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hat  To 
ook For In A 
hone Patch 
IP hest way to decide 
iat patch is right for you 
to first decide what a 

tch sho~lld do. A patch 
ould: 

Give complete control to 
the mobile, allowing full 
break in operation. 

Not interfere with the 
normal operation of your 
base station. It should 
not require you to con- 
nect and disconnect cab- 
les (or flip switches!) 
evey time you wish to 
use your radio as a nor- 
mal hase station. 

Not depend on volume or 
squelch settings of your 
radio. It should work the 
same rpgardless of what 
you do with these con- 
trols. 

You should be able to 
hear your base station 
speaker with the patch 
installed. Remember, you 
have a base station be- 
cause there are mobiles. 
ONE OF THEM MIGHT 
NEED HELP. 

The patch should have 
standard features at 
no extra cost. These 
should include program- 
mable toll restrict (dip 
switches), tone or ro tay  
dialing, programmable 
p a t c h  a n d  a c t i v i t y  
timers, and front panel 
indicators of channel and 
patch status. 

ONLY SMART PA7CH 
HAS ALL OF THE 
ABOVE. 

o w  Mobile 
Iperators Can 
njoy An 
ffordable 
ersonal Phone 
atch. . . 
Without an expensive 
rvpralvr. 
Using any FM tranceiver 
as a hase station. 
The serret is a SIMPLEX 
autopatch. The SMART 
PATCH. 
MART PATCH 
r Easy To Install 
I it~stall SMARTPATCH. 
nnect the niultirolored 
~mputer style rit~bon cable 

niir audio. receiver 
srriminator, I T ,  and 
bwer. A mtdular phone 
~ r d  is pr0\4ded for con- 
mrtion to your phone sys- 
ni. Sound siniple? . . . 
IS! 

How To Use 
SMART PATCH 
I'lncinq d call is siniple. 
Send your access code 
from your mohile (exani- 
ple: '73). This brings up 
ttie Patch and you will 
hear dial tone transniitttd 
from your base station. 
Since SMART PATCH is 
checking about once prr  
srrond to see if you want 
to dial. all you have to do 
is key your transmitter. 
then dial the phonc, num- 
ber. You will now hear 
the phone ring and so1.w- 
one answer. Since the rn-  
hanced control system of 
SMART PATCH is ron- 
stantly checking to see i f  
you wish to talk, you need 
lo  simply key your trans- 
mitter and then talk. 
That's right. you simply 
key your transmitter to 
interrupt the phone line. 
The base station auto- 
matically stops hansniit- 
ting after you key your 
mir .  SMART PATCH dors 
not require any special 
tone equipment to control 
your base station. It sam- 
ples v e y  high frequency 
noise present at your 
receivers discriminator to 
r l ~ t ~ r m i n e  if a mobile is 
present. No words or sylla- 
bles are ever lost. 

SMART PATCH 
I s  All You Need 
To Automatically 
Patch Your Base 
Station To Your 
Phone Line. 
I Iw SMART PATCH for: 

Mohilc. (nr reniotc. base) 
11) phone line via Siniplex 
tmse. (sev fig I .) 

Mobile to Mobile via in- 
terconnected hase sta- 
tions for extendrd range. 
(CCF fig. 2.) 

Tc.lephone line to niohiie 
(or rrrnote base). 

SMART PATCH uses 
SIMPLEX BASE STA- 
TION EQUIPMF:NT. CJse 
vour ordinay hase sta- 
tion. SMART PATCH 
does this without inter- 
frring with the normal 
IISF 01 your radio. 

WARRANTYI 
YI S. 180 davs of wnrran- 
tv protertion. You s~mplv 
cnn't go wrong. 
An FCC tvpe arrepted 
rnupler is available for 
SMART PATCH. 

Communications Electronics Specialties, Inc. 
P.0. 13ox 2930. Winter Park. Florida 32790 
Telepti~~ne: (305) 645-0474 Or call toll-free (800)327-9956 



and a "be 
operatlon ol varlous swltches 
For silperlor sound qual~ty, thc 
separat~, external speaker, ca 
be easlly mounted to project 
the sound In the deslred dlrec 
t ~on  A 16-key autopatch 
UPIDOWN mlc allows easy 
r en i o t~  operat~on of major fror 
 ane el functions. Thanks to 

eper" to cl . . r TM-201P 9 
~nal A c c e ~  ,,..,,. 
Programrn,~blr two- 
mcy  CTCSS c:ncoder. 
7A f~xed stallon power 
y, MA-4000 du;il-bander 
e antenna w ~ t h  dupl 
30AlB SWRIpower r 
5 rnoblle mlcrophon 
 me-out l ~ m ~ r  

A/TM-4C 
ACT7'. . . t 
I.. 

their 
t latlvc 

Llowc 

performar 
?. Each fez *. ,...,, *,.IT . 

uper- 
l l L0  
I VFO's 

t" best de 
A VHF (a 
le TM-,101, . .. 

.In, 5 merr 
vl" channf 
?ry back-u 
rammable 

iorles PIUS 
5 1  w~ th  l~this 
p, nir-lmor\ 
band sca 

a 
on1 
I scan, 
n, pri- 

-7-  

ExPr, 
neter. 
e 

The word "compac 
scr~br?s the TM-201 

S ttl 
They 

OW 

)eater 

naker, a 
116-key 
N mir 

lipply. SP- 
! S[)F:%~FI, ! 
. .. . 

hrough sp 40 
~ u n t ,  and ; SP-50 

er nieasurcs 2s w a ~  auropa~cn UPIDOWI . ~ C I  ITIOL)II(: SPt'ilKCI. 
TW-4000A ,r band. Thr? TW-40C The new opl~onal VS-1 voicc 000 diral-barid ~riobrle 
FM "Dual-Band6 Ires a Iargc, wsy- to  synthes~zer has everyone na wlth duplcxor. MC-55 
Kl  NWOOD'S TW-A d~splay, front panel t:~lklng! A volce announces t h ~  e rn~croplionc: w ~ t h  tlme- 
"Di~al-Bancl,erW prov,~,, , ,,., )n for night opcratlor frerlucncy, band. VFO A or R. ner, and n SW-1006 
vorsat~l~ty ~n VHF and UHF ior~es with OFf-SET I r cp~a le r  offset, and 'power meter. 
o(:~erat~ons, uniquely combin1 Irth~um battery hack! c h a n n ~ l  r i ~~mbe r  wh re ~nfornintion on tht 
2-m and 70-cm FM function: ramniable memory : funct~ons are select1 31AITM-401A and 
in one conlpact package. It scan ~n selected 1 - Other TW-4000A OOOA IS  available f rc  
covers thc 2-rn band (142 .00~ -  segments, pr~ority watch optional accessories: r~zed dealers of 
148.995 MHz), including certa~n t~on, common channel sc vS - l  vo~cf!  syr l th~~s~zer, TU-4C :enwood Communications 
hilARS and CAP frequencies, dual dlgital VFO's, rellecl programmable two-frequency Vest Walnut Street 
antj the 70-cm band (440.000-  revers^: s;uitch. GaAs FE CTCSS encoder. KPS-7A fixed ]ton, Cal~forn~n 90220. 
449.995 MHz), all In a package ends, rugged die-cast ct .,.,,..,. ~~Pc:,~,c,~I~IIII~ mti p r , ( : ~ ?  CII( ,,I~~IPC~ 10 ~*I;I~IOP V~I~IICIII~ I I O ~ I ~ : ~ ~  c,t~l~Q~~r~or' 

only 
8-91 
n n ~ r ~ ,  

6-318 W : 
16 D inchr 

st;lllo 
cornp 
[;om[> ,,~>.. 

elthe 
feat( 
LCD 
natic 

MA-i 
anten 
mob11 
out t l r  

Inen 
ng and 
s prog 

. - banc 

recall 
IlP, 
;can, 
MHz 

memory 
en these 
-?d. 

