ‘Thivierge, VE3GT, 34 Bruce St. W., Repfrew K7V 3W1 (513-432-5967)
Central Division Quebec Harold Moreaw, VE2BP, 30 frincipale, 5L Simon Co., Bagot JOH 1Y@ (514.798-2173)

o Saskatchewan W. G, "BII" Munday, VESWM, 132 Shannon Rd,, Regina S45 581 (306-566-4963}

EDMOND A METZGER, WOPRN, 1520 South
Fourth St., Springtiald, IL 62703 (217.523-5861) Atlantlc Division

. Oelaware Harold K, Low. WA3WIY, Rte. 6, Hox 66, Milisboro 19966 (302-945-2471)

Vice Director: Howard 8. Huntington, KSKM, Eastern Pennsvivania  Karl W. Prail, WAVA 211 Sehuyii :

‘ p . s vikil Ave., Tamaqua 18252 (717-668-3533
£5 South Burr Oak Dr., Lake Zurich, IL. 60047 Waryiand-D.C. Karl R, Medrow, Wak A, 702 W. Central Ave., Davidsonvills, MD 21035 (?501-261-_4008)
Dakota Division Southern New Jersey Wwililam €. Luebkemann, Jr., WB2LCG, 116 Country Farms Rd,, Marlton 08053 [609.083.8844)
TOD OLSUN, KiTO Western New York Willlam Thompson, W2MTA, 8D 1 Rogk Rd., Newark valley, 13811 (B07-642-8930)
292 Heather La., Long Lake, MN 55356 (6124736478 Western Pennsylvania  Otta Schuler, K3SME, 3732 Colby St., Pittsburgh 15214 1412-231-6590)
vice Director: Howard Mark, WOZC, 11702 River Cantral Dlvision .
Hills Dr., llle, MN B0 fitinois David E. Lattan, WD9EBQ, RR 1, Box 45E, Makanda 62958 (618-629.1578)

llla Dr., Burnsvile S5337 (612:830-53021 Inchara Bruce Woodward, WSUMH, 8208 Bramshaw Rd,, Indianapolis 46220 (317-251-5608)

Delta Divislon Wisconsin Hoy Pedersen, KOFHI, 510 Park $1., Juneau 53039

CLYDE O, HURLBERT, W5CH, #.0. Box 541,

Riloxi, M& 38533 (601-863.570%) Dakota Division

! Minnasota Helen Haynes, WE@HOX, 3101 N.W. 18th Ave,, Flochester 55901 (507-288-2437)
Vice Director: Edward W. Dunn, WANZW, Rte. 1, Narth Dakote Dean R, Summers, KQEG, 304 4th Ave. NW, Mandan 58554 (701-863-013
Box 37, Andersonville. TN 37705 Sauth Dakota Fradric Stephan, KGROO, Box 772 - Wind Cava Ranch, Hot Springs 57747 (805-745-6006)
Great Lakes Division Delta Division L
LEONARD M. NATHANSON, WEHG, 20833 Southfield Arkgnaas Dale . Temple, WSRXU, 1620 Tarrytown Rd., Little Rock 72207
Rd.. Suite 240, Southtietd, M| 48075 (313.559.3491; Lovislana dohn J. Mever, N5JM, 112 Sherwood Forest, New Orleans 70119 (504-482-3483;
Vice Director: George S. Wilson, i, W4OYI Mississippl Paui C. Kemp, KWST, 3581 Seaumont Dr., Peart 30208 (801-939-7412)
1849 GriFfith Ave., Gwensboro, KY 42301 fennessee John €, Brown, NO4Q, I, 0. Box 37, Eva 38333 (901-584-T531)

Great Lakes Divislon
Hudscn Division Kentucky David L. Vast, KZ4G, 2314 Oak 5t, Flatwoods 41139 [606-436-4116)
GEQRGE A. DIEHL, W2IHA, 20 Wilson Ave., Michigan James A, Sealay, WBBMTD, 14530 Glinton Bd., Sprngport 49284 1517-560-2411)
Chatham, NJ 07928 {201.635-8703) Ohla Allan L. Severson, AB8P, 1275 Ethe| Ave., Lekewaood 44107 (216-521-15651
Vice Director: Stephen A. Mendslsohn, WARDHF, Hudson Divislan
64 Maider La., Little Ferry, NJ 07643 Eastern New York Paul 8. Vydareny, WBZVUK, 259 N. Washingion, North Tarrytown 10591 {914.831-7424)
Midwest Division N.Y.C. & Long Islany Jdehn H. Smale, K21Z, 315 Kensington Gt., Copiague 11728 (516-228-4835)
PAUIL GRAUER,* WFIR, Box 190, Wilson, KS Northern New Jersey Curtis B. Williams, WEDTRI2, RD 3, Box 175, Fox Run Rdl, Caliton 07830 (201-832-2821)
B7490 (913-658-2155] :\nldwosl Division . dCY, 331325t 503 279.0848
Vice Dirgctor: Claire Richard Dyas, WEICP, owa Bab McCatfrey, KACY, 3913-28th St., Des Moines 80310 {515-279-98468)
1828 Tilden St., . NE 9 (308-995-54 Kansas Rabert M. Sumtners, KORXF, 3045 North 72nd, Kansas City B6109 913-299.1128)
Bn 5L, Holdrege BR949 G454 Missour! Benton C. Smith, KEPCK, RFD 1, Prairie Home 85068

MNew England Division Nabraska Reynolds B. Davis, KOGND, 1922 Pawnea, Lincoln 8502

JOHN G, SULLIVAN, WIHHR, Whitney Hd.,

Calumbla, GT 06237 (203-228-4111) New England Division

; Conngcticut Peter Kemp, KATKD, 5 Greenwood Ave.. Gethel 08301 (203-743.9580)
vics Director: Richard P. Beebe, K1PAD, Eastern Massachusetts  Richard P. Beehe, K1PAD. 6 Tracy Cit., Bilierica 01821 (817-56T-5608)
6 Tracy Circle, Bilterica, MA 03821 Maine Clavis O. Lavarty, WIRWG, 17 Fair St.. Norway (4268 {207-743-2353)
Narthwest Divisl New Hatmpshire Robert Mitchell, WINH, Box 137-A, Chestar 03036 {603.895-3456)
orthwastern Divislon o Rhods Island tordan £, Fox, W1YNE, 13 York Dr.. Coventry 02816 (401-828-5045)
MARY E, LEWIS, WTQGP, 10352 Sandpoint Way, N.£., Vermont Reed A, Gartield, WB1ABQ, P.O, Box 571, Lyndenville 05851
Seattle, WA 98125 (20882381171 Western Massachusetts  Wililam Hall, W1JP, Prospect Hill Rd., Brimfleld 01010 {413.245.7140)
Vice Director: Mel C. Ellis, K7ALDZ, 5. 4302 Northwastern Division
Altamont, Spokane, WA 99203 (500-448.0595) Alasha Bichard Henry, AL7O, P.0. Box 451, Tok 98780 (907-883-5507)
(I L SR M s Sonl D hors, Bt g e
WILLIAM J. STEVENS,* WEZM, 2074 Foxworthy Ave., antana S Selyea, U s el Helgrace e
San Jose, GA 95124 (408-471-9613) Cragon William R, Shrader, W7QML, 2042 Jasmine Ave., Medford, 97501 (503.773-8624)

" Washington Jaseph N. Winter, WATRWEK, 819 N. Muilen 5t., Tecoma 98406 (206-759-0857)
Vice Director: Jattie B, Hil, WBRFF,
22410 Janica Ave., Cuperting, CA 55014 (408-255.6714)  Pacific Division

East Bay Bob Vallio, WBRGG, 18655 Shelfiald Rd., Castre Vallay, GA G4546 &415-5375?04)
Roancke Division Navada William J. Marshall-Gratnix, KA7Q, 304 Brat Harte Ave., Heno 8950
GAY B MILIUS, JR., WAUG Pacific R A. “Army” Curtis, AHEP, P.O, Box 4271, Hilo, HI 96720 (808.959-8985)
1418 Rutland Dy, Virginla Beach, VA 23454 Sacramente Vailey Norman A. Wilson, N8JV, Rte, 1, Box 730, Woadland, CA 95695 (916-666-1465)
\BOA481-5085) ' San Franciseo Robart Odell Smith, NAGT, 320 Park St-P.0. Box 1428, Fort Hragg, GA 95437 (707-964-4931)
it . " San Joaquin Valley Charles P. McCannelf, WEDPD, 1658 W. Mesa Ave,, Frasno, CA 23711 (209-431-2038)
Viee Director: John C. Kanode, N4MM
RFD 1. Box 1A, Bovcs. VA 23620 04-837.13 a0 Santa Clara Vaftey Foss W. Forbes, WBEGFJ, P.O. Box 1, Los Allos, CA 94022 {415-948-5193)
Recky Mountain Divisi Roanoke Division

GCRy Nlountain Divislon Warth Carolina lan C. Black, WDACNR, Bte, 5, Box 79, Murphy 28906 (704-837-5684)

LYS |, CAREY, K@PGM, 13495 West Center Dr,, South Cerolina James G. Walker, WD4HLZ, Rta. 2. Box 432, Marion 28571 (303-423-3645)
l-akawood, GO 80228 (QUI.OBB-H420) Virginia Phil Sager, WB4FDT, 1820 Stanley Pl., Falis Church 22043 (703.7:34-2987)
Vice Dirgctor: Marshall Quiat, AGDX, 1624 Market 51, West virginia Karl 8. Thompsan, KEKT, 5303 Pionesr Dr., Charleston 25312 (304-776-4352)
Sulte 200, Denver, GO 80202 (303-333-0819) Racky Mountaln Division
Southeastern Division Colorade Lawrence E. Stermeal, WPACD, 1780 Rosivn St., Denver 80220
FRANK M. BUTLER JR.. W4RH New Mexico Joe Knight, WEPDY, 10408 Snow Heights Blvd., N.E,, aAlbuquerque B7112
324 Elliott Rd. 5 ., Fort Walton Beach, Fi. 32648 Utah Leonarg M. Norman, W7PBV, 933 South Cedar Knolls. Cedar Gity 84720 (801.586-085%)
(904_2“_5425)' e ' k Wyoming Richard G. Wunder, WATWFC, Box 2807, Cheyanne 82001 (307-634-7385)
Viee Dirsctor: Mrs. Evelyn Gauzens, WAWYR, Southeastern Division
2789 MW, 3rd 51, Miam, FL 33125 (305.642-413%9) Algbama Hubert H. Wheeler, W4IBU, 2100 Buckingham, Huntsville 35803 (205-881-9168)

Geprgia Edmund J. Kosobuckl, K4JNL, 5525 Perry Ave,, Columbusa 31904 (404-322-2856}
Southwestern Division Narthern Florlde Billy F. Williams, Jr., NAUF, P.O. Box 9573, Jacksonville 32208 (904-744-9501)
JAY A HOLLADAY.* WBEJJ, 5128 Jassen Dr., Southern Florida Bichard D. Hill, WA4PFK, 3800 SW. 11th St., Ft, Lauderdale 33312 (305-583-653
La Canada, CA 91011 (213.790-1725) West Indies Julio Nagroni, KP4CV, Geargatown, No. %58, Rio Piedras, PR QU927 (B09-754-8099)
Yice Diractor: Fried Hayn, WABWZO, 982 Gheyenne
St Gosta Mesa, C:4 92620 Southwestsrn Division
West Gulf Division Arizona Erich Holzer, NTEH, 3526 E. March Pl Tunson 85713 (802-326-8876)

. Los Angeles Stanfey 5. Brokl, N2YQ. 2645 Narth Marango Ave., Altadena, GA 91001 (213-798-8827)
AAYMOND 8. WANGLER, WSEDZ, 842 Beryl Dr., Crange Fried Heyn, WABWZO, 862 Chayenne, Costa Masa, CA 92626 (714.540.8516)
San Antonio, TX 78213 (512-733-9832 home, San Liego Arthur R. Smith, W8IN|, 4515 Melisa Way, San Diego, GA 92117 {619-273-1120)
512-584-5111 business) Santa Barbara Robert N, Dyrutf, WEPOU, 1188 Summit Rd., Santa Barbara, GA 92108 (805-062-5073)
1780 Domomae E‘;ES: Station, B'F}%c;iah:?(?i 36939151y  West Gull Division
L ) ! b ! Northern Texas Phil Clements, KSPC, 1313 Applegate Ln., Lewisville 75067 (214-221-2222)

*Executive Committee Member Oklahoma

Southern Texas Arthur R. Ross, WSKR, 132 Sally La., Brownsville 78521 (512-831-4458)
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THE AMERICAN
RADIO RELAY
LEAGUE, INC.

The American Radio Aelay League, Ing.,, i$ & noncom-
mercial association of radio amateurs, bonded for the
promatien of interest in Amateur Radio communica-
tion and experimentation, for the relaying of messages
by radio, for the advancement of the radio art and of
the public weltare, for the representation ot the radio
amateur in legislative matters, and for the
maintenance of fraternatism and a high standard of
ronduct.

It is an incorparated association without capital
stack, chartered under the laws of Connecticut. its
atfairs are governed by a Board of Directors, elected
avary two years by the general membership. The oi-
ficers are elected or appointed by the Directors. The
l.eague Is noncommercial and no one ¢ommerctasly
engaged In the manufaciura, sale or rental of radle
apparatus is eligible fo membaership on Its board.

“0f, by and for the amateur,” it numbers within its
ranks the vast majority of active amateurs in the na-
tion and has & proud history of achievement as the
standard-bearer in amateur affairs.

Inquiries regarding membershlp are solicited, A
hona tide intarest in Amateur Radio is the only essen-
tial zalitication; ownarship of a transmitting station
and knowledge ot the code are not prerequisite,
aithough full voting membership 1s granted only to
licensad amaltaurs,

All general correspendence should be addressed 1o
the administrative headquartars at Newington,
Gonnecticut 06111, USA, Telephone: 203-666.1547,
Telex: 643959 AMRAD NEWI,

Past Presidents

H. P, MAXIM, W1AW, 1914-1936

E. C. WCODRUFF, WACMP, 1936-1340

G. W. BAILEY, W2ICH, 19401952

G. | DOSLAND, WOTSN, 19521962

H. HOGVER, Jr., WBZH, 19621965

A, W, DENNISTON, WPDX, 1588-1072

H. J. DANNALS, W2TUKAW2HD, 19721982

Officers

President; VICTOR C. CLARK.* W4KEC,

12827 Popes Head Rd., Clifton, VA 2202
{703-631.1877)

First Vice President: CARL L. SMITH,* WEBW,,
1070 Locust St., Denver, CO 80220 (303-394-3036)
Vice Presidents

LARAY E, PRICE, W4RA, P.U. Box 2067, Georgia
Southern Station, Statesbaro, GA 30458
GARFIELD &. ANDERSON, K#GA, 5820 Chowen Ave, 5.,
Minneapolis, MN 55410 {12-822-1160)
International Aftairs Vice President

RICHARD L. BALDWIN, W1RL, Star Bte. 44,
Heath Re., Waldoboro, ME 04572 (207-528-6781)
Secretary: DAVID SUMNER,” K122

Treasurar: JAMES E. McGOBB JA,, K1LLU

Vice Prasidents

G. COMPTON, W@BUC; W, GROVES, WENW;

B. DENNISTQON, W@DX; B. BEST. Wo0QIKF;

. GHAPMAN, W1QV; J. A, GMELIN, wezZrJ:

J. L. McCARGAR, WBEY; J. R. GRIGGS, WEKW

Staft

Genaral Manager

David Sumner,” K122

Senlor Sfaff Assistant; E. Laird Carapbeil, W1CUT
\,Lz?ﬂﬂéfggron Area Coordinator: Perry F. Willlams,

Advartising Departrment: Lea Aurlek, W1SE, Manager;
Sandy Gerli, ACTY, Assistant Manager

Circulation Department: John Nelson, W1GNG,
Circulation Manager; Marion E. Bayrer, Deputy
Circuiation Manager

Ciub and Training Department: Stephen C. Place,
WEBI1EYI, Manager

Communications Daparfment; John F. Lindhaim,
W1XX, Manager; Robert J. Haiprin, K1XA, Deputy
Manager

Mambership Services Department; Harald teinman,
K1FHN, Manager; W. Dale Ciift, WABNLO, Daputy
Manager

Production/Editorial Department: Laird Campbaell,
WI1CUT, Manager; Joel Kleinman, N1BKE,

Assistant Manager

Technical Department: Doug DeMaw, W1FE, Manager;
Gorald L Hall, K1TD, Assoclate Techinical Editor;
ggnrge Woodward, W1RN, Senior Assistant Technical
=ditor

Techtinical Consuitant: George Grammer, W1DE
Counsel: Ghristogher D. imiay, N3AKD,

1302 18th Street, N.W., Washingten, DC 20036
Canadian Counsei: B. Robert Benson, Q.C., VE2VW,
1010 St. Catherine $t. West, Montreal, PQ H2B 3R5

*Executive Committee Mamber

“It Seems 10 Us.os

Membership

The vear just ended was a year of great pro-
gress for Amateur Radio. As radio amateurs
and League members we enjoyed the first fruits
of our years of WARC-T9 labors, with the
opening of the 10-MHz band to amateur oc-
cupancy. We got a bill through Congress, and
signed into law by the President, with several
provisions of great importance for the future.
In response to this new [aw we planned for the
introduction, iater this year, of volunteers into
the functions of monitoring the bands and
preparing and administering amateur exams;
this will allow Amateur Radio to move forward
without being unduly hampered by BECC
budget cuts.

We began to win the CATVI baitle, through
increased awareness of the problem by the
CATY industry and with a number of cable
systems forced to abandon channel € and
many more forced to pay closer attention to
their leaky distribution lines. We countinued our
support for a rational approach to possible
biological hazards from rf energy, and fought
to stem the tide of unrealistic regulations at the
local and state level, In communities
throughout the country, we helped protect the
right of radio amateurs to operate without
unreasotiable restrictions on their antenna in-
stallations and without local cegulation of rf in-
terference.

The amateur community gained expanded
privileges for slow-scan television, facsimile,
digital communications and beacons, thanks in
large part to a spirit of mutual cooperation
with an FCC staff which, though strapped for
funds, was sensitive and respomsive to our
nteeds. We beat back an industry attempt to use
the 160-meter band for cordless telephones. We
moved a step closer to expanded U.S. phone
subbands, and laid the regulatory groundwork
for AMTOR, an uxciting new mode of
radioteleprinter communication.

Within our national organization, League
members extended a welcome to their new
President and new Ceneral Manager, which
gave Vic Clark and me a tremendous boost as
we shouldered our new responsibilities; our
thanks go to each of you for your encourage-
ment and support. Final plans were made for
the January 1, 1983, introduction of a new
section-level ARRL wvolunteer structure, and
the March 1 debut of an enhanced relationship
between the League and its affiliated clubs.
Further efforts were made to strengthen the
League organization in Canada. An important
step toward an improved International
Amateur Radio Union was taken with the crea-
tion of a worldwide Administrative Council, to
provide better representation and communica-
tion within our worldwide federation,

Amateur Radio accomplished a great deal in
{982, and you, the ARRL member, are respon-
sible for the success we all have enjoyed, Take
a bow! As a League supporter, you've earned
it, Without you, 1982 would have been a
chronicle of frustration and disappointment
for radio amateurs — if there were any radio
amateurs — because there would have been no

cohesive, effective national organization to
fight for our interests.

As a League member, you've earned
something else: You've earned the right to ask
your non-membert friends to help you support
Amateur Radio’s only strong, national voice.
The $25 annual dues rate adopted in 1981 (820
for those 65 and over, or 17 and under) has
resulted in greater dues income, but the burden
is being carried by fewer members, There is no
further increase planned for 1983, as there was
none in 1982; let’s use the opportunity to bring
our ham friends and neighbors into the
League, When questioned as to why they
haven't joined, some non-members say,
“Because [ haven’t been asked.” Let’s make
1983 the vear they’re agked! Some say QST
1sn’t worth the money to them; let’s show them
the League is a lot more than a magazine
subscription! Others will cite some disagree-
ment with an ARRL policy or program,
perhaps in the distant past; let's convince them
that we have a new, fresh, responsive organiza-
tion! None of us will find ourselves in agree-
ment with *‘the League’* 100% of the time, but
the good which comes from having an effective
national organization will make most
dissatifications seem minor by comparison if
we keep our perspective. -

Let's each set a personal goal for bringing
new members into the League, or former
members back into the fold, in the New Year.
If you need some application blanks, just let us
know; we'll be glad to supply them! — David
Sumner, K1ZZ

HONOR AMONG THIEVES?

Law-abiding amateurs deplore the antics of the
few misfits among us who engage in jamming
activities and commit other infractions on the
air. Yet there has surfaced a contrary reluc-
tance on the part of some to report to
authorities the suspected identities of such
wrongdoers.,

The other day, for example, someone men-
tioned that persons responsible for staging a re-
cent DXpedition hoax were known to them,
but said they ‘““would rather not identify the
parties.”"

Who, in such a situation, is the more
culpable?

Anyone anyone who deliberately
misuses the amateur bands is playing fast and
loose with the future of our great avocation, if
Amateur Radio is to survive and prosper, it re-
quires us to be prompt and resolute in re-
porting the rascals for merited disciplinary
treatment,

The trend toward government dercgulation
requires that amateurs be increasingly alert and
responsive to matters of misbehavior on the
amateur bands. *“The price of freedom is cter-
nal vigilance’’; for amateurs, it is the freedom
to operaie that is at stake, and we must take the
necessary steps to preserve our hard-won
reputation as respectors of the law. -~ Vie
Clark, W4KFC
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League Lines...

Happy New Year! If you would like to know what's in store for 1983, turn to the Operating
Events and Conventions Listing on page 54. Page 53 has the latest license renmewal informa-
tion, along with U.S. frequency and mode allocations, which include the new 10-MHz amateur
band. Cut.cut the page on the dashed Line, or make 2 photocopy, to keep it handy throughout
the vear.

The Mt, Diablo Amateur Radio Club, with assistance from ARRL Hq., is attempting to get offi-
clals of Contra Costa County, California, to take a more moderate approach in its plans to
regulate Amateur antemnas. Neighbors of Morey Young, KN6M, are pressuring the County Super-
visors for an antenna ordinance, claiming that Morey's two 98-foot towers and two 75-foot
towers in his back yard cause RFI. The FCC has given Morey's station a clean bill of health.
KN6M is operated principally as a multi-operator multi-transmitter contest stationm.

The Massachusetts Department of Public Health is pressing ahead on its proposal to regulate
human exposure to radio freguency emergy. Under the latest proposal, Amateur Radio ouperators

in that state will not have to register their stations or get prior approval from the Depart-
ment of Public Health. However, amateurs will still have to observe an exposure standard for
the public that is five times as strict as the latest American National Standards Imstitute's
€95.1-1982 Standard. ARRL Hq. staff and the League’s Committee on the Biological Effects of
RF Energy are participating in the formal rulemaking process through both written filings and
attendance at a public hearing in Boston. Those wishing to receive a copy of the Department's
latest proposal should write to The Department of Public Health, 600 Washington St., Boston,
MA 02111.

The ARRL has filed a petition for rulemaking requesting the FCC to exercise its new authority
to issue l0-year Amateur licenses under Public Law 97-259. The League also asked that the
period of grace for keeping one’s station call sign, in the event one fails to renew during
the license term, be extended from ome vear to two. AL presstime no RM number had been as-
signed to the request.

"We respectfully request that anvy action which might lead {0 a class of amateur license not
requiring a test in the international Morse code be deferred by the Commission for at least
18 months.” This is the message contained in a letter from ARRL President Vic Clark, W4KFC,
to FCC Chairman Mark Fowler. Accoxding to President Clark, the amateur community needs time
to absorb its new responsibilities under the volunteer licensing program before considering
the additional workload that might be brought on by a new codeless license. There has been
talk at the FCC that a codeless license proposal may be unveiled before the end of 1982.

See "It Seems to Us" in November 1982 O8T, page 9, for more details.

Amateur Radio will be represented at a White House ceremeny and formal reception at the State
Department recognizing World Communications Year 83. ARRL President Clark will be attending
on behalf of all radio amateurs. The United Nations and the Intermational Telecommunication
Union have jointly declared 1983 to be World Communlcations Year 83 (WCY).

The FCC has adopted a Notice of Proposed Rulemaking that, if adopted, would enable the Com-—
mission to stop issuing indiwvidual licenses in the Citizens Band Radio Service. Instead,
citizens band will be handled under a "blanket authorization,” saving the FCC an estimated
$360,000 per year. Public Law 97-259 pives the FCC the authority to do this only for the
Citlzens Band Radio Service. At presstime no docket number had heen assigned to the proposal.

two immediate job openings are available at Hg. for developing new recruitment and examinping

programs. If vou're an experienced ham with excellent writing skills or an Extra Class licen-
see with business management experience, send a resume and writing samples to Dept. 9V-9R,
ARRL Hg.

Amateur Radio will play a role im a program for middle-management govermment officlals, engi-
neers and senior technicians from Third World countries. The U.S. Telecommnications Training
Ingtitute (USTTI), a program backed by private communications companies, will begin offering
seminars to Inform tomorrow's Third World leaders about advanced telecommunications techniques.
ARRL has offered to locate Amateur Radio volunteers in communities where imstruction will take
place, to be after-hours hosts for hospitality and, possibly, to teach Amateur Radioc courses.
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Modern Receivers and
Transceivers: What Ails Them?

"THE DEALER
REACTS"

H ow does your new super hf
transceiver stack up against previous
equipment yvou’ve owned? Chances are
you're proud of that physically small,
sophisticated and often costly transceiver
that serves as the center piece of your
operating desk. But, what is there about it
that doesn’t compare with some of the
ham gear vou bought or built earlier?
Most users could prepare a list of faults on
4 moment’s notice.

This paper will examine some of the
common performance shortfalls that are
peculiar to much of today’s amateur
equipment. Qur main emphasis will be on
receivers and the receiver portions of hf
transceivers. Some comments will also be
made regarding transmitter performance.

The Good Features

Manufacturers of amateur equipment
have made noteworthy advances in circuit
design and operating features in the past
decade. Transmitter spectral purity (ex-
cept for noise) has improved generally
with each new model released. Harmonics
and other coherent spurious emissions are
typicaily very low with virtually all models
of current equipment.

Receiver performance is similarly im-
proved, Two-tone dynamic range has in-
creased gradually, and for most equip-

*Senlor QST Technical Editor
7700 S. W, Daniglle Ave., Beaverton, OR 97005

ment it is adequate for amateur needs.!23
Values in excess of 90 dB are common for
both cw and ssb bandwidths. Oscillator
stability and frequency-readout resolution
have taken ham gear out of the Model A
car class. This refinement appears not
only in traditional designs with
mechanically tuned oscillators and dial
mechanisms, but in the later designs based
upon digital technology. The latter in-
clude equipment with built-in counters
and frequency synthesizers.  Filter
technology has advanced, offering
significantly improved receiver selectivity.
Modern designs provide more than ade-
quate sensitivity while not severely com-
promising other performance factors.
Image rejection and i-f rejection are also
quite good, especially in those designs
using a first i-f at vhi.

These fundamental improvements have
been accompanied by operator-con-
venience features. Many of these are quite
worthwhile, They include receiver in-
cremental tuning — RIT (in transceivers),
frequency memories, the ability for com-
puter interface, various types of band-
pass tuning and continuously variable
bandwidth schemes, plus self-contained,
tunable peak or notch filters. But, what
have we traded off to obtain all of these
marvelous improvements?

Some Not-S0-Good Trends

Some lost performance may be at-

‘Notes appear on page 16.

As the technology advances,
some performance
characteristics improve, while
others worsen. Assorted
ailments result from poor
design and fundamental
limitations; others are products
of economic measures and
modern technology.

By Doug DeMaw,* W1FB and Wes Hayward,** W7ZOlI

tributed to economic considerations.
Other losses result from fundamental
limitations; the demands placed on equip-
ment in today’s crowded bands are severe.
Another reason for degraded perform--
ance can be traced to design engineers un-
familiar with the requirements of amateur
operators: Some designers aren’t active
amateurs and are not familiar with
operating reality, One U.S. manufacturer
of “*ham’ equipment refused for many
vears to include RIT in its transceivers.
The rationale was that *RIT is used only
by those manufacturers who produced
rigs with unstable local oscillators’"!

In the following paragraphs, we outline
some of the problems we have observed.
We will attempt to differentiate between
fundamental items and those that result
from economic considerations. Both
reasons may apply.

Receiver Andio Quality

The receivers of the vacuum-tube era
were typified by an abundance of
available aundio output. Things have
changed, but not for the better, Many
present receivers lack sufficient audio out-
put power .This is most evident during
mobile operation (owing to high ambient
noise levels) —— & paradox, for the state of
the high-fidelity audio art permits un-
distorted audio output at levels up to

100 W (Fig. I)! The problems are easily

solved during design, Manufacturers
could improve overall performance
through the use of more efficient
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Fig. 1 — Oscillographs of (A) an undistorted
sine wave at the cutput of a receiver audio
system and (B} a distorted waveform resufting
from inadequate audio-output power to over-
come the amblent noise during moblle opera-
tion. Distorted audio is difficult to read,
especially when automobite and wind nolses
are prasent.

speakers. Higher supply voltages, beyond
the usual 12-V systems, would allow
greater undistorted output power. Finally,
the usual amplifiers, with one end of the
speaket grounded, could be replaced with
a pair of armplifiers (2 ‘*stereo’’ IC) that
drives the speaker differentially, affording
a 6-dB improvement in output power.

Attention needs to be paid to the fre-
quency rtesponse of receiver audio
systems. A number of receivers {new and
old) have more or less flat responses out
to. 1} kHz, Communications information
rarely contains components beyond 3
kHz, Receiver audio amplifiers should be
shaped accordingly. The shaping should
be changed as the i-f bandwidth is altered
(switching from ssb to cw).

Age Systems

A deficiency in many receivers is poor
age. There was a time in Amateur Radio
when agc was used only during a-m phone
operation. The age was defeated for cw
and, later, for gsb reception. Present
operating practices are different: Most of
us use age during the reception of any
mode. The agce system should be suitable
for any condition that might be
encountered.

The greatest agc failing is the attack
characteristic. A loud signa!, perhaps a cw
station located within the first skip zone
for a given band, appears within the i-f
passband. An agc voltage is detected and
starts to reduce the receiver gain.

12 O57=

However, unless the bandwidth of the
detection system is large with respect to
that of the i-f, and detection occurs quick-
ly, there will be a loud thump or pop. This
is an annoyance to the operator, and it is
fatiguing.

Designing a suitable agc response is not
a simple matter of adjusting some R-C
time constants. Rather, it is a sysiem
design problem, a detail that must be ac-
counted for during the overall receiver
design. A fast-attack agc is realized only if
elements in the system that introduce a
time delay are eliminated between the
point where agc is applied (usually the i-f
amplifiers) and the point of detection.The
most common delay element encountered
is a crystal or mechanical filter. Another
potential delay element is the audio-
amplifier chain, This precludes the use of
audio-derived agc in a receiver for other
than casual applications.

In spite of the difficulties, it is possible
to design a suitable agc system. Such a
system, when observed with an
osciloscope or with a  critical
‘“‘calibrated” ear, shows that the initial
leading edge of a recovered audio signal
has the same amplitude as that found with
a steady tone. Some present eguipment
exhibits good age performance. There are
alarming exceptions, though! There are at
least two age-deficient commercial
transceivers that DeMaw has tested. Both
employ audio-derived agc (design
rationale unknown) for which the attack
times are faulty. Although the extremely
foud pop in the receiver audio is barely
tolerable when using a speaker, it is
unbearable when using headphones dur-
ing cw reception. Owing to a fairly short
decay time, the age can take hold many
times during a single transmission by the
station being worked, and the slower the
cw is being sent the more times the pop
will be heard in the phones.