Iilnc- 
:an. 
ter 
T front 
i z c c i c  



0 

.ope. Japar 
All sub? 

magazine 

contents 
12 a six-output power supply 

Vaughn D. Martin and Dean Davis, WBSZKU 

25 Leyden's magic jar: the derivation of 
Hertzian and Marconi antennas 
W. Clem Small, KRGA 

30 low-cost UHF antenna tower 
Nick Klos, KAGGVY 

37 design your own trap antenna 
R.P. Haviland, W4MB 

41 the "smart" frequency counter 
Tim Ahrens, WA5VQK 

55 VHFIUHF world: frequency calibrati 
Joe Reisert, WlJR 

65 a high-efficiency top-loaded vertical 
Howard F. Shepherd, WGUS 

73 extendedlexpanded power dividers 
George Chaney, W5JTL 

82 the weekender: 
simple, compact QRP keyer 
Jack Najork, W5FG 

89 applied Yagi antenna design, part 6: 
the model and a special teaching too 
Stanley Jaffin, WB3BGU 

106 ham radio techniques 
Bill Orr, WGSAI 

117 Land C measurements 
Larry Duthie, WBGZLN 

120 Smith Chart impedance matching 
on your Commodore 64 
Lynn A. Gerig, WASGFR 

152 advertisers index 141 new product3 
and reader service 33 obituary 

100 DX forecaster 5 presstop 
150 flea market 139 product review 
148 ham mart 6 reflections 
48 ham notebook 60 short circuit 

October 1984 3 



300 WATT ANTENNA TUNER HAS SWR/WAT' 
MATCHES VIRTUALLY EVERYTHING FROM 1.8 T( 

'METER, ANTENNA SWITCH, BALUN. 
30 MHz. I 

. - MFJ's fastest selllng tuner packs In plenty of new featurss! 
New Stvllna! Brushed alum~num front All metal cab~net I 

NEW 
F E ~ R E S  

New s w ~ i ~ a t t m e t e r !  More accurate. Switch selectable 
300/30 watt ranges. Read forward/reflected power. 

New Antenna Switch! Front panel mounted. Select 2 coax 
lines, direct or through tuner, random w~re/balanced line or 
tuner bypass lor dummy load 

New almound lnductor! Larger more efficient 12 position air- 
wound Inductor glves lower losses and more watts out. Run up 
to 300 watts RF power output. Matches everything from 1.8 to 
30 MHz: d~poles, inverted vee. random wires, verticals, mobile 
wh~ps, beams, balanced and coax Ilnes. Built-in 4.1 balun for 
balanced lines, lOOOV capacitor spacing. Black. 11x3~7 inches. 
Works with all sol~d state or tube rlgs. Easy to use, anywhere. 

RTTY/ASCII/CW COMPUTER 
INTERFACE 

Free MFJ RTTY/ASCII/CW software on tape and 
cable for VIC-20 or C 6 a .  Send and receive com- 
puterized RTTY/ASCII/CW with nearly any per- 
sonal computer (VIC-20. Apple. TRS-BOC. Atari, 
TI-99, Commodore 64, etc.). Use Kantronics or 
most other RTTY/CW software. Copies both mark 
and space, any shift (including 170, 425, 850 Hz) 
and any speed (5-100 WPM RTTY/CW, 300 baud 
ASCII). Sharp 8 pole active filter for CW and 170 
Hz shift. Sends 170. 850 Hz shift. Normal/reverse 
switch eliminates retuning. Automatic noise limiter. 
Kantronics compatible socket plus exclusive general 
purpose socket. 8x1 %x6 in. 12-15 VDC or 110 VAC 
with adapter. MFJ-1312, $9.95. 

RX NOISE 
BRIDGE 
Maxlmlze 
your antenna ' \ 
performance! $59.95 MFJ-2020  
Tells whether to shorren or lengthen antenna for 
m ~ n ~ m u m  SWR. Measure resonant frequency. 
radiation resistance and reactance. 
New Featqres: individually calibrated resistance 
scale, expanded capacitance range (f150 pf). 
Bu~lt- in range extender for measurements be- 
yond scale readings. 1-100 MHz. Comprehensive' 
manual. Use 9 V battery. 2 x 4 ~ 4  in. 

INDOOR TUNED ACTIVE 
NEW! ,MP~ovED! ANTENNA 
with higher gain"Wor1d Grabber rlvals 

or exceeds reception 
of outside long wlres! Un~que tuned Actlve 
Antenna minimizes intermode, Improves select- 
ivitv. reduces noise outside tuned band, even 
funkions as preselector w ~ t h  external antennas. 1 
Covers 0.3-30 MHz. Tele 
c o p  a n e n a  Tune 
Band. Galn. On-off 
bypass controls.6x2x6 in. @. .@ 
Uses 9V battery,9- 
18 VDC or 110 VAC with 
adapter. MFJ-1312. $9.95. MFJ-1020A $79.95 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your ryntheslnd scanning $39.95 
2 meter handheld into a hot Pollcel MFJ 
Flre/Weather band scanner! i L - 3 1 3  
144-148 MHz handhelds 
receive Pol~ce/Flre on 154- 
158 MHz with direct fre- 
quency readout. Hear 
NOAA maririme coastal 
plus more on 160-164 MHz. 
Converter mounts between 
handheld and rubber ducky. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 
OBLIGATION. IF NOT DELIGHTED, RETURN WITH- 
IN30 DAYS FOR PROMPTREFUND (LESSSHIPPING). 

One year uncondltlonal guarantee Made in USA. 
Add $4.00 each shipping/handllng Callorwrfta 

for f m  -log, over 100 products. i 

Feedthru allows simultaneous '--- 
scanning of both 2 meters 
a 1  Pollce/Fire bands. No & 
missed calls. Crystal controlled. Rypass/Off 
switch allows transmitting (up to 5 watts). Use 
AAA battery. 2%x1%xl1/2 In. BNC connectors. 

MFJ/BENCHER KEYER 

!I 
all CW worlds- 
a deluxe MFJ Keyer ~n a c o m p a a n f ~ ~ u r a t i o n  
that f ~ t s  r ~ q h t  on the Bencher lamb~c  addle! 
MFJ ~ e ~ e ;  -small in size, b ~ g  In features. Curtis 
8044-8 IC, adjustable weight and tone,front pane 
volume and speed controls (8-50 WPM). Built- 
in dot-dash memories. Speaker, sidetone, and 
push button selection of semt-automatic/tune 
or automatic modes. Solid state keying. Bencher 
paddle is fully adjustable; heavy steel base with 
non-skid feet. Uses 9 V battery or 110 VAC with 
optional adapter. MFJ-1305. $9.95. 

VHF SWWWATTMETER 
LOW Cost MFJ-812 $29.95 
VHF SWRI 
Wattmeter! 
Read SWR 

and forward/ 0 
reflected power I 
at 2 meters. Has 30 and 300 watts scales Also 
read relative f~e ld  strength 4 x 2 ~ 3  in. 

4 October 1984 

MFJ ENTERPRISES, INC. 
Bm 494, Mlsslsslppl State. MS 39762 

1 KW DUMMY LOAD 
Tune up fad, extend 

MFJ-250 $39.95 - 11 - . 
life of flnalr. reduce - 
ORM! Rated l K W  CW ' ~ * K . I ~ ~ ~ ~ ~  - 
or 2KW PEP for 10 mln- 
Utes Half ra t~ng for 20 I 

minutes, contlnuws at 
200 W CW, 400 W PEP - I 

A 

VSWR under 1 2 to 30 
MHz. 1 5  to 300 MHz d 011 contalns no PCB \ - > 
50 ohm non-lnductrve reslstor Safety vent 
Carrylng handle 7Y7x6Jh In. 

24/12 HOUR CLOCK/ ID TIMER 

maintains time during power outage. ID tuner 
alerts every 9 minutes after reset. Red LED .6 inch 
d~gits.  Synchronizable with WWV. Alarm with 
snooze function. Mlnute set, hour set switches. 
Time set switch prevents mis-setting. Power out, 
alarm on indicators. Gray and black cabinet. 5x& 
3 inches. 110 VAC, 60 Hz. 