Recovery time is the other critical
parameter of an agc system. This is easily
controlled by a suitable R-C time con-
stant. The system shouid, however, be one
that allows for operator control over the
recovery time (fast or slow) and one that
has a recovery time that is substantially in-
dependent of the strength of the incoming
signal.*

Agc is an important part of present-day
receiver technology, and is a preferred
feature among most operators. The
dynamic characteristics are important.
There is no reason why the age should not
function smoothly and without popping,
clicking or pumping,

A related deficiency in many receivers is
the calibration of the § meter, It is not un-
common to find high-priced transceivers
that show a difference between a
displayed S1 and $9 signal of only 10 dB.
The meter readings then take on greater
meaning for stronger signals, although the
calibration is rarely accurate. This defi-
ciency could be eliminated through more

careful design of the gain-controlled
stages.” It may not be important for the
manufacturers to develop a communica-
tions receiver that is suitable for making
signal measurements. On the other hand,
we suspect that a manufacturer who
markets equipment with a calibrated S
meter might be able to enhance sales with
this feature,

I-F Filtering

An unfortunate fact is that some com-
mercial receivers and transceivers contain
essentfally good cw and ssb filters, but
leakage around the filters prevents them
from providing the narrow response for
which they were designed. There are other
cases in which the filters themselves are
deficient, While they may have excellent
shape factors when the 6- and 60-dB down
points are examined, the filters cease to
provide much filtering action at the 80- or
100-dB points or more. Considering the
state of front-end design, where it is possi-
ble to aim for essentially spurious-free
responses over a2 100-dB dynamic range or
greater, it makes little sense to degrade the
overall rveceiver response with poorly
designed i-f systems. Some filter responses
are shown in Fig. 2.

Poor stopband attenuation is observed
readily in many receivers, The desired
response is a dominant audio output of
the proper pitch when a strong signal is
encountered, with a total absence of
signai-refated output when the receiver is
tuned away from the signal. It is common
to hear a strong response for 10 kHz on
either side of the signal frequency. A
gradual decrease in strength as one tunes
into the skirts of the filter is, of course,
acceptable. The presence of a response
compietely outside the filter passband
response is not!

A good ssb filter, alone and not in an i-f
systern, can have a stopband attenuation
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Fig. 2 — Passband rasponses for two crystal
filters, That at A is a8 more-orlass ideal
rasponse. The skirts are vary steep, and the
filtering action continues for attenuations in
excess of 100 dB. The fllter at B is mora
typical of the performance found in a receiver
i-t amplifier. While the skirt response is
suitable with a good 6- to 60-<IB shape factor,
the stopband attenuation is limited to about 80
dB.



of 100 dB or greater. This is possible with
relatively simple 8-pole designs. Even a
S-crystal cw filter with a bandwidth of 300
to 500 Hz is capable of more than 100 dB
of stopband attenuation if the filter is
built with care, These figures are probably
acceptable if actually achieved in a
receiver. This does not always oceur, Ac-
tual filter characteristics are compromised
through poor shielding of the i-f system
and ground loops, and by inferior filter-
switching circuits.

One solution is to use a multiplicity of
crystal filters. This is more common in
commercial equipment, although the in-
tent of such a design usually has been for
other reasons, the most common being 2
passband-tuning feature. A cw receiver we
built has a 9-MHz i-f system using multi-
ple crystal filters, each with a cw band-
width.* This system exhibits a stopband
attenuation in excess 130 dB. Listening to
such a receiver can be a unigue
experi¢nce.

There are many virtues to designs that
contain cascaded filters. It is easy to
achieve 120 dB of stopband attenuation
with two isolated filters, even if the in-
dividual filter characteristics are less than
ideal. Moreover, the use of extra filters in
an i-f amplifier will ensure that minimal
i-f generated noise reaches the detector.
Care must be exercised in such a design,
for it can complicate the age system by in-
troducing the time delays described
earlier.

. Another problem with some receivers,

related to the i-f filters, is the time-domain
response. The ideal filter shape for com-
munications is usuzally thought to be one
with a flat top, with perhaps a slight rip-
ple, and extremely steep skirt response,
much like that shown in Fig. 2A. A prac-
tical approximation to this shape is a
Chebyshev filter response.”

While the frequency response of a
Chebyshey filter is close to ideal, thereis a
major drawback with such a design. This
is in the time-domain response. Such a
filter will show severe ringing. An im-
pulse, either from a keyed signal or from a
noise pulse, will cause an output that lasts
much longer than the original excitation.
Other filter types provide much better im-
pulse characteristics. Examples are the
Gaussian, the Maximally Flat Delay and
the Linear Phase with Equiripple Error
responses.* The compromise is in the fre-
quency responses of these filters — the
skirts are not as steep as those of a
Chebyshev,

These fundamental problems are most
evident with narrow cw filters. Chebyshev
filters are usually acceptable for ssb ap-
plications. The best cw filters will have a
peak response that is rounded rather than
flat at the top.

Gain Fintness

There is barely adequate overall gain in
some receivers. This leads to a receiver

that sounds ‘‘quiet.”” In the absence of a.

signal, there is litfle noise output. Such a
receiver is pleasing to use under normal
operating conditions, but it is not ade-
quate in other situations.

It is common with some receivers to
find that the overall gain is lower on the
higher bands. This is observed by re-
placing the antenna with a 50-ohm resistor
and advancing the gain controls so the
receiver noise is heard easily. Then, the
band switch is changed. More often than
not, the noise at 80 and 160 meters is
significantly higher than it is in the
10-meter band. This is just opposite the
gain distribution desired. Antenna noise is
atmost always the lowest at 10 meters, The
problem is one of gain rather than noise
figure, for even on 10 meters it is still com-
mon to hear an increase in receiver noise
when an antenna is connected in place of a
50-ohm resistor. Receivers should have
sufficient i-f gain to provide receiver noise
that can be heard casily on any of the
related bands.

Noise Blankers

Yirtually all modern transceivers havew
noise blankers. The performance can be
spectacular  for high amplitude noise
pulses of short duration (automotive igni-
tion noise). Unfortunately, the blankers
are less than effective for other forms of
noise. The most dramatic example is
the over-the-horizon radar, or *“‘wood-
pecker.” Some builders have constructed
special blankers that virtually eliminate
interference  from such  additional
sources, %10

As we look to the future, we can expect
that noise blankers will become much
more sophisticated. Specifically, the
blankers will be integrated with adaptive
detection circuitry that will allow them to
accommodate a much wider range of im-
pulse widths and amplitudes. The key to
such designs will be in implementing the
blanking function without compromising
the receiver close-in two-tone dynamic
range.

Front-End Dynamic Range

Advances have been made recently in
the design of receiver front-end sections.
Ten years ago, many solid-state receivers
were severely lacking in dynamic range
(the ability to hear very weak signals in the
presence of many strong ones). Today,
many if not most receivers have two-tone
dynamic range values of at least 90 dB."
Some equipment pushes the 100-dB
figure, even in a ssb bandwidth.

It is interesting to examine the
technology that is used to achieve the
present-day designs. Surprisingly, most of
the methods are mot new. Diode-ring
mixers have been available for over a
decade, Power bipolar transistors suitable
for strong rf and i-f amplifiers have been
around for similar periods. The advances
have been in the form of system analysis

and specification, and in the realization
that better performance is really needed.

This is not to say that device technology
has not had an impact on front-end per-
formance. Notable recent devices of in-
terest are the VMOS FET mixers and
monolithic integrated-circuit mixers for
receiver front ends.'?

In spite of the advances, commercial
equipment with poor front-end design is
being introduced. There is no excuse to-
day for a receiver having less than an
80-dB two-tone dynamic range. Such per-
formance is achieved easily, even with in-
expensive components.

Noise in Local Oscillators and Synthesizers

Frequency synthesis has brought us a
marvelous improvement in frequency
stability — long overdue. Ironically, this
has brought with it problems we do not
need — notably, synthesizer noise and
spurious responses. This is a recognized
fundamental compromise.'! The prob-
lems, while worse in synthesized equip-
ment, are present in some equipment not
using synthesis. Moreover, the noise
problems are also evident in transmitted
signals for which a synthesizer or noisy
local oscillator is used for frequency
control.

The basic nature of noise in an
oscillator has been reported in the
literature.'* The problem is not generally
appreciated by the amateur community.
The reader is urged to review the literature
to gain an understanding of this
phenomenon.

The casual assumption is that the signal
from an oscillator is ““clean.’’ After all,
when observed with an oscilloscope, it ap-
pears as a sine wave. Usually, when
observed with a spectrum analyzer, it
looks like a rather pure tone, producing a
trace resembling that of the filters in the
analyzer. However, neither is a complete
or accurate representation. Just because
an oscillator has achieved limited levei,
this does not mean that the noise has
vanished; the noise is still present. A
representation of the output spectrum of
an oscillator is shown in Fig. 3. The noise
appears as a pair of sidebands, with
modulation on the desired carrier. A
broadband noise floor is also shown. The
carrier-to-noise  ratio is the vital
parameter. The broadband ratio of the
noise floor to carrier power is related
directly to the transistor (or whatever)
characteristics and to the power stored in
the resonator during oscillation, The best
(quietest) oscillators will be those with the.
maximum operating power level. The
width of the noise pedestal is directly
related to the foaded resonator Q) of the
operating oscillator. A well-designed
oscillator will often have a loaded Q of
about half of that of the Q, (unloaded Q)
value of the resondator, All of the
parameters may be controlled by proper
design.
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Fig. 3 — Naturs of the output spectrum of a
raal osclilator. Desired output is actually the
shape of the fiiter in the analyzer used for
measurement. The noise floor is broadband In
nature and is related to the operating power of
the circuit. Nolse-pedestal width is dictated by
the loaded Q of the osclllator resonator.

How does this affect the performance
of a receiver? The dominant phenomenon
is termed “‘reciprocal mixing.”* Example:
Assume that your neighbor has a very
clean transmitier operating in one of the
cw bands. You tune your receiver to his or
her signal and note that the S meter needle
is against the pin. As %ou tune away from
the keyed cw signal, it would, ideally,
disappear. You would then be able to
copy the weak DX station that was only a
kilohertz or two away. In reality, if your
receiver local oscillator has excessive noise
sidebands, you will hear a keved hiss or
noise as your neighbor keys the transmit-
ter. Similar “*splatter’” occurs with ssb.

What if your receiver has a very clean
LO system? Will the problems go away?
They may or may not. The problems will
cease if your neighbor’s transmitter is
really clean. If the rig is one with a similar-
Iy noisy local oscillator, however, the
noise sidebands will be transmitted and
you will hear them, even if you have
cleaned up your own LO system.

How clean is clean enough? Consider
that you wish to copy signals that are 100
dB below that of vour neighbor, and that
you are willing to tune at least 10 kHz
away from him. Your receiver bandwidth
is 1 kHz. Assume also that the front end is
free of IMD and gain compression (block-
ing) for signals 100 dB more than the
minimum detettable signal (MDS).

Recall that the problem is noise, Unlike
a simple signal, the noise power will grow
as you increase the bandwidth used to
observe that noise. Mence, the noise
sidebands must be t00 dB Jower in your
1-kHz bandwidth, or 130 dB lower per
hertz of bandwidth. Otherwise, your
receiver LO will cause you to hear your
neighbor instead of the desired weaker
DX station. The situation becomes worse
as you tune closer to your neighbor’s
signal,

The example has deaft with a simple
L-C oscillator, The phase-noise value used
in the example, =130 dBc/Hz (decibels
with respect to carrier in a 1-Hz band-
width) for the noise-sideband
characteristic at a I[0-kHz spacing,

14 0Os5-

represents many rigs using L-C oscillators,
Most are better, while a few are much
worse! What happens when the local
oscillator is replaced with a frequency syn-
thesizer?

The largest problem related to syn-
thesizer design, at least for hf applica-
tions, is that the oscillator must be voltage
controlled. This is usually done with a
Varactor® diode replacing the traditional
mechanical variable capacitor. This im-
poses limitations. First, the diode must be
operated in such a way that it never
becomes forward biased by the rf signal in
the oscillator, Should this occur, the tank
Q will be degraded severely. This widens
the oscillator noise pedestal. Also, this
limits the amount of energy that may be
stored in the resonator, thus degrading the
broadband noise floor, For example, a
receiver oscillator built by one of the
writers had a voltage across the resonator
of over 50, peak-to-peak. The measured
noise was — 154 dBc/Hz at a 10-kHz
spacing. However, the high voltage re-
quired to achieve that noise performance
would complicate tuning that circuit with
a Varactor® diode. A Varactor could have
been used to tune a very small range by
using padder capacitors, keeping the f
voltage across the diode to a small value,
However, the frequency range would have
been too restricted.

The nature of the synthesis process will
also lead to other potential spurious out-
puts. The typical synthesizer divides a
sample of the voltage-controiled oscillator
{(VCO) down to & fow frequency, usually
in a programmable divider. The result,
often at 1 kHz or 10 kHz, is then applied
to a phase detector. A reference at the
same freguency is also applied to the
phase detector. The output is a chain of
pulses that must be filtered. The dc com-
ponent of that pulse chain forms the
voltage that controls the VCO. The pulse
nature of the detector output is removed
with an active filter, the so-called “*loop
filter.”

However, the filter can only be
reasonably exotic. This is nof merely a
practical consideration. Excessive filtering
can cause stability problems with the
resulting phase-locked loop formed by the
system. Hence, there will generally be a
small amount of the reference frequency
present at the output of the loop filter.
This is applied directly to the VCQ. This
component leads to frequency modulation
of the VCO at the reference frequency.
The result is reference sidebands — signals
on either side of the carrier displaced by
the reference frequency. Careful system
design will keep these sidebands low in
amplitude with respect to the carrier. The
sidebands may occur at many frequencics
corresponding to harmonics of the
reference frequency. This is the nature of
fm. These sidebands can lead to reciprocal
mixing, just as does the noise from a
VCO.

Reciprocal mixing was measured on a
popular synthesized transceiver, The per-
formance was reasonable; it is one of the
better amateur transceivers reviewed to
date. The VCO phase noise at =+ 10 kHz
was — 142 dBc/Hz —~ rather good perfor-
mance. This was degraded 8 to 10 dB by
the presence of numerous reference
sidebands. The performance was ade-
quate, but not quite state of the art. This
was & ham-band-only design.

‘The synthesis problems are complicated
further in a general-coverage receiver.
Performance is compromised by the wide
tuning range required of the VCO — in
excess of 30 MHz, The YCO is even more
sensitive to extraneous voltages on the
control line, including op-amp noise,
power-supply noise and hum, and refer-
ence frequencies. One recent offering in
the general-coverage arepa sidesteps the
problem partially by using not one, but six
VCOs to cover the 30-MHz span. The
even-more-restricted designs, where the
VCO must only tune over a 500-kHz
range, are better suited to the severe re-
quirements of amateur communications.
More sophisticated methods may be used
to build extremely clean synthesizers.
However, they often use a large number
of phase-locked loops and become quite
expensive.

The best performance the writers have
obtained to date in a simple synthesizer is
phase noise measured at ~ 145 dBc¢/Hz,
That synthesizer was restricted to just
over 100 kHz of tuning range. We feel
that phase-noise performance of LO
systems is the most sigpificant funda-
mental limitation on the advancement of
receiver performance.

ARRL laboratory tests for receiver
dynamic range have been complicated by
the appearance of synthesized equipment.
Often, the phase noise is so severe that
blocking from gain compression can’t
even be measured. To this extent, phase
noise may lead to what might be termed
“‘early blocking,”’ the condition where the
increase in receiver noise output from
reciprocal mixing dominates the response,
The noise and spurious responses from
synthesizers are sometimes so bad that it is
difficult or impossible to identify front-
end IMD products for two-tone dynamic-
range measurements. This negates design
efforts toward an improved front-end!

QOther Problems

We have covered some of the major
deficiences in modern equipment. There
are other problems, as well as additional
features that might be included in an
“ideal” transceiver or receiver. Some of
these are subjective and represent per-
sonal preferences. They do not reflect
fundamental deficiencies. Qthers are
more general and important.

One of the greatest problems relates to
the complexity of much of the modern
equipment. As features are added and



fundamental performance is extended, the
parts count increases and reliability
suffers.

Reliability improves with enhanced
quality. We are seeing new pieces of
amateur gear that are inoperative or inter-
mittent when it is first removed from the
shipping cartons. This *“infant mortality”
has been traced to unsoldered joints, loose
components and even wiring errors.

Another measure that can improve
long-term reliability significantly,
especially infant-mortality problems, is a
burn-in. That is, once the equipment is
completed and calibrated by the manufac-
turer, it is run for an extended period. It is
then rechecked and calibrated prior to
shipment. At least one manufacturer has
instituted such a program with all of its
equipment.

Many of the service manuals for ex-
isting equipment are poor. Moreover,
some of the equipment is so sophisticated
that it can’t be serviced with the equip-
ment found in a well equipped amateur
shop. Few of us have spectrum analyzers
or high-quality, wide-range signal
generators. It would be helpful if service
procedures were written that would allow
for most of the routine maintenance with
simpler equipment.

Shielding is poor in some equipment.
It is, however, improving — partially be-
cause of the extensive amount of digital
cireuitry contained in the equipment. Not
only should the signal coming from the
antenna terminal be clean and free of
spurious products, but the power lines,
key and microphone lines, and whatever
other interface cables might be used,
should all be protecied against outgoing
and incoming radiation.

The Ideal Rig

As the cost of amateur equipment con-
tinues to rise, we should be able to expect
advances in the design and performance
of the units we buy. Price and quality do
not always create a satisfactory blend to-
day. That is, some rigs of modest cost
seem to equal the top-of-the-line equip-
ment in some performance areas. An
understanding of the amateur’s needs in
equipment performance and features
should be a fundamental rufe among
design engineers., The designer should
assume that the product will be used in
areas of dense amateur activity. This re-
quires attention to receiver dynamic
range, LO noise, transmitted noise, re-
duced spurious emissions, low IMD in
transmitted  ssh, and clickless ow
waveforms (Fig. 4}. Shielding and filtering
should be adequate.

On the other hand, what is ideal for one
amateur may be totally inadequate for
another. That is, the devoted contest en-
thusiast needs mote performance than the
amateur who only wants to have some-
thing on hand for an occasional QSO.
Don't go for more performance than you

really need. Be aware that some features
that may seem appealing are accompanied
by potential performance compromises,
or much higher cost and decreased
reliability, or both. An example is the
phase-noise compromise related to a
general-coverage, synthesized transceiver.

It is difficult to generalize about where
minimum  performance  specifications
should be set. As mentioned above, it will
depend upon the intended application.
Still, realizing the subjectiveness, we
would suggest the foliowing:

Necessary Characteristics

1) Noise figure: 10to 12 dB maximum
(MDS may be calculated on the basis of
the receiver bandwidth).

2) Blocking from gain compression:
110 dB above the MDS in a cw bandwidth
for casual applications, 125 dB for con-
testing and DXing.

3) Two-tone dynamic range: 80 dB in
a cw bandwidth for casual applications;
95 dB or more for competitive contesting
and DXing.

4) All transmitter spurious responses
down by 60 dB or more from the cw out-
put.

5) Transmitter IMD on ssb greater
than 30 dB below each tone of the two-
tone test signal for casual applications;
35 dB or more for competitive use.

6) LO noise: Carrier-to-noise ratio in

A

(B)

Fig. 4 — Oscillographs of (A) an improperly
shaped cw waveform and (B) a waveform that
closely approaches the desired 5-ms rise and
tall times. The waveform at A causes severe
key cllcks and is common to a number of com-
mercial and homemade transmitters today. The
example at B should provide clickless keying
without being too “soft.”

excess of 125 dBc/Hz at 10 kHz separa-
tion for casual applications; 140 dBc/Hz
for competitive application.

7) Cw waveforms: 5 ms rise and fall
times with a dot length equal to that in-
jected at the key jack.

8) Age: Attack characteristice such
that the overshoot of the audio output
from keying a carrier into the antenna
jack, 60 dB over the MDS, does not ex-
ceed the steady-state value by more than 3
dB. Decay characteristics: 100 ms or less
for “‘fast’’ recovery; (.5 second or more
for “‘slow’’ recovery; no more than a
100% difference for signals of various
amplitudes. Agc threshold: — 100 dBm or
less, but at least 20 dB over the MDS.

9) Receiver audio output: At least I W
of output into the design load, with less
than 10" total harmonic distortion
(THD).

10) Frequency drift: 300 Hz or less
warm-up drift in the first 30 minutes
of operation in a ‘‘room-temperature-
stable’ environment; 100 Hz per half
hour or less thereafter {should be much
better in a synthesized system).

11} Frequency resolution: 100 Hz in a
counted system; | kHz in an analog
system.

12) Frequency accuracy: Within twice
the resolution quoted above.

13) Coherent receiver spurious re-
sponses: None to exceed the MDS by
more than 10 dB.

14) Reliability: Mean time before
failure (MTBF) of three years, assuming
four hours of use per day.

15) Receiver i-f stopband attenuation:
Greater than 100 dB.

16) Image and i-f rejection: Equal to
the two-tone dynamic range in a ssb band-
width, or better.

17) Power supply: The 50/60-Hz, 117-
or 234-V ac power supply should be
capable of operating within its ratings
without overheating and failure. Some ac-
cessary power supplies cannot be operated
safely at 50 Hz, especially in tropical
regions, with the cabinet cover in place.
Most units have inadequate fouver area
for the high temperatures of the trans-
former core under such conditions., Ade-
quate venting and an accessory cooling
fan should be available to the purchaser.

How to Buy a Rig

Now that the “ideal”” rig has been
specified, we come to making a suitable
purchase, There are a variety of re-
quirements, depending on the application.
First, study the specifications in adver-
tisements; these rarely tell the whole story.
Most manufacturers specify a piece of
equipment so that virtually any model
making it through the mamafacturing pro-
cess will meet those specifications. Hence,
they are rarely meaningful. Reviews in
QST and other amateur literature are
often more informative. But, they suffer
from being the result of investigating only
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one or two samples of the unit in ques-
tion. Also, owing to the high rate of intro-
duction of new equipment, the prospec-
tive buyer may not want to wait until a
review is published.

‘The best test is to use the rig. A possible
way to do this would be to operaie the
transceiver, ideally in conditions under
which the rig will be used. If possible, ask
the dealer if you can try the receiver or
transceiver for a day or two before a pur-
chase. The answer will most likely be
“No,’” but it’s worth a try. Otherwise,
look for a friend who owns the type of rig
you're interested in. Ask for his or her
opinion or, better still, ask if you can
operate the rig.

There is another aiternative that could
be productive for the aggressive dealer —
that of equipment rental. A dealer could
allow a rig to be rented for a short period
at a reasonable fee, later applicable
against a purchase.

If your ideal rig cannot be found, you
can build your own! You should end up

with the specifications that you really
need.

Conclusions

The manufacturer that can provide the
features listed earlier (Necessary Charac-
teristics) at a fair price is sure to obtain a
significant segment of the amateur
market. These are reasonable goals for the
homemade-gear devotee as well.

Although we have taken some well-
meant “pot-shots* at the manufacturers,
we have tried to base our judgments on
realistic observations. We can conclude
that there are many areas of deficiency,
On the other hand, we cannot help but be
impressed with the high performance
usually being offered at a reasonable price
by most manufacturers. Ultimately, the
equipment will be what the market
demands. i 3 )
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New Books

O Computers and the Radio Amateur, by
Phil Anderson, W@XI. Published by
Prentice-Hall, Inc., Englewood Cliffs, NJ
07632. Hardcover, 7-1/4 % 9-1/2 inches,
208 pp., 518.95.

This slim volume is an innovation. Be-
ing the first to market a new device, a new
product, or, in this case & new book, has
advantages and disadvantages. An ob-
vious plus is the opportunity to start fresh
with a clean sheet of paper in the
typewriter or on the drawing board and,
not to be taken lightly, the possibility of
profiting from being first out of the star-
ting blocks. On the other hand, a product
brought too quickly o market may well
suffer from a number of ““birth pains.”
That seems to be the case with Computers
and the Radio Amateur. The concept of
the book is an excellent one: a book (as
the preface puts it): **for radio amateurs
who have had little or no exposure to
computers — how they function and how
one programs them and attaches them to
other equipment.”’

But, there seems to have been a number
of complications, some serious, that
developed between setting down the con-
cept of the book and turning that concept
into a workable manuscript.

For example, on page 3 there is a
subsection headed “RTTY or ASCII ter-
minal’’ yet the all-too-brief material under
that section deals with Baudot code
Teletypewriter signals and there is no
mention, at that point in the text, of
ASCII at all! (By the way, as far as [
know, ‘“Teletype” remains a registered
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trademark of the Teletype Corporation
although it is not so identified in the
book.)

Chapter 2, which is a brief history of
computers, is so brief (less than one page
takes us from 1890 to post World War II1)
that it might as well have been omitted.

Chapter 4 satisfactorily explains the
essential e¢lements of BASIC pro-
gramming. The author is liberal with the
use of REM statements, which is 2 good
programming style, especially during the
debugging phase of writing programs, If
the reader should wish to actually use the
sample programs, he or she will likely
wish to delete the REMs, especially those
that, unaccountably, give the *“‘example
number” from the text.

Chapter 5 is devoted to assembly
language programming. In the earlier
chapter on BASIC, the particular dialect
often used is from the TRS-80® Radio
Shack level II language utilized by the
Tandy Corporation, In Chapter 3,
however, the examples are drawn from
the 6502 microprocessor, which is used in
a number of personal computers including
the Atari but rot in the Radic Shack
machine. While Chapter 5 is interesting it
will hardly make one an assembly pro-
grammer, (Actually, I wish I knew what
would")

The remaining seven chapters are
devoted to interfacing the computer to
amateur equipment and to some examples
of computer programs you can use in your
own shack. Many of the suggested pro-
grams are excellent examples of the ways

the computer can be useful in Amateur
Radio applications. Included are examples
of contest log programs, code-reading
programs and the like, As programming
skills are sharpened, however, the reader
might wish to try rewriting the program
on page 182 to try to calculate the length
of a dipole in fewer than 19 program lines.
(Hint: There is only one really operative
line — line 100, L =234/F.)

If you have no knowledge of computers
or how they might be useful in Amateur
Radio, this book iy be a good addition
to your radio shack bookshelf. it is a
telatively thin book that won’t give you all
the answers, but perhaps it will help you
tecognize what questions you need
answered. — Larry Price, WdRA  [i#c]

@ With action heating up on 10 MHz,
you'll want to join in as quickiy as
possible. |If you have a TS-820 or
'82085, help is on the way. An article in
February QST will show you how to
add any or all of the WARC bands.

® Thinking about getting on line?
The February On Line column wili
solve the mystery of how one type of
BASIC is transiated to another.

® 1982 was a terrific year for
Amateur Radio! If you don't believe it,
read all about it in the “year in
review” articie.



Automatic Control for
the Alliance HD-73 Heavy-
Duty Rotator

Tired of your manual rotator control? Try these modifications
and enjoy ‘“‘hands-free’”’ operation!

By Joe Mehaffey,* K4IHP

For rotating large antennas, the
Alliance HD-73 is vastly superior to the
standard ‘“TV”’ rotator motor used in the
Alliance C-225 system. However, the
manufacturers provide only a manual
(push-to-turn) control box with the
HD-73 system. After having enjoyed the
fully automatic positioning feature of the
C-225 control unit, I was very disap-
pointed to have to hold my hand on a con-
trol lever while watching a meter slowly
move to the correct position. With my
C-225 umit, I simply rotated the control
knob to the desired position, and the con-
trol box automatically shut off at the
proper position. After using the HD-73
system for afew years, I set out to in-
vestigate what it would take to mate the
(-225 control box with the HD-73 motor
unit.

System Differences

Basically, the HD-73 and C-225 rotator
systems vary in the design of the direction-
sensing and display circuitry. However, in
both cases a potentiometer is used in the
motor housing to reference the antenna
position back to the control box. In the
HD-73, a 75-ohm potentiometer is used as
the feedback device, and in the C-225 a
slide-wire potentiometer of approximately
520 ohms is used. Additionally, the C-225
motor has the capability of rotating in ex-
cess of 360°, whereas the HD-73 motor
stops prevent rotation beyond 360°.

To make the HD-73 motor operate with
the C-225 control hox, it is necessary o
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Fig. 1 — Exploded view of the HD-73 motor unit (diagram courtesy of the Alliance Manufacturing

Company).

only make small modifications to both the
rotator and control unit. The basic pro-
cedures are outlined here:

Rotation Angle: The HD-73 motor
assembly must be modified to give it a
small amount of overtravel at both the
clockwise and counterclockwise directions
of rotation. This is accomplished easily by
physically modifying the limit stop lever
within the HD-73 motor drive uait.

Potentiometer: A precision servo
potentiometer must be substituted for the
incxpensive wire-wound unit presently
used in the HD-73. It is neccessary to
replace this unit for two reasons. The first
is that standard potentiometers (such as
the original) have proved to be so noisy
and low in resolution that they cannot
serve adequately in servo-positioning ap-
plications. The second reason is that the

January 1983 17



(C-225 control-unit bridge is designed for a
potentiometer in the 500-o0hm range.

Bridge Balance Resistor: The third
modification required is in the C-225 con-
trol unit. and involves changing the
S11-ohm bridge resistor to a 464-ohm, 1%
resistor. This change is necessary because
the 360° rotation angle of the HD-73
motor resulis in a total resistance change
of only about 430 ohms, as opposed to the
total S00-ochm range of the servo
potentiometer.

Rotation Range Adjustment: The last
change required to complete the conver-
sion is the selection of a rotation-range
resistor, to be added in parallel with the
520-ohm, wire-wound strip resistor within
the C-225 control unit.

The previously listed mechanical and
electrical modifications cost about $20.
Most of the work is involved with calibra-
tion and adjustment of the motor control
unit. Much of my time in the original con-
version was spent figuring out how to ad-
just the potentiometer in the HD-73
motor unit without spilling the ball
bearings over the floor! Once this pro-
cedure was perfected, the calibration went
very quickly.

Motor Disassembly

This procedure involves the disassembly
of the HD-73 motor unit, and modifica-
tion of the mechanical stop lever to permit
the HD-73 rotator approximately 3° of
overtravel in both directions. This is
necessary to compensate for electrical
tolerances that could direct the rotator to
travel either in excess of slightly less than
the desired 360° range.

To begin disassembly, please refer to
the exploded view in Fig. 1. Invert the
motor unit and clamp it in a vise with the
screw heads facing upward. (This entire
procedure should be performed in a clean
area and executed very carefully, because
of the likelihood that the ball bearings will
become dislodged and fall out of the
rotator motor assembly.) Remove the
four screws from the bearing ring-clamp
assembly. Lift the bearing-clamp
assembly straight up off the motor unit.
Remove all of the ball bearings from the
upper bearing race. Carefully lift the up-
per housing assembly away from the [ower
une. No force should be required, but it
may be necessary to wiggle the lower
housing assembly as it is pulled away so
that the bearings are released and remain
in the upper housing race. The motor and
drive assembly are installed inside the
lower housing. This is where the first two
modifications must be made.

Remove the stop bar from the
mounting shaft and grind both sides as
shown in Fig. 2. Smooth and reinstall the
stop bar. In my case, it was necessary to
destroy the lock washer (a type of speed
nut} in order to remove the stop bar. |}
found an exact replacement at my local
hardware store. If one cannot be found, a
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press-on axle nut for a toy tricycle should
make an adequate substitute, amd is
available at most large hardware stores,
Do not use excess force when installing
the washer, or the casting may be
damaged. The modified stop bar should
have additional travel against the upper-
housing stop tang. Don't forget to apply a
small amount of bearing lubricant to the
stop bar prior to installation.

Potentiometer Replacement

A Spectrol model 132-0-0-501 poten-
tiometer was purchased to replace the
original. This 500-chm, wire-wound de-
vice is a precision semi-sealed unit with
high resolution and long life expectancy in
this type of service. This unit does not
have stops at either end of its travel, A
potentiometer with internal stops can be
used. However, one runs the risk of
damaging the stops if the potentiometer
was initially adjusted incorrectly. To in-
stall the potentiometer, remove the motor
and drive assembly from the lower
housing by removing the four no. 10-24
hex-head screws holding the drive
assembly to the lower housing assembly.
The mounting plate will now swing freely
on the connecting wires to the poten-
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Fig. 2 — Illustration of stop bar prior to and
after modification.
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Fig. 3 — Interconnections for the moditied
rotator system.

tiometer and motor. Care should be used
to bend the delicate connecting wires a
minimum amount to prevent breakage.

Using an Allen wrench, loosen the gear
at the top of the potentiometer shaft, and
then lovsen the mounting nut — freeing
the potentiometer from the motor and
drive assembly. Install the new poten-
tiometer in its place. At this point, orien-
tation of the potentiometer shaft relative
to the body is not important, but use care
that the keying peg goes into the keying
hole in the motor drive unit. 1t may be
necessary to enlarge the keying hole in the
motor and drive assembly base slightly to
accommodate the peg on the poten-
tiometer. Be sure that no drilling debris
remains within the motor assembly. After
securely mounting the potentiometer and
the associated drive gear, move the three
wires from the old potentiometer one at a
time to the Spectrol umit. Carefully
observe which wire goes to which ter-
minal, and put the wires on the new
potentiometer exactly as they were on the
old.

Refit the motor and drive assembly into
the lower housing, and replace the hex-
head screws. Use care not to pinch any
wires as the drive assembly is reinstalled.
As a preliminary setup, place an ohm-
meter between pins 2 and 5 on the ter-
minal strip of the motor unit. Rotate the
potentiometer until the resistance is ap-
proximately 35 ohms. On the outside
casing of the lower housing, mark the
position of the potentiometer gear for
future calibration reference. While view-
ing the motor and drive assembly as
oriented in Fig. 1, move the stop bar all
the way clockwise against the stop tang of
the motor and drive assembly. Install the
bearings in the race of the upper housing
assembly. Invert the lower housing unit
and mate it to the upper housing unit with
the stop bar positioned just to the left of
the stop tang. (The stop tang protrudes
from the iaterior of the upper housing.)
At this point, reinstall the bearings in the
bottom of the lower housing race, and
fasten the ring clamp using only two of
the hex-head screws. These screws should
not be tightened securely as they will have
to be removed several times during
adjustment.

Some expetimentation Is necessary to
ensure that the HD-73 motor operates
normally and that the newly installed
potentiometer changes resistance as the
motor rotates. To perform this test, con-
nect the HD-73 to the C-225 control unit
as shown in Fig. 3. Plug in the C-225 and
move the control knob to the middle of its
operating range. The motor should turn
to  approximately id-position and
automatically stop, which then turns off
the red indicator light in the C-225 control
unit.

Assuming the motor turns, rotate the
control knob fully clockwise and
counterclockwise, and note that the motor



rups into the mechanical stops but does
not turn off the control unit at both rota-
tional extremes. Unplug the control unit
as soon as the motor drives into the stop.
Carefully mark both extremes of motor
travel by making scratches on the motor
housing. These will be used for reference
during the final adjustments.

If the preliminary tests were successful,
proceed to modify the control box as
described below, Failure at this point
might be traced to either reversed poten-
tiometer wiring or reversed motor wiring.
Be sure that when the HD-73 is upright, a
clockwise rotation of the control knob
causes a clockwise rotation of the motor
as viewed from above.

Control Unit Modifications

Change the 511-ohm, 1% resistor (item
101-3 in the C-225A control unit, or item
101-11 in the C-225 control unit) to a
464-ohm, 1% half-watt unit. You should
have no trouble locating this resistor, for
it is the only precision resistor in the con-
trol unit. Now locate the two ends of the
520-chm strip resistor that is a part of the
control-knob assembly, This strip resistor
has a slide wiper that moves around the
spiral — first to one end, then to the other
as the control knob is rotated. Carefully
solder two flexible wires approximately
i foot long to each end of the slide-wire
unit.' Do not overheat the rivets or they
may become loose, and intermittent
operation of the slide-wire potentiometer
may result. As part of the calibration pro-
cess, several resistors may have to be con-
nected across these newly installed wires.

Counterclockwise Stop Calibration
— Motor Unit

Rotate the control knob fully
counterclockwise until the rotator motor
stops with the control light stilt il-
tuminated. Quickly unplug the control
box to prevént burnout. Remove the wire
from screw terminal no. 2 of the motor
unit and connect an ohmmeter between
this terminal and no. 5. Remove the two
screws from the ring clamp assembly and
carefully rock the lower housing away
from the upper housing. This maneuver
should be executed similar to the opening
of a clam shell — so that a crack just wide
enough to insert a small screwdriver ap-
pears directly in front of the previously
marked potentiometer-gear location.
Using a small screwdriver, move the
potentiometer gear until the ohmmeter
reads approximately 450 ohms. Gently
reclose the motor housing and reinstall the
two locking screws into the ring clamp
assembly. Next, replace the wire on ter-
minal no. 2, and note whether or not the
motor moves against the counterclockwise
stop. The objective is for the motor to
stop in & position approximately 3/8 to
1/2 inch away from the mechanical stop.

'm = ft x 0.3048, mm = in. x 25.4,

If the motor continues to run into the
mechanical stop, the assembly must be
reopened and the potentiometer setting in-
creased by approximately 5 ohms. If the
motor stops with a gap appreciably
greater than 1/2 inch, the potentiometer
should be lowered in resistance by ap-
proximately 5 ohms and retested. This
procedure should be repeated until the
counterclockwise stop is properly ad-
justed, When this adjustment is com-
pleted, work on the motor assembly is
now finished and =all four ring-clamp
mounting screws may be secured,

Clockwise Stop Calibration
~— Control Unit

To begin, connect a 3.3-k}, 1/2-W, 5%
resistor to the ends of the two wires
previously soldered in the C-225 control
unit. Rotate the direction control fuily
clockwise and wait for the motor to reach
the end of its rotation. If it rotated less
than 360°, slightly increase the value of
the 3.3-kQ resistor. 1f it rotated more than
than 360°, decrecase the value of the

resistor. The proper value for this resistor-

shoulid be between 2.5 and 5.0 k2, When
this adjustment is completed, place the
resistor safely within the control unit so it
cannot short to the chassis or other in-
ternal parts. Make sure the wires are
dressed properly and do not interfere with
the operation of the slide-wire assembly.
A purist may wish to remove the wires
and solder in the resistor. If this is done,
much care is required to avoid damage to
the slide-wire assembly. Be sure to unplug
the control box when making any
changes, to avoid electrical shock.

Operation

The modified Alliance HD-73 motor
and C-225 control unit combination have
been in use for several months at my loca-
tion. No problems have been experienced.
Some may observe that the padding
method used on the control-box poten-
tiometer will cause a slight nonlinearity
between the actual motor position versus
control-box indication. This error will be
maximum at the middle of the rotation
range. The error is only a few degrees,
however, and while measurable on the
bench it is not perceivable to the eye. The
angular error is very small compared to
the beamwidth of most rotatable anten-
nas, so there is nothing to worry about.
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TALLYHO THE FOXHUNT

[J Sure, I know what a foxhunt is. That
is, 1 thought I did until I got involved in
Amateur Radio and happened to tune
across the 40- and 15-meter bands one
weckend in September and heard “CQ
Foxhunt, this is WB1EMT,"" followed by
a pileup. No, they weren’t looking for
that elusive furry red animal, and no
direction-finding equipment was involv-
ed, The word “‘foxhunt’’ comes from its
sponsor, the Foxboro Company
(Massachusetts) Amateur Radio Club.

The idea was conceived two years ago
as an activity to get as many club members
as possible active on the hf bands. During
the first year’s contest, WBIEMT was a
portable aperation, as part of an emergen-
¢y communications demonsiration at the
Bellingham Fair, Besides being a “‘second
Field Day"’ for the club, it got some spec-
tators interested enough to join our
Novice class.

The object of the contest is to first work
club station WB1EMT, which operates on
40 and 15 meters and issues a log number
with an “‘F’’ prefix. Now the hunt begins,
for you must then look for other club sta-
tions operating on the band using their
own call who will, in turn, issue an **O”’
log number, and then an **X,”* when they
are found and worked, When you have
caught the F-Q-X, vou qualify for a cer-
tificate, providing your log numbers
check out, Sound too easy? Although fre-
gquencies are coordinated among club
members by way of the club repeater,
K1HF/R 147.975/375, the operating fre-
quencies are not made known to the par-
ticipants. Trying to find another *“CQ
Foxhunt’’ indeed becomes a search. For
variation, this year we also had a cw sta-
tion available to hunt, and we did have
stations trying to earn our award on both
bands. — Frank §. Jasinski, WI1XA,
Bellingham, Muassachusetts

Foxbora Company ARG member WATUMA
operates from the club van during the annual
Foxhunt Contest on 40 and 15 meters.
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The Inverted L Revisited

City dwellers, don’t despair. Here is a good 160-meter antenna
that should fit on your lot!

By John F. Lindholm,* vv1AX

’

| Il never know what inspited me to
make a few contacts in the ARRL 160-
Meter Contest. My antenna was made by
tying together the open-wire feeders of my
80-meter dipole. The performance was
not fantastic, but it was the first step
in getting me ‘‘hooked" on the “gentle-
men’s band.”” Working three dozen Buro-
pean stations from a friend’s house got
my interest up. My friend has a good
160-meter antenna system -— and Jots of
property to fit it on!

Returning to my 60- X 150-foot lot
made me feel depressed.! I suffered alt
winter while listening to the others work-
ing VKs, ZLs and even JAs at daybreak.
What could I do to improve my signal?

Many hours the following summer were
spent trying to figure out how to cram a
E60-meter antenna within the confines of
my small lot. Space restrictions dictated
that my wire be no longer than a standard
B0-meter dipole. 1 began to consider alter-
native antennas.

Shunt feeding my 50-foot tower was in-
vestigated but dismissed for various
reasons. This arrangement would require
disconnecting the shunt feed when crank-
ing down the tower, and all guy wires
would have to be broken up into nonreso-
nant lengths with insulators, Additionally,
my cables would have to be rerouted to
ground level. [ then considered & full-
tength dipole originating in a neighbor's
vard three houses to the east, crossing my
property and finally terminating in the
yard two houses to the west! This idea was
rejected. The legal negotiation fees wouid
have run in six figures! After much head
seratching, 1 settled on the inverted L, an
antenna made popular by the grand
master of 160-meters, Stew Perry, W18B,
F credit Stew for coming to my rescue!

The Inverted L

The inverted L was selected because it
requires no more space than an 80-meter
dipole and [ could utilize my S50-foot
crank-up tower for attachment. The ver-
tical part is 50 feet long, and the horizon-
tal part measures 130 feet, for an overall
length of 180 feet (Fig. 1). This makes the

‘Notss appear on page 21,
*Communications Manager, ARRL
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Fig. 2 — Detail of how the antenna is mounted to the tap of the tower. TV-mast clamps are used
to secure the wooden insulator.

antenna approximately 3/8 A, with the
horizontal part providing top-loading.
WI1BB advises making the vertical section
as long as possible (depending on tower
height), and that an overall length of 160
to 180 feet works well.

Construction
With a bow and arrow, 1 successfully

attached the far horizontal end of the
antenna to the top of a 60-foot fir tree.
From there, [ ran the wire back to the top
of the tower, where | bracketed a 30-inch-
tong two-by-four with an insulator screwed
in the end (Fig. 2). No. 14 Copper-
weld® wire is used for the horizontal sec-
tion, and no. 10 copper wire is used for the
vertical section, which is spaced about 2



Fig. 3 — A ground rod at the tower base serves
as a physlcal support for the insuiator, and as
an rf ground. Radial wires are connected to the
rod by means of a ground bus, as described in
the text.

feet from the tower. These two wires are
soldered together at the insulator.

A plumb line was used to locate a point
on the ground directly below the 90° bend
in the *“L.”™ At this point, a 10-foot
capper-clad ground rod was pounded into
the earth, leaving 18 inches sticking out. A
two-by-four is clamped to the ground rod
by means of TV-mast U bolts. The lower
end of the vertical wire is attached to an
insulator that is screwed into the top of
the wooden block (Fig. 3). Next, I
stripped some coaxial cable (RG-8/U} of
its outer braid and used this to make a
ground bus arpund the antenna base. One
side of the open-wire transmission line is
soldered to the base of the vertical anten-
na element, and the other side to the bus,
which is attached to the ground rod with a
clamp. This bus aiso serves as a connec-
tion point for the radials. So far, less than
an afternoon of work had been invested.

Radials — the More the Better

The next day, my objective was to in-
stall radial wires, which are necessary
because the inverted L is essentially a top-
loaded vertical radiator. Previous medita-
tion convinced me that several radials
would fit on my lot. 1I'd make them fit!
All radials were cut to 1/4 4 (125 feet),
using scrap wire. About 300 feet of
surplus telephone ground wire provided a
good start. Stripping some old coaxial
cable with a single-edged razor biade pro-
duced two radials from one length of wire
{outer and center conductors). My tech-
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Fig. 4 — SWR curve for the inverted L, with the Transmatch adjusted for an SWR of 1 at 1820 kHz.

nique for radial installation consisted of
creasing the earth with a spade and
shoving the wire in; afterwards the turf
was pressed back into place with my heel.
With space & problem, it may be im-
possible to place all your radials in a
straight line; don’t worry, because it is not
necessary. My installation followed a zig-
zag path to avoid fixtures like the house
and Jriveway. WI1BB advises puiting
some radials under the horizontal part of
the antenna. Unfortunately, the location
of my garage prevented this. Initially,
only four radials were planted, but more
were added later. As with all vertical
antennas, the more radials you can put in
the ground, the better the performance!

Matching System

Voltage-fed antennas approximately
1/2-A long, such as the inverted L, will
have a fairly high feed-point impedance.
They will also exhibit inductive or
capacitive reactance, depending on
whether the antenna is slightly longer or
shorter than 1/2 A, Since the inverted L
does not have a 50-ohm impedance, a
matching system is needed. To make
tuning adjustments easier, 1 opted for
locating the Transmatch in the shack,
using open-wire line to the antenna. Being
able to adjust the antenna match con-
veniently is recommended, since the SWR
climbs rapidly as you shift frequency, For
example, adjusting the Transmaich for a
1:1 SWR at 1820 kHz produces an SWR
of 2.4:1 at 1800 kHz {(see Fig. 4). With the
Transmatch located in the shack, you can
easily adjust for a 1:1 SWR no matter
wherz you operate in the band. My
Transmatch consists of a plug-in, link-
coupled coil and variable capacitors — all
scrounged at flea markets. Any of the
configurations found in the ARRL Anten-
na Book® should work well,

Performance

Does the antenna work? Having no
comparison antenna, my conclusions are
subjective. But l've been on the air
enough to know when, as they say, it
plays.”” With only four radials in place,
my first night of vperation yielded plenty
of U.5. contacts, plus a Caribbean DX-
pedition on the first call. Subsequently,
many Buropean stations have been
worked from my northeast location with
good signal reports. Contest activity has
yielded some respectable scores, including
many Q8Os with the Caribbean, and
South and Central America — even
Antarctical

By adjusting my Transmatch, [ made
limited tests with the L on 75-meter ssh.
Comparisons were made to a 75-meter
dipole at 50 feet. For signals close in, the
L was down by some 3 to 5§ dB, but equal
or superior to the dipole for signals from
eastern Burope. Apparently, the 160-
meter inverted L also provides a low angle
of radiation on this band too, On bands
higher than 75 meters, the radiation angle
will be tilted wpwards, rendering the
antenna inefficient for DX work. This
phenomenon is explained in the” ARRL
Antenna Book.}

Giving up the 160-meter band for lack
of sufficient real estate is unwarranted.
With the inverted L, vou can work Top
Band from your urban lot. Installation is
a breeze, and the performance is ad-
mirable. Now what’s your excuse for
missing out on the excitement of 160
meters? =

Notes

m = ft X 0.3048,

*The ARRL Anienna Book, 4th ed. (Newington:
ARRL, loc., 1982), pp. 4-1 through 4-8.

*Ibid,, pp. 2-23 through 2-24,
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Beverage Antennas for
Amateur Communications

Contrary to popular belief, the Beverage antenna can be used as
an effective receiving and transmitting antenna for frequencies

up to 30 MHz.

By John S. Belrose,* VE2CV, John Litva,*, G. E. Moss* and E. E. Stevens,** VE3ICYO

A Beverage antenna is a broad-band
aperiodic antenna that can be used over a
frequency range of 2 to 30 MHz. It con-
sists of a long wire stretched horizontally
over the ground. In essence, it is a lossy
transmission line with the ground acting
as an imperfect conductor (Fig. 1). The
antenna is terminated in the characteristic
impedance of 400 to 600 ohms through a
ground screen, with the received signal
taken from the other end through a
matching transformer that has one side
connected to ground. This transformer is
used to match the feed impedance of the
antenna to 50-ohm coaxial cable. Dimen-
sions of a typical Beverage antenna would
be about 360 feet long and 6 feet above
the ground.'

Beverage antennas can be used for
receiving (single element) or transmitting
(multiple-element array) applications.
While no detailed study has been made on
the optimum size of ground screens, the
hf Beverage antennas we built employed
radial ground screens comprised of 16
radials, 50 feet long, staked at the ends by
Z-foot-long rods. Multielement arrays
employ smaller ground systems — in our
case, six radials, each 20 feet long. The
connections to the ground side of the
maiching transformer and the terminating
resistors were made with three, 3/4-inch-
wide copper mesh ground straps.

Previous Work

The initial Beverage antenna work was
carried out by H. H, Beverage and
assoctates, who tested the antennas on a
transoceanic circuit using very long waves
of 12 to 42 kHz, and at medium frequen-
cies of 250 to 1500 kHz.2%4, They found
antenna lengths of approximately 1
wavelength were effective in reducing in-

'Notes appear on page 27.

*Communications Research Center, Department
of Communications, P.O. Box 11490, Station
H, Ottawa, ON K2H 852

*+513-1485 Baselipe Rd., Ottawa, ON
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SIDE VIEW

RCVR 3

S
.
Loy~ ¢ ;:

Lg% RCYR
B % !

Fig. 1 — Alternative forms of wava antennas:
{A} simplest form tor unidirectional reception;
(B} two-wire wave antanna for separate recep-
tion from reciprocal directions.

terference and static because of the direc-
tive nature of the antenna and its low
response to radio noise. Wait and
Mousseau calculated vertical-plane field
patterns for horizontal traveling-wave
antennas.” Travers and associates did ex-
tensive theoretical and cxperimental
research with hf Beverage antennas from
1961 to 1967. Their work is documented
in a series of reports that have had fimited
distribution. A brief account of their
work appears in a paper by Martin.’ More
recently, Litva and Rook gave a detailed
description  of  experimental  and
theoretical results obtained from an exten-
sive study of hf Beverage antennas.® Their
theoretical work, supported by extensive
experimental measurements, provides
comprehensive Beverage antenna
engineering data in a readily accessible
format for the communications engineer.

Beverage antennas are shown to be effec-
tive as “building blocks™ for large hf
arrays: When multiple Beverage elements
are employed, the antenna system has suf-
ficient gain at hf to be efficient in both
regeiving and transmitting. OFf course, the
directivity and size of such an array would
dictate  bidirectional  point-to-point
operation.

Two-wire wave antennas for reception
in reciprocal directions have been de-
scribed by Laport and Misek (Fig. 1B).%.10
This bidirectional wave antenna is unusual
in that it simultaneously possesses two
directivity patterns, The wave field im-
pinges simultaneously upon the two wires,
and equal currents flow in both wires in
the direction of wave travel. These cur-
rents continue to flow until they reach the
far end of the antenna, where reflection
occurs by grounding one wire and leaving
the other open-circuited. This balances
the current received from the right, but
has no effect on the unbalanced current
received from the left. To obtain suffi-
cient balances in the transformers, an
¢lectrostatic shield is required. The two
receivers for simultaneous reception in the
two reciprocal directions are matched to
Zy and Zyy.  Zy  designates  the
characteristic impedance of two wires
unbalanced to ground, and Zy; is the
balanced characteristic impedance be-
tween the wires, Basically, the bidirec-
tional wave antenna is an aperiodic anten-
na whose terminations have been
transposed to the receiving end. This pro-
vides greater flexibility in controlling the
antenna with simple switching and
phasing circuits.

Comparison Between Theory and
Experiment

Detailed measurements were made for
Beverage antennas of various lengths and
heights, with a typical length of 360 feet.
Also, various grounds were tested. The
received signal strengths were measured at



several  frequencies, and airborne
transmitters were used for signal genera-
tion. An aircraft towed a vertically
polarized transmitting dipole, «cailed
XELEDOP (Transmitting Elementary
Dipole of arbitrary Polarization)."!

To develop azimuthal patterns with
XELEDOP, the antenna must be towed
concentrically around the antenna under
test (AUT) at various heights and
distances. A cut of the vertical pattern can
be obtained by flying across the AUT at a
given height (1.9 miles, typically) along
the boresite, correcting the results for
spatial attenuation, and for the changing
angle between the XELEDOP dipole and
the AUT ray direction.

Several antenna pattern measurements
were made using a dipole suspended from
a balloon. These measurements were
made on a radius of about 1600 feet from
the AUT, with the dipole coming within a
quarter wavelength of the ground. Some
examples of the various results using both
balloon and XELEDOP techniques are
shown in Figs. 2, 3 and 4.

In Fig. 2, a comparison is drawn be-
tween theoretical and experimental
azimuthal patterns measured by the
XELEDOP technique at 18 MHz. The
vertical pattern (corresponding to the
azimuthal pattern in Fig. 2C) is shown in
Fig. 3. Measurements were also done
using a 1/4-wave ground-plane antenna as
a reference to measure the gain of the
Beverage ground wave.

The results of detailed measurements of
the vertical pattern at the azimuth of
maximum gain are illustrated in Fig. 4.
These results deserve some discussion. In
this test, the AUT was a Beverage pair
(two elements of a rosette array);
therefore, the theoretical gain should in-
crease 3 dB over a single Beverage ele-
ment. The balloon measurements for low
elevation angles (p<3®)clearly illustrate
the response of the antenna to ground
waves, The skywave lobe was a maximum
at wy ~ 16°,

Clearly, there is a consistent agreement
between theory and experiment in the
main lobe, but a fairly large discrepancy
in the side- and back-lobe levels. Typical-
ly, the side lobes of theoretical patterns
are 25 dB lower than the main beam,
whereas measured values are normally
only about 15 dB below the level of the
main beam,

Theoretically Derived Parameters for
Beverage Antennas

Since the agreement between experi-
ment and theory was, except in some in-
stances, reasonably good, it follows that
theoretically derived parameters can be
used with confidence in Beverage antenna
design. Since theory reveals design trends
better than experimentation, we shail con-
sider the cffects of length, height, fre-
quency and ground conductivity on the
Beverage antenna.
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Fig. 3 — Comparison of theoretical and ex-
perimental vertical pattern in the bore-site
direction (at 18 MHz} for an antenna langth of
360 fest and a height of 4 feet {azimuthal pat-
tern is shown in Fig. 2G).
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The length of a Beverage antenna
should be greater than 1 wavelength, and
since we are concerned with frequencies of
1.8 to 30 MHz, an antenna 656 feet long
should give satisfactory performance at
1.8 MHz, Figs. §, 6 and 7 are examples of
design parameters — calculated values of
gain in the main lobe (Gy), azimuthal
beamwidth (BW,), launch angle () and
vertical beamwidth (BWy) for Beverage
antennas 328, 656 and 984 feet long, all
6.5 feet high over average dry soil.

Figs. 8, 9 and 10 illustrate how the gain
(Gyy) varies with antenna length, antenna
height and soil conductivity. Fig. 8 il-
lustrates that the optimum length for a
Beverage antenna mounted 6.5 fect above
average dry soil is about 4 A. In Fig. 9, it is
shown that the gain increases at ail fre-
quencies as the height increases from 12
inches to 10 feet. The change is especially
marked at the higher frequencies. The
curves in Fig. 10 show the dependence of
gain on earth conductivity. At 2 MHz, the
gain decreases as earth conductivity in-
creases, whereas at higher frequencies this
variation has the opposite trend: Gain in-
creases as conductivity increases.

Beverage Antenna Arrays for
Transmitting Applications

While Beverage antennas are good for
receiving because of their directivity and
low noise, their efficiency is rather low,
Compare, for example, the gain figures
for the Beverage antennas discussed above
with that of a quarter-wave antenna over
a perfectly conducting earth, which is 5.16
dBi. For  hf-receive  applications,
discrimination or directivity gain is the im-
portant factor, ds the system signal-to-
noise ratio is determined by ambient radio
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noise, not the internal-equipment noise as
at vhf. Thus, a directive receiving antenna
can be many decibels below isotropic
reference and still be useful. Consequent-
ly, the lack of efficiency in the Beverage
antenna is of no importance for receiving.
During transmission, however, poor effi-
cienty represents power wasted, since
radiation efficiency is a measure of the
power radiated divided by the power of
the transmitter.

Beverage antennas can be operated as
linear phased arrays, employing several
closely spaced Beverage-antenna elements
fed in phase. The power gain of such an
array increases by about 3 dB each time
the number of elements is doubled, pro-
vided the elements are independent. The
effect of interaction among elements,
which limits the efficiency achievable by
such arrays, has been determined. For ele-
ment heights on the order of 6.5 feet, the
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interelement spacing can be as small as 20
feet. If there is sufficient land to mount a
Beverage antenna in its length, only a
modest increase in complexity could pro-
vide a power-gain increase of 3 or 6 dB by

smploying 2 or 4 elements in a linear
phased array.

An example of a Beverage array is
shown in Fig. F1. It consisted of eight
300-foot elements mounted 6 feet above
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as a function of frequency and length (H = 85
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the ground, with the elements arranged in
pairs. Each pair was coupled directly to a
matching transformer, which was con-
nected through a length of coaxial cable to
@& [:4 power divider, The measured azi-
muthal and elevation patterns, expressed
in dBi, are shown in Figs. 12 and 13, with
those for 5.1, 9.3 and 15.1 MHz shown in
A, B and €. The theoretical plot in Fig. 13
demonstrates the close agreement between
practical results and theoretical calcula-
tions of the main lobe. The pattern results
were repeated for summer (3-foot-high
grass, damp ground) and winter (6-inch
dense snow cover, partially frozen
ground) with no change in the results.

Conclusions

The Beverage antenna and arrays of
Beverage elements present an inexpensive
alternative for transmitting and receiving
on  long-range, point-to-point com-
munications circuits. The disadvantage,
from a radio amateur’s viewpoint, is that
gain is tealized in only one or two
teciprocal directions and a large amount
of real estate is required for a Beverage ar-
ray on the lower hf bands.

Appendix

The Beverage antenna is analyzed as a
transmission fine in which current has been in-
duced by the impinging electromagnetic field
patallel to the Beverage wire. The characteristic
impedance and propagation parameters deriv-
ed (or measured) from transmission-line theory
are therefore important elements in anaiyzing
the performarnce of the antenna. The simplest
formula for the characteristic impedance of a
single wire over & ground is

2h

Z, = 60 tn = (Eq. 1)
a

where

h = height of the Beverage wire above

ground
a = radius of wire
n = antenna current-wave propagation
factor

Although a more complicated analysis of the
impedance of a wire over lossy ground is
discussed by Litva and Rook, the detailed
analysis does not improve the agrecment with
the experimental data. The impedance and pro-
pagation characteristics of the transmission
line can be dcetermined experimentally by
measuring the input impedance of the line with
the far end open and short circuited; or, by
measuring the current on the antenna by means
of a small probe that is excited by an rf
generator, The characteristic impedance is
caleulated from the open and closed circuit im-
pedance measurement;

Zo = Vo X Ly

where Z,. = open-circuit line impedance at a
given frequency (Fg)
Z,. = short-circuit ling impedance at Fg,

The input impedance is generaily complex.

(Eq. 2

The propagation constant y = e« + jf is
another important parameter:
; Z
y = o tanhl /- {Eq. 3)
V ZIJC

The real and imaginary parts of this parameter
are the attenuation ( in nepers/meter) and the
phase constant {§ in radians/meter), which are
necded to calculate the ¢urrent wave that
traverses the wire,

The velocity of propagation can be obtained
from the current measurements, or from the
open (or short) circuit impedance measure-
ments, since the input is high (or low) when the
electrical length of the line is an integral multi-
ple of a half {or quarter) wavelength.

In Fig. 14, the avcrage characteristic im-
pedances of a 360-foot antenna about 4 feet
(mean height) over average wet soil (for soil
conductivities and types see Table 1} is shown
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Fig. 14 — Characteristic impedance of a
Beverage antenna 360 fest long and 3.7 ieet
high situated over average wet soil,

Table 1

Soil Conductivities Conductivity Dielectric
and Types S/m Constant
Sea Water 5 31
Average sabl (wet) 10 x 103 1025
Average sail (dry) 3 % 103 10-15
Poor soil 1 x 103 10
Paor soil (dry) 3 x 104 8

Dry sand 1 x 104 5
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Fig. 15 — Theoretical and experimental values
of current-wave velocity factor as a function of
frequency for average wet soil (the experimen-
tal values were for an antenna helght of 3.7
feet).
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for the range of 2 to 24 MHz, The mean value
is 480 ohms, but clearly a singie value for a ter-
minating resistor will not result in absence of
reflection from the end of .the antenna. It
should be noted that Z, (caleulated) equals 462
ohms. The Beverage wire was no. 12 copper-
clad steel, for which a = 0.0043 in. Using Eq.
1:

2 {4.13) (100)

Z. = a0t
o ® 00043

= 462 ohms
(Eq. 4)

In Fig. 15, we compare measured and
calculated values for the current-wave velacity
factor. The theoretical values have heen
calculated for various heights above average
wet ground. The measured values were deter-
tined from current measurements. In Fig. 16,
we show 4 comparison between theoretical
and measured current-wave  attenuation
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(decibels/meter) of another Beverage antenna,
which appears to have a poor soil ground,

‘Theory of Operation

A Beverage antenna responds to vertically
polarized waves in that it responds to the
horizontal component of the vertically po-
larized ground wave, owing to the tilt of the
wavefront, and to the sky wave, because of the
tilt of the downcoming wave front. A vertically
polarized ground wave at the surface of the
earth will have a furward tilt, the magnitude of
which depends on the conductivity and per-
mitivity of the earth. This slight tilt forward, in
the direction of propagation, is responsible for
a sipall vertical downward component, suffi-
cient to furnish the power dissipated in the
¢arth over which the wave is passing, and it is
the horizontal vomponent parallel to the
Beverage wire antenna that induces a current
on it {Fig. 17A). This current flows in the direc-
tion of the wave travel. which is toward the
receiver, All portions of the antenna collect
energy from the impinging wave field in space,
50 long as the phase of the wave in the antenna
does not differ greatly from the exciting field.
The gain of a Beverage antenna, relative to an
isotropic radiator, for surface or ground waves
has been derived by Litva and Rook:

Itnsin?d |1 = et ,
G = 77w sin 1 £ (Eq. )
zniz r
4 = tilt angle of surface wave
"y 14
(-EE - 1,2 +(—£—
d = tar! i (Eq. 6)
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where
w 2nf
£, = permittivity of free space
g = relative dielectric constant of the
earth
d, = canductivity of the earth
Msy—jpycosd
= g ok jf

= free space wavelength
= fength of antenna

= current-wave atfenuation on antenna
{nepers/meter}

B = B/

For skywaves, wave tilt is provided by the ar-
rival angle of the downcoming plane wave (see
Fig, 17B), and the magnitude of the induced
voltage will depend on the parallel component
of the vertically polarized electric field, Again,
this induced voltage will cause a current wave
to traverse the wire, in rthe direction of
propagation, toward the receiver. The report
by Litva and Rook derives expressions for the
skywave gain of the Beverage antenna and a
computer listing program to calculate the
necessary design parameters. Here, we consider
the analysis in outline only. The magnitude of
the induced voltage on the wire is calculated
from the resultant field parailel to the Beverage
wire E,, where

L 2n .
E = F.snp(l ~ pve"'_fzh sy

{Eg. 7)

where py is the reflection coefficient for ver-
tically polarized ground waves:

Jecsinp — | Jel = coshy

e 2 peit =

o= e Jesing + Jii - costy
(Eq. 8

where ¢, 1§ complex and is given by:

. dk )
b =& — ] —— (Eq. 9)
weg,
where

g, is the ratio of the diclectric constant of the

ground to that of free space

# is the ground conductivity in mho/meter

£, is the permittivity of free space (8.85 X
10-12 farads/meter)

The negative sign in the equation for E; in-
dicates that the horizontal components of the
direct and ground-reflected wave are opposite-
ly directed 1n space.