DUAL TUNABLE SSB/CW/RTTY 
FILTER MFJ-7520 $99.95 

I 

Dual filters give unmatched performance1 
The prlmary frlter lets you pear i c * c b  3n 
pass or htgh pass wlih ex'ra Gee3 s&lr'z 
Aux~ l~a ry  tllter glves 70 db norm JG r z  3eat 
Both fllters tune from 300 ': 3C00 +z A 'p 

var~able bandwldrh fpom 40 HZ 'C *Pa- , ' 2' 
Constant outout as banawc:" s . 2 -  ei Inear 
frequency control SwTcma!J e *: se - ' e -  ' z r  
Impulse nolse Slmula'ec s'e-er s:,-: ':* C l t  
lets ears and mlna -e ec' 35': -2"'s ':* 2 -15s 
Plugs Into phone lac* ',*.r .tams ' 2 ,  s2eaker 
off byDdSSeS '#l!er 3 ' 8  'b ?C :- ": , 'C A '* 
ootlonal aaaoter 2". ' 2 . 2  S C  ?5 

TO OROERORFORYOUR NEAREST 
DEALER, CALL TOLL-FREE 
800-647-1800. Call 601.323-5869 
in Miss and oulslde cont~nental U S A  ~o . ( r~o rd  

Telex 53-4590 MFJ STKV 



A PROPOSAL TO REALLOCATE 220 MHz AMATEUR FREQUENCIES TO LAND MOBILE was made in late 
July by Sideband Technology, Inc., a manufacturer of Amplitude Compandored Sideband (ACSB) 
equipment. In its Petition for Rule Making, RM-4831, Sideband Technology proposes that the 
bottom two megacycles of the 220-225 MHz Amateur band plus the adjacent 216-220 MHz Inland 
Waterways Communications Service band be allocated to ACSB Land Mobile users. 

~pposition To The Growing Pressure On 220 Has Developed Rapidly, highlighted by a 
t e l e o e  country via many VHF 
and UHF repeate;s, plus-a few SSB relays to the HF bands.  he net, hastily organized and 
led by 220 Notes publisher K9X1, did an excellent job of reviewing the growing 220 problem 
and w h a s u m e  done about it. It was particularly valuable in alerting Amateurs to 
file Comments on both this petition and the earlier one by the Land Mobile Communications 
Council (see September Pressto ) Comments closed on the LMCC petition in August, but 
a legal auestion has d e ~ y d e ' c l o s i n e  date on RM-4831 indef initelv. 

A-~eailocation Of  his. Importance 1sL'~ighly Unlike1 without going through a formal 
Notice of Proposed Rule Making procedure, but rumors of high-level FCC support for the 
change have been circulating. (See this month's Reflections for more on the 220 issue) 

AN ELECTION OF UNIONIZING ARRL EMPLOYEES WAS HELD August 23 in Newington, and the union 
effort lost bv a verv large margin. Staff dissatisfaction over ARRL's return to the five- 
day work week-and other work-rerated matters had triggered the effort to set up a collective 
bargaining agent at League headquarters, but a very strong, well-organized opposition effort 
by management defeated the attempt. However, the problems that caused the unionizing effort 
have still not been resolved. That, coupled with the deterioration in relations between 
staff and management-and within those groups as well-that developed during the unionizing 
efforts of the past few months make it likely that morale will continue to be a problem in 
Newington for some time to come. 

420-450 MHZ USERS IN GEORGIA AND TEXAS FACE POWER RESTRICTIONS following the addition 
of two new "Military Protected Zones." After September 12, Amateurs within a 124 mile 
radius of Warner Robbins AFB in Georgia or Goodfellow AFB in Texas who plan to run more 
than 50 watts ERP will be required to coordinate their operations on the 70 cm band with 
both the nearest FCC Engineer-In-Charge and the military Area Frequency Coordinator. 

OSCAR 10's OPERATING SCHEDULE HAS BEEN CHANGED, due primarily to the onset of an 
eclipse period which deprives the s p a c e c r a f t x r  panels of sunlight for up to 1 1/2 hours 
at a time. The 145.810 General Beacon schedule has also been changed; bulletins now start 
on the hour and half hour with five minutes of CW, followed by 10 minutes of PSK telemetry, 
then RTTY bulletins (50 baud) for another five minutes. PSK telemetry occupies the final 
10 minutes of each half-hour sequence. For schedule updates check the AMSAT nets. 

The 75-Meter AMSAT Net Frequencies Have Been Chan ed to permit General licensees to 
take part in the Tuesday night nets following the Se:~mber 1 phone band expansicn. At 
first the OlOOZ (Wednesday, GMT) nets moved to 3855 kHz, but problems with an existing 
operation on that frequency caused a further move. Look for them around 3856-3860 kHz. 

ACSB Experiments Throu h OSCAR 10 began August 24 in a cooperative AMSAT, 
A R R m P r o j e c t  OSCAR effort. Expected benefits include improved signal-to-noise ratios 
(narrower bandwidth) and easier tuning since ACSB receivers lock onto a pilot carrier and 
thus automatically track doppler shift. ACSB can be received with a normal SSB receiver, 
despite the 3.1 kHz pilot carrier. Sideband Technology is supplying the ACSB equipment. 

AMATEUR ACCESS TO THE NEW 24 MHz UARC BAND MAY NOT BE TOO FAR OFF. There had even been 
some thouaht that the FCC would begin 24 MHz implementation before the Commissioners went 
on ~ugust~recess, as there seems to be no with current band occupants. On the 
other hand, the 18 MHz band still supports considerable commercial activity so is not likely 
to be reallocated verv soon. 

902-928 MHz's ~vaiiabilit~ Is Also Likely in the near future, and the ARRL VHF-UHF 
Advisory Committee has a band plan worked up for it. However, before either 18 or 902 MHz 
becomes available specifics such as modes and subbands must be established through an NPRM 

COMBINING METEOR SCATTER WITH PACKET RADIO could prove a viable mode for Amateur communi- 
cations, suggests ARRL's QEX. ~ @ ~ P I < i s n . 5 0 5  MHz from central Iowa, and KlHTV planned 
some 145.05 MHz tests during the August Perseids shower. WlAW may also gear up for both 
10 and 6 meter meteor scatter packet radio experiments in the near future. 

ARRL IS SUPPLYING ANSWERS TO ALL AMATEUR EXAM UESTIONS in an attempt to establish 
unitorm exams throughout the country. They distrybuted Element 3 (~echJGenera1) questions 
complete with distractors to other VECs and Amateur Radio publishers in August, and expect 
to have the Advanced and Extra sets out soon. Whether those VECs who've already invested 
considerable time and effort in working up their own answerJdistractor sets will be willing 
to change at this time remains to be seen, however. 
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REFLECTIONS 
the endangered spectrum: 

220 MHz under fire 

6 a October 1984 

I. Who's on 2207 
The 1-114 meter Amateur band - covering 220-225 MHz - is in 
imminent danger of being lost to commerical interests. 

So what? Who operates there anyway? 
This is the substance of the argument presented by Sideband 

Technology. Incorporated, in its petition to the FCC (RM-4831). STI, 
who manufactures amplitude compandored sideband (ACSB) equip- 
ment for the land mobile industry, is suggesting that because hams 
hardly use 220-222 MHz, that segment of the band should be reserved 
for land mobile purposes instead. A second group, the Land Mobile 
Communications Council (LMCC) has also petitioned the FCC (in 
RM-4829), suggesting that the entire band should be exclusively re- 
served for land mobile use. 

"T'aint so!" For all practical purposes, the band is divided into ~0 
parts. 220-222 MHZ is used by Radio Amateurs doing pioneering radio 
work (EME, propagation beacons, weak-signal communications, packet 
radio, and experimental and control links, etc. 222-225 MHz is used 
for FM repeater and general CW/SSB operation. 

Just how did the commercial interests get the impression that the 
lower portion of the band - where the bulk of Amateur experimenta- 
tion is being carried out - was unoccupied? They conducted an ex- 
haustive study by consulting a repeater directory. 
What can you do? 

1. Take this threat SERIOUSLY. 
2. Read the additional information provided by W9JUV and WlJR 
on these pages. 
3. Weigh the facts - check to see what activity exists in your area 
- and then . . . be ready to respond rapidly in  writing to the FCC 
if it gets to the NPRM (Notice o f  Proposed Rule Making) stage. 
Though the formal comment period for one of the petitions ended 

as this issue was going to press August 29, we believe the FCC would 
still find your comments valuable. If you do respond, be sure to in- 
dicate that you wish them to accept this as a late comment, and that 
your comment is in opposition to a specific petition (either RM-4829 
or RM-4831). State your name, call sign, class of license, and the year 
you were first licensed. Provide as much information about 220 MHz 
activity in your area - repeaters, control links, weak-signal work, etc. 
- as possible. Type (double-space) and stick to the facts. 