Since E; is parallel to the Beverage wire, a
potential gradient results, and the voltage in-
duced in the line can be calculated. This
elemental voltage gives rise to an elemental cur-
rent, and the total current, as a function of the
¢levation angle y and azimuth angle 8, is ob-
tained by integrating over the iength of the line.
The resulting expression is a complicated func-
tion dependent on the transtnission-line
characteristics, the properties of the ground,
the height of the antenna above the ground,
and the length of the Beverage wire.

The derived expressions follow. The power
gain of a Beverage antenna referred to that of
an isotropic radiator is

dap e | lp (. @) 2 Re (Z,)
Pg = “"“”ia ; % (Eq. 10)
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Fig. 18 — Theoretical elevation and azimuthal
patterns for a Beverage-antanna element
situated over average dry soil, The length is
360 feet and height is 3 feet.

(assuming B, = unity)
where
U, = permeability of free space (4 X 10-7)
¢ = velocity of light
Re{Z,) = real part of compiex characteristic
impedance of Beverage wire
Ip (g, @ = resultant current at receiving
end of antenna, which is

" .
Ip,@) = ¢ 2 Loos® X
1, 2) 53

f {Eq. 1)
sinh | — inh rg_

2 . Sin 3

+ P;et! gl

it R

where PL. is the reflection coefficient, since in
general Z; will not equal Z,, at all frequencies:

Z - Z

PL = mmomre” (Eq. 12)
I+ 2,

Zy = terminating resistance

yi = a + jf(l ~ Ncosycos @)

y2 = a + jA(1 + N cospcos 8)

N = i
¢

where

@ = velocity of propagation of current on
the wire

¢ = velocity of light
A typical theoretical elevation and azimuthal
pattern for a Beverage antenna over average
dry soil is shown in Fig. 18,
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New Procucts

MOTOROLA BIPOLAR PROM

Motorola has introduced a 16-K Schottky
TTL PROM, the MCM76161, with a 70
ns (maximum) address-access time. This
fully decoded, high-speed, ficld-
programmable ROM is organized as 2K,
8-bit words and is pin compatible with
standard PROMSs and ROMs, Three-state
outputs and chip-enable inputs allow ex-
pansion to larger arrays.

The PROM is manufactured with a
logical 1 (output high) at each location,
and can be programmed selectively for
logical O (output low) by raising the 3-V
supply to 12-V with a rise time greater
than 1 ps. The programming delay is
typically 100 us.

In a family of PROMs ranging in densi-
ty from 2K to 16K, the MCM76161 is the
highest-complexity product. Typical ac-
cess times are 45 ns and 30 ns for address
and chip-enable. The TTL-compatible
outputs can sink 16 mA and source 2 mA.
Supply current is typically 130 mA. In
quantities of 100 to 999, the price is $18.85
each. For further informaiion contact Jim
Miele at Motorola Semiconductor Pro-
ducts Inc., P.O. Box 20912, Phoenix, AZ
85036. — Paul K. Pagel, NIFB

R. L. DRAKE MODEL L¥F2 AND LF6
LINE FILTERS

1 'These MOV.-protected low-pass ac line
filters may be of interest to both Amateur
Radio operators and computerists. They
are designed to restrict rf signals from
traveling through the ac power line to and
from equipment used.

‘The LF2 contains one grounded duplex
outlet, while the LF6 has three duplex
outlets. Each duplex outlet has its own
hash fitter and transient suppressor. The
components comprising these filters are
mounted on glass-epoxy pc¢ board
material and are attached securely to the
outlet.

Transient protection is afforded by
means of an MOV (metal oxide varistor)
connected across the duplex outlet ter-
minals. The General Electric V22ZOMA4B

MOV used is rated to handle voltage
spikes having an 8 us rise time and dura-
tion of 20 us with 2 maximum spike cur-
rent of 100 A, The «f line filters consist of
ferrite-core inductors and disc-ceramic
capacitors arranged in a T configuration
on each side of the ac line.

Black-anodized aluminum enclosures
are used for the filter assemblies. A no, 10
baolt is affixed to one end of the case. This
grounding stud should be connected to a
nearby station ground point. It is internal-
ly connected to the case, the duplex outlet
ground and the ground wire of the ac line
cord.

A lighted oN/OFF rocker switch on the
LLF6 indicates when power is supplied to
the outlets. This filter is also supplied with
a 15-A line fuse; the LF2 is unfused. A
three-conductor ac line cord attaches each
filter assembly to the ac source.

The LF2 mecasures 5.4 x 2.4 x 1.7
inches (LWD} and the LF6 is 16.2 X 2.4
X 1.7 inches (LWD) in size.' Price class
of the LF2 is $40 and $70 for the LF6.
They are available from the R, L. Drake
Company, 340 Richard St., Miamisburg,
OH 45342, — Paul K. Pagel, NIFB

‘mm = inches x 25.4

MOTORGLA SINGLE-ENDED
SWITCHMODE® CONTROL
CIRCUITS

(1A series of single-ended Switch-
mode® pulse-width modulation control
circuits, MC34060/MC35060, has been in-

troduced by Motorola. Designed speci-
fically for Switchmode® power supply
control, the MC34060/MC35060 is a low-
cost, single-ended version of the Texas In-
struments. TL494 push-pull control cir-
cuit. Its electrical specifications are iden-
tical to the TL494 for all common
characteristics.

These devices feature complete pulse
width modulation control circuitry, ad-
justable dead-time control, and an un-
committed output transistor which can
source or sink 200 mA. The
MC34060/35060 has on-chip error
amplifiers, a 5-V reference and an
oscillator with master or slave operation.
They're available in l4-pin plastic and
ceramic packages with an operating
temperature range of 0 to +70° C. The
plastic MC34060 and ceramic MC34060
are $1.85 and $2.15 each, respectively, in
quantities of 100 to 999, A full-
temperature-range (=55 to +125° O
version is available in the ceramic package
only (MC34060L) at §7.85 each in 100 to
999 quantities. For further information,
contact Bob Benzer at Motorola Semicon-
ductor Products Inc,, P.O. Box 20912,
Phoenix, AZ 85036. -— Paul K. Pagel,
NIFB ]
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CATV Leakage: A Two-Way
Street for Interference and
Cooperation

Does it seem like you'll never win? Just when you thought you
had the TVI situation in hand, the roles are reversed — ITV!
Now you're the victim!

By Peter S. Carr,* WB3BQO

I nterference has been a problem for
radio amateurs since the early days. From
the time of spark transmission to color
television, amateurs often found
themselves cast in the role of villain. Two
recent developments have brought about a
change in the amateur’s role in in-
terference cases.

The first development was the rapid
growth of cable television (CATV). From
a humble beginning in 1948, the CATV in-
dustry developed rather slowly until about
1972, At that time, changes in FCC rules,
coupled with improved coaxial cables and
CATY amplifiers, led the way not only to
an increase in the number of CATV
systems, but also in the number of chan-
neds used in the systems. Cable aperators
were originating programs locally and
“importing”® distant stations on micro-
wave links. The mid-1970s ushered in the
age of satellite communications for CATV
operators. The rules and technology made
more channels available, and the satellites
delivered the programs to fill them. To-
day, the RCA SATCOM 1 satellite carries
24 channels of programming designed
specifically for cable TV systems. The
subscribers love it! Little wonder then that
the number of CATV systems with over
29 channels more than doubled during
1930.

Coaxial cable shielding and the stronger
signal voltage delivered to the TV antenna
terminals by the CATV systems proved to
be an advantage to the Amateur Radio
community. Properly installed and main-
tained, cable systems meant a [ot less TVI
resulting from amateur hf operation. No
one lamented the passing of corroded TV

*320 Little Ave., Ridgway, PA 15853
28 a5T=

Fig. 1 — A typlcal utility pole with a CATV
amplifier station mounted on a 1/4-inch stest
support wire. Most CATV lines are mounted
ahove the highest telephone cable and below
the secondary eiectric wiras.

Fig. 2 - Intertor of 2 CATV amplifier. Incaming
trunk signals enter the housing at the upper
lett and exit at the top right of the housing.
The vertical module is a high-level distribution
amplifler that feeds four smaller cables going
to houses in the immediate area. Both
amplifiers are powered by 17-V dec, which is
derived from an a¢ voltage that is fed down the
coaxial cable.

antennas and  easily  overloaded
preamplifiers! So everything was looking
better — right? Well, not quite.

Another development has occurred in
the last decade: the explosive growth of
amateur vhi-fm repeaters. Most parts of
the country are served by at least one
repeater, and a variety of choices is fre-
quently the rule. A network of fixed,
mobile and hand-held radios operating
through a repeater has become the
standard communication system for local
emergency communications. The chan-
uclized operation of vhf fm. combined
with  telephone interconnection, has
helped make this mode a favorite for
portable and mobile operation, Today,
the 2-meter fm transceiver, in its many
forms, is the most commonly found piece
of Amateur Radio communication
equipment.

How has all this changed the amateur’s
role in interference? To provide all those
extra channels, CATV systems egally use
the full range of frequencies from 54 to
456 MHz — this includes amateur fre-
quencies. Only a fraction of a microwatt is
delivered to the subscriber TV antenna
terminals. In the bigger, better shielded
cable, power levels may approach 1 W,
Even if a video carrier falls in the 2-meter
band (i45.25 MHz typically for cable
channel ““E') there should be no
problem, at least theoretically.!

Leaks and Leakage
A corroded connection, a physical

‘Many new, larger systems use the HRO
(harmonically related carrlers) system. In that
scheme, the channel E visual carrier is at
144.0 MHz, For a variety of reasons, carriers
are sometimes slightly offsat from nominal
frequency. For a listing of CATV channels,
sea February 1982 QST, p. 4.



break or other damage to the system line
ot connectors, as well as poor gquality
components, can cause a signal leak.
Where leaks exist, signals inside the cable
escape and are radiated. (The fower the
frequency, the more noticeable the radia-
tion from the leak.) If the cable system
uses channel E, there will be a
145.25-MHz visual carrier and sidebands
being radiated in the vicinity of a leak.
Roles are reversed as the radio amateur’s
reception is interfered with.

The role reversal is not complete,
however, The leak that lets signals out of
the cable also lets signals from outside
enter into the cable; you might say it is a
two-way street, The amateur hears in-
terference in his receiver; when he
transmits, it enters the cable and disrupts
channel E reception. The neighbors com-
plain! Will the cable company repair the
leak?

Legal and economic reasons compel
responsible CATV operators to repair
leaks in their systems. Part 76 of the FCC
rules requires CATV operators to check
their systems for leaks at least once per
calendar vear. They are required to keepa
log of leakage problems, causes and
remedial measures taken. The rules
(§76.610) limit allowable leakage in the
54- to 216-MHz range to 20 uV per meter
at a distance of 3 meters (10 feet). In addi-
tion, harmful interference to other ser-
vices is not permitted (§76.613).

For obvious economic reasons, the
CATV operator wants to deliver high-
guality signals to his subscribers. Leaks
mean signai loss, and that means poor
reception. Subscribers are not willing to
pay for poor reception. That is especially
true when the interference is to & premium
prograsn service, Channel E and the other
mid-band c¢hannels in the 108- to
t74-MHz range typically carry the movies
and entertainment specials that provide
added income to the cable company.
Subscriber compiaints are usually the first
indication of a cable leak.

Not all cable systems use amateur fre-
quencies inside the cable. Hf the system in
your arca does, and i you experience
leakage problems, then you may want to
know how to locate leaks on your own.

Begin by enlisting the aid of a couple of
ham friends with rotatable antennas. Use
the method of triangulation to narrow
down the feakage location to a few square
blocks. Place a battery-operated TV set in
a vehicle and a pair of “*rabbit ears’ on
top. Select a channel that is used in the
vable but is not used for broadcasting in
your area. With one person to drive and
another to watch the TV screen, take a
trip through the suspect area.

As vou begin to approach a fault loca-
tion, the first indication will be faint sync
lines running either vertically or horizon-
tally across the screen. As signal strength
increases, faint images will appear, then
fade, roll and return; this is caused by

Fig. 3 — Signai-level meter used to adjust
amplifier levels, Gontinuously tunable from 54
to 300 MHz, the meter can be used for testing
mid-band and super-band channets. [t is bat-
tery powered and can be used with a small
antenna to Isolate cabie leaks. Sensitivity is
not great because the meter has broadband
rasponse,

Fig. 4 — Spectral display of a channel E telavi-
slon signal. Horizontal divisions ara 1 MHz;
vertical divisions are 10 dB. At 145.25 MHz, the
visual carrier (on the left) is the highest energy-
level component of the composite TV signal.
Notice that the chroma subcarrier and the
aural cartier (on the right) are both outside the
2-meter band.

Fig. 5 — Directional tap unit installed in the
aluminum distribution cabie. Smaller drop
lines arg connected to the tap; the ona at the
left has a pay TV trap installed in seties. Each
connectar may allow water to enter the cable,
corroding the shield and causing radiation
leakage.

multipath signals reaching the antenna.
When the picture stabilizes and becomes
snow free, it indicates that the leak is very
close. A return to snowy pictures indicates
that the leak has been passed.

For ease of maintenance, most all cable
equipmernt is mounted on the steel support
wire close to a utility pole. The large
majority of leaks that occur in the
aluminum cable system center near these
devices. For that reason, you should

locate the pole nearest the spot where
snow-free pictures were received, You can
inspect the area from the ground, if you
wish. For safety and liability reasons,
make no attempt to climb the pole for a
closer look. Copy the identification
number on the pole and report your fin-
dings to the cable company.

A hand-held transceiver can be used to
trace high-level interference to 2-meter
communications. Remmove the antenna
and tune to a frequency around 147 MHz.
You should be able to pick up sync and
video sidebands when you are near a leak.
With the antenna connected, the
transceiver becomes a very sensitive leak
detector. The sound carrier is 4.5 MHz
above the video carrier. Less ambiguity
will result from tuning to the sound signal,
when possible.

Other Observations

Not all leaks are located along the main
cable. Cuts, breaks and corrosion on the
subscriber drop cable are other sources of
leakage. The good news is that the intensi-
tv will be less because signal levels are
lower there, The bad news is that it can be
hard to locate the source when several
drop lines leave the cable from a single
point.

Faults that are not located along the
main cable near the poles are found
mostly inside the subscriber homes.
Lengths of twin-lead used to connect
other TV sets or fm stereo receivers to the
system are common offenders. Improper
connection of video games and video
cassette recorders will frequently cause
leaks and will usually result in poor recep-
tion as well. I even heard of a fellow who
connected his outside antenna in parallel
with the cable at the TV set antenna
terminals. Now that was a leak!

In the past, the amateur has looked
upon CATV as a friend that offered a
measure of protection against RFI to con-
sumer electronic devices at no cost to the
amateur. Today, it is time for hams to
work actively with cable system techni-
cians, a large number of whom are also
hams, to control the CATV leakage
problem. Each Amateur Radio operator is
responsible for the proper operation of his
station — emitting clean signals, reducing
harmonics, using only enough power to
communicate effectively and comply with
the other FCC rules. CATV systems must
also live up to the intent, not just the let-
ter, of the FCC rules. Cooperation among
all concerned will bring about the greatest
benefit to ali. oe]

Peter 8. Carr hus been a licensed radio amateur since
1974, upgrading to Advanced class in 978, His elec-
tronics background includes radar, telephone and
cable-television systems operation end maintenance.
Since 1972, he has been emploved as chief technician
and monager of Tele-Media, Inc., of Ridgway,
Pennsyivania — a 3400-customer cable TV system.
Pete also maintains the WIIE 2-meter repeater (the
antenna is helfway up the SO0-ft CATV tower), He has
writren a number of articles for Amateur Radio and
R/C modeling magazines,

January 1983 28



MOSFET RF Power — An

Update

Part 2: The general

application information
provided in this series offers
hard proof that power FETs
have graduated beyond
infancy. This concluding
instaliment describes filtering
methods and other modern

amplifier concepts.

By Helge Granberg,* KYES/OH2ZE

n Part 1 of this article {December 1982
QS57), the author described a number of
design and performance features for his
2-30 MHz, broadband MOSFET linear
amplifier. Part 2 provides a wrap-up and
offers a variety of design principles that
can be applied to other solid-state power
amplifiers.

Ouipnt Low-Pass Filters

Chebyshev five-pole, constant-k low-
pass filters are used in the amplifier out-
put {Fig. $). Shunt elements have been
added to provide an elliptic function.
These clements usually are designed to
resonate with the filter inductances at the
harmenic or other undesired frequencies.
This provides notches that give much
higher close-band attenuvation than can be
obtained from a simple five-pole filter.
The filter skirt is aiso much steeper, but at
the cost of degraded far-band attenua-
tion. However, in an application such as
this in which the filters are used at a
multiplicity of frequencies, they can’t be
optimized in this respect. The worst case
( — 35 dB) for the third harmonic (which is
of the most concern) is with the low-
frequency filters. ‘This probably is caused
by the low Q of the inductors,

The total harmonic attenuation at 7

*Matorola  Semiconductor  Products, Inc.,

Phoenix, AZ 85062
30 O58T=

MHz and below is approximately 50 dB or
better, which meets the FCC requirement
of 50 mW maximum for spurious emis-
sions. The 1.8 to 30 MHz range can’t be
covered by the six filters without resultant
gaps; a minimum of eight filters with
sharper cutoff characteristics would be re-
quired for continuous coverage.

Fiiter Construction

Each filter is assembled on a separate pc
board of similar layout. Only the com-
ponent values are different. The most
critical parts are the capacitors — often a
stumbling block for practical high-power
filter design. At these power levels, they
must withstand peak rf voltages up to 800
{even higher in the event of a mismatch).
The rf-voltape rating of ceramic
capacitors is only some 30% of the
nominal dc value, Hence, capacitors with
ratings of 2000 to 3000 V are required.
Also, they must be able to handle rf cur-
rents up to several amperes, These filters
contain several inexpensive disc-ceramic
capacitors in parallel. This provides cur-
rent capacity and permits capacitor com-
binations that yield nonstandard values,
as needed.

The distance from each filter input or
output terminal is 2-1/2 inches to the cor-
responding terminals of the adjacent
filter. This amounts to a distance of
12-1/2 inches from the first to the last

filter.* Sections of 50-ohm strip line (Z1,
22y are used to connect the T-R switch
and the power amplifier to the filters.
These are made of copper-clad pe-board
material that is attached to the chassis
below the filter boards. The lowest-
frequency filter is located nearest to the
input and ouiput ends of the line, while
the highest-frequency filter is at the far
end. Thus, when the filters are switched,
the remaining piece of unterminated line
causes minimum VSWR in each case.
Although the filters were tested in-
dividually with the amplifier, L1, L4, L7
and L10 had to be added to restore the
filter characteristics in the composite cir-
cuit. This was necessary because the
mechanical arrangement and the added
capacitance from attaching the relay con-
tacts to the 30-ohm lines affected the
filters.

Filter-Relay Driver

Each relay field coil is driven by the cir-
cuit of Fig. 7. it is basically a program-
mable BCD-to-decimal decoder. The
gates were added to accommodate the
manual-switching feature, When the BCD
input plug is disconnected, the manual
switch  is  activated  automatically.
MMH0026 MOS clock drivers (U10-U12)

‘Notes appear on page 33,
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with 12-V colls.

are used because they can be operated
directly from a + 12-V supply. Also, they
have internal clamping diodes for sup-

pressing inductive spikes,

T-R Relay and Timing Circuit
Fig. 8 shows the T-R relay driver and

timing circuit, The input-output timing of
the T-R relays must be precise. Uf the out-
put relay is switched with full rf power,
the relay lifetime will be very limited.
Thus, the output relay must be switched
on before the input relay is. Similarly, the
output relay has to be switched off after

Fig. 6 — Typical response curve of an elliptic
function low-pass filter with two resonant
shunt elements.

the input one is deactivated. Simple R-C
and diode networks are used to generate
the delays.

A CMOS hex inverter performs the
amplifier pulse-shaping functions. The
upper channel, which controls the input
refay, defays the leading edge of the key-
ing pluse and shortens it by a few
milliseconds. The lower channel controls
the output relay, and delays the trailing
edge of the keying pulse, which is
lengthened from the original as shown in
the timing diagram. Both delays are ad-
justable from 2 to 12 ms by means of R2
and R4.

Other Circuitry

The circuit in Fig. 9 performs the
following functions:

1} Output VSWR detection.

2) Linear alc control.

3) Alc shut down.

4) Bias switching between standby and
operate.

5) Bias temperature tracking.

The VSWR reflectometer senses the
reflected power caused by load changes
(50 ochms nominal).s7 Capacitor C is ap-
proximately 1 pF in value and must be
capable of handling high rf voltages. It
can be made from a piece of coaxial cable,
such as RG-58/1, with the braid stripped
to a length of 0.4 inch. The section of
center conductor c¢an be used as the
primary of T1 and for connections to the
amplifier outpit and relay terminal.

The rf meter (normally seen in place of
D4) is replaced with a diode for rectifying
the rf energy. The resultant voltage is
filtered by means of C6 and R31. The level
of 0.2-0.3 V for a 50-ohm load. it in-
creases to gbout 1.5 V for 3:1 VSWR,
This voltage is used for the linear alc func-
tion and is fed to the alc amplifier, an
EM307. Controls R26 and R30 can be set,
for example, so that an output VSWR of 2
will have no effect, but a 3:1 condition
will reduce the power output by 3 dB or
more. The alc shutdown operates also
from the dc developed in the VSWR
bridge. During a complete mismatch, such
as an open load, the instantaneous voltage
is greater than 10, thereby saturating the
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Fig. 7 — Output filter select and drive circuit indicator lights are connected in parallel with the relay coils, which are at the far right of the diagram. -

L.M307. After the alc loop has reacted and
the power output has been reduced by a
factor of 10, the voltage settles to 5 or 6
and the alc amplifier remains saturated.
This holds the output power at the re-
duced level,

Automatic bias switching is initiated
when & ground to +12-V signal is
brought from the T-R relay driver to the
same { — ) input of the LM307. This over-
rides the control signal coming from the
VSWR sensor and, when positive, turns
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the bias completely off. [25 makes this in-
dependent of the alc function.

Each of the rf amplifiers (Fig. 4, Part 1)
and their associated circuits draw approxi-
mately 15 mA of bias current. The com-
bined current is 120 mA, which is too
much for the alc amplifier to handie,
Therefore, a TIP31 has been added for
use as a buffer/driver. Its input voltage is
also controlled by a thermistor (R34),
which is connected thermally to one of the
main heat sinks. R34 controls the idling

current of the power FETs by lowering the
bias voltage during periods of elevated
temperature, and vice versa. With bipolar
transistors, this is normally done with
forward-biased diodes, in which the diode
voltage drop versus temperature closely
follows that of the base-emitter junction.
Both types of transistors have a positive
temperature coefficient (for a constant
bias current or voltxge, the idling current
increases with temperature), Although the
£ (transconductance) of a MOSFET
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Fig. 8 — T-R switch drive and timing circuit.
The approximate wave forms for the input and
otput functions are shown near the related
ICs. Fig. 9 provides details of the relay connec-
tions.

decreases under these conditions the gate
threshold voltage goes down, and usually
has a dominant effect. There is a reversing
point at higher drain currents. For the
MRF150, this is around 5 A. The exact
value depends on the g, and the initial
temperature, This is why power
MOSFETs do not go into thermal
ranaway, provided the dissipation ratings
are not exceeded.?

Conclusion

Although solid-state, high-power rf
amplifiers are not in competition with
vacuum-tube units, an increasing aumber
of them appear on the commercial market
regularly. Their feasibility versus output
power is & question to be answered, at
least until high-voltage rf transistors are
available.

Power FETs are high-voltage, low-
current devices, and some switching tran-
sistors for use up to several hundred volts
are now on the market. In rf applications,
however, several problems exist. Because
of the internal structure of a transistor, rf
arcing occurs (internally} easier at high
voltages because the impedance levels are
high. Transistor packaging techniques
must be improved for this reason, and
alsa for thermal considerations. The
vertical-channe! power FET (VFET) tech-
nology is fairly new and will certainly
undergo many advances in the vears to
come. ’

This amplifier has been field-tested
since late 1981, at the author’s home.
Switching from band to band is an ab-
solute delight. Since no tuning is required,
it should be a contest-operator’s dream!
Thus far, the only failures have been a
jammed thermal switch that operates the
fans, plus a burned low-pass filter board,
caused by a loose piece of solder.

if you haven't worked with power FETs
thus far, perhaps it’s time you became in-
volved, but maybe on not so grand a scale
as is represented by this paper. Certainly,
there are many advantages in the use of
power FETs over bipolar transistors. ¥

Notes

mm = in, X 25.4

"The Radic Amateur’s Handbook, 59th edition
{Newington: ARRL, 1982},

W, Orr, Radio Handbook, 18th edition {Indianapolis:
Howard W. Sams & Co.).

MRF150 data sheet, plus appropriate linear IC and
CMOS data sheets.

Fig. & — VSWR sensor, alc and bias circuits.
Note ferrite-bead chokes in all ale input and
output iines. They help prevent rf engrgy from
getting Into the alc ampiifier.
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A Simple

Capacitance Meter
You Can Build

This weekend project can save you time

and money!

By Harry M. Neben,* WSQB

How many capacitors do you have
that seem useless because they are marked
in some strange hieroglyphics? If you’re
like most experimenters, vou probably
have =a sizeable collection of such
unknown capacitors. Here is a simple-to-
huild meter that you can use to decipher
those strange markings and quickly find
the right capacitor for the job at hand.

This meter has a reasonably linear scale
and has sufficient accuracy to satisfy the
needs of most experimenters, The scale
linearity is approximately = 5%, and the
accuracy is about the same. So the purists
can stop reading now! I vou are fooking
for a *“ball park' capacitance value,
however, this inexpensive meter will do
the job.

The Circuit

The capacitance-meter circuit (Fig. [ is
similar to one described in Test Egquip-
ment for the Radio Amateur." Modifica-
tions were made to improve the calibra-
tion and the scale linearity, however.

Six capacitance ranges, from 200 pF to
10 uF full-scale, are provided on the
meter. While experimenting, 1 found that
the characteristics of the 555 IC used in

'H. L. Gibson, Test Equipment for the Radio
Amateur, 2nd. ed. (London: The Radio Saciety
of Great Britain, 1978), pp. 7.5-7.7.

*151 Fairway Dr., Dunedin, FL 33528
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this circuit varied with temperature and
from one IC to another. This resulted in
problems when using a 100-pF, full-scale
range. As a compromise, I selected 200 pF
full-scale as the lowest range. The other
ranges are in decimal relationship to one
another,

To improve the meter accuracy, range
adjustment trimmer rvesistors were in-
cluded on the 200-pF and the (.001-uF
ranges. Fixed-value resistors mayv he
substituted for these trimmers if you can
tolerate the decreased accuracy,

In this circuit, the 555 is used in the
monostable mode. One side of the
unknown capacitor is switched between
the positive and negative supply terminals
by the 555 at a rate determined by R4, Ry
and C1. When connected to the negative
terminal, the capacitor charges to a value
near the supply voltage., When switched to
the positive terminal, the capacitor
discharges. M1 indicates the average
discharge current value. It can be shown
that

V x Cx

e = W ¥ IRy €T © K (Eq. D
where
V = voltage to which Cy is charged

K = zconstant, depending upon the IC

characteristics and the charge and the
discharge time of the 555 circuit.

In this formula the internal resistances

of the 555 IC are included in R4 and Ry.

Therefore, { found it advisable to use

trimmer potentiometers for meter calibra-
tion on the two lowest ranges.

Because the calibration is voltage-
sensitive, a 6.2-V Zener diode is used to
provide a constant voltage to the measur-
ing circuit. While this places an additional
current drain on the battery, the total cur-
rent required is less than 10 mA, so the
battery has a fairly long life.

Construction

All the components for this meter were
purchased as stock items from a local
parts store. [A complete parts kit is
available from Circuit Board Spectalists,
P.0O. Box 969, Pueblo, CQ 81002, - Ed.]
There are no specialty components to
Frustrate the builder. The meter is a S0-uA
unit. All fixed-value resistors are 1/4-W,
5% carbon types. As the value of C1
determines the range and the accuracy of
the meter, this capacitor should be as
stable as possible and, iherefore, of the
highest available guality,

Front-panef layout is conventional,
with the meter, the range-selector switch
and the measuring terminals in line from
the top to the bottom of the panel. The
OFF/ON switch is mounted to the ieft of
the range-selector switch and the 10-uF
range switch is mounted to the right. The
IC and most of the other components are
mounted on a small piece of perf board or
on the range swiich.

Before completing the meter wiring, it
is well to determine the resistance
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Fig. 1 — Direct-reading capacitance-meter schematic diagram. Resistances R, and Ay discussed
in the text correspond to the resistors selacted by the range switch (83). 83A selects the valua of
Ra, while Hg is selected by S3B. All fixed resistors are 5%, 1/4-W carbon types. Polarized
capacitors are elactrolytic. Numbered components not listed below are for text reference only.

BT1 — &V transistor-radio battery.
R1 — 1-kQ pc-mount trimmer.

R2 — 10-kQ pec-mount trimmer.

R3 — 50-k@i pc-mount trimmaer.

§1, S2 — Spst toggle switch.
83 — 2.pole, 5-position rotary switch.
i

— 555 timer IC,

This interior view of the capacitance mster shows the parts placement used by the author.

necessary to produce a 10-uF range. This
resistance {R4) shunts the 50-uA meter, in-
creasing the full-scale reading to 500 pA.

To establish this resistance, another
meter, such as a VOM (volt-ohm-
milliammeter), must be used. Use the sug-
gested circuit (Fig. 2) to determine this
resistance. Set Rg to the lowest possible

resistance before you start this procedure,
to avoid damaging M1. Connect Rg across
the terminals of M1. Connect this com-
bination in series with the calibrating
meter, Rp and the battery. Adjust Rg
until the calibrating meter reads 500 uA.,
Adjust Rg until M1 indicates 50 pA. Re-
adjust Rg until the calibrating meter again

CALIBRATION
METER

i

RESISTANCES ARE IN GHMS (kw1000)

Fig. 2 ~— Suggested circuit for determining the
value of the 10-uF range shunt rasistor. Alter
Rg is set to the correct value, it is used as R4
in the capacitance-meter circult. The procedure
for satting Ry is discussed in the text.

reads 500 pA, and adjust Rg so that Ml
reads full scale. You may have to repeat
this procedure several times to obtain a
full-scale M1 reading when the calibration
meter reads 500 uA. Once Rg is set to the
correct value, it can be used as R4 in the
capacitance-meter circuit (Fig. 1). Now
the wiring of the capacitance meter may
be completed.

Calibration

You can calibrate the meter using
capacitors you have on hand. The more
known-value standard capacitors you
have, the easier the job is to do. Yet, you
can calibrate this meter with only a
0.01-uF capacitor. Well, almost!

Begin calibration by placing the range
switch in the 0.01-uF position. Attach
your most accurate 0.01-uF capacitor to
the Cy terminals. Turn on the meter and
adjust R3 so that M1 reads full scale. This
adjustment calibrates the 0.01 uF, the 0.1
uF, the 1.0 uF and the 10-uF ranges.

To calibrate the 0.001-uF range, leave
the 0.01-uF calibrating capacitor con-
nected to the Cy terminals. Place the
range switch in the 0.001-uF position and
place the 10-uF range toggle switch in the
10-uF position. Adjust R2 until M1 reads
full scale. When the 10-F range switch is
returned to the OFF position, the meter
will read (1.001 uF full scale.

The 200-pF range is calibrated by first
selecting a 200-pF or less (preferably
200-pF) capacitor. Measure this capacitor
using the 0.001-uF range. Place the range
switch in the 200-pF position and adjust
R1 so that the meter reads the value you
found while using the 0.001-uF range.
This completes the calibration.

Remember, the meter scale reads 0 to
50. So, unless you redraw the scale, you
must use a scale factor on each range.
This should not be a problem for most ex-
perimenters. I think you’ll find that using
this meter will make your next scarch
through that sea of unmarked and

unknown capacitors much  less
frustrating. )
January 1983 a5
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This is one project we think you'll find hard to resist!

By Bob Shriner,* WAQUZO and Paul K. Pagel,** N1FB

H ow much would 11,111,110 1-ohm,
I/4-W resistors weigh? Think you could
pick up the pile? Sure you can! Fact is,
vou can (in effect) do it with one hand —
if you’ve built the upit we're about to
describe.

A Black Box

Experimenters and  troubleshooters
often need to substitute resistor values in a
particular cireuit during the course of
hench work. While you could continuous-
ly insert and remove single resistors in the
process of searching for the correct value,
it would be tiresome and time consuming
to do s0. A much better approach is to use
# resistance decade (substitution box).
With this ““black box,”” vou can select a
vast number of resistance values by simply
rotating one or more switches., A pair of
clip leads connected between the box and
the vircuit at hand makes resistance
substitution an easy matter. Such a unit is
shown in the accompanying photographs.
The circuit appears in Fig. 1.

Circuit Description

A set of 12-position rotary switches is
used to progressively select one or more of
a number of fixed-value, 1/4-W resistors
from each of seven decades. The CONT
position of each switch provides a means
of bypassing all of the resistors in that
particular decade. Note that each unused
decade must have its related switch set to
CONT to provide continuity between the
binding posts and the selected resistor(s).
If any one of the switches is placed in the

'Notes appear an page 37.

*B,0. Box 968, Pueblo, GO 81002
**Agsistant Technical Editor, QST
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OPEN position, the resistance is effectively
disconnected from the binding posts.

As the resistors are selected, they are
placed in series with one another and
across the binding posts (J1, J2). Clip
leads, or a pair of leads equipped with
banana plugs at one end and alligator clips
at the other, connect the chosen resistance
value to the circuit. Simple, isn't it?

Assembly

Ciather the required parts first.! You
must ensure that the enclosure you intend
tor use has enough height to accept the full
length of the switches hehind the panel
without crushing the resistors attached to
the switch lugs. The box we used measures
2-1/4 x 3-1/8 x 5-7/8 inches (HWD).?
Sufficient panel and box space are
available without component crowding.

The aluminum panel supplied with the
box has been relegated to the “‘junkbox.”
A piece of 1/16-inch-thick pc board is
used instead. (Although the pc board we
used has copper on both sides, thisisnot a
requisite, We used what we had on hand.)
This material afforded greater structural
strength than the flimsy piece of
aluminum, and permitted us to eich the
control markings indelibly on the top sur-
face (front panel) of the unit. OF course,
rub-on lettering or even tape labels could
be used, but the aesthetics of the panel
shown proved more appealing. Once the
panel has been drilled and labeled, a coat
or two of vlear acrylic or polyurethane
spray may be applied to add to the
durability,

When the front panel is finished, mount
the switches and binding posts. Make sure

ALL 1L ALL 100

[Aab Y
A

[y
f‘f" h"\-') " Jh’l‘
5 R
- Z,
i

CONT,

O 1=k (1, [-K03, AND 10040

AL 1M

SWITCHES WIRED ALIKE

Fig. 1 — Circuit diagram of the resistance decade box. All switches are similarly wired. Ten
resistors of equal value are soidered to the lugs of thelr respective switches.

R1-R70, incl. - 1i} each ot the following vaiues
of 114-W, 5%-carbon compositicn or Him

resistors: 1 Q, 10 Q, 1000, 1 ki, 10 k2, 100 k@
and 1M Q.



the binding posts are insulated from the
copper foil. Check the switch orientation
and identify the first lug of each switch.
it’s a good idea to check each resistor
value with an ohmmeter prior to soldering
it in place. It’ll keep you from having to

mess things up later, should there be a
“*baddie’ in the bunch.

Then begin soldering the resistors to the
switch lugs, forming a ring around the
periphery of each switch. If you progress
from left to right, bottom then top, it

Fig. 2 — This inside viaw of the decade box
shows the resistors surrounding each switch
like ants playing “follow the ieader.”

should be easy to keep track of the switch
interconnections. When soldering, use a
low-wattage (25 W or so) iron, Use of
small-diameter (0.032-inch) solder- helps
things move along swiftly and smoothly.

After the resistors are in place, connect
an ohmmeter to the binding posts and
check each decade for proper operation.
Once that’s confirmed, you can plop the
top panel assembly onto the bottom
cabinet shell and secure it with a machine
screw at each corner.

Summary

Remember that the power rating of the
resistors used is only 1/4 W. Don't try to
use the box as a dummy load for the
transmitter or as a bleeder resistor for a
kilowatt power supply! We hope you've
enjoyed this *‘simple but engaging®’ pro-
ject. It should make a welcome addition
to your work bench. i ==

Notes

'A complete kit of parts is obtainable from Circnit
Board Specialists, P.(). Box 969, Pueblo, COQ
81002.

‘mm = in. X 25.4.

Strays "

QEX: THE EXPERIMENTERS’
EXCHANGE

Wonder what you’ve been missing by not
subscribing to QEX, the ARRL newsletter
for experimenters? Among the features in
the December issue were:

* “RTTY Send Program & Interface
for the Sinclair/Timex ZX81, " by Brian
Davis, WOHLQ

* A new, bimonthly “VHF + Tech-
nology” column by Geoff Krauss,
WA2GFP

* “Nicads for the Azden PCS-2000,”
by Joe Pettengill, N2BC

* The popular “Components” column
by Mark Forbes, KC9C,

QFEX is edited by Paul Rinaldo, W4RI,
and is published monthly. The special
subscription rate for ARRL members is $6
for 12 issues; for nonmembers, $12. There
are additional postage surcharges for
mailing outside the U.8.; write Head-
quarters for details.

HAMS ATTEND NATO
CONFERENCE IN PARIS

71 Recently, members of the Elec-
tromagnetic Wave Propagation Panel of
the NATQ Advisory Group on Aerospace

Research and Development met in Paris.
Hams who participated are Jack Belrose,
VE2CV, as chairman; Dave Davidson,
WIGKM, who gave a paper on c¢arth-
space propagation at 19 and 29 GHz; and
Dick Grantham, VEIAI, who gave a
paper on over-the-horizon salt-water
path. VE2CV and WIGKM are ARRL
technical advisors.

SOLID-STATE 6146s?

[0 There was a time when some hams
joked about having a miniature, solid-
state equivalent to the 807 or 6146 vacuum
tube. That once-jestful concept is now a
reality, for Siliconix has been at work
developing a device that almost fits the
description. The DV1260T MOS power
FET measures approximately I x 7/8 x
3716 inch. The operating voltage is 12.5
(Vpg maximum = 45) and the power out-
put is 60 W up to 175 MHz. The device
dissipation (maximum) is specified as 240
W. Maximum drain current is 12 A,

For those who aren’t familiar with
power FETSs, they are triode devices that
have input impedances similar to vacuum
tubes (I megohm or greater}. The typical
drain impedance is low, on a par with that
of power bipolar transistors. Further-

more, the IMD characteristics are much
better than one can obtain with bipolar
devices. In fact, the IMD products are as
low in level as those from vacuum-tube
amplifiers.

Siliconix and Motorola are both
making significant advances in the power-
FET technology. The writer, while recent-
ly working with a pair of Motorola MRF
138 power FETs, obtained 60 W of rf out-
put at 30 MHz with only 288 mW of
driving power, Sound like a tube? Yes, in~
deed! — Doug DeMaw, WIFB

Washington Governor John Spellman {seated)
signs a proclamation designating Saptember
13-19, 1982 as Amateur Badlo Week. Looking
on {I-r) are WATRWEK, K7RS, WTWLX, KTLAY
and WTCKZ,
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88-mH Inductors — A Trap!

Was the inductance of your
modified 88-mH inductor
correct? No? Here’s the
reason why, and some other
useful filter information as

well.

By Haroid T. Mitchell,* NOARQ

Ed Wetherhold has designed a number
of excellent audio-frequency band-pass
filters that use surpius 88-mH toroidal in-
ductors.!2 One of his latest designs is a
simplified version of the Crud-O-Ject
{COI ew filter.* It achieves greatly im-
proved skirt selectivity using five
resonators (tuned to 592 Hz), instead of
three as in the COJ.

Fig. | depicts the simplicity of this
single-stack filter that employs five
standard-value capacitors wired to the
existing solder terminals of the toroid
stack. An end inductor is removed from
the stack, modified to a value of 36.4 mH,
then reinstalled in the COJ. Schematic
and wiring diagrams and termination in-
formation are also given in Fig. 1.

The improved attenuation and skirt
selectivity of the fiiter as compared with
that of the original COJ is shown in Fig.
2. An excellent shape factor of 3,7:1 is in-
dicated.* A 6/60-dB shape factor could
not be cailculated for the original COJ
because it is so broad, relatively, that
60-dB attenuation data points do not
appear on the piot.

‘Yoroids Under Scrutiny

From 1968, when Wetherhoid pub-
lished his information on inductance and
Q of surplus inductors for the amateur
commumity,® tables of inductance versus
turns removed have been used, which
require interpolation for obtaining
intermediate inductance values., Then,
only one core permeability had been
recognized.

*3M Electronic Products Division, 3M Center
207-1W, St. Paul, MN 55144

'Notes appear on page 39,
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While modifying a number of 88-mH
toroidal inductors for use in a different
filter, I realized T had obtained different
values of inductance using the toroids on
hand, although the same number of turns
had been removed from each toroid, One
toroid had an inductance that was 18.3%
lower than the required and expected
value of 43.2 mH. This difference was
traced to the fact that the toroid cores are
made from {wo types of magnetic material
having significantly different magnetic
permeabilities,

Proper modification of the inductors
can avoid large errors by taking into con-
sideration the core type. The doubly
wound (two-separate windings) toroid
most commonlty found is wound with
green magnet wire on a light-blue (some
might call it blue-green) core, and ecach
winding start has a light-yellow tubing
over the wire ends. Another type of two-
separate-winding toroid s wound with
green wire on a white core of higher
permeability. Black sleeving is found on
the ends of each start wire of that toroid
type.

Bifilar-wound  toroids are also
available. These have red and green wires
wound on a smaller core that is either
brown or white in color. Tests of both
bifilar-wound toroid types indicate that
the cores have the same mmagnetic
permeability. Perhaps the core colors are
used to differentiate between manufac-
turers or core finishes.67

The Trap!

These audio-frequency toroids are
beautifully analytic. It is possible to model
these inductors precisely with equations
that will give the number of turns to
remove to obtain any desired inductance

value, Since these modified 88-mH
toroids have two equal windings con-
nected in series aiding, I have written the
equations in terms of the number of turns
to remove per winding (turn pairs for
bifilar-wound cores) and series-aiding in-
ductance. These formulas are given in
Table 1,

In addition to the gross error en-
countered as a result of the use of dif-
ferent core materials, there is a lot-to-lot
magnetic permeability variation that is
estimated to be +8%. This variation is
normally compensated for by adding or
subtracting turns during the manu-
facturing process to obtain an estimated
inductance value of 88 mH +2%. An
error analysis vielded a maximum error of
+6.7% at 43 mH for a modified toroid.
Less error than this would almost always
exist. In my estimation, an error within
+ 5% can be expected, The equations
given in Table ! are accurate for induc-
tance values of 8 to 88 mH.

How many turns should be removed to
obtain an inductance value of 36.4 mH
for the improved CQJ filter? From the
cquations: 132 turns per winding (264
total) for the blue core, 107 turns per
winding (214 total) for the white core, or
133 turn-pairs (266 total) for the bifilar-
wound toroid. If 132 turns were to be er-
roneously removed from the white-core
toroid, the inductance value would end up
being 27.7 mH, 23.9% low. This is the
trap that exists. To avoid the trap, just
identify the wire and core color and use
the correct equation!

Summary

An s.a.5.e. (two stamps on a 4-1/2 x
9-inch envelope) sent to Ed Wetherhotd®
will bring a wealth of information on con-
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Table 1
88-mH Toroid Modification Equations

Two-separate-winding, blue-core, green-wire,
yellow-sleeve toroid, 87.4 mH typical induc-
tance:

Ty = 373 — J1582 X L,
(373 - Twr)2

bea = ~ 532 {Eg. 1)

Two separate winding, white-core, gresn-wire

black sleeve toroid, 87.3 mH typical Induc-

tance:

Ty = 302 ~ JI0B X gy
(302 - T,)2

| ——

sa 1045 {Eq. 2
Bifilar-wound toroid, 881 mH fypical induc-
tance:

Tor = 372 — VBT X gy
(372 — Tj)?

a 1571 {Eq. 3)
whare
Tye = turns removed fram each winding.
Tpr = tumn pairs removed.
Ly, = series-aiding inductance in mH. and
373, 302 and 372 are the number of criginal
turns on the Inductor (Ty)

struction and termination of a number of
advanced cw, speech and RTTY filters,
along with details of his offer to ship free
surplus inductors to radic amateurs.
These inductors are made available
through the courtesy of the Chesapeake
and Potomac Telephone Company of
Maryiand, and delivery is contingent on
availability., For a nominal fee, Ed will not
only ship inductor stacks to filter builders,
but also will supply matched capacitor sets
and impedance-matching audio trans-
formers. These filters like to “*seg’’ and
work into resistively terminated sources
and loads of the proper value. A 10 to
20% impedance mismatch c¢an be
tolerated, however, depending on the
reflection coefficient of the filter.

I gratefully acknowledge the assistance
of Ed Wetherhold. The stimulation of his
designs have led me to this interesting
work. In addition to Ed's review of this
article, 1 am indebted to Joseph A.
Gutowski of EWC, Inc., for his
assistance.
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APPENDIX

Since this article was written, a fourth type of
88-mH toroid has been found. Using induc-
tance data obtained from the toroid by means
of a precision RLC impedance bridge, equa-
tfons were developed. The equation develop-
ment method and the equations will be given
here. A simple inductance-measuring technique
will also be described.

Using the lhitial inductance value and any
other inductance value measured after re-
moving at least 20% of the toroid turns, the
T Ly auantity {turns of wire per series-
aiding inductance in mH) can be accurately
calculated for various assumed values of T,
{number of original turns of wire). If the
assumed value of T, is less than actual, T,#/L,,
will decrease when turns are removed. If the
agsumed value of T, is too large, the term will
increase. For some T, values, the calculated
quantity will remain essentially constant, and

Table 2

Data For the Two-Separate-Winding,
White-Core, Red-Wire, Yellow-Sleave
Toroid

Calculated Data
Measured Data Twillag = (To — Tyl
Te = Te = To=
Twr Leg 358 359 360
0O 8RO 1458 1465 1473
50 851 1457 1467 1476
100 458 1453 1465 1476
200 17.25 1447 1486 1484
{Decreasing) (Constant) {Increasing)
Therefore
Tw2
Tar = Ty = e % Lgg
Lsn

the two then can be used to form the desired
equations.

As shown in Table 2, four data points were
obtained for the purposes of illusiration,
although two would have been sufficient in
practice. When all turns were removed, 359
were counted for each winding, which agreed
exactly with the assumed valtue of T,

An Inductance Measuring Method

For purposes of equation development or
resonating an L-C circuit at a frequency of in-
terest, the simple eircuit shown in Fig. 3 may be
used, Tf a close-tolerance capacitor (or one
measured with a precision capacitance meter) is
used, the corresponding inductance at
resonance can be calculated from the equation

.
Fr = e LG

where

F, = resonant frequency in hertz
I = inductance in henrys

C = capacitance in farads

{Fg. 4)

For example, if C = 0,512 uF, and F, is 750 Hz
1 N [0s
CQErE)  W0512){2n x 75012

{Eq. 3)

After inductor turns have been removed and
counted, it resonance at 738 Hz is established
with a 1 pF capacitor, then the second induc-
tance value is calculated:

[0

| -

L& e
(1) @ x 73892
In the preceding example, about 27% of the
turns were removed (V'46.5/88 = 0.727), thus
assuring accuracy when writing the other
equations.

When using the test setup shown in Fig.3.
vary the generator frequency to obtain a maxi-
mum voltage indication on the VTVM, and
record the resopant frequency. Calculate the
inductance using Eq. 3, If the counter is ac-

= 46,5 mH

{Eq. 6)

= 359 — 68 W T, {Eq.7) curate to = [ Hz and the capacitor has a
tolerance of +0.5%, the calculated inductance
and should be accurate to within £ 1%. For best
. accuracy, the resonating capacitance should be
Mo ~ TP (359 — T2 more than one thousand times the isolation
Loaa = 5 = . capacitance. If the resonating capacitance is
Ty 1466 he T . ;
Toy (Eq. 8) too low, the isolation capacitance will he
’ significant enough to effect the avcuracy of the
caleulations. 0]
$r0opF
. . .
it
VARIABLE
AUDIC SIGNAL DIGITAL L ¢ HL-Z
R YHEQ Y G
GERERATOR rmu:$2§ YTVM
OOy
t
i

¥ FOR 1SOLATION PURPOSES ONLY; VALUE NOI CRITICAL
PrPOLYST YRENE

Fig. 3 — Test circuit used when evaluating toroid inductance {see appendix).
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Strays S

ARRL President W4KFC (center) poses with
50-year members Vice President KBGA (left}
and KBEA, of Bemid|i, Minnesota, at the
Moorhead, Minnesnta, convention in
September,

TECHNICAL PUBLICATION FOR
THE BLIND

{J Blind and visually impaired amateurs
who are interested in current technology
can subscribe to the Smith-Kettlewell
Technical File, a low-cost publication
tailored to their needs. Produced by the
Rehabilitation Engineering Center of the
Smith-Kettlewell Institute of Visual
Sciences, the Technical File is published
quarterly in Braille, large print or talking
hook form, and provides independent ac-
cess by the visually handicapped to state-
of-the-art devices, circuits and adaptive
techniques. For more information and a
free first issue, write to or call William A.
Gerrey, Editor, Smith-Kettlewell Tnstitute
of Visual Sciences, 2232 Webster St., San
Francisco, CA 94115, tel. 415-561-1619.

You'te never too old to becarme an amateur. £d
Bheault, a white-caner from Kenora, Ontario, Is
72 and now on the air. From |eft to right: 8ill
Lawe, VEIMOS; Ed, VE3MOX; Ed's sponsor,
Phil Mosher, VE3JJF; and Milt Blzer, VE3JJO,
of Lake-of-the-Woods ARC, (Kenora Miner ang
News photo)




Product Review

Cushcraft Corporation A4 Triband Yagi

11 have neither the desire nor the tower
capability to place aloft one of those huge,
super-dandy, drooping-monster hf-band Yagis
at my QTH, My modest 50-foot, unguyed spire
(Rohn 25G) will accommodate any reasonable
size beam antenna,' but there are weight and
wind-loading limits that must always be con-
sidered. Therefore, 1 have worked with a suc-
cession of 3-element triband Yagis for opera-
tion on 20, 15 and 10 meters, and the results
have been entirely satisfactory for mv DX ap-
petite {modest),

There must be an acknowledged trade-off
between size and efficiency when using a trap
type of antenna, for there are always some
losses in the system. But, the difference be-
tween a full-size 3-element Yagi and a shorter
one with traps would yield a performance dif-
ference that would be difficult to measure.
Practically, a well designed triband trap Yagi
will provide good performance for all-around
hf communications.

A major consideration, once you've chosen
to erect a tribander, is the physical makeup of
the antenna, That is, it needs to be rugged
enough to withstand wind and ice loading (and
vibration) without penerating a shower of
metal parts on your house or lawn. (1 had that
unwanted experience with one brand of beam
antenna some years ago, owing to poorly
designed element clamps.)

Based on comments by Paul Pagel, NIFB,
I’d concluded that the Cusheraft Ad4 Yagi
should be as rugped as his A3 version, so it was
selected for use at WIFB, He was carrect, for
the system is nicely designed in terms of
physical structure. Fig. 1A shows how the ele-
ment sections are held together by means of
steel compression.clamps. Fig. 1B illustrates
the Cushcraft method of joining the elements
tor the boom in a plastic cradle through which a
U bolt is inserted, The boom-to-mast plate and
i) bolts are shown in Fig. 1, This hardware is
situated just behind the driven element feed
point. A Bencher balun is shown in photograph
C. It was tried experimentally and replaced
later by the specified eight-turn decoupling
choke made from R(-8/1) cable.?

All of the aluminum stock for the A4 is
pelished and of high quality, No defects caused
by the extrusion process were noted (always
check for cracks or thin areas before assem-
bling an antenna).

The A4 is rated at 2000-W PEP and has a
balanced feed-point impedance of 50 ohms.

'‘meters = ft % 0.3048, mm = in. ¥ 25.4.

‘The Bencher balun was tested in the interest
af compactness and physical convenience.
Howevar, the VSWR readings ot Fig. 2 were
obtained while using the 84urn, 6-Inch
diameter coll of RG-8/U cable specified by
Cusheraft. 1t is likely that the coaxial-
cable decoupling choke is somewhat less
lossy than the trififar coil balun. The balun
shifted the antenna resonance somewhat
lower which would have required readjust-
ment of the element langths.

*Asslstant Tachnical Editor

(A

8

{C)

Fig. 1 — View of the steel hose clamp that
joins the etement sections (A). The boom-o-
elament mounting hardware is shown at 8. |1+
lustration C shows the hoom-to-mast mounting
method.

Conducted By Paul K. Pagel,* NTFB

The longest clement dimension is 32 fect. An
18-foot boomt is used. Boom diameter (OD) s 2
inches. A turning radius of 18 feet is required
for the A4, The theoretical gain for a 3-element
Yagi of this spacing is approximately 8 dB,
with an average front-to-back ratio of approx-
imately 25 dB being typical.

Although the assembled antenna appears to
be a 4-element type, it is not — at least with
regard to elecirical traits. There are four
physical elements, but in operation on a given
band there are but three elements. The fourth
element is a reflector for 10 meters. The larger
reflector behind the 10-meter one is used due-
ing 15- and 20-meter operation. This eliminates
the need for an extra set of traps in the main
reflector element.

Construction

Owing to an inherent lack of mechanical
dexterity, it probabiy took me longer than most
amateurs to assemble the Ad. | devoted about
four hours to the task. Another hour was spent
getting the antenna mounted on the tower
(courtesy of KCIV and AK4L). The only glitch
in the process occurred during erection (at
dusk): The Yagi was attached to the mast “‘up-
side down,”” and nobody noticed it. The
undesired effect was readily apparent two days
later when the SWR skyrocketed following a
rain storm! The trap drain holes were of course
pointing upward, and each trap had become a
small reservoir! A 1B0-degree flip-flop follow-
ed, and once the traps dried out I was back in
business. This illustrates clearly the need to
make certain the trap holes are pointing
downward after assembly, as indicated in the
instructions.

As a preventive measure after assembly, I
placed a generous blob of noncorrosive RTV
sealant over each bolt head and nut. Cusheraft
supplies zinc-plated steel hardware, which
should last & long time. But, an added measure
of protection will help prevent oxidation and
aid one’s peace of mind when contemplating
antenna longevity,

The ends of the elements and boom are fitted
with plastic caps to prevent accumulations of
moisture, This also lessens vibration from the
wind and prevents the clements from
“singing.’

Performance
My A4 is fed with 50-ohm, aluminum-

Cushcraft Corporation A4 Triband Yagl

Manufacturer's Claimed Specifications
VSWR: 1.2:1 typical {resonance).

ARRL Evaluatfon
Confirmed (ses Fig. 2).

Pawer rating: 2000 W PEP. Confirmed,
Feed impedance: 50 ohms. Confirmed.
Material: 6063-T832 seamless tubing. Confirmed.
Weight: 37 pounds {16.8 kg). As stated,

Wind surface area: 5.5 sq. # (0.51 sq. m).  —

Longest element: 32 feet. As statad.

Boom langth: 18 feet. As stated
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Flg. 2 - SWR curve of the Cushcraft A4 tribander.

jacketed Hardline, Overall transmission-line
length is 60 feet. A Bird Thruline wattmeter
way connected hetween the lower end of the
feed line and an FT-101ZD signal source. The
Ad was adjusted for optimum operation in the
¢w portions of the three bands, in accordance
with the dimensions given in the instruction
sheet, The resulftant SWR curves are shown in
Fig. .

(Ea. Iy

where P1 is the forward power in watts and P2
is the reflected power in watts.

I find it necessary to use a Transmatch to
disguise the SWR when operating in the phone
bands {which 1 seldom do). Operation by that
teans is satisfactory. Those wishing to strike a
compromise between phone and cw aperation
may wish to adjust the antenna for midband
resonance, A chart is given in the instruction

sheets to provide dimensions for three
segments of ¢ach band — phone, center
and cw.

On-the-air performance has been excellent,
with suitable front-to-back and front-to-side
ratios evident, 1 have had no difficulty working
DX worldwide, using 100 W and 1000 W of dc
input power to the transmitter PA, My batting
average for breaking pileups on cw has also
been satisfactory.

The A4 has endured several severe wind
storms (up to 70 mph) and one ice storm
without mishap. Based on my experiences with
the antenna during the past year, [ would give
it a top rating for a small, moderately priced
beam antenna. Those wanting four-band
vperation with the A3 and A4 Cushcerait anten-
nas may purchase the 40-meter conversion kit
and install it in the driven element. The A4
price «<lass is $330; A744 (7- or 0-MHz)
adapter kit, $90; A4SK stainless-steel hardware
kit, §55. Manufacturer: Cusheraft Corpora-
tion, P.O. Box 4680, Manchester, NH 03108,
- Doug DeMaw, WIFB

SHERWOOD ENGINEERING SE-1
MICROPHONE EQUALIZER/
PREPROCESSOR

'] Recently, amateurs have begun to take
¢reater notice of their ssb signal fidelity. Tradi-
tionally, 2 *‘speech processor’’ has been a

42 114 8

device that alters the signal peak-to-average
amplitude ratio, Such systems invariably alter
or degrade the audic characteristics of the
voice - usually causing it to sound “*bassy”
and “‘rough.,”

Theoretically, the audio response of a
microphone amplifier cireunit in a communica-
tions phone transmitter should be flat across
the voice band {300 to 3000 Hz). Often, this is
not the case. The microphone response should
be flat across this band, also. Again, frequently
this is not the case. As a result, we have come to
expect ssbh signals to svund *“‘Donald Duck-y."™

Recording studios use equalizers to correct
for distortion introduced by electrical and
acoustical factors. An equalizer has controls
that permit the operator to adjust the phase
and level of several segments of the andio spec-
trum. The Sherwood SE-1 represents one at-
termipt to introduce this kind of processing into
Amateur Radio transmitters. It won’t increase
the average power level of your signal, but it
may make it easier for operators on the re-
ceiving end to understand what you are saying.

The SE-1 i5 housed in & heavy, steel black
box, measuring 3 x S5-1/4 x 2 inches
{HWD).* Internally, the device is a *‘black
box' also. A single transistor, one IC, a toroid
and 4 few other components are mounted on a
glass-epoxy pe board. All markings have been
removed from the active devices. Sherwoad
does not supply a diagram of the circuit, but
does provide minimal ciecuit description. [n
fact, the only paperwork supplied with the
SE-1 are installation and operating instructions
on two sides of one sheet of paper. The in-
stallation instructions are complete and should
be adequate for anyone who is moderately
comfortable when using a soldering iron and
pliers.

A toggle switch places the ¢ircuit in line and
applies power (9-V transistor-radio battery).
Two controls, GAIN and EQUALLZATION, can be
adjusted from the front panel, Adjusting GaN
simply changes the output signal level while
changing the EQUALIZATION setting alters the
tonal components of the signal. Advancing the
control c¢lockwise appears to enhance the
higher-frequency components. Unfortunately,
the exact functioning of the control is not
specified in the literature,

| called Bob Sherwood and asked him about

fmm = in. X 25.4
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the EQUALIZATION control. Bob told me it con-
trols the *tilt” of a processing stage. He went
an to tell me what he meant by *“tilt.”* With the
controt fully counterciockwise, a 2800-Hz tone
through the device will have a 2-dB advantage
over a 300-Hz tone. As the control is rotated to
the fully clockwise position, the advantage in-
creases from 2 to 20 «B, This description
matches the subjective appraisal 1 received
from aperators on the air.

Bob stated that the microphone preamplifier
stage consists of a single FET and a gain con-
trol. The high impedance of the FET permits
the circuit to be used with any microphone,
without danger of the circuit loading the
microphone. Beyond that, Bob was reluctant
to discuss the circuit.

On-the-air reports indicated that the SE-1,
properly adjusted, made my ssb signal sound
more natural — more like the audio extracted
from an fm civcuit. [ believe it made it easier
for other operators to understand what 1 was
saying. 1f you are concerned about the quality
of your signal and if you want to be understood
as well ag be heard, then you should give the
SE-1 serious coosideration. The SE-1 is
avatiable from Sherwood Engineering Inc.,
1268 South Qgden St., Denver, CO 80210.
Price class: $100, — Pefer O’Dell, KBIN

DAIWA AF-606K ACTIVE AUDIO
FILTER

3 Audio filters are in abundant supply these
days. They come in many sizes, shapes and
price classes, but the Daiwa unit has a distinc-
tive look — akin to that which characterized
post WWII military gear. 1 was impressed with
the clean, snappy appearance of the filter when
[ extracted it from the box. The panel appears
to be black anodized aluminum, and the let-
tering at each control is off-white. A dark gray
case provides a two-tone contrast,

But, appearance is not the primary con-
sideration when buying a new piece of equip-
meni for the shack. How does it “play”?
That's the question asked by a smart buyer,
and rightly so! Bells and whistles (if [ may use
the vernacular) seem to have a biasing effect on
today’s purchaser of new apparatus. But some
of the fancy gee-gaws being otfered could just
as easily be omitted in the interest of keeping
the unit ¢cost within the reach of the common
man or woman. The AF-606K has one feature
that might be classed as a frill (more on that
later), but it otherwise is a preity basic audio
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filter with variable bandwidth and a notch
function.