You will have an opportunity to file a formal comment when and 
if an NPRM on the reallocation of the 220-MHz band is issued by the 
FCC. If this occurs, a well documented, logical argument will carry 
the greatest weight. 

Ham radio will keep you informed of late-breaking events, as will 
other news services; follow Westlink Report (via mail or repeater), the 
W5YI Report, ARRL letter, and ARRL bulletins. Do your homework, 
be prepared, and respond formally at the appropriate time. 

Rich Rosen, K2RR 

II. How We Got There - A Brief History 
The 1-114 meter band has survived a number of changes since its 

establishment just before World War II. Before the war, everything above 
110 MHz was designated "Amateur and experimental." During the war, 
the spectrum from about 200 MHz up was used for the primitive radars 
of that period, radio altimeters, and radio navigation aids. Shortly after- 
wards, the U.S. phased out most of its use of the frequencies just 
above 220 MHz; Amateurs were temporarily allocated a band at 235 
to 240 MHz and then moved to 220 to 225 MHz in the late 1940's. 
In much of the world, however, military use of the band continued, 
and Amateurs outside of the Americas never did get a post-war 1-114 
meter band. 

Because the U.S. wanted to keep 220 to 225 - adjacent to its 225 
10 400 MHz military aircraft frequencies - available for expansion, 
it permitted Amateur use of the band on a secondary basis. This became 
the standard for ITU Region 2, while the rest of the world continued 
to use the band for radiolocation andlor land mobile. During the 1960's 
and 1970's other services cast frequency-hungry eyes on 220 to 225 
MHz, but were discouraged by the government's continued intention 
to hold on to the band, with Amateurs acting in a "caretaker" role. 

WARC 79 wrought a change with far-reaching implications for Region 
2 Amateurs. The U.S. government relinquished interest in the band. 
and the Conference reallocated these frequencies to Amateurs and fixed 
mobile services on a co-equal basis. Thus the die was cast. 

In an FCC study conducted several years ago, 220 to 225 MHz was 
mentioned in passing as a possible source of land mobile frequencies. 
This past June, the band was again cited by the LMCC in a frequency 
Survey submitted to the C ~ m m i ~ ~ i ~ n .  However, the first direct attack 
on continued Amateur use of the band came in July when S.T.I. filed 
its petition. 

To the horror of both FM equipment manufacturers and FM land 
mobile users, the FCC has proposed putting ACSB channels between 
existing land mobile FM channels. Indeed, some 150 MHz equipment 
has been licensed by the FCC on a temporary basis and is already in 
operation: ACSB promoters, however, would prefer to see it occupy 
a place where it could be exercised without interference to or from 
other communications modes. 220 to 225 MHz seems to be the answer 
to their prayers. 

Can this threat be stopped before it reaches the status of a Notice 
of Proposed Rule Making? Perhaps not. BY rejecting the "no-code" 
license, we lost our chance to ensure that 220 to 225 MHz would be 
"off limits for commercial encroachment for years to come; most of 
the no-code supporters had recommended that at least part of the 220 
to 225 MHz range be allocated to no-code license holders. A few voices 
in the wilderness even pointed out the value of new licensees to fre- 
quency preservation of that band. Had no-code been adopted, it is in- 

I. Editor-in-Chief 

' A  comprehens~ve report on all aspects of this s~tuation. 1ncl"rJing those parts of the 
actual pet~t~ons perta~ning to land mobile interest ~n the 220 band 1s available in the latest 
Issue of 220 Notes. (308 Eastgate Court. New Lenox, lllinois 60451 - S~ngle copy. $1.25; 
yearly subscr~pt~on, $5.) 

-- 

conceivable that the Commission would have turned its back on the 
new class of Amateur license it had just created by giving that class's 
prime frequencies to another service. With that opportunity gone, the 
industry's conception of the 220 to 225 MHz frequency range is that 
it is under-utilized, with significant activity only in major urban areas 
and then on only a few repeater pairs. "Use it or lose it" has never 
been more true than it IS today. 

- Joe Schroeder, W9JUV 



two petitions before the FCC 
threaten yet another Amateur band 

I l l .  Why Amateur Radio Needs 220 MHz 
Despite the lack of commercially available equipment and worldwide 

participation, 220 has seen continued growth over the years. This 
growth has taken two directions -weak signal operation in the lower 
segment and FM operation in the upper portions of the band. The lat- 
ter is understandable in terms of severe crowding in the 2 meter and 
70 cm (440-450 MHz) bands - and because foliage attenuation de- 
creases the lower you go in frequency, 135 cm (220 MHz) is preferred 
to 70 cm in suburban areas. 

The 220 band plan written by the ARRL VUAC (VHFIUHF Advisory 
Committee) in 1978 (table 1) designated 222-225 MHz for the use of 
FM repeaters. This has been widely accepted. 220-222 MHz was divided 
up into two portions: weak-signal on 220-220.5 and FM repeater links, 
remote bases and control links on 220.5-222 MHz. Information on the 
latter stations is rarely published in order to prevent unauthorized control 
of the repeaters. (If ST1 and the LMCC had done their homework, they 
would have been aware of this. - Ed.) 

The lower portion has been extensively used by weak-signal operators 
for the exploration of new propagation modes. Despite the band's 
claimed similarities to 2 meters, there are important differences be- 
tween the two. For example, in meteor burst communication cutoff 
frequency is often just below or slightly above the 220 band. (It wasn't 
until 1968 that a 220 meteor scatter QSO was completed.) To this day, 
weak-signal operators are experimenting to find the cutoff frequency 
for the slower speed meteor showers. Further research is essential. 
For EME communication, 220 is a practical frequency because the 
antenna size required and the sky noise present is just about 50 per- 
cent of that at 2 meters. Auroral propagation, seldom seen at the higher 
frequencies such as 70 cm, is often possible.* 

It was the 220 band that accounted for the 2500-mile DX contact 
between California (W6NLZ) and Hawaii (KHGUK) in the late 1950's 
via a tropo-ducting mode. More recently, in 1983, the trans-equatorial 
path was finally conquered when KP4EOR worked LU7OJZ over a 3670 
mile (5906 km) path. Still to be explored are the FA1 (Field Aligned 
Irregularities) and mid-latitude sporadic-E modes, which while 
theoretically possible have not yet been successfully used to establish 
two-way contact. This unique frequency range should be left intact 
for Radio Amateurs to further the state-of-the-art in radio wave 
propagation. 

(Why wasn't all this activity obvious to those conducting a study 
on band occupancy? Perhaps the survey was performed during the 
regular work-week, while weak signal operators were busy working at 
their regular jobs, and not on the air. Also, weak-signal operators employ 
highly directional antennas, and would not be detected unless those 
conducting the survey were directly between the sending and receiving 
antennas.) 

Nationwide activity on this band is apparent by the achievement of 
the WAS (50 states) award last year by a number of Amateurs. It's 
also easy to check the number of entries in the various VHFIUHF con- 
tests, 220 standings of active stations listed in QST's "The World Above 
50 MHz" or correspondence in the dedicated newsletter: 220 Notes. 
That weak-signal interest and activity exists is obvious, even though 
it may be most evident during special propagation openings, contests, 
and net nights. Haphazard monitoring of the band results in inaccurate 

data. To obtain a valid indication of 220 activity, monitoring would have 
to be done nationwide, and over a longer period of time; one would 
assume the land-mobile industry would have done so before making 
rash (and incorrect) statements claiming that the lower portion of the 
220 band is not well used. 

Only a year ago Amateurs received FCC permission to experiment 
with Packet Radio on the VHF FM bands. The overcrowding of 2 meters 
and the requirements for additional bandwidth to support 9600 baud 
and higher data rates make 220 a natural. (Part 97 of the FCC regula- 
tions prohibits high baud rates below 220.5 MHz. - Ed.) In the New 
England area, several stations using Packet Radio in the 221-222 MHz 
region have just become active. 

This frequency range is not without problems. Amateurs in the vicinity 
of TV channel 13 experience video beats across the weak-signal por- 
tion of the 220 band. This is further complicated by radiation from 
TV set local oscillators, which often radiate into the lower portion of 
the 220 band when tuned to TV channel 7. No fixed commercial 
service would care to operate in the vicinity of these interfering sources. 
(Amateurs, on the other hand, are frequency-agile and can attempt 
to minimize these effects. In addition, radiation from the second har- 
monic of the local oscillator of the ubiquitous frequency scanners can 
fall within the 220 band, affecting any and all services. - Ed.) 

Where can the land-mobile interests go? Considering how outdated 
the present FCC allocation of TV channels is, a better idea might be 
to go ent!re/y to the UHF spectrum and make the VHF spectrum (land 
mobile allocated frequencies) available for point-to-point and mobile- 
to-base station use. The FCC could probably allocate more spectrum 
by taking advantage of the unused TV channels in the UHF spectrum, 
eliminating all channels below channel 25. (The LMCC petition, in fact, 

(continued o n  page 1 19) 

table 1. Proposed 220 to 225 MHz band plan. (Submitted by Joe Reisert, WIJR, 
Chairman VUAC.) 
frequency (MHz) allocation 
220.0-220.05 EME (Earth-Moon-Earth) 
220.05-220.06 propagation beacons 
220.06-220.1 weak signal CW 
220.1 calling frequency (Note 1) 
220.1-220.5 general weak-signal. rag chewing and experimental 

communications 
220.5-221.9 experimental and control links 
221.9-222.0 weak-signal guard band (Note 2) 
222 0222.05 EME (Note 2) 
222.05-222.06 propagation beacons (Note 2) 
222.06-222.1 weak-signal on CW (Note 2) 
222.1 calling frequency (Notes 1 and 2) 
222.1-222.3 general operat~on CW or SSB etc. (Note 2) 
222.3-222.38 FM repeater inputs (Note 3) 
222.42-223.9 FM simplex (Note 4) 
223.94-225.0 FM repeater outputs (Note 3) 

Notes: 
1 After establish~ng contact OSY at least 10 kHz up or down for general rag 
chewing or weak-signal operation. 
2 This area is primarily needed where TV channel 13 spillover and long-distance 
search radars are in operation (e.g.. Californ~a area). 
3 This is the existing ARRL Repeater Plan, 1.6 MHz splits. 
4. 223.5 is the nat~onal calling frequency for FM simplex. Alternative frequencies 
in 20 kHz increments in this region. 
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.., .lew Kantronics 
Challenger makes you the 
winner with superior 
performance at a knockout price. 
The Challenger terminal unit is  
designed for RTTYIASCIII 
AMTOR operation with any of 
the Kantronics software 
programs. Compare our 
specifications with the 
competition, then check the 
price. 

Challenger's four pole 
switched capacitance filter gives 
sensitivity and selectivity found 
in units costing much more. And 
with only 5mvRMS of audio 
required to drive Challenger, you 
can really chase the weak 
signals. With features like Scope 
Outputs, Direct FSK or Crystal 
Controlled AFSK, and an 
Extruded Aluminum Case, you 
know this is  Kantronics quality. 

If you really want to work 
RTTY IASCIIIAMTOR without 
breaking the budget, get 
Challenger and a Kantronics 
software program. Kantronics 
currently offers programs for 
Apple, Atari. TRS-80C. VIC-20, 
TI-99, and Commodore 64 
computers. 

Kantronics Software 

Hamsoft - SendIReceive CW. 
RTTY. ASCII *Split Screen 
Display Message Ports Type- 
Ahead Buffer * Printer 
compatibility. 

Hamtext - Includes all features 
of Hamsoft plus Text 

Specifications 
Input Filter - Four pole Switched Capacitance Filter 
with 170Hz Shift RTTY bandwidth of 260Hz nominal. 
Copies any  shift. 
Audio Input - Minimum level 5mvRMS. Input 
impedance i s  600 ohms unbalanced. Accepts baudot o r  
ASCII code up to 300 baud. Max input level i s  12VRMS 

AFSK Output - Crystal controlled. Mark-2125Hz: Space- 
2295Hz (170 shift). Level 1OOmvpp (35rnvRMS) standard. 
Optional 500mvpp (175mvRMS). Output impedance 600 
ohm unbalanced. 
FSK Output - Open Collector +40 VDC Max. Polarity can 
be reversed. 
Scope Output - 10K ohm output impedance. 

,,,.... 1g * Receive Mess 
Storage * Variable Ruf  
sizes * Diddle Word 
Wraparound * Time an' 
Transmission. 

HamsoftIAmtor - Includes all 
features of Hamsoft plus 
communication in all three 
modes of AMTOR. 

Amtorsoft - lncludes all the 
features of Hamtext but is  for use 
with AMTOR ONLY. The Apple 
program i s  available only a s  a 
Hamtext /Amtorsoft 
combination. 

Supertap - Receive Only CW. 
RTTY, ASCII, AMTOR * Decode 
inverted. bit inverted, and 
unusual bit order * Multiple line 
display "SCOPE" feature for 
baud rate measure. 

PTT Output - Open Collector +40 VDC Max. 

Computer Connection - TTL Compatible. Inputs also 
RS232 level compatible. 
Power Requirements - 1 i to 15 VDC (12VDC nominal) 
75ma 
Construction - Precision Extruded Aluminum Alloy 
Case 
Dimensions - 1.9"H x 5.9"W x 7"D 
Weight - 1,',h lbs. 

KZ Kantronics 
1202 E. 23rd Street 

H 153 ~awrence, Kansas 66044 





DOCTOR DX" w m  
Work The World With No Antenna 

For the active CW operator, there is nothing more fun than operating with the "Doctor DXv cw DX 
simulator. For the person who has never liked CW, Doctor DX will show you what real fun is. Doctor DX 
has something for everyone from the aspiring Novice to the experienced Amateur Extra Class licen- 
see. And you need no FCC license to operate Doctor DX! 

With Doctor DX, all you need is a Commodore-64 computer, a key (or keyer), and a TV set. There is no 
need for an expensive transceiver, amplifier and antenna farm to enjoy the thrill of working "rare DX." 
No more TVI or dead bands! Doctor DX is more than the most sophisticated CW trainer ever devel- 
oped, it is your DXpedition ticket to anywhere in the world at a very affordable price. 

Doctor DX simulates real H.F. CW band conditions. All the stations you will work are generated by 
the computer. As you tune up and down the particular band you have selected, you will hear realistic 
sounding stations in contact with otherstations(some within your skipzone). There is also the normal 
QRN and QRM one would expect to hear in the real world. All call letters heard are totally random (sub- 
ject to the country's callsign assignment rules). The prefixes are weighted according to the Amateur 
Radio population density, with 304 possible countries represented. The speed of stations operating in 
the lower portion of the bands is much faster than those operating in the upper band segments. The 
"operators" are also more polished in the lower portion of the bands. 

Radio propagation (programmed for each band) represents what you would expect to hear on a 
good propagation day at the peak of the sunspot cycle. The propagation follows the internal real-time 
clock that you set before beginning operation. All the simulated stations you hear (with proper pre- 
fixes) are at distances you would expect to hear for the time of day and band selected. 

You can learn and enhance your CW operating skills with Doctor DX. Doctor DX will not reward bad 
habits. AEA even offers an awards program to owners of Doctor DX that work all zones, 100 countries, 
5 band Dr DXCC, or Doctor DX Honor Roll. 

The Doctor DX CW trainer is a totally new concept in Amateur Radio. See what all the excitement is 
about. Send for full details, and see your dealer for a demonstration. 

Send Us Your QSL Today And We Will Rush Full Details! 

Advanced Electronic Applications, Inc. 
P.O. BOX C-2160 LYNNWOOD, WA 98036 
(206) 775-7373 TELEX: 152571 AEA INTL 



Doctor DXmChallenge 

DOCTOR DX CONTEST BOX 

TOP TOP 
SPRINT SCORES MARATHON SCORES 

1. 1. 
2. 2. 
3. 3. 
4. 4. 
5. 5. 