The Daiwa unit does not have a built-in
power supply. A low-current, 12-V external
power supply is required for operation.
Beware! The outer ring of the 12-V jack is the
positive one. The center pin is for the negative
or ground lead of the supply. This is not the
L1.8, convention, so don’t let habit get you in
trouble when you hook up vour unit.

installation requires a patch cord from the
phone jack of your receiver or transceiver to
the input phono copnector on the rear of the
AF-6506K. A built-in speaker permits monitor-
ing the filter output. Alternatively, the
operator can attach an external speaker, or
may elect to connect headphones by means of a
front-panel jack. | found it best to use phones,
since the speaker function did not produce
room-volume audio at a level that was comfor-
table during weak-signal reception. Aftempts
to increase the output level by turning up the
recelver audio gain resulted in distortion from
overdriving the audio filter (a2 normal ex-
perience with outboard audio filters when the
maximum tolerable excitation limit is reached).

Five controls are located on the front panel
of the unit. Left to right are NOTCH, PLL, BAND
pAsS, MODE and POWER, The NOTCH control is
variable from approximately 500 to 2500 Hz,
with some overrun at cach end of the control. 1
measured the notch depth (at 700 Hz) as 33 dB.
1*I! discuss the PLL control later on.

The panD-Pass control is used to peak the
audio-filter response for the cw pitch the
oaperator prefers (500 to 700 Hz in my case). A
hand-pass response s provided in this unit,
which yields audio roll-off above and below the
desired frequency. The pass band is variable
from approximately 400 to 1200 Hz, with some
exira range at each end of the control.

MODE selection is accommodated by the
neat-right control, It enables the user to choose
4 notch condition, three ssh bandwidths (1.5,
2.0 and 2.5 kHz), three cw widths (80, 110 and
140 Hz} and PLL. The FOWER ON-OFF switch is
at the far right on the panel, Directly below it is
the PHONE jack.

Now comes the “hell” or  ‘“‘whistle,”
whichever word you may prefer. The pLL func-
{ion enables the operator 1o tune in & cw signal
and listen to it via a keyed tone that is
generated within the AF-606K, In effect, the
¢w signal from the receiver is detected, then
routed to a contral circuit, which actuates a

tone generator. An LED on the front panel of
the audio filter illuminates when the PLL fre-
quency control is set to the pitch of the cw
signal, as heard when the filter is turned off.
Under this condition the PLL is considered in
the ““fack” mode. The purpose of the pLL. fune-
tion is to eliminate QRM and band noise. Ef-
fectively, all vou will hear is a single cw note
coming from the audio filter,

Various schemes of this type have been con-
trivad and tested for a number of years. None
of them proved to be spectacular. The major
limitations are that very weak signals do not
trigger the tone oscillator in a reliable manner,
which leaves gaps in the ¢w message. Also,
noise pulses will key the tone generator,
causing false blips, ‘‘stuttering” and in-
coherence, These problems were noted while
testing the Daiwa filter. When a strong ow
signal was used to lock the PLL, | noticed the
effect of excessive “‘weighting’” on the cw
characters. There was alsp a clicky
characteristic to the tone-generated cw note.
For the most part, coherence was far superior
without the PLL function in use. If the buyer
does not wish to have the PLL feature, he or
she can purchase the model AF-406K, which is
minus the tone decoder.

Filter performance is otherwise excellent. I
found no evidence of ringing, and audio ouiput
from the AF-606K was very clean within the
normal listening range while using headphones.
Certainly. the filter did a fine job of “‘launder-
ing” the receiver output with respect to re-
ducing QRM, annoving heterodynes and
receiver wide-band noise. Weak signals were
“slifted”* nicely out of the noise, providing Q3
copy when copy was not possibie without the
filter in the line.

This filter and others with sinilar per-
formance characteristics can spell the dif-
ference between success and failure when copy-
ing weak cw signals, such as one encouniers on
160, 80 and 2 meters, where noise is a universal
foe. Sideband operators will find that a good
audio filter will reduce adjacent-frequency
splatter and rumble. In many instances, the
audio filter will give the same effect as a speech
processor when it is actuated by the person you
are listening to.

Dimensions ate 6 X 6 » 2-1/2 inches.

‘mm = in. X 254

Price class is $121. Distributed by MCM Com-
munications, 858 E. Congress Park Dr.,
Centerville, OH 45459, tel. 513-434-0031, —
Doug DeMaw, WIFB

HAMLOG/APPLECODER

] T have some good news, some bad news and
some more good news. The good news is that
HAMLOG, a log keeping and maintenance
program for the Apple II® computer, does
everything it says it will do. The bad news is
that there {5 so much that it will aot do,
frustratingly so, at times. The other good news
is that those of you who fecl compelled to use a
$47 program and $2000 worth of computer
equipment to do what apenandaboxof § X 7
index cards can do nearly as well won't be
disappointed.®

HAMLOG fails to take sufficient advantage
of the Apple II system power. Users are con-
stantly restricted by the program limitations.
That is, they must adapt to the program needs,
rather than the other way around. Those who
have seen a demonstration of or used such pro-
grams as Visicale or Visidex know how “‘user
friendly’* a2 psogram can be. HAMLOG is a
casual acquaintance at best, and a relatively ex-
pensiva one at that.

Using HAMLOG

Initiafization. When first using HAMLOG,
you must initialize the system with your call
sign, various modes that you expect to use, and
your  station-setup  data. The latter
demonstrates the limitations of HAMLOG
rather quickly. Station-setup data is limited to
seven characters. For examptle, the author sug-
gests that a station consisting of a “‘standard”
transceiver, wire antenna and linear amphifier
be designated QRO-W-L. You can have several
such station setups, so your log can show which
pacticular configuration you were using when
you worked a particular station. The brevity of
a seven-character designation does have its ad-
vantages when it comes to displaying or
printing out log clata (this brings up another de-
fiency of HAMLOG, which will be discussed
later). Nevertheless, the restriction is too.
severe, Users, after all, can always choose
brevity; it need not be forced upon them.

Log Entrv: After initializing the program,
you can run it. The program is menu-driven.
One item on the main menu is “log entry,”
which is pretty straightforward, although it is
definitely geared toward casual operating and
not contesting. You enter one log entry item at
a time: call, name, band, etc, However, as you
enter the items, the previously entered items
“seroll up' and quickly disappear from the
screen, By the time you've entered the other
station’s signal report, the call and name have
disappeared, and vou cannot see them until
you finish entering the entire log entry and
select the “‘display log entry”’ item from the
main ment, This is a major inconvenience. As
it takes some time to step through the log entry
wenu, I found myself frequently writing down
the other sfation’s call, name, ete., so 1
wouldn't forget them in case he turned the
QS0 back to me before the log entry was com-
pleted (initial exchanges can be rather quick).
This pretty much defeats the purpose of using a
computer,

*H. Smith, A Speedy QSO File,” £Q, June 1962,
p. 62.
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Change Log Entry. Another item on the
main menu {8 *‘change log entry.” Unfor-
tunately, when you use this item the old log en-
try does not appear on the screen; unless you
have printed out or written down the log entry
50 you can look at it to know what you're
vhanging, your memory is put to the test. Itisa
virtual negessity tor the old log entry to he
displayed while you are changing it. The fact
that HAMLOG doesn’t allow this is sheer
shortsightedness.

Why would you want to change a log entry,
anyway? Well, there are lots of reasons, but
one very good reason would be to add some
comments. You guessed it: According to the
HAMLOG User’s Manual, “‘vou cannot add
text that wasn't there, and you may not in-
¢rease the number of text lines in the entry you
are altering.”’

Search Log. A useful feature is the “‘search
log” mode, which allows you to enter a call
sign. a QTH, a date or a combination thereof,
and causes the computer to display or print all
log entries with the appropriate parameters. [t
takes about 3-1/2 minutes to search ap-
proximately 500 records, but fortunately you
can set “core pointers’ to optimize the search
routine, and a search by call sign through the
same 500 or so records is reduced to 1§
seconds. Not bad! (Of course, with my file of
5 % 7 index cards [ can perform the same feat
in less than 5 seconds.) The core pointers have
to be set each time you use the program,
though. You can set pointers for call sign,
(JTH or date, but you can only have a single sat
of pointers at one time,

The search routines are limited, too, by the
maximum number of log entries permitted on a
log diskette. Typically, a single diskette can
store data for 2000 contacts, if you do not ap-
pend comments to the log entries. With com-
ments, the maximum number of contacts on a
diskette is reduced accordingly, For very prac-
tical reasons, you van only search ome log
diskette at a time, which seriously inhibits the
utility of the search routines after you’ve been
on the air for a while and have filled several log
diskettes,

Output Format, HAMLOG formatting to
the screen or printer is cather ho-hum, Log en-
tries are printed out line by line, and the items
within the log entries are separated by spaces.
There is no serious attempt to format the
scréen or page, which would be easy to do,
wouldn’t stow down the program naticeably,
and would make the entries so much easier to
read, in fact, HAMLOG would be a whole lot
better if entries were displayed on the gcreen
while you are entering or changing them, with a
“*houncing cursor’ controlled by appropriate
kevs. This would allow you to move from item
to item, make the necessary entries or changes,
and show you exactly what vou have entered as
you enter it (and after you enter it) without its
being blanked from the screen. The technology
that permits this exists, but HAMLOG doesn’t
use it. Perhaps the second version of
HAMLOG will, T suggest that you wait for it.

Applecoder

Applecoder is a Morse code teaching pro-
gram for self-teaching or for the classroom. It,
too, is wmenu driven. The author states that it
needs no significant written instruction, and
he’s right. it is & cinch to use.

Applecoder sends random word groups
utilizing the Apple 1T speaker. You sclect a
“seed” number, which determunes the random
word groups and allows you to regenerate the
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HAMLOG

Requires 4BK + DOS 3.3
Author: Dr. Keith W. Reiss, CECO, Inc.
Price: $47 (disk + manual}

Appiecoder

Requires 16K + DOS 3.3
Author: Dr. Keith W, Reiss, CECO, Inc.
Price: $12.95 (disk + instructions)

Both: $58

same sequence at will. If you have a printer,
you can generate ‘‘hard copy,’ which is useful
for checking results for vourself or for a class
full of students. The word groups are displayed
on the screen, but you can always turn the
screen off if you are tempted to peek.

Applecoder permits you to change the code
tone (200-2000 Hz), speed (5-40 wpm) and
character group length (1-9), and will also
dllow you to exclude certain characters (punc-
tuation marks, numerals, etc.) at your discre-
tion, By varying the random number seed, you
never run out of **fresh copy.”

Code-speed adjustments may need some fine
tuning. The 5-wpm setting was accurate
enough, but the 20-wpm setting was, by my
calculation, closer to 25 wpm. Sound from the
Apple 11 speaker tends to be muffled and tinny,
but removing the top of the computer
enclosure improves things considerably. 8till, a
large group might have difticnlty, unless an
outboard speaker were installed.

Applecoder uses the ARRL-accepted pro-
cedure for teaching and learning the code. At
the slower speeds, the characters are sent fast,
with additional space between words, This
prevents the student from counting individual
dots and dashes. All in all, Applecoder is a
useful product. — Hal Steinman, KIFHN

THE FIST FIGHTER

To a cw operator’s ears, there's nothing
sweeter than the sound of a smooth fist batting
out Morse code, The art of sending good ew
has come a long way since the invention of the
straight key. Electronic keyers of many dif-
ferent types are prevalent, and with computers
and dedicated terminals becoming so much a
part of the ham shack, it seems there’s not
much left that is done away from a kevboard
and video monitor. However, there are those
among us who still like the feel of the ol
straight key between their fingers.

Description

The Fist Fighter was designed by the
Blacksburg Group to help straight-key ad-
vocates send perfectly timed Morse code. There
are nine CMOS [Cs and four transistors (and
associated components) contained within the
package to do just that, The front-panel
mounted YOLUME/ON/OFF control functions
as g sidetone Jevel adjustment and power
switeh. Sending speed is varied by the adjacent
SPEED potentiometer that provides a range of
adjustment from about 3 to 30 wpm. There’s
an auto tune-up feature that is jumper-
selectable. This provides a constant key-down
condition during transmitter tune-up.

The rear panel supports the KEY jack, GRID
(=300 V) and DIRECT { + 300 V) key line out-
puts, and a 1/8-inch jack for connection of an
external power source. A lantern battery or ac-
aperated supply delivering 5- to 15-V de is re-

quired to power the unit. A built-in speaker is
mounted on the inside of the top cover.

How Does it Work?

The space/dot/dash ratio has been designed
for a 1:1:3 relationship, When you close the
key contacts, the Fist Fighter begins sending a
dot at the speed you've selected. If you release
the key before the end of the dot, the element is
completed automatically. 1f you keep the key
closed for a period longer than the dot time,
the unit “*recognizes’ this as an attempt to
send a dash and lengihens the clement, After
each element a minimum off period (equal to a
dot length) is enforced by the Fist Fighter, This
prevents the dots and dashes from being sent
too close together. A key closure during this
period will be “remembered’” and keying will
start immediately after the forced space.

If the auto tune-up feature is wired on the
hoard, a prolonged key closure will result in the
sending of one code element followed by a con-
stant key closure. This might lead initially to
some confusion when you first try to use the
keyer, You might try using it in both configura-
tions to determine which is best for vou.

Argument Pro and Con

The Fist Fighter does exactly what the
manufacturer says it will do. It will make you
send petfectly timed Morse code when using a
straight key. However, this does not mean that
it will teach vou how to send good code with a
hand key without the assistance of the Fist
Fighter. In use, you must vield on a code ele-
tnent sooner than you would otherwise. This
tneans the actual key closure will be less than it
should be if you were sending Morse with only
the hand key in the line. But . . . one may
argue that such is the case witk all types of elec-
tronic keying devices. For instance, if you've
developed some of the characteristic sending
habits of those who use iambic keying
methods, would you be able to put down the
squeeze key and keyer and send code as well
with the old bug that’s been relegated to the
operating desk drawer? Probably not. The up-
shot of all this is that once vou’ve learned to
use the Fist Fighter effectively, the chancey are
that you will have to stay with it as you would
with any electronic keying device. (The Wouff
Hong shonid dispel any thoughts of using this
device on SKN!)

The Fist Fighter is available from The
Biacksburg Group, Box 242, Suite 100,
Blacksburg, VA 24060, Size: 2-1/8 % 3-1/2 %
7-1/2 inches (52 x 89 % [90 mm) (HWD).
Price class: kit form, $60; wired and tested,
$80. — Paul K. Pagel, NIFB (G =]
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75-W AMPLIFIER FOR 10-METER FM

1 Converted CB rigs are popular for 10-meter
fm operation.' When conditions were good,
these rigs provided tany contacts, but with
declining sunspot activity the 5-W power limit
may be too restrictive,

| modified an old, homemade cw rig to serve
as a Class C amplifier. The original circuit
came from the 1962 Radio Amateur’s Hand-
hook.’ The amplifier works well with my con-
verted Hy-Gain CB board, and has a power in-
put of 60 to 75 W. A Class C amplifter is
nonlinear and is not suitable for use with an
a-m or ssb rig, because it will distort the signal.
A power supply capable of providing 600-V de
under load for the 1625 amplifier tube and
12.V ac for the filament is required. The
original project included a power supply, but
the tube rectifiers could be replaced with solid-
state units,

I removed the 6AGT buffer/multiplier cir-
cuitry and added an impedance-matching net-
work at the mput of the 1625 tube. The
schematic diagram of the amplifier is shown in
Fig, 1, The variable capacitors were taken from
old hrpadeast-band receivers, A neutralizing
capacitor made from several turns of twisted
wire is used, Be sure to use wire with good
high-voltage insulation. You will have to ex-
periment with the number of turns in order to
stabilize the amptifier,

Bob Heil, “Experience 10-Meter FM," QST, Aug.
1981, p. 22,

“An  Inexpensive 75-Watt Five-Band Trans-
mitler,” The Radio Amatewr's Handbook
(Newington: ABRL, 1962), pp. 174-177.

+Assistant Technical Editer
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Fig. 2 — Coil-winding information for L1 and
L2 is given at A, and far L3 at B. Octal tube
sockats and bases were used in the eriginal
circult to simplity band changes. This will not
he necessary if you are building the amplifier
instead of madifying an old transmitter.

Conducted By Larry D. Wolfgang,* WA3VIL

Coil-winding information is given in Fig. 2.
Use no. 14 wire for 1.1, L2 and L3. [.3 should
be air wound,

To use the amphifier, tune C1 and C2 for a
transceiver output equivalent to that obtained
when using a 50-oht dummy load. Next, tune
C3 and C4 to obtain the maximum output trom
the amplifier with a plate current of about 100
mA. This shouwid result in 60 W or more of dc
input power. One source of 1625 tubes is Fair
Radio Sales, P.O. Box 1105, 1016 E. BEureka
5t., Lima, OH 45802, The cost should be but a
few dollars each. — Dick Gulatsi, AC3D,
Devon, Pennsylvania

INEXPENSIVE CTCSS TONE
GENERATOR

1 A common frequency for continuous tone-
coded squelch systems (CTCSS) in many parts
of the country is 100 Hz. | have a Sears Model
3880 2-meter rig, and was faced with the pros-
pect of spending $20 or more for a commercial
tone generator. In an effort to save that
money, [ built the cireuit shown in Fig, 3. The
circuit divides the [0-kHz synthesizer reference
signal down to 100 Hz in a pair of 4018 CMOS
divider chips.

The first stage can be any CMOS divide-
by-10 chip, but the second stage must be a 4018
IC connected as a *‘walking ring'* or Johnson
counter. Four resistors form a digital-to-analog
converter, which produces a fair approxima-
tion for a sine wave at 100 Hz, The 0,22-uF
capacitor provides additional filtering. You
should be able to use 39-k§ and 22-k{} resistors
instead of the 1% values shown. in the drawing.
Tust match them carefully with vour ohm-
meter.,
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Fig. 1 — Schematic dlagram of the revised ow transmitter used as a Class C amplifier for 10-meter fm operation. See the text for a description of
how to buiid the “gimmick" type of capacitor used for neutralization.

K2 — SBpst relay with 12-V, 1200-ohm coil, such

K1 — Dpdt relay with 12-V, 160-0hm ceil, such
as Radio Shack 275-206.

as Radio Shack 275-003,

RFC4 — 8 turns of no. 18 enam., close wound
on 10042 resistor.
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Fig. 3 — Schematic diagram of the 100-Hz tone
generator built by WBBNBS, The ievel-adjust
contrel need not be included if your rig has a
built-in methad of adjusting the tone level.
Values ot B, and Rg are not critlcal, but Rp
should be 1.62 times Ry for proper D/A conver-
slon.

I glued the two 1Cs to the circuit board in my
rig (upside down) and soldered the wiring
directly to the pins. This construction may be
ugly, but it is fast.

My rig was made by Yaseu and has the same
basic synthesizer as the FT-227 “Memorizer.”’
This circuit will work with that rig, and should
aiso work with any radio that has a 10-kHz
synthesizer reference signal available. Total
parts cost for my unit was under $3. — Jim
Harvey, WB8NBS, Redford, Michigan

REPEATER INTERFERENCE FROM
HF OPERATION

(1 T was monitoring our club repeater when it
suddenly came to life with what sounded like
an ssb signal. [ detected what [ thought was an
“N* prefix  just before the interference
stopped. A call to Albert Lankford, N4BIT,
verifted that he had been operating on 3965
kHz. Further tests revealed that his hf
transmitter was keying his 2-meter rig. Albert
uses a Touch Tone? mike with an auto-keying
circuit for his 2-meter rig. He found that plas-
ing this mike on top of the radio instead of
allowing it to dangle in front of his Transmatch
cured the problem. — Alron  Erdman,
WACNQ, Mantgomery, Alabama

TS-8305 60-Hz HUM

I While having an ssb QSO with a friend, |
fearned that the signal from my TS-830% had a
hum. [t seemed to come and go in an unpre-
dictable manner. 1 checked for loose connec-
tions or a broken ground wire, but everything
appeared to be okay.

Finally [ tried using the MoMmTOR function,
with headphones. A few minutes of experi-
menting disclosed that the hum was coming
from the magnetic field generated by the power
transformer, My microphone is a  low-
impedance type, and when the mike was within
6 inches or so of the front panel the hum was
prasent.” Moving it to about 1 foot from the
transceiver was sufficient to reduce the hum to
a negligible level, Perhaps nthers who have had
this problem will find a similar sotution.
—- James Thurston, W4PPB, Clemson, South
Curoling

'mm = in. x 264, m = ft x (.3048,
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TRACKING CATY LEAKS

[ When a CATV leak causes interference to
your Amateur Radio reception you can use
your portable or mobile equipment to locate
the leak, But what do vou do if the interference
is only in the other direction and your transmis-
sions «isrupt TV reception? There may he a
simple solution to this problem, too.

Many CATV systems alsa carry fm broad-
vast stations. 1f the cable system in your area
does, and if one of those stations is beyond car-
radio range, there is indecd a simple answer.
Tune your fim car radio to & station that can be
heard exclusively on the cable. (Some systems
also carry a warbling tone or similar signal in
the fm band specifically for this purpose.)
Drive along the cable while listening to the
radio. As you approach a leak, the signal level
will increase considerably. When you locate a
source of leakage, it should be reported to the
CATYV system operator. Give a street address
of the number of the nearest utility pole. —
Robert V. C. Dickinson, W2CCE, Berkeley
Heights, New Jersey

TRACKING POWN A LINE-NOISE
PROBLEM

(1 The San Diego Gas and Electric Co. spent
several days tracking a 3570-kHz signal that
was being carried for miles on the power line.
After localizing the area that the signal was
originating from, they began to cut power to
each house in order to pinpoint the source. In-
spection of the offending house turned up a
belt transformer with an arcing secondary. The
coil winding was just right to make a spark-gap
transmitter an 3570 kHz. The signal was being
coupied back to the power line through the
primary winding, This signal had been causing
interference for several months before it was
tracked down and eliminated, - £d Marriner,
WeXM, La Jolla, California

INCREASED CONTROL VOLTAGE
FOR THE HEATH REMOTE
ANTENNA SWITCH

L1 Most commercially available remote anten-
na switches (and antenna rotators) are designed
to be used with 100 fect or less of controf cable,
Heavier conductors could he used for longer
cable runs, but even that may be insufficient.
Recently, Cratg Wheeler, KC9T, came to me
with such a problem. His tawer is lncated sotrne
178 feet from the shack, and his Heath
S5A-1480 “Remote Coax Switch’ would not

ADDED TRANSFORMER

Fig. 4 — Wiring diagram for adding a
transformer to increase the control voltage of a
remote antenna switch to compensate for the
valtage drop in a iohg run of control cable,

work properly. The voltage drop in the control
line was too great, even with larger conductors,

We decided to increase the power-supply
voltage in the control box. We added 2 6.3-V ac
filament transformer in series with the original
15-V winding, Fig. 4 shows the transformer
connections. Remember that the primary leads
are wired in paralle! and the secondary leads
are wired in series. The phasing of the secon-
dary windings is correct if the output from the
bridge rectifier is about 42-¥ dec with no load.
If the output is about 26-V de, the phasing is
reversed (wrong).

There was just enough room inside the con-
{rol box to mount the additional transformer in
Craig's unit. A I- or 2-A rating on the new
transformer should be sufficient. — Luawrence
Stark, K9ARZ, St. Charles, fllinois

MICROPROCESSORS IN CARS,
AND RFE

[71 I was procrastinating the job of installing
an hi rig in my 1982 Buick Regal. The ritual of
bonding all sections of the hody and frame is
one that few mobilers enjoy. In addition, the
new cars with mictoprocessor controls could
present some extra problems!

A new 1COM IC-730 provided the motiva-
tion to tackle the job. | was pleased to find that
the car was clean. All of the usual shielding and
bonding may not be necessary after all,

My car seemed to be developing an ignition
problem, and it took a few trips to realize that
the trouble occurred only when [ was transmit-
ting. The var engine would seetm to miss on ssb
voice peaks,

A trip to the Buick dealership led to a cure
and an explanation of the problem. The sutvice
manager had seen the problem before, because
he immediately pegged me as g **CBer with a
kicker.” T assured him that [ was a licensed
radio amateur and that my 100-W rig was
perfectly legal.

The solution is to shield a four-wire cable
that runs from the distributor to the micro-
processor, grounding it at both ends. The pro-
cessor in UM cars is located on the kick panel
(fire wall) on the passenger side. The cable
bundle leading from it contains many wires.
Four of these go to the distributor, and control
ignition, timing and advance, One or more of
these lines was being affected adversely by the
rf.

To shield these leads, T cut the four-prong
connector off at the distributor and removed
these wires from the larger bundle. [ snaked
them through a piece of braid from some old
RG-i1 cable and replaced the connectors. This
solved my problem completely. — David
Aukamp, WeMIB, Dunedin, Florida

STICKY VOX RELAY ON
DRAKE T4X

{1 After many hours of operation, the YOX
relay in my Drake T4X transmitter started to
“hang up.” T discoverad that the armature of
the relay had become magnetized. Using a
tape-head demagnetizer, 1 slowly approached
the armature with the demagnetizer turned on.
L rotated the probe in a circular motion as close
to the armature as possible for a few seconds.
(Touching the armature will not harm
anything.) Then | slowly backed the probe
away, turning it off after it was clear of the
transmitter. Of course, you should turn off the
transmitter and unplug the power supply

before performing this operation, - Jfo#n
Chiuchiolo, W2LWB, HBrookivn, New
‘ork wr—}



Technfcal Correspeoncence
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UHF TUBE OPERATING
PARAMETERS

{71 Fred Merry’s article, ‘‘Phase 111 With a
Tetrode UHF Amplifier,” (Aug. 1982 Q5T) is
an excellent one, and the author is to be con-
gratulated on the fine design of his amplifier.
However, the operating conditions he proposes
for the amplifier are ambiguous. A user of this
device may be puzzied as to the correct
operating parameters for the 4CX250B or 8930
tetrodes when used in grid-driven service, _
Tables 1, 2 and 3 contain suggested operating
parameters.

Electron transit time in the vhf/uhf region
causes back-heating of the cathode. Electrons
leaving the cathode return and raise its surface
temperature, To cotnpensate for this, filament

*Assistant Technlcal Editor

Table 1

Operating Parameters for the 4CX2508 in
Class AB; (Ssb} Service at 435 MHz

Plate voltage 2000-V de
Sereen voltage 400-V de
Grid voltage' -~ 85 dg
Zero-signal plate current T ma
Single-tone plate current 260 mA
Single-tone screen current {max.) 30 mA
FPower output’ 250 W

+Adjust to specifled zero-signal plate current.
‘Approximate valug

Table 2

Qporating Parameters for tha ACX250B in
Class C (Cw or Fm) Service at 435 MHz

Pliate voltage 2000-V de
Screen voltage 300-V de
Grid voltage -90-¥ de
Plate current 250 mA
Soreen currant’ 10 mA
Grid current® 10 mA
Heater voltage* 56V
Power output® 200W

‘Approximate; varies with drive and loading.
‘See application note.
‘Apnroximate value.

Table 3

Operating Paramsters for the 4CX250R or 8930
in Class AB, (Ssh) Service at 435 MHz

Plate voltage 2000-V de
Screen voltage 400-V de

Grid voltage® - 80-V de
Zeto-signal plate currant 70 mA
Single-ione piate current? 380 mA
Single-tone screen current? 5 mA
Power output* 40 W

‘Adjust to specitied zero-signal plate current.

‘For tune-up only; maximum centinuous dc plate
zurrent is 250 ma,

“aries with Ioading and drive conditions.

‘Approximate value

Note: The ACXI60R and the 8330 have slightly larger
cathode areas than the ACX250B, which permits a
higher value of peak plate current. In addition, the 8930
has a maximum plate dissipation of 350 W, as con-
trasted with the 250-W rating of the 4CX2508 and the
40X250R.

voltage should be dropped when the tube is
used in continuous service (fm, RTTY, eic.) to
reestablish the correct cathode temperature.
Back-heating is less predominant during inter-
mittent service (cw or ssb), so filament voltage
may be maintained at the nominal rated value
in this case. [n either case, the rated heater
voltage should be maintained during tune-up
and standby perioads.

The 4CX250B and 8930 tube types require a
nominal heater voltage of 6.0, with a tolerance
of £0.3 V. It is recommended that an rms-
responding (iron vane) meter be used for
monitoring, For continucus service at 435
MHz, a recommended value of beater voltage
that will compensate for back heating is 5.6 V.
- William [ Orr, W6SAIL Menio Park,
California

ENERGY STORAGE, BANDWIDTH,
AND TANK CIRCUIT Q

{1 1 have just read the article by O’Hara, “The
Care and Feeding of Linear Amplifiers for
ATV (August 1982 QST), and found it very
interesting. However, therc are statements
under the subtitle *50-Watt Triode Amplifier”’
that are correct only under special conditions, 1
am referring to the bandwidth of an amplifier
utilizing 1/4-1 versus that of a 1/2-1 plate line.
If a /4-k coaxial or strip-line plate circuit is
designed to minimize stored energy, the band-
width will be greater than with a 1/2-1 line.
This is the opposite of what O’Hara has stated.

To minimize the stored energy in a
transmission-line  resonator loaded with
capacitance (e.g., the output capacitance of a
2C39), the 7, of the line should be made as
high as possible. Thus, the line is made short,
and there is little transmission-line capacitance
to store additional energy. This principle ap-
plies to all coaxial lines, strip lines and parallel
lines.

One might jump to the conclusion that in
order ta shorten the tuned line it could be
loaded with capacitance. Unfortunately, there
is no ““free hanch.” This technique increases
the amount of stored energy!

For a number of reasons, the key to success
in uhf output-network design is to minimize the
loaded Q {( } of the circuit. First, reducing the
loaded Q improves the circuit efficiency.

Qu
efficiency = | = we (Eq. I)
o
where
)y = loaded Q
Qo = unloaded Q

Second, reducing Q@ makes ciccuit detuping
effects caused by heat less noticeable. Im-
proved circuit efficiency results in less circuit
heating, thus causing less detuning. In addi-
tion, becawse of the wider bandwidth with
lowered Qy, the detuning on the resonance
curve is less. The effect is somewhat of a square
function.

To get wider amplifier bandwidth, vou can
minimize the Qp by: (1) loading the output cir-
cuit heavily — run the tube at maximum rated
plate current; {2) Not adding capacitance to the

Canducted By
Dennis J. Lusis,* WilJ

plate circuit — only the tube output C should
be across the plate tuned circuit; (3) Using an
L-C output matching circuit if possible — that
is, an inductor that resonates with the tube out-
put capacitance; (4) Using a 1/4-1 resonator if
the L-C cirenit is not feasible, Striplines with a
Zo up o 150 § are practical, as are coaxial cir-
cuits up to 120 2 and (5) Using a tuned
coupling circuit (double-tuned circuit) to
couple power out of the plate tuned circuit, just
as (’Hara has done with his 2C39 amplifier.

As a practical example, the 2C39, with an
output C of 2.01 pF, has an X 0f 183 QD at 432
MHz. A 1/4-) coaxial cavity can be built with a
Zo of 114 L, This cavity could have an outer
conductor [D of 5 in. and an inner conductor
OD of 3/4 in.* [t should be 587 long, which at
432 MHz i5 4.40 in. The resulting amplifier
bandwidth would be about 60% of that pro-
vided by an L-C circuit.

A 1/4-} strip-line matching circuit would be
very practical and could easily be made with a
Zg of 150 2. In this case, the line would be
50.66° long, which at 432 MHz is 3.84 in. The
resulting bandwidth would be about 70% of
that provided by an L-C vircuit.

I have built a 432-MHz 2039 ampilifier using
an L-C tank circuit. At (00-W input (3.2 W of
drivey, it gives an output of 60 W. This is Class
C of course, not Class B (linear) service. | men-
tion this to show that an L-C tank circuit i
possible at 432 MHz (and would have the
widest bandwidth of all).

1 hope that the gist of my comments will be
understood. It is evident that the concept of ad-
ditional stored energy in resonant-line circuits
is not well-known. — Raymond F. Rinaudo,
W6Z0, San Mateo, California

SIMPLIFIED FORMULA

[} The inductance formula appearing in all re-
cent ARRL Handbooks appears to be taken
from Terman’s Ruadio Engineer’s Handbook
(McGraw-Hill). Although they may seem to be
small points, two features of this formula
disturb me: {1} the use of radius rather than the
more convenient diameter, and {2) symbols
that bear no evident refationship to the dimen-
sions, The equation may be more simply ex-
pressed in this way:

‘ 2n?
L {uH} = -———— L2
W) = a0 Ea. 2
where
d = coll diameter {in.)

[}

! = coil length (in.)

n = number of turns
According to Terman, the accuracy is within
1% for vcoils longer than 40% of their
diamster. — Frank Noble, W3MT, Bethesda,
Maryland

IMPROVEMENTS FOR THE
UPCONVERTING RECEIVER

[ Helfrick’s  article, **A Modern LUp-
converting  General-C'overage  Receiver,”
{December 1981 Q87), was of particular in-
terest to me. 1 have long been interested in

'mm = in. X 25.4.
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Fig. 1 — Gircuit used to eliminate thumbwheel

o range switching in the upconverting receiver.
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Ome potential problem — that of a con- 5 * anoke | Ha. 4 E o >
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seemed to spoil an otherwise fine receiver. As ) eq B00R T P 4 P L BN
the author states, a relatively simple solution to a9 © ,7[: Tray )
this problem would involve the use of a down- 5t il "}J 8 ?‘5 -
pa

vounting L3l chip., Such a device is available
from Mostek and Intel, among others. Both of
these chips provide up/down counting, as well
as presetability.

Another feature that hothered me was the
100-kHz tuning range. Going to a 500-kHz
range however, presents some readout
problems. The synthesizer divider must then
vary from ) to 159 (50 MHz/0.5 MHz to
79.% MHz2/0.5 MHz, assuming the offset
oscillator runs from 50 to 79.5 MHz and the
VFQ tunes backward), while the readout goes
from 0.0 MHz to 29.5 MHz,

To climinate the thumbwheels for range-
switching, it is relatively simple to provide an
up/down counter from which the outputs
preset the synthesizer counter, An examination
of these outputs reveals a solution to the
readout probilem, It will be noted that anly two
riecades are required; the hundreds divider may
be hardwired to preset to one,

According to Table 4, we may take the least
significant bit as the indicator to preset the LS
counter to 5000 (remember the VFO is tuning
backward, so this occurs for the gven
megahertz ranges). The next four bits (BCDA”)
will produce the unit megahertz if three is sub-
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COUNTER COUNTER

A’ is ome, Bits B'C’ indicate the tens of
megahertz, The circuit in Fig. 1 shows how this
may be done.

Schmitt trigger UlA forms an astable
multivibrator with a period of approximately
0.5 s, This time may be adjusted to suit in-
dividual preferences, Up/dawn counting is ac-
complished with 1, 2 momentary-contact spdt
switch. The ®eser and PRESET inputs of the two
40192 counters are used to limit the counting
range from 00 to 89, The connections showa to
the 4008 adder (LJ4) will subtract 3 cach time
bit A" is ome. «= T. A, Bergstrom,
WIIQW/DJOQT, Munich, Federa! Repubtic

tracted from the binary number whenever hit  of Germany o=
Table 4
Up/Down Counter Sequence
Count L3D MSD RO Count L&D MSD RIO
ABGD ABCD ABCD ABRCD
00 oogo agogo a0.0 P .
]| 1000 nooa 00.5 \ .
02 0100 0o0Q0q 01.0 43 1100 0010 215
o3 1100 aoon 1.5 44 0010 o110 220
04 og10 aonn 02.0 45 1010 0ao10 22.5
[¢1:] 1010 0G00 025 46 110 0410 230
06 110 gonqg 03.0 47 1110 [V V] 235
o7 11t0 noaa 03.5 48 o001 0o0to 24,0
08 nao1 Boooa 040 49 1001 d010 245
09 1001 onoo 045 50 aono 10140 25.0
10 gooo 1000 08.0 51 1000 10140 2585
ik 1800 1000 05.5 52 0100 10190 26.0
12 n1o90 1000 0&.0 53 1100 10110 265
i3 1100 1000 06.5 54 o010 1010 27.0
14 n010 1000 7.0 jats) 1010 1014 75
15 1010 1000 07.5 56 o110 1010 28.0
, . . ) 57 1110 010 285
58 0an1 1010 29.0
&9 1001 1010 295
48 isT=

Feedback

1 Please make this vorrection to Fig. 6 of
“‘Hlectrical Antenna Mull Steering,” ctober
1982 QST: The 343-pF capacitar should be
labeled €3, and the 487-pF unit s C5. The
series resonance of the L1/C2 combination is
[.025 MHz, and that of 1.2/C4 is 1.604 MHz,
Author Webb also points out that L1 and 1.2
consist of 24 and 25 turns. respectively, of no.
26 wire on Micrometals T37-2 or T'50-6 cores,
In Fig. 3, no. 32 wire may be used for T1, Ci
through C4, inclusive, should be increased ia
value to at least 1000 pF for 3.5-4 MH7 opera-
tion, and to 2000 pF for [.8-2 MHz operation.
The four capacitors should be of equal nominal
value. .

(7 Dick Schellenbach, W1F, has informed us
of an error in Fig. 3 of November 1982
Technical Correspondence, in 4 of the NESTO
ale chip should be grounded, rather than not
connected (as shown).

7 The March 1982 instaliment of Fechnical
Correspondence indicates that copies of
government regulations on phone-line inter-
facing are available from FCC. Dick Richard-
son, N8CDH, has indicated. that these regula-
tions are now out of print, and are available
only at your library,

"1 Fig. 2 of the H. Granberg power FET arti-
cle, Part 1, for Dec. 1982 (ST, contains an
errpr, The submitted drawings had decimal
points rather than commas in the fiter-
capacitor designations for power supply no. 2.
The correct value is 13,500 pF, rather than the
13.5-uF value indicated. [



VHF/UHF Century
Club Awards

It's all about collecting grid squares,
the new VHF cousin of DXCC. And
determining your locator is a piece

of cake!

By John F. Lindholm* W1XX

f you live in Virginia Beach, Virginia,
you are on exclusive FM26 real estate; the
rest lies under the Atlantic (cean. If you
live in the farthest northwest reaches of
Washington state, your CN78 designator
will make you very popular on the vhf
hands. Should you be vacationing next
summer at the Cape Cod National
Seashore, don't plan on relaxing at
Nauset Beach: 'You'll be pestered con-
stantly on 50 MHz for your rare FN51 ex-
change. And those of vou who live in
southern California and have always
dreamed of going on a DXpedition, turn
vour gaze on San Clemente Island. The
gouthern half of this tiny fand mass in the
Santa Barbara Channel is the sole
foothold in DM02. A new series of
prefixes? Nope. FM26, CN78, FNS1 and
PM@2 are grid squares!

That’s right. All  those funny
designators are grid-square locators.
Though they may sound funny now, they
may not be all that strange after you start
hearing them used as standard QSO ex-
changes above 50 MHz. S0, if you
thought the 20-meter DX pileups on
FB8WG, Spratley, or 1APKM were bad,
you ain’t heard nothing yet. Wait till there
is a 6-meter B-skip operation from Burr-
wood, Louisiana {ELS8B), at the extreme
southernmost point of the Mississippi
River delta. The bands will go crazy!

Why all the excitement? Because con-
firming contact with 100 2° x 1° grid
squares above 50 MHz will earn you
membership in the exclusive Century Club

— not the popular DX Century Club, but
its new vhf counterpart, the VHF/UHF

*Communications Manager, ARRL

“BUT HOW DO | GIVE MY
GRID LOCATOR AT THE
NORTH POLE ?”

Century Club, or VUCC, It’s here: The
brand-new ARRL-sponsored achievement
award for working grid squares measuring
2° longitude by [* latitude on frequencies
above 50 MHz begins January 1, 1983.
The ARRL Ad Hoc Commiitee, which
has been studving ways of promoting
vhf/uhf activities, has enthusiastically
recommended this program to further
boost activity on the higher frequencies.

individual awards will be issued per
band, with initial qualifying levels as
follows: 50 MHz — 100; 144 MHz — 100;
220 MHz — 50; 432 MHz — 50; 902 MHz
{when available) — 25; 1296 MHz — 23.
Bach award will be endorsable in in-
crements of 25 for 50 and 144 MHz, 10 for
220 and 432 MHz, and 5 for 902 and 1296
MHz. Those certificates offered for 220
and 432 MHz will indicate membership in
the Half Century Club. For higher fre-
quencies, the Quarter Century Club will
appropriate. But only those contacts
made on January 1, 1983 and after will
count for VUCC credit. Recognition for
microwave activity above 1296 MHz is
under active consideration, with qualify-
ing levels to be instituted in the near
future retroactive to the same starting
date.

How to Determine Your Grid Square

To exchange grid-square information,
you must first identify your own grid
square. That is the easy part. Your 2°
1° grid locator, measuring approximately
100 miles by 70 miles, is indicated by just
two letters (the field) and two numbers

Notes appear on page 51.

thanks to OHSYW and Radicamatoor!

(the square).' For most North Americans,
the first two characters of vour locator
designation c¢an be read directly from the
map {see Table 1}. For the third and
fourth character numerals, simply convert
your longitude and latitude {consult any
road atlas or topographic map) as in-
dicated in ‘Table i. This grid locator has
worldwide application. It is the so-called
“Maidenhead Locator System,’” named
after the village outside London where the
European vhf managers met in 1980 to en-
dorse a replacement for the present Euro-
pean “‘QTH Locator.’” This system was
introduced in West Germany some 30
vears ago and spread like wildfire
throughout Europe and North Africa.
Originally conceived for European use, it
has outgrown its geographical host and is
unsuitable for worldwide application.
Thus, the Maidenhead System, applicable
throughout the globe and recently ap-
proved for use in the Far East at the
Region 3 TARU conference held in
Manila, appears at just the right time.

Collecting werid squares became quite
popular throughout Europe, as impressive
totals were amassed by vhi/uhf en-
thusiasts on the continent. Grid totals are
published regularly within each country.
Gridpeditions’” (if that term catches on,
temember you saw it here first!) were
made to put rare grid squares on the air,
especially during contests. Why not par-
take of the fun and games in North
America?

Thanks to Central States

Collecting grid squares is not actually a
new concept to North America. The Cen-
tral States VHF Society paved the way in
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Table 1
How to Determine Your Grid Locationt

tFor those gecgraphical areas not encompassed here, a complete explanation a gears inthe April 1982, issue of The

Lunar Letter, entitled “Worldwide OTH Locator System Proposed by Region 1,'

y Lance Colilster, WA1JXN,

1st and 2nd characters: Read diractly from the map.,

Table 2
More Precise Locator

To indicate location mora precisely, the addition
of 5th and &6th characters will define the sub-
square, measuring about 4 x 3 rmiles.
Longitude-fatitude coordinates on maps, such
as U.S, Department of the Interior Surveys, can
ba axtrapolated to the nearest tenth of a minute,
necessary tor this tevel of locataor precision. This
Is not necessary in the VUCC awards program.

Sth character: If your number of degrees
longitude Is an odd number, see Fig. A, If your
number of degrees longitude Is an even number,
see Fig. B,

Qdd Longitude® (Fig. A)

Minutes
W. Longitude
0-5

5th
Character

140¢ t20® 100 8o+ 60
: Y B k <
50 é,z) e a ¢0 » -
DO EQ N 2\
‘ /ﬂ\&_a G‘\
e Ry 40*
a0 Cn ,—\:,, < ¢ ?f i
DN EN([WE
L« 7
Cy \ B T ek 30
30 - DM - P,
I o L . \_
L N RN D
20 ) DL { EL Pt i -
\ B" ‘‘‘‘‘ o
1za* 100 8o~

3rd character: Take the number of whole dagrees west longitude, and consult the following chart.

Dagrees Dagrees
West Third West
Longitude Character Longitude
6081 ] 28- 89
652-63 8 90- 91
5465 7 92- 93
6667 [ 94- 95
6869 5 96- 97
70-71 4 98- a9
7273 3 100-101
T4-75 2 102103
7677 1 104-105
78-79 a 106-107
80-81 9 108-109
8283 8 110-11¢
B4-85 7 112113
8687 a

Third
Character

R @MNN OO~ B

Degrees
West
Longitude

114-115
116-117
118119
120-121
122123
124125
126127
128129
130131
132-133
134-135
136-137
138139

Third
Character

SRR aE NI NDO O - M

5-10
10415
15-20
20-25
25-30
30-35
35-40
4045
4550
50-55
55-60

FPEOOMMOIT TSR

Even Longitude* (Fig. B)
Minutes Sth
W. Longitude  Character
0-5
510
10-15
1520
20-25
25-30
30-35
35-40
4045
45.50
50-58
55-60

TE2ZCUDDH~CCTER

Gth character: Take the number of minutes of
{atitude (following the number ot degrees) and
consult the following chart.

4th character: This number is the same as the 2nd single digit of your latitude. For exampls, if your
latitude is 41" N, the 4th character is 1; for 28* N, it's 9, etc.

This four-character {2latter, 2.number) designator indicates your 2* x 1° square for VUCG award

purposes,

[981, when it announced a similar awards
program., The intent was for ARRL to
adopt the program eventually. This an-
nouncement is made with the full ap-
proval of the CSVHFS Board of Direc-
tors. Our thanks to Central States for pro-
viding valuable [eadership,

Award Mechanics

Although the minute details for the
award have not as yet been ironed out,
this should not preclude anyone from
starting on day 1. QSLs will be required,
but verification will be conducted at the
local level. ARRL-affiliated clubs that
meet the requirements of the new Special
Services Club program will be eligible to
appoint a VHF Awards Manager, who

50 0aT=

G3P0OI has colleGted 382 Euro(?ean QTH
locator squares on 144 MHz. Clive has in-
dicated his lacator on the back ot his grid-
square QSL card. It is recommended that QSL
cards indicate grid locators, just as they do
states and counties.

Minutes
N. Latfiude

&th
Character

0- 2.5
2550
5.0- 1.5
7.5-10.0

10.0-12.5
12.5-15.0
1504175
17.5-20.0
20.0-22.5
225250
25,0-27.5
27.5-30.0
30.0-32.5
32.5-35.0
35.0-37.5
375400
40.0-42.5
42.5.45.0
45.0-47.5
47.5-50.0
50.0-525
52.5-55.0
55.0-57.5
57.5-60.0

HKESCHPIOTOZErR="IO Mmoo




Helpful operating hint: So that W1AW Is
always prapared to %ive out the correct grid

locator during vhi Q
stenciled a sign at the operating position for
quick reference. Good Idea, Bruce!

QOs, operator WATPOI has

will be duly certified to verify QSLs and
appiications for Hq. issuance of awards.
Thus, it is expected that many certifica-
tion points will be established throughout
the U.8. and Canada. Overseas amateurs
will be equally eligible for VUCC
membership, with cards checked by those
traditional awards managers who wish to
assist. Detailed instructions will be provid-
ed to all involved in the verification pro-
cedure to insure uniformity of inspection.

No contacts are permitted for award
purposes through repeater or active
satellite devices. The first step in applying
for the initial award is to request an ap-
plication from ARRL. Included will be in-
formation as to the nearest verification
point for sending QSLs. The VUCC cer-
tificate, endorsement stickers and grid
maps of the U.S. will be available soon.

The VHF/UHF Ad Hoc Committee,
which orchestrated this beehive of activi-
ty, has one more trick up its sleeve. [ can’t
reveal all of its magic at this time, but I
suggest you get your vhf running shoes
ready and keep a keen eye in the coming
months on the Contest Corral section of
QST. You may have the opportunity to
exchange grid squares on an organized
basis sooner than you think!

For those of you who want to turn your
computers loose on doing vour grid-
locator problems, you don’t have to wait.
WASIED and SM5SAGM have developed
BASIC programs that should work well on
most home computers.*

Good Luck

With this launching of the grid squares
awards program, we wish vou all huck.
And we’ll look forward to somebody
operating from EL79, Apalachicola,
Florida, a grid square that is 99% oc-
cupied by the Gulf of Mexico. =)

Notes

km = mi % L6,
'The Lunar Letter, **Maidenhead Conversion Com-
puter Programs,*” Ogt, 1982, n, 24.

Strays -’

SANTA'S HELPER WAS A HAM

Few things are more satisfying to me than
being able to give my husband the perfect
Christmas gift . . . I mean, exactly what
he wants, rather than a substitute for
which 1 will be politely thanked while he
tries to hide his disappointment. This
year, I suffered no nagging doubts or in-
decision. Donald had done everything
short of hiring a skywriter to let me know
that he wanted a desk mike and a speaker
to match his transceiver. He had pur-
chased the rig, antenna tuner, and fre-
quency counter from a close friend who,
like most hams, took immaculate care of
his ham gear. The addition of the
microphone and speaker would make
Don’s station complete and attractive, It
didn’t seem much to ask. How ittle did 1
know!

Now that I knew what WA4RWD
wanted for Christmas, my immediate
problem was obtaining the money for the
purchase. I had estimated the cost for
both items to be about $80, which I didn’t
have, being unemployed. I could hardly
ask Don for the money with which to buy
his own gift. As I lay awake one night,
chasing the problem in my thoughts, I
decided to enlist the aid of a friend who
has a lot of clout when it comes to solving
problems. ““‘Lord,”’ 1 prayed silently, “1
hope it isn’t a sin to pray for money, but I
need to earn $80 before Christmas so I can
make my husband happy. Next morning,
as I listened to the local radio station, I
suddeniy realized that my name was being
broadcast. The disc jockey announced
that I had won $100! Out of thousands of
postcards entered in a contest, mine had
been drawn. Fezeling elated, 1 looked up
and said, **Thank you, Lord.”

As soon as the check arrived, T ordered
the microphone. Now for the speaker. I
got out my QST and phoned every dealer
who had an advertisement. No one had
the speaker. To my surprise, I was told
that the company no longer manufactures
that particular line of eguipment. One
dealer, after hearing my request, gave a
wry little laugh and said, “*Lady, you and
500 others are looking for that speaker.”’
Another dealer didn’t have the speaker,
but he talked to me for 20 minutes
anyway, because he was greatly amused
by my Kentucky accent.

This was going to be tougher than I
thought. I got my 87T again and scanned
every Ham Ad. Jackpot! A man in
Alabama had the speaker for only $20, |
phoned, only to be told that it had sold
quickly. Okay; back to the ads. WINW/8
in Ohio offered the speaker in a set with a
receiver. Could I persuade him to sell the
speaker separately? T phoned him, and a
polite young man answered, informing me

that Mr, Emely was not at home, but he
would pass on the message. What if he
returned my call and Don answered the
phone? The surprise would be ruined. I
was jolted from my worry by the ring of
the phone. Mr. Emely was sorry, but his
speaker was sold. He spoke kindly, of-
fering helpful suggestions. As our conver-
sation ended, he promised to trv to help
me locate another speaker. I hung up the
phone, thinking that he was an excep-
tionally nice person, but not really be-
lieving that I would hear from him again.

Two days had passed when [ received
another call. | recognized the voice of
WINW/8. He had the speaker I wanted,
and would be happy to ship it to me. I
couldn’t believe it! He had gone to the
trouble of searching through the trade
sheets, making inquiries, and checking
with dealers until finally, he had found a
dealer who had what [ wanted. It was
hard to believe that this man, to whom i
was a total stranger, had put forth that
much effort on my behalf, with nothing to
gain for himself except my gratitude.

I could relax now, knowing that when
Christmas morning came, my husband
would turn to me with a smile and say,
‘“See, hon, it’s no trouble at all to buy a
gift for me."” Then I can laugh, and tell
him everything, Until Christmas morning,
I’ll just smile mysteriously when { pass a
box hidden under the bed. — Shirley
Harlow, N4FGD, Versailles, Kentucky

I would like to get in touch with . . .

[J anyone having or knowing the
whereabouts of an HW-18 marine two-
way radio or the amateur-band version,
160-meter, crystal-controlled receiver.
Jack Ratzlaff, YE7DDS/VES, 86 Culliton
Crescent, Regina, SK 845 4J6, Canada.

Arnold Littman, WA3BOH, mans the Amateur
Radio station he designed and set up at the
West Penn Hospital in Pittsburgh, Pannsyl-
vania, the only hospital in the area with com-
plete emergency communications capability.
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Portable QRP: Some

Unscientific Lessons Learned

By Wayne G. Sayles,* N9AKM

As my bag passed through airport
security, the attendant asked a simple, but
logical, question: **What is it?"*

““Well,” I said with a satisfying feeling
of technical superiority, *“it’s an hf cw/ssh
transceiver with regulated power supply,
Transmatch, recorder, quarter-wave
center-loaded  variable-polarity mono-
pole, transmission line and accessories.”

“Oh,” she said. “*Is that like a CB?”

As with many people today, my job in-
volves extensive travel. Since our teenaged
son is also a ham, it was only natural to
try to develop a system to keep in touch
with the family and enjoy the other
benefits of Amateur Radio on the road.

It didn't take long to realize that my
first design problem was weight. In the
beginning, 1 carried everything in a
beefed-up **weekender®’ type of suitcase.
It weighed 48 pounds, but looked sharp!
On the first trip I left half my clothes, in-
cluding my raincoat, at home because of a
66-pound weight limit on checked bag-
gage. It rained every day, my rig got
scratched up and I never did make contact
with my son. Now, I hand-carry the rig,
and the *‘weekender”’ is still sitting in the
back of the closet. Lesson no. I: Take
what you need, and need what you take.

Back at home, some experimenting led
me to an antenna that promised to be a
cure-all for the motei-room blues, it was
made of two telescoping aluminum tubu-
lar base sections. On the end of each was
fastened a resonator section from a
mobile anienna. A piece of wooden dowel
was used as an insulator, and the
aluminum sections were placed end to end
-=- an instant, ¢ollapsible, indoor, multi-
band, shortened dipole!

The test phase was encouraging; the
antenna was directive, easily tuned and an
effective radiator. Next trip out, I stayed
at a motel with steel-reinforced walls —-
negative contact.

At home again, I tried using half of the
infamous *‘instant dipole’* as a quarter-
wave vertical antenna. Bolting the
wooden dowel insulator to a C clamp
made installation casy, and it didn’t work
too badly. One day, | decided to hang it
ot of the bedroom window while testing
the rig. There wasn’t any way to clamp the

*Rte. 2, Box 32AA, Clear Lake, W1 54005
52 05T

The complete partable ORP station — 23
pounds and found four bands of fun — is a
proven companion jor the traveling ham.

An inexpensive and simple C clamp gives a
world of versatility in mounting the quarter-
wava monepole antenna. A clamp madse for
beach umbrellas warks with equal success in
the most ditficult of situations.

guarter-wave section vertically, so 1 just
clamped it horizontally to the window
frame, running the coax center conductor
to the quarter-wave element and the shield
to the C ¢lamp. What a bonanzal I was
working stations all over the country on
20 meters with 10 W of autput and a
quartet-wave monopole. lLesson no. 2
Never underestimate the power of QRP.
The real advantage of the quarter-wave
monopole was that it could be mounted in
s0 many different positions. it has been
used effectively in the horizontal, vertical
and 45-degree positions, and has been
clamped to window sills, air conditioners,
autornobiles and furniture. Tuning of the
resonator tip has always resulted in accep-
table SWR, and the antenna tuner is used
only to ensure maximum transfer of

QRP Operating Tips

¢ [dentify yourselt as a (AP station;
you'il be surprised at how many stations
will help.

» Learn to tail-end without interfering.
There is almost an imperceptible pause

' hetwaen one station signing and the next

one picking it up.

¢ |n a pileup, listen carefully atter the DX
station says “QRAZ." Somewhere between
the initial blast and the second round of
callers yow'll find another dead spot. Time
your call to kit the right on the money and
use standard phonetics.

» |f the station is working call districts,
call during your turh and be ready after the
“@"” calls; many stations will pick up
mobiles and QRPers then,

= |f you have a low-pitched voics, try
tuning very slightly off frequency so the
pitch rises, the better to penetrate pileups
with,

* To get in at the first CQ, listen for the
sound of a DX station tuning, the tell-tale
“aah . . . lah” of a modulation check.
Believa it or not, the sound is different on a
multihop path.

+ A few don'ts: Don't call over someone
else’s exchange, don't try to break a station
working districis and don't be afraid to
keep trying.

power from the solid-state rig.

Meanwhile, the fight against the weight
problem continued. Rather than trv to
find a case to carry all the gear, { ap-
proached the problem by finding a case of
acceptable size and then working to fit
everything essential into it. [ was able to
eliminate foam packing and the balun.
Judicious use of the space brought the
package down to 23 pounds.

Does it really work? Well, it’s not like
the parting of the seas when [ get on, but
spme common-sense operating practices
have resulted in solid 30- to 60-minute
Q80s ou schedule to the home QTH from
New York, Arizona, North Dakota and
Maine on 10 through 40 meters. One late-
winter day, | jumped into the frenzied
ARRL SSB International DX Contest
from home. With the antenna pointing
north, 1 worked a J8, a GW,an I6 and a
TG, Lesson no. 3: Success comes to those
who persevere. e

Wayne (i. Savies, N9AKM, is an Advanced closs
ficensee and a refired U5 dir Force Captain, Serving
as & communications maintenance afficer with the Air
Force Communications Comeand, he hus been in-
voived directly in various aspects of radio communica-
tinny over the past 26 years.
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License Renewal Information

1) Attach a photocopy, or the original, of your
license to the FCC Form 610 (available from ARRL
Hg.; s.a.5.e, please).

1) Mail to FCC, Gettysburg, PA 17325,

3) Retain coples of evervihing, it possible, as proof
uf filing before expiration. 1f you tile before the
license expiration date, you may continue to operate
beyond the expiration date and entil the new license
arrives, After expiration, there 15 a one-vear wrace
period under which you may stil? renew aad keep vour
vall sign without retesting, but you must wait until the
new license arrives to operate. There is also a Fve-vear
grace period under which you may still renew;
hawever, after the initial one-year period, vou will he
issued a new license with a new call sign. After this
five-year grace perigd expires, vou must be reex.
amined for a new livense, MNormally, application
should be made approximately 90 days before expira-
tion; however, rencwal can be applied for at auy time
during the term of the license,

$) §F vau are simply modifving your license (change
of address, for example), you must §idl out the Form

The “Considerate Operator’s Frequency Guide"
Some frequencies that are generally recogrized for certan modes or cerfain activities: -

1800-1825 kHz
1825-1830 kHx
1850-1855 kHz

cw only
“DX window™ {no WIVEs)
DX window™ (no WIVES)

3590 kHz BTTY DX
3610-3630 kHz RBTTY
3845 kHz 88TV
7040 kHz RTTY DX
7080-7100 kHz ATTY
171 kHz S5TV

14.08-14.10 MHz RITY
14,23 MH2 88TV
21.0921.10 MHz RTTY
21.34 MHz 85TV
28.09-28.10 MHz RTTY
28.68 MHz 58TV

29.30-29.50 MHz
29.52-29 58 MHz

29.60 MHz
29.62-20 68 MHz

Satellite downlinks
Repeater inputs
FM simplex
Repeater outputs

(In addition, on 20 meters m particular, the low end of the U.S. phone segment is reserved far DX, the high end for tral-
$ic, and ra%chewing in between. The dividing lines are nat definite, however ) Radio Gontrel RIC Channels: 53.1, 53.2,

53.3, 534,

3.5, 536, 53.7 and 53.8 MHz. See also May 1982 QST, p. 48, Minute 82 {tentative plant.

610; a letter is po longer sufficient, Incidentally, sour
license will also be astomatically renewed at this tiow,

U.S. Amateur Frequency and Mode Allocations

51 It yan have any guestions or problems, drop a
note to the Membership Scrvices Department, ARRL.

Pawer Limits: All V.S, amateurs are limited to Z50-waiis de input in the Novice segments. On all ofher segments, with certain exceptions in the 160.meter and 420-MHz bands,
1-kifowatt dc input is permitted. Alsn, there are erp limitations for stations in repeater operation. (See 97.67, FUC rules ) At alt times the power fevel should be kept down to that
hecessary 1o maintain cemmunications. (Revised as of December 1982}

Bandwidth Limitations

FREQUENCY {(OOR PHASE) MODULATION: On
frequencies befow 29.0 MH7, the bandwidth of F3
emission shall not excesd that of an A3 emission
having the same awdio charactenstics.

TELEVISION and FACSIMILE; On frequencies
below 50 MHz, the bandwidth of A4, A5, F4 and F5
smissions shall not cxeeed that of an A single side-
hand emission.

On frequencies between 50 MHz and 225 MHz:

{1} The dandwidth of A4 and A3 single sideband
emission shall not exceed the bandwidth of an A3
single sideband emission,

12) The bandwidth of Ad and A3 double sideband
cenissions shall aot exceed the bandwidth of an A3
double sideband emission.

(Y F4 and F5 emissions shall utilize a peak carrier
deviation no greater than 53 kHz und 2 maximum
modulating frequency no greater than 3 kHz or, alter-

natively, shall eesipy & bandwidth no greater than 20
kHz. (For this purpase the bandwidth is defined as the
width of the frequency band, outside of which the
mean power of any eivission is attenuated by at least
26 decibels below the mean power level of the total
emission. A 3 kHz sampling bandwidth is used by the
FOC in making this determination. )

Relaw 215 MHz, an A3 emission may be used simul-
taneously with an Ad and A5 emission on the same car-
ner frequency, provided that the total bandwidth does
not exeend that of an A3 double sideband emission.

DIGITAL TRANSMISSION:

{a) faternational Telegraphic Alphabet No. 2
fBaudot code). When using frequency-shift keying,
the skt shall be less than 91 Hz, With audio
frequency-shift keying, the highest fundamental
modulating frequency shall aot exceed 3000 Hz and
the audio frequency shift shall he less than 900 Hz,

by American Standard Code for Information Inter-
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change (ASCIT). F'i emission shall be utilized on those
frequencies between 3.3 and 2R MHz where its use is
permissible, and the sending speed shatl not exceed
300 haud. El, F2 and A2 emissions may be used on
those frequencies above 28 MHz on which their nse is
permitted, and sending speeds shall not exceed the
following: 12000 haud hetwess 28 and 50 MHz; (9.6
kilobaud on frequencies betwsen 50 and 220 MHz;
and 56 kilohaud on frequencies above 220 MHz,

The code must conform to the Americar Standard
Code for Information Interchange (ASCIN as defined
in Anericar National Standards institute (ANSD
standard X3.4-1968. See §97.69 of the Amateur Rules.

Additional codes are permitted above S0 MHz, with
the following bandwidth limitations; 2 kHz on fre-
quencies between 50 and 320 MHz; 00 kHz on fre-
quencies between 220 and 1215 MHz: and on frequen-
cies above (215 MHz, any bandwidth may be weed,
provided the sidebands are confined within the
authorized amateur hand and all spurious emissions
are reduced or climinated in accordance with good
engineering practice. See Sec. 97,69 for additional in-
formation and rules.

ALL MODES: The carrier {requency plus
modutating frequencies must be contained within
amateur allocations and within appropriate subbands.

NOTE: Some amateur bands are shared with other
services, Sume gropraphical limitations exist for the
420-MHz band, For details, and for information on
specialized modes, sce ARRL License Manual, For in-
formation vn repeaters, sve the License Manual and
Repeater Directory.