WILL YOUR CALL APPEAR HERE? 

3 For good clean, competitive fun, Doctor DXTM shows your score and QSO rate for continuous moni- 
toring of your improved CW operating skills. The DDX-64 can be a vehicle for fairly settling those club 
rivalries by competing with your friends under identical operating conditions. 

I AEA also has two on-going CW contests that you can enter with Doctor DX as your own schedule 
permits. The AEA SPRINT CONTEST is a timed non-stop eight hour event and the AEA MARATHON 
CONTEST is a timed 24 hour non-stop event. The top 5 contest scores will be published in our future 
advertisements and upgraded periodically as new higher scores are achieved. u 

In addition to the two AEA contests, we are offering award certificates for achieving certain mile- 

\ stones. You will be automatically alerted when you have achieved these milestones by adisplay at the 
bottom of the monitor screen. 

AEA DrDXCC is achieved when you have worked 100 different countries, regardless of the frequen- 
cy band or the amount of time operated. DOCTOR DX WAZ can be earned by working all 40 CQWW 
zones of the world, without regard to the band or duration of operating time. The DOCTOR'DX HONOR 

I ROLL is reserved for top notch operators capable of working 250 countries without regard for band or 
operating time. Additional endorsement awards are available for each additional 10 countries worked 
up to 300Cout of 304 possible)countries. AEA 5 BAND Dr DXCC isaverydifficult award toachieve. It re- 
quires working 100 countries on each of five different bands, without regard for the amount of operat- 
ing time. 

I Each award can be obtained by filling out a photocopy of the award application form (supplied) 
along with the score information and qualifying check sum from your screen display. Please enclose 
$3.00 to cover handling costs for each certificate ($1.00 for Honor Roll endorsements). Awards will 
only be granted to owners having a Doctor DX warranty card on file. 

S There is no need to ever be bored with your hobby again just because the bands are dead or you are 
apartment bound. Try Amateur Radio's own version of Solitaire - DOCTOR DX. 

I 

5 Advanced Electronic Applications, Inc. 
P.O. BOX C-2160 LYNNWOOD, WA 98036 

I (206) 775-7373 TELEX: 152571 AEA INTL 



a six-output 
power supply 

Build a 
low-cost 

lab-quality 
voltage source 

This power supply construction project will pro- 
vide a valuable addition to the workbench of most 
Amateurs. The unit includes three positive and three 
corresponding negative outputs consisting of a dual- 
tracking pair, a positive and negative independently 
adjustable pair, and a positive and negative program- 
mable voltage standard pair. A detailed set of draw- 
ings for construction is provided. The total cost of 
completing the project is surprisingly low, mainly 
because the unit is built around nine op amps that cost 
approximately fifty cents each. 

independently adjustable supply 
Any voltage regulator or voltage regulated power 

supply must have five parts: a voltage reference, an 

error amplifier, a feedback mechanism, a series-pass 
transistor or means of current-buffering and, usually, 
an optional current-limiting or self-protection circuit. 
This power supply includes all five of these elements. 
In circuit B (CKTB) of fig. 1, diode D5,* a IN754 
6.8-volt zener, provides a 6.8-volt input to the nonin- 
verting ( + input of op amp U1. The ( - or inverting 
input will consequently also have +6.8 volts on it 
through normal op amp action (feedback). The voltage 
reference provided by op amp U1 is impressed across 
pot R6, a 10K pot. This variable voltage of from 0 to 
+6.8 volts is again applied to the noninverting ( +  ) 
input of op amp U2, a 741 or LM101 type bipolar 
amplifier. Gain is determined by: 

Ei, = 6.8 volt reference voltage and is derived by pot 
R6 from 0 to 6.8 volts. 

If you work through the numbers, you will derive 
an output of from approximately 0 to 16.5 volts with 
output adjust trimmer pot, R11, set halfway at 2500 
ohms. 

The op amps themselves have internal current 

"Note that "O", rather than h8m mdb's customary "CR", is used to designate 
diodes in this article and accompanying artwork. 

By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108, and Dean Davis, WBSZKU, 
6206 Ridge Oak, San Antonio, Texas 78250 

72 October 1984 
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fig. 2. Front panel controls and indicators. 

CALlllRATEO SENSITIVE 

POTENTIOMETER 
GALVANOMETER 

UNKNOWN J 
CELL 

v~~ S T A N O l R D  
CELL 

1 0 1 8 3  V 

fig. 3. A typical application of a precision Weston elec- 
trochemical voltage standard cell. 

limiting, and with the output series-pass transistors 01  
and 02, providing the needed current drive, all five 
previously listed requirements of a voltage regulator 
are satisfied. 

negative independently 
adjustable supply 

The complementary negative portion of circuit B 
(CKTB) is composed of op amps U3 and U4 and 
associated circuitry. The reference voltage from the 
6.8 volt zener diode D5 provides the input to an inver- 
ting amplifier (U3) with a gain of 1. The ratio of the 
input resistor (R13) divided by the feedback resistor 
(I3141 establishes the gain, and since they are equal, 
the gain is 1. Therefore, amplifier U3 has a - 6.8 volt 
output, which like its positive 'counterpart, is applied 
to front panel control pot R15 ( - supply); refer to fig. 
2. This negative input voltage is fed to the noninver- 
ting amplifier, U4, and amplified for a gain of from zero 
to approximately 2.5 as a result of the feedback resistor 
ratio from R19 to R20. The transistors 03 and 04  pro- 
vide current buffering only - no voltage gain. 

dual tracking power supply 
This circuit, CKTC, is a composite and slight varia- 

tion of previously developed and discussed circuits. 

Amplifier U5 has a + 6.8 volt voltage reference in the 
form of zener diode D6 applied to the noninverting ( + 
input pin 3. This voltage is applied across front panel 
control pot ( + VT) R24. This 0 to + 6.8 volts is then 
applied to noninverting amplifier U6, as described 
above. Amplifier U7 and transistors 07 and 08  form 
a negative regulator that is slaved to and therefore 
"tracks" the positive portion of this circuit, but natural- 
ly has an output equal in magnitude but opposite in 
polarity. 

programmable power supplies 
These two positive and negative power supplies are 

precision voltage sources and do not deliver power. 
They can deliver only approximately 4 mA of current, 
the capacity of an op amp itself. They are used primari- 
ly as precision stable voltage sources. Those readers 
old enough to remember the Weston cell that 
characterized most instrument labs some 20 years ago 
or more will recall that these were electrochemical 
voltage standards intended for use with very high 
resistance pots. They were typically employed with 

I HELlPOT MODEL 7 2 2 1 7  I 

D l A L  A S S E M B L Y  I 

\ M O U N T I N G  N U T  

\ D I A L  A S S E M B L Y  

fig. 4. Mounting and functions of a multi-turn pot and 
matching turns counting dial. 
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fig. 5. Rear view of case shows easy access to PC board 
trimmers. 

galvanometers in "balancing schemes" to indirectly 
determine to several significant figures the accuracy 
of an unknown voltage source (see fig. 3). Today we 
have 6 112-digit DVMs that will do this with equal or 
better accuracy and with much more convenience 
than that cumbersome hookup configuration. The 
Weston standard cells nonetheless developed an open- 
circuit voltage of 1.0183 volts as a result of the precise 
predictable nature of the electrochemical reactions 
within. But they could never be used to operate even 
a small lamp or similar low current demand device 
because irreparable damage would result, and their ac- 
curacy and repeatability could never again be trusted. 
However, these two precision low current circuits, 
using LM101 op amps, are nearly short-circuit proof. 

The positive and negative programmable power sup- 
plies are simple (see fig. 1, CKTA). Both use com- 
plementary pair transistors to form an accurate cur- 
rent source that can provide 1 mA of current. This cur- 
rent, run through a 25-kilohm pot, generates a +25 
volt fullscale output (positive power supply). 

The pot, R51, is a 10-turn pot with a 10-revolution 
turns counting dial, (see fig. 4). For each revolution, 
up to and including the tenth turn, the pot will have 
2.5 kilohms of resistance. Therefore, if you were to 
turn the pot to 4, you would have 4 turns at 2.5 
kilohms each for 10 kilohms of resistance with 1 mA 
of current flowing through it for 10 volts DC of positive 
very precise voltage generated. You will note that this 
very precise positive voltage source goes to the input 
of U9 which is an op amp used as a voltage follower. 
More specifically, it is just an amplifier with a gain of 
+ 1 with a bit of current buffering. The noninverting 
input denoted by a ( + sign on U9 has an input im- 
pedance of at least 10 megohms, so very little, if any, 
voltage division occurs at this point. 

The negative programmable power supply is the mir- 
ror image of its positive complementary counterpart. 
The + 12 volt Zener establishes bias on the bases of 
a complementary pair of transistors, Q9 and 010, 

fig. 6. Six-output power supply. 

fig. 7. Interior view of power supply. 

which produce a constant 1 mA current. This current 
is adjusted by a multi-turn PC mountable pot placed 
at the rear of the PC board (see fig. 5). Adjust R43 
until four turns of the pot (10KI produce exactly 10 
volts. A DVM can be used to check this. Make sure 
you do not load down this output. Op amp U8, like 
all nine op amps used with this project, is an LM101. 
If you have the TO-100 version, use it; its pin con- 
figurations is identical (pin 8 is the pin underneath the 
tab). 

construction 
The Bud box selected and specified in the parts list 

is ideal for this application in terms of cost and shape. 
The top of the enclosure slides down over the metal 
frame in a clamshell fashion. Fig. 6 illustrates the 
finished product with the top in place. Fig. 7 shows 
the project with the lid removed. 

The actual detailed dimension of the box and the 
holes are provided in fig. 8. It should be noted that 
the two holes holding the shafts of the multi-turn pots 
can be either 1 18 or 1 14 inch, depending on the pot 
shaft diameter and corresponding turns counting dial 
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Take home 
a world 

champion. 
$87 gets you a technical knockout. 

The Fluke 70 Series. 
I Winners of the digital vs. analog battle. 

Since their debut, they've become 
the worldwide champions of the industry. 

Never before have such tough. American- 
made meters offered so many professional 
features at such unbeatable prices. 

Each comes with a 3-year warranty, 2.000+ 
hour battery life, and instant autoranging. 

You also get the extra resolution of a 3200- 
count LCD display, plus a responsive analog 
bar graph for quickvisual checks of continuity, 
peaking, nulling and trends. 

Choose from the Fluke 73, the ultimate in 
simplicity. The feature-packed Fluke 75. Or the 
deluxe Fluke 77, with its own protective holster 
and unique "Touch Hold" functione* that 
captures and holds readings, then beeps to 
alert you. 

So don't settle for just a contender. Take 
home a world champion. 

For your nearest distributor or a free 
brochure, call toll-free anytime 
1-800-227-3800, EX'!. 229. From outside the 
U S .  call 1-402-e1J6- 1350. FJI 224 

FROM T H E  WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 FLUKE 75 FLUKE 77 
T .  
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ICOM presents the IC-47lH 
430-450MHz base station 
transceiver with a 75-watt 
transmitter and high dynamic 
range, low noise receiver. With 
FM. CW or SSB modes plus the 
most advanced 10Hz PLL system, 
the IC-471H has features which 
give you maximum UHF 
operation. 

75 Walk. With 75 watts of 
power, the IC-47,IH provides the 
power required for simplex or 
repeater operation. Power is 
adjustable in all modes from 10 
to 75 watts. This enables 
adjusting the drive level to a 
linear amplifier for higher power 
uses such as moonbounce. 

Receiver. An extremely low- 
noise. ~rofessional-arade receiver 

and a h~gh 
slgnal-to- 

nose ratlo 
PLL whlch 
allows the 

C-471's syn- 
~ ~ ~ t - ~ ~ ~ ~ t ~ d  thesizer to lock to 
Preamplifier IOHZ, provide 

receiver performance 
unparalleled by other UHF 
receivers. A mast-mounted 

preomD IS s w i t c t ~ ~ t ) l t ~  frorrl Ibi( 
front panel and provldes an 
easy-to-use opt~on for weok 
srgnal work. 

32 Full-Function Memories. 
Each tunable memory holds 
frequency, offset. offset direction, 
mode and subaudible tone. 
Each parameter is selected by 
rotating the main tuning knob in 
conjunction with the other 
controls on the front panel. 

Subaudible Tones. Included 
as a standard feature are 32 
built-in subaudible tones which 
ore easily selected by rotating 
the main tuning knob. PL tones 
may be stored into memory. 

Size. Only I I "n inches wide 
by 4'- inches high, the IC-471H is 
engineered for ease of 
operation. 

Scanning. l t ~ c  IC-471t-I cori 
scon t s  32 mcmorles sequentially 
or selectively by mode and by 
programmed sections of the 
band. Mode-S scon can be 
used to scan only memories with 
a particular mode. 

fluorescent Displ . ICOM's 
high-vlsibillty and eas90-read 
display gives all the information 
necessary for logging a contact. 
Frequency, mode, duplex, offset 
direct~on. RIT frequency, memory 
channel number and PL tone 
can be displayed. 

Other Standard Features. To 
facilitate the operation of the 
IC-471H, ICOM has incorporated 
a duplex check switch, all-mode 
squelch. receive audio tone 
control, Smeter, center meter, 
seven-year lithium battery 
memory backup, accesson/ 
connector and microphone. 

Oplional Features. IC-471H 
options are: AG-35 switchable 
mast-mounted peamplifier, 
UT- 15 CTCSS encoder/decoder, 
CT-10 computer interface and 
EX-310 voice synthesizer. A 
variety of optional powr 
supplies are available: the 

IC: 1 SJLI bose statlori supply. 
IC-PS15, and the ~nternal IC-PS35. 

The IC-47lA. The 25-watt 
1C-471A IS also available and 
has the same outstand~ng 
features as the IC-471H. plus an 
optional IC-PS25 internal power 
supply for portable operation, 

Also available to complete 
your VHF/UHF base station, ore its 
2-meter companions, the 
100-watt IC-271H and 25watt 
IC-271A. 

See the 10471H and other 
ICOM equ~pment at your local 
authorized ICOM dealer. 

The World Svstem 
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ICOM Amerlca. Inc.. 21 12-1 16th Ave NE. Bellevue, WA 98004 / 3331 Towerwood Drlve. Su~te 307. Dallas, TX 75234 
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parts list 

resistors 
item description 
Rl,R2.R9.RlB.R27,R37 4.7 ohms 
Rla,R?a 4.7 ohms 1 watt 
R3,RZl 1.8 K 
R4,RlZ,RZO,R22,R30 6.8 K 
R5 620 ohms 

R44.R51 

Note: all resistors are 114 

item 

Note: all capacitors 47 

10 K front panel pot-srngle turn 

470 ohms 
7.2 K 
5 krlohm 15 turn 314" rectangular 
PC board mountable trrmmer pot 
10 K 
4.7 K 
9 1 K .. . .. 
750 ohms 
5.6 K 
8.2 K 
5.1 K 
2.7 K 
1.5 K 
1 kilohm 15 turn 314" rectangular 
PC board mountable trimmer pot 
25 K ten-turn front panel pot 

watt. 5 percent tolerance unless otherwise noted. 

capacitors 

descrrption 
47 pF. 50 V 
I00 rF. 50 V 
0.1 pF, 50 V 
3.000 pF, 50 V ceramic dielectric 

: and above require radial leads. 

diodes 
Dl.Dla.D3,D3a IN4001 or equivalent 
D2.04 40-volt zener or two in series 

to equal 40 V. A 39-volt zener (lN5366B) is avarlable 
from Active Electronics: another, (lN4754A) is 
available from Circuit Specialists. 

D2a,D4a lN4747A 
DS.D6 1N754 
D7,D9 lN4742A 
D8,DlO lN4371 

transistors 
01.05 2N3766 mounted on rear panel heatsink 
02.06 2N3904 
03.07 2N3740 mounted on rear panel heatsink 
04.08 2N3906 
09.010 ZN2484 
011.012 ZN2605 

op amps 
U l  through U9 LMlO1 or equivalent 

meters 
Modutec edgewise 2-inch meters: part No. 13505 for a I mA (shunt for 100 
mA); part No. 13537 for a 0-30 VDC meter. Both avallable from Sinlec lor 
$10.20 and $8.80 respectively. A I mA edgemeter (No. MET-1) is available for 
$4.50 from A11 Electronics Corp. Another is offered by Circuit Specialists (No 
20-905) for $6.07. 

switches 

item description 
2 6-position rotary switches 
I SPDT (single-pole double-throw) 115 VAC 1 amp 

hardware 
9 binding posts 
1 fuseholder (a round one, 11 desired), part No. 

F150145-ND ($2.31) or F004-ND ($1.95). available 
from Digr-Key 
Another fuse holder (part No. FHPM-3), is panel- 
mounted, and Rts 3AG-type fuses: it's available 
from All Electronics Corp. 

2 matching 10-turns turns-counting dial (No. 41 1). 
$11.50. available from Circuit Specialists 

1 t0k 10-turn pot (No. 73JA). $7.50. available from 
Circuit Specialists 

cabinet Bud part No. SE3030 
PC board. drilled and etched. Available from the authors for $14.00 ppd. Con- 
tact Specralrty Electronrcs Services. Inc., P.O. Box 3320. Sen Antonio. Texas 
78211. 
6' flat Irne cord. 18 gauge. 3-prong (No. FDAC-3) rs available from All Elec- 
tmnics Corp. 
Note: a 1Ok pot is usable on the two programmable voltage sources if a 0 to 
10 VDC full-scale output rs suflicient. 

parts suppliers: 
Active Electronics Digi-Key Corporation 
P.O. Box 8000 Highway 32 South 
Westborough. Massachusetts 01581 Thiel River Falls. Minnesota 56701 

A11 Electronics Corporation Srntec Electronrcs 
905 South Vermont Avenue 28 8th Street 
Los Angeles. Californra 90006 Frenchtown. New Jersey 08825 

Circuit Specialists 
P.O. Box 3047 
Scottsdale. Arizona 85257 

selected. Also, the cutout in the back, made with a 
Greenlee 518-inch square punch accommodates a 
rather fancy fuseholder. You may have greater luck 
finding a round standard MIL-M-14 type CFG 
fuseholder with a 0.440-inch diameter round hole. The 
1:1 scale foil pattern are shown in fig. 9. Note that 
the side with far fewer runs (lands) is the component 
side. Kits are available (see fig. 10) for lifting a pat- 
tern directly from a magazine page such as this one. 
The drill diameter schedule shown in fig. 11 is a must 
for this method; even if you purchase the pre-drilled 
board, you will nonetheless still need this drawing as 
a component placement guide. 

When mounting the parts on the PC board, be sure 
to observe the polarity of all the diodes and polarized 
electrolytic capacitors. Also, be sure to note that the 
op amps have pin 1 indicated by a dimple adjacent to 
the notch. The PC board has a small dot above pin 
1 on the foil side of the board. Failure to observe these 
guidelines will result in destruction of the op amps. 
The smaller TO-100 type of transistors that do not go 
on the rear panel in the heatsinks can be properly 
oriented onto the PC board by a "tick" mark denoting 
where the alignment of the case's tab should be. Diode 
symbols are on the board; there are also ( + signs for 
proper placement of electrolytics. 

The meter circuit is optional because only one sup- 
ply at a time can be used when the current meter is 
In use. 

turns-counting dials 
Refer to fig. 4 when placing the turns counting dial 

and multi-turn pot on the front panel. Select a dial that 
matches the pot's shaft diameter; the two most com- 
mon shaft diameters are1 14 and 1 18 inch. The turns 
counting dial that matches it will probably have its in- 
ner scale marked in gradients of hundredths of a turn. 
The outer scale counts the number of turns (usually 
up to 15) completed. 

To mount the pots and dials, refer to fig. 4 again 
and follow the procedure described below, prepared 
originally for the HelipotTM DuodialTM series of pots 
and multiple turns counting dials:* 

Locate positions for holes "A" and "B" on panel. 
"B" for lug on 'locating washer is 9132 inch below 
center of hole "A". 

Drill 9/32 inch hole "A" in panel for pot bushing. 

Drill 5/64 inch hole "B" in panel for lug on locating 
washer. 

Turn potentiometer shaft against its counter- 
clockwise stop. Insert shaft into center hole "A" in 
panel. 

*Cour tesy  B e c k m a n  Ins t ruments ,  Inc.,  2500 Harbor  Blvd.,  Ful lerton, Cal i fornia 

92634. 
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Slip locating washer over shaft and seat lug on 
locating washer in hole "B". 

With a wrench, firmly tighten mounting nut onto 
potentiometer bushing. Note that the nut supplied is 
reversible. For thick panels, use as shown in drawing. 
For thin panels, reverse the nut. If the Duodial is used 
with a device other than a Helipot potentiometer, an 
appropriate mounting nut may have to be obtained. 
This must fit within the 318-inch diameter 13164-inch 
deep recess in model 2601 DUODIAL. 

With locking lever in OFF (UP) position, slip dial 
assembly over potentiometer shaft. Be sure lug at top 
of locating washer seats in slot in back of dial, and 
that the whole dial assembly sets lightly against the 
panel. 

Turn dial knob counter-clockwise until the zero of 
the outer scale is in the center of the window. Now 
turn slowly until the scale reads between 10 and 20 
at the index line. Tighten the set screw until a very 
slight drag on the shaft is felt. Turn knob very slowly 
until both zeros line up with the index line. Tighten 
the set screw firmly. 

parts - and where to get them 
Components. This design purposely uses com- 
ponents that are easy to obtain. Several suggested 
sources are listed at the end of this article. 

fig. 10. Typical kits available today to nonphotographically 
"lift" a PC board from magazine pages. 

Zener diodes. Four are used in the input power con- 
ditioning circuit off the transformer. The two 20-volt 
zeners are 1N4747As, available from Digi-Key. The 
40-volt zeners must be obtained elsewhere. However, 
two 20-volt zeners may be connected in series to 
achieve the same result. The other six low-power Zener 
diodes consist of: two 2.7-volt zeners, two 6.8-volt 
zeners, and two 12-volt zeners. If the 2.7-volt zeners 
are hard to find, 1 N5226B 3.3-volt zeners may be us- 
ed in their place. If this substitution produces more 
than a 1 mA output from the constant current sources, 
then trim pots R43 and R50 can be adjusted accor- 
dingly for a 1 mA output. The two 12-volt zeners can 
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be 1 N963,l N52428, or 1 N4742As. The 6.8-volt zeners 
establishing reference input voltages, namely D5 and 
D6, can be either 1 N9578, 1 N52358, or 1 N4736As. 

Rectifier diodes. The rectifier diodes are 1N4001s. 
You may also use any of the 1 N4000 series up to and 
including 1 N4007, 1000 PIV diodes. 

Capacitors. All capacitors that are polarized 
aluminum electrolytics are radial rather than axial lead 
devices, which are designed to lie flat on the PC board. 

Meters. Edgewise meters have been selected to 
minimize the amount of front panel space required and 
to avoid a cluttered look. 

Trim pots. All five cermet trimming pots are 314-inch 
rectangular ones with three staggered pins coming out 
their underside. All five are available from Digi-Key for 
$1.20 each. The three 5K pots are part No. 01 853 and 
the two 1K pots are No. 01813. 
Op amps. It is the nine LM101 or 107-type bipolar 
operational amplifiers that give this project its appeal 
in the form of some exceptional performance 
parameters. 

National Semiconductor, the leader in op amp and 
linear IC manufacturing, has adopted a parts number- 
ing convention now almost universally accepted 
throughout the industry, with variations occurring only 
in prefixes to denote the different styles of case 
available. "L" in the prefix "LM" stands for "linear," 
the "M" stands for "monolithic," (as opposed to "H", 
which stands for "hybrid"). The first digit - a 1, 2, 
or 3 - signifies whether the part is military, industrial, 
or commercial grade. A " 3 ,  or commercial grade pro- 
duct, is sufficient for this project and is less expen- 
sive than a grade 1 or 2 part. 

Transformer. The Triad F-91X specified will ade