160 METERS: Extra, Advanced and General may
use some seginents at 1.9-2.0 MHz. Limitations are on
4 grographical basis; see License Manual or FCC Rule
Book for limitations on this segment. There are no
geographical limitations on the 1.8-1,9 MMz segment.
{Note: Al and A3 only are permitted on the [60-meter
hand.)

Otier — All modes, except as noted.

Extra, Advanced, General, Technician

MHz GHz**
220-225* 10.0-10.5*
420-450* 24.0-24.25

12151300 48.0-50.0

2300-2450 71.0-76.0

3300-3500 165.0-170.0

5650-5925 240.0-250.0

All above 300

*Pulse not permitted,
**1GHz = 1000 MHz.
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Happenings

o ARRL Elections — Results Are In
¢ Volunteer Exam Proposal — In the Works
e Beacons — Automatic Control Given Go-Ahead

o RF Biological Effects — Still Pending

ARRL Election Results

Counting of votes for ARRL Division Direc-
tors and Vice Directors took place at Head-
quarters on November 20, 1982. The process
went smoothly, though a few of the races were
extremely close. These newly elected represen-
tatives and those who were unopposed will take
office on January 1, 1983, and will serve a two-
year term.

You, the League member, have a chance to
vote for your representatives on the Board of
Directors every two vears. Each issue of QST
contains, on page 8, a list of all directors and
vice directors (who would succeed the director
should he or she be unable to serve). Later this
vear, nominations will be open for the Cana-
dian, Atlantic, Dakota, Delta, Creat Lakes,
Midwest, Pacific and Southeastern Divisions.

The American Radio Relay League is a non-
profit membership organization incorporated
under the laws of the State of Connecticut,
ARRL members who want more details about
our organization are invited to request a copy
of the ARRL Articles of Association and By-
Laws. Please send a business-size, self-
addressed, stamped eanvelope to AA&BL,
ARRL Special Requests, 225 Main St.,
Newington, CT 0§11,

Here are your just-elected representatives:

Central Division

For Director: Edmond A. Metzger, WOPRN
-— 2668; Don C. Miller, WONTP — 2398,

Director Metzger has been reelected to the
Central Division post. A former assistant direc-
tor and vice director, Ed lives in Springfield,
iHinois, and is active in the Sangamon Valley
Radio Club, He is an Advanced class operator
and, in 1976, won a special award from the
Starved Rock Radio Club for his numerous
public services. Ed served as general chairman
of the Central Division ARRL Conventions in
1961 and 1968, and holds the following posi-
tions and awards: OBS, ARES and Al Oper-
ator certificates. He is a life member of the
QUWA and a charter life member of the
ARRL, Ed has been licensed since 1941 and is
emploved as a compiroller.

For Vice Director: Howard 8. Huntington,
K9KM — 2920; Kenneth A. Ebneter, K9EN —
2090.

Howard Huntington, K9KM, has been con-
tinuously licensed since 1959. He lives in Lake
Zurich, illinois, and is an engineering section
manager at Motorola. Howard holds a BSEE
from Purdue University and an MSEE from
the Ilinols Institute of Technology.

*Membership Services Assistant, ARRL

Currently serving as chairman of the ARRL
Contest Advisory Commiitee, K9KM is also
president of the Northern 1llinots DX Associ-
ation, a member of the board of directors of
the ILL-WIND Contesters and a member of
the LAMARS Amateur Radio Club. He holds
various contest and operating awards, in-
cluding DXCC. Howard is active as an
Amateur Radio speaker for numerous clubs
and civic organizations,

Hudson Division

For Director; George A. Diehl, W2IHA —
1616; Linda §. Ferdinand, N2YL — 1395
John J. 2’Luhy, K2EX1 - 526.

George Diehl, W2IHA, holds an Advanced
class license. He was vice director from 1972 to
1980, and assistant director from 1962 to 1972
and 1981 to 1982, He is a member and past
president of the Tri-County Radio Association,
a director past president and honorary vice
presicent of the Hudson Amateur Radio Coun-
¢il and chairman of the 1984 ARRL National
Convention. He served as Board Liaison for
the ARRL VHF Repeater Advisory Commit-
tee, and was a member of the ARRL comunit-
tees on interference problems and the develop-
ment of the ARRL Training Program.

W2IHA resides in Chatham, New Jersey,
and has been active in many civic organiza-
tions, especially those involving school boards.
A life member of ARRL and QCWA, George
has bezn licensed since 1935, and spent his pro-
fessional working years in power engineering
and military electronics,

For Vice Director: Stephen A, Mendelsohn,
WAZDHF -~ 1194; Dennis B, McAlpine,
K28X — 704; Paul Lindgren, AHZM — 636;
Phillip H, Bradway, KBXHQ — 537; Alex M.
Pontus, W2FCR — 458,

Steve Mendelsohn, WA2DHF, resides in Lit-
tle Ferry, New Jersey, and has been heensed
since 1959, A life member of the League, he
holds an Advanced class license. He is a
member of the Al Operator Club and the
ARRL Public Relations Advisory Committee,
and is Hudson Division Public Information
Officer. Steve has been involved with com-
munications for the 1980 Glympic Torch Run
and the New York City Marathon. He is active
in many area radio ¢lubs, including LIMARC.,

New Eagland Division

For  Director:
(unopposed}.

A resident of Columbia, Connecticut, SJohn
is a design engineer with Emhart Industries, He
holds an Extra Class license and is a life
member of ARRL. A former vice director and

Jfohn  Sullivan, WIHHR

Conducted By Carol L. Smith,* AJ2!

assistant director, WIHHR served on the
ARRL Management and Finance Committee
and the ARRL Membership Affairs Commit-
tee. He was a past section emergency co-
ordinator, and is active in several radio clubs.

For Vice Direcior: Richard P. Beebe,
KIPAD — 2223; Clevis O. Laverty, WIRWG
- 14135,

Rick, who has been reelected as vice director,
lives in Billerica, Massachusetts, and was first
licensed in 1960. Holding BS and MS degrees in
electrical engineering, K1PAD is presently
employed at Hewlett Packard. He is the Sec-
tion Communications Manager for Eastern
Massachusetts, and is involved with a popular
monthly publication, the Crossbander. His
Amateur Radio activities include XX, traffic
handling, contesting, slow-scan TV, OSCAR
and local club work.

Northwestern Division

For Director: Mary B. Lewis, WIQGP —
1917; Joseph N. Winter, WATRWEK ~ 1909,

Director Eewis, reelected, is a resident of
Seattle, Washington, Mary holds an Advanced
class license, and is an electronics instructor
and freelance technician. She serves on the
Board’s Membership Affairs Committee and
was Washington Section Communications
Manager from 1973 to 1977, a past president,
secretary and trustee of the North Seattle ARC,
and an officer in several other Amateur Radio
organizations. W7QGP holds two ARRL
Public Service awards and is 4 QCWA life
member. Her activities in Amateur Radio in-
clude phone, Baudot and ASCIL RTTY, vom-
puter and cw operations.

For Vice Director: Mel C. Ellis, KTACZ
(unopposed).

Mel, reelected, is a member of QCWA, the
Western Washington DX Club and many other
radio clubs. KTAQZ is an active DXer and is
Spokane County EC. Mel is also a speaker and
emeee at radio functions throughout the divi-
S1OR.

Roanoke Division

For Director: Gay B, Milius, W4UG (unop-
posed).

Gay returns as Roanoke Division Director
and is an Extra Class licenses. He is a retired
lawyer and a retired commander in the .S,
Navy Reserve, (ay served as vice director of
the Hudson Division in 1950-51 and vice diree-
tor of the Roanoke Division in 1977-80. Li-
vensed since 1940, W4AUG is a life member of
ARRL. He has held positions of respoasibility
in many Amateur Radio ¢lubs and organiza-
tions, such as the Washington (DC)} Mobile
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Radia Club, the Virginia Beach ARC and the
Virginia Century Club, He was also co-
organizer of the Maritime Maobile Service Net.
Among his many awards are DXCC Honor
Roll (mixed and phone), S5-band DXCC,
DXCC (cw), WAC, WAS, Bicentennial WAS,
WAC, WPX Honor Roli, Al Operator Club
and a National Certificate of Merit.

For Vice Director: John Kanode, N4MM
{unopposed).

Returning as vice director, John lives in
Boyce, Virginia, and cdoes electronic circuit
research and development for IBM. An Extra
Clags licenses, he became an assistant director
in 1975 and is a former ARRL QSL Bureau
manager for W4, K4 and N4 calis. He has
served on the ARRL DX Advisory Committee
and the CQ Contest Committee. N4MM holds
IDXCC Honor Roll, DXCC (phone), DXCC
{cw), 5-band WAS, 3-band DXCC, 5-band
WAC, &-mieter 600 Chab, WAZ and WPX
awards. Sohn has been licensed since 1952 and
is a member of AMSAT, QCWA and JARC,

Rocky Mountain Divisien

For Director: Lys Carey, K¢PGM (unop-
posed).

1.ys returns as Division Director. Residing in
L.akewood, Cuolorado, K#PGM is a machine
shop foreman and holds an Advanced class
license. He was a vice director from 1979 to
1980, and assistant director from 1974 to 1978,
E.ys has been the editor of The Roundtable and
has been active in ARRL conventions. He
holds WAS, WAZ and WAC, and is a life
member of the League.

For Vice Director: Marshall Quiat, AGHX —
943; Robert W. Scupp, WBSYYX - 597.

Marshall, reelected, is an attorney dealing
with the general practice of law, with emphasis
on trial law, He is a past president of the
Denver Radio Club, a board member and an
editor of The Roundtable, and legal and regu-
latory comumittee chairman of the Colorado
Council of Amateur Radio Clubs. A life
member of ARRL, AGPX was also the legal
committee chairman of the 1976 ARRL Na-
tional Convention,

Southwestern Division

For Director: lay A. Holladay, W&EJI}
{unopposed). .

Jay returns as Director, having served in that
post since 1978, He was a vice director from
1975 to 1978, and has besn on the Executive
Committee, the Plans and Programs Commit-
tee, the Long-Range Planning Committee,
VHF/UHF Advisory Committee and the
Amateur Satellite Service Council. lay has
been the director and trustee for the Jet Pro-
puision ARC and is active in the Sowthern
California DX Ciub. Licensed since 1950,
WEOEIJ is a life member of ARRL, AMSAT
and QCWA, He is a member of the technical
staft at the Jet Propulsion Laboratory and
holds these awards: DXCC Honor Roll,
5-band DXCC, 5-band WAS and WAS via
OSCAR. Iay is active on 80 meters through 220
MHz,

Fur Vice Director: Fried Hevn, WAGWZO
— 1790; Joseph Merdler, NeAHU — 1451;
Peter F. Matthews, WB6UIA — 1012,

Fried Heyn is an ARRL life member and is
involved with AMRAD, AMSAT, Handi-
Hams, MARS and Side-Winders on ‘Two
{SWOT). He is also 2 member of the Southern
California DX Club, Tucsen Packet Radio
and the Los Angeles Area Council ARC, and
has been active in resolving RFI, antenna-
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restriction and malicios-interference
problems.

Twice a section communications manager,
Fried has also been an assistant dircctor.
WAGWZO holds DXCC, 5-band WAS, BPL
and Public Service Honor Roll awards, among
others. He has an Extra Class license, and is ac-

tive in contests and DX and net activities.

West Gulf Division

For  Director: Raymond B. Wangler,
WSEDZ (unopposed},

Ray, of San Antonio, Texas, continues in of-
fice as Director. Having previously served as a
vice director, he is an Advanced class amnateur
and a life member of ARRL. He serves as
chairman of the Board's Management and
Finance Committee and as chairman of the
Special Comumittee on the Bioeffects of RF
Energy. An amateur since 1952, Ray operates
from 80 meters to 70 ¢cm. He is a member of
AMSAT, 8WOT, SMIRK, 10-10 Interna-
tional, QCWA, the Ceutral States VHF
Association, the Texas VHF Society, Alamo
DX Amigos, the San Antonio Radio Club and
TTN. Ray is a senior member of the IEEE and
holds a BS in chemistry and a BA in physics.

For Vice Director: Thomas W. Comstock,
NSTC {unoppaosed),

NSTC, of College Station, Texas, is a life
inember of the League. Tom teaches at Texas
Ad&M University, and is very active in Amateur
Radio public service, having been a member of
the Traascontinental Corps, a liaison for NTS
region-to-area net, & liaison for section-to-
region net, and an NCS for the region and sec-
tion phone and cw nets. Tom holds the BPL,
Al Operator Club, Public Service Honor Roll,
DXCC (mixed) and DXCC (cw) awards. He is
active o most Amateur Radio bands.

THE ARRL YOLUNTEER EXAM
PROPOSAL

The League has petitioned in RM-4229 that
volunteers he allowed to prepare and ad-
minister Amateur Radio exams. The recently
passed law, P.L. 97259, among other things
allows the FCC to aceept and use these “*volun-
tary and uncompensated services.”

The ARRL stressed that its plan would im-
prove the efficiency and availability of services
to Commission licensees while greatly decreas-
ing the cost of those services to the Commis-
sion, In support of its plan, ARRL contended
that:

* exam opportunities will be increased.
Mote people at more places will be able to take
vxams more frequently.

* exams won’t be compromised. Currently,
disclosure of test questions and answers, and
FCCs lack of facilities to revise existing
cxams, have eroded test credibility, Under the
League proposal, the Commission will approve
a large bank of questions, which will then be in
the public domain,

* budget problems probebly won't get
better in the near future. 1t is unlikely that the
Commission will be able to afford the person-
nel required to create and administer exams.
The ARRL and numerous amateur groups and
individuals are prepared to refieve the Commis-
sion of this burden.

Specifically, the ARRL proposal would
allow the following for Extra, Advanced,
Cieneral or Technician exams:

* {imes and locations of all examinations to
be made public by FCC or by accredited
volunteer examiners,

* a volunteer examiner to be CGeneral class
or higher and he at least I8 vears uold.
Volunteer examiners may not be related to the
applicants.

s three accredited volunteer examiners must
be present, and all three must sign the appli-
cant’s 6/0 Form, At least ong of the signers will
be an Amatenr Extra Class licensee, and the
other two will hold a higher class of license
than the class for which the exam is being con-
ducted, In tests for Advanced and Extra Class
licenses, afl three signers will hold Extra Class
licenses,

* 74% is the minbmum passing grade for
written exams. For the purpose of grading,
each ¢lement required in qualifying for a par-
ticular license will be considered as a separate
examination. All written exams will be graded
by the Commission personnel or the volunteer
examiners who administered the test, Grading
will be done on the spat, and results will be
made known immediately,

@ persons who own a significant interest in
or are employees of any organization involved
in the manufacture or distribution of Amateur
Radic equipment or the preparation or
distribution of publications that may be used as
study aids for amateur license exams are dis-
yualified from being accredited volfunteer ex-
aminers. This pravision is required by Public
Law 97-259,

The [eague further proposed that

the Commission may designate tnoaprofit
educational organizations to aceredit volunteer ex-
aminers o provide exam opportunities through-
out the country. Such an organization may be en-
trusted with screening an applicant’s 619 form to
validate volunieer examiners’ signaturks and to
certify to the Commission that the applicant has
successfully passed an examination. To designate
arganizations to accredit and ¢opordinate the ef-
forts of volunteer vxaminers, the Commission
will, in a Request for Proposals, call for applica-
tions that must document in detail an organiza-
tion’s procedures and ability to:

» establish a network of volunteers who can
schedule exantinations regularly and at the conve-
aience af the amateur community in every section
af the country,

* coprdinate and monitor the activities of
volunteer examiners, including producing and
distributing the exeminations themselves, both
code and wriften, and screening and validating the
applicant’s 610 form,

* demonsirate « long-term commiimeni to
coordinating a volunteer examiner program, To
this end, the Commission will require each can-
didate/organization to demonstrate in detail the
personnel and monetary resources available ta the
program.

The Commission will use these criteria to
designate organizations to accredit volunteer ex-
aminers, certify successful applicants’ 610 forms
and forward them to the Commission for the is-
suance of an Amateur Radio operator license,

T amass a pool of questions large vnough to
ensure the integrity of the amateur examinations,
the Commission may acvept the vohintary services
of individuals and Amateur Radio organizations
in preparing amateur examinations. The Commis-
ston may solicit a large bank of questions for each
license class based on the Commission's Study
Guide for that class of license, The Commission
will approve these banks of questions, which witl
become public domain. Individual examinations
will be made up of subsets of these questions, each
examination to cover a propostionate sampling of
each major Study Guide area, and will constitute.
the written clement for an amateur examination,
The Commission may alse accept the voluntary
services of individuals and arganizations in the
preparation of code exams for an  amateur
operator license,

The ARRL Novice Proposal

The League’s proposal for the Novice ex-
amination would allow

* the test to be conducted and supervised by
@ volunteer exeminer selected by the applicant,
unless otherwise prescribed by the Commis-



sion. The volunteer examiner shall be at least
18 years of age, unrelated to the applicant., and
the holder of an amateur Extra, Advanced or
CGieneral class license,

¢ the volunteer examiner to administer the
telegraphy exam, Element 1(A), in accordance
with Section 97.28(c). The written portion of
the examination, Element 2, will be preparad
by the volunteer examiner from the pool of
guestions for Element 2, which the Commis-
ston has made public. The examination will be
made up of 20 questions from the pool, chosen
in prescribed proportions from the topics in the
Commission’s Study Guide for Element 2.

* both code and written portions of the
exam to be graded hy the volunteer examiner.
Fifteen answers correct out of 20 is the
minimum passing grade for the written exam,
The volunteer examiner will be responsible for
the proper conduct and necessary supervision
of the exam.

* the volunteer examiner to sign a statement
on the successful applicant’s 610 form actesting
that the applicant has passed both the code and
written portions of the examination. The ap-
plication can then be forwarded to the Com-
mission by the coordinating organization for
issnance of the lcense.

® the Commission lo accept the voluntary
services of individuals and Amateur Rudio
organizations for amassing a pool of questions
Jor Element 2 examinations. The Commission
will approve the pool of questions, which will
become public domain,

FCC PROPOSES CHANGES IN
NOVICE EXAM PROCEDURE

(One day before the League’s filing, the Com-
mission adopted an NPRM in Docket 82-727
that would cut delays and costs in the Novice
exam procedure in a slightly different fashion
from that suggested by the League. The FOC
proposal would eliminate the mail-back pro-
cedure, substantially cutting the cost of ad-
ministering the Novice license program, The
Commission said that “the existing procedure
is unnecessary and burdensome, and its costs
far exceed its benefits.”

Uinder the proposed rule change:

® the licensee giving the iest would prepare o
writien exam based on the syifabus for Element
2 in the FCC Study Guide, administer the ex-
am, and grade it (74% und higher is passing).

* {f the applicant passed, the licensee would
certify that both examinations were completed
suceessfully, and the application would be pro-
cessed by FOC, as it is now,

* the examiner must be a General class
licensee or above.

® the examiner must be at feast 13 years old.

® the examiner must not be related to the ap-
plicant,

* the examiner must Keep ¢ copy of each
written exam paper for one year.

The Commission requested comments on
whether requiring the volunteer examiner to
keep a copy of each written exam for one year
would produce any enforcement benefits. 1t
also invited comments on alternative methods
of assuring that the written exams are ad-
ministered 1n good faith, Comment deadline is
February 15, 1983; Reply comment deadline is
March 15, 1983,

The FCC said it *'is confident that eligible
licensees would fairly test Novice candidates.
The Study Guide syllabus is carefully prepared
hy the FCC staff and revised regulariv, with ex-
tenstve input from the amateur community.” It

expressed confidence ““in the competence. of
ficensees and their commitment to the goals of
the Amateur Radio Service,””

BEACONS — AUTOMATIC
CONTROL APPROVED

In Docket 81-823, the Commission amended its
rules to auwthorize automatic control for
Amateur Radio stations transmitting one-way
‘‘beacon transmissions to detect unusual
propagation conditions and to check out and
adjust radio equipment.” Previously, beacon
operations required manual conirol with the
operator present at all times, though the Com-
mission did routinely grant STAs to circumvent
this requirement. That experience, in fact,
helped convinee the FCC that automatic con-
trol was adequaie for complying with all the
other rules,

Comments received on the proposal were
generally  supportive, though there was
unanimous disagreement with the Commis-
sion’s choice of frequencies to authorize
beacon operation in the 10-meter band. The
ARRIL was concerned that provisions restrict-
ing manually controlled beacon operation to
specific beacon subbands not be included
because that would restrict experimentation,

The Commission cautioned that, while it was
not placing frequency restrictions on manually
contrelfed beacon operations, it **would not
stand  for illegally caused interference.”
Therefore, included in the rules is a provision
for ordering the cessation of beacon aperation
when a station i operating improperly or
causing undue interference,

Effective January 3, 1983, these new rules
apply:

¢ FCC-approved frequencies for auto-
maticatly controfled beacon operation are

28.20-28.30 MHz
50.06-350.08 MHz
[44.05-144.06 MHz
20.405-220.06 MHz
222.05-222.06 MHz
432.07-432.08 MHz
Al amateur bands above 450 MHz

* manually controlled beacon cperations
are not frequency restricted,

o d@, Al FE, Fl or A2J emissions are
authorized for beacon use. When Fl or A2l
are used, the radio or audio shift must be
fess than 900 Hz.

® wmaximum power is [00-W input,

s beacons must identify once each
minute with the station call sign followed
by the slant bar and the letters BCN or 8
(while using cw), or **beacon” (while using
phone). This station identification shall be
made at intervals not to exceed one minute
Juring any period of operation.

* no heacon can operate on more than
ane frequency in the same band from the
same location.

* gutomatic beacons operating in the
National Radio Quiet Zone must follow
specigl rules (see June 1981 QST page 54}

* quromatically controlled beacons must
have devices installed and procedures im-
plemented {6 ensure compliance with the
rules when the duty control operator is not
present at @ control point of the station.

* heacon operation shail cease upon
notification by any engineer-in-charge of ¢
Commission field facility that the statlon is
operating improperly or causing undue in-
terference. Beacon operation shall not
resurne  without prior approval of the
engineer-in-charge.

SECTION MANAGER
ELECTION NOTICE

To all ARRL members in the Alberta, Mevada,
Rhode lsland, Northern New Jlersey, San
Joaquin Valley, Utah, Maryland-DC, New
Hampshire and Eastern Massachusetts sec-
tions: You arc hereby solicited for nominating
petitions pursuant to an election for Section
Manager. [n accordance with the restructuring
of the ARRL Field Organization, the position
of Section Manager will supersede the position
of Section Communications Manager in each
section. Incumbent SCMs are listed on page 8
of this issue.

A petition, to be valid, must contain the
signatures of five or more full ARRL members
residing in the section concerned. Photocopied
signatures are not acceptable, No petition is
valid without at least five signatures on thet
petition, No member may sign more than one
petition. It is advisable to have a few more than
five signatures on each petition.

Petition forms (CD-129) are available on re-
quest from ARRL Headguarters, but are not
required. The following form is suggested;

(Place and date)
General Manager, ARRL
225 Main St., Newington, CT 061F1

We, the undersigned full members of
the . . . ARRL Section of the . . . Divi-
sion, hereby nominate . . . as candidate for
Section Manager for this Section for the next
twao-year term of office.
{Signature . . . Call , .
ZIP . )

An 5M candidate must have been a member
of the League for a continuous term of at least
two years and a licensed amateur of Generai
class or higher (Canadian Advanced Amateur
Certificate) immediately prior to receipt of
petition at Headquarters.

Petitions must be received at Headquarters
on or hefore $:30 P,M. Eastern Local Time,
March 4, (983.

Whenever more than one member is nomi-
nated in a single section, ballots will be mailed
from Headquarters on April 1, [983, Returns
will be counted May 24, 1983, SMs elected as a
result of the above procedure will take office
July 1, 1983,

If oniy one valid petition is received for a
section, that nominee shall be declared elected
without opposition for a two-year term be-
ginning July 1, 1983.

If no petitions are received for a section by
the specified closing date, such section will be
resalicited in July 87, An SM elected through
the resolicitation will serve a term of 18
months,

Yacancies in any SM office between elections
are filled by appointment by the Generai
Manager.

You are urged to take the initiative and file a
nominating petition immediately.

Pavid Sumner, K127
General Manaper

. City L L

CODE CREDIT FOR COMMERCIAL
RADIOTELEGRAPH OPS

The Commission, citing ““redundant testing,”
has amended Section 97.25{c} of the Rules to
give Amateur Radio code credit to commerciaf
radiotelegraph operators, ““Both amateur and
commercial radiotelegraph operators are tested
for various degrees of expertise in Morse
code,”” the FCC said. ““The comumercial
radiotelegraph examination requiretnents ex-
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ceed even the most rigorous telegraphy ex-
amination requirements of the Amateur Radio
Service, It is our view that constraints we place
on present or former commercial radiotele-
graph operators to get Morse code credit for
telepraphy element 1(¢) are unnecessary and in-
appropriate.”

Effective immediately, commercial radio-
telegraphy operators will receive credit for any
amateur telegraphy element if the applicant
holds @ commercial radiotelegraph operator
ficense or permit or has held one within five
yeais of receipt of that person’s application for
an Amateur Radio license.

REMOTE-CONTROL AND SECURITY-
ALARM MANUFACTURERS
iINCOURAGED TO AVOID

OUR FREQUENCIES

FCC has partiafly granted a League request
seeking a “*rethink” of its October 1981 deci-
sion giving flexibility in the operation of
nonlicensed, low-power transmitters for radio-
control and wireless security systems, ARRL
had visions of potential disasters if wmanufac-
turers of these devices chose to use Amateur
Radio frequencies for their garage-door
openers, ¢lectronic burglar alarms, etc.

The League contended that ‘‘because
amateur stations operate at high-power levels
in restdential areas close to homes having
burglar alarms and other security systems,
there is a high potential for amateur stations to
jam these systems or to trigger a false alarm,
Moreover, radio control and security devices
could interfere with amateur stations.'’ The
ARRL asked that ‘‘144-148, 220-225 and
420-450 MHz frequencies allocated to the
Amateur Radio Service be excluded from use
by radio-control and security-alasm devices.””

The FCOC agreed, in part. It didn’t ban
manuiacturers of the specified devices from
using amateur frequencies, but it strongly sug-
gested that they be aware of the potential prob-
lems when designing their devices. “*Because of
possible susceptibility and interference prob-
lems that might occur between security alarm
systems and/or high-power radio operations,”
the Commission noted. “‘it wonid expand Part
15 {of the Rules) to alert manufacturers to con-
sider, in designing equipment, susceptibility to
Amateur Radio_and other high-powered opera-
tions and to avoid operation on frequencies
wsed by high-powered stations.”

BIOLOGICAL EFFECTS OF RF
ENERGY - STILL A QUESTION

Action surrounding the matter of biological ef-
fects of rf radiation continues on several
frants, On one side, state and local govern-
ments throughout the couniry are attempting
to legislate radiation standards, widely varying
in limits and proposed exemptions, For ex-
ampie, Multhomah County, Oregon, and the
entire state of Massachusetis are proposing to
enforce  standards stricter than the new
American National Standards Institute (ANS[)
recommendations. On another side, affected
organizations, including ARRL, and their
members are worried that these restrictions will
greatly hinder their communications.

The FCC, severai years ago, issued Docket
79-144, which was meant to be a fact-finding
inquiry of the biological eftects of rf radiation.
Earlier this year, the Commission proposed to
require its licensees to file environmental im-
pact statements if their operations would ex-
ceed federal rf standards., The League re
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Table 1

ANSI Safety Levels of Human
Exposure to RF

Frequency Fowser
Range Density
(MHz) mWlem?)
0.3-3 100

330 900/
30-300 10
300-1500 /300
1600-100,000 5.0

guested exemptions for amateurs and ex-
pressed concern about widely varying state and
local government restrictions.

In its recent Reply Comments to Docket
79-144, the ARRL reiterated its position that
‘‘unless the Commission adopts preemptive of
exposure  standards specifically  exempting
Amateur Radio, state and local government
regulation will likely serfously affect the ability
of radio amateurs to carry out the basis and
purpose of the Amateur Radio Service." it also
urged the FCC to

* pxpress its authority and infention to
preempt local and state government rf energy
exposure standards related to FCC-licensed
Sacilities.

* recognize and adopt the latest ANSI stan-
dards (see accompanying tuble} for both the
workplace and the public, and exempt
Amateur Radio and other appropriate services.

REPEATED VIOLATIONS,
EVASIVENESS COST AMATEUR
HIS LICENSE

Rogers, ex-WDSIFPO

The FCC has reestablished the correctness of a
iegal principle that rufes violations conmmitted
in one radio service, such as the Citizens Band
Radio Service, can form the basis for revoca-
tion and suspension of a statfon and operator
license in another radio service, such as the
Amateur Radio Service. This ruling came as
part of an FCC Memorandum Qpinion and
Order revoking the station license, WDSFPO,
and suspending the Technician class operator
license of William M. Rogers of Oklahoma
City, Oklahoma. The Order also affirmed
FCC’s deniaf of Rogers's application for an
amateur Ceneral class license,

On April 24, 1978, the FCC sent Rogers
alternative Notices of Violations in the CB and
Amateur Radio Services because *'it did not
know whether CB or Amateur Radio equip-
ment was nsed,”” The Commission had caught
Rogers transmitting voice communications on
frequencies assigned to the Federal Aviation
Administration (FAA), using a call sign
designation of **103" instead of 4 properly
assigned call.

The controversy over the legal principles in-
volved came about when the administrative law
judge hearing Rogers's case found that his
violation of CB Rules in 1975 and 1978 “*af-
fected his qualification to remain a licensee.”
The adminisirative law judge thersupon re-
voked Rogers’s amateur licenses and denied his
application for a General class operator
license. Rogers appealed the decision to the
FCC Review Board, raising the issue of the
Commission’s authority to find a person un-
qualified to hold a license in one radio service
because of violations that occurred in another
service, Rogers also raised the issue of whether
the Commission could really consider his rules

FCC Miami Field Office Relocates

The Federal Communications
Commisslon’s Miami Field Office has
relocated to Kroger Building, Suite 203,
8675 NW 53rd St., Miami, FLL 33101. The Of.
fice's telephone numbers remain the same:
305-350-5542; 305-350-5541 (recorded infor-
mation),

violations as serious, in light of the fact that the
Commission bhad renewed Rogers's license for
WDSFPO after it began its revocation pro-
ceeding. lack of coordination between the
FCC license processing and enforcement per-
sonnel had resulted in its renewing WD5SFPO
on May 30, 1978, The Review Board reversed
the administrative law judge’s decision, and the
FCC Private Radie Bureau appealed to the
Commissioners.,

The Commission Memorandum Opinion
and Ovder specifically overruled the Review
Board on two important issucs. First, the Com-
mission held that Section 303(m) of the Com-
munications Act ‘‘means what it says — that
the Commission can suspend the license of any
operator upon proof sufficient to satisfy it that
the holder of that license had violated any pro-
vision of the Communications Act or any
regulation made pursuant to the Act.” Second,
the Commission held that ‘“the grant of a
license renewal does not preclude a later
revocation proceeding based vpon rules viola-
tions that occurred, and were known to the
Commission iovestigators prior to license
renewal.”” The FCC thus “disagreed with the
Review Board that Rogers’s amateur station
license cannot be revoked because staff in-
vestigators knew of his violations at the time
another Commission office renewed his
license."” According to the Commission, *““Sec-
tion 312¢a)x(4) of the Act plainly states that the
Commission may revoke any station license for
willful or repeated violations of the Act or our
riules.”” —— W, Dale Clift, WAINLO

ADDITIONAL SPECTRUM FOR
R/C DEVICES '

Radio-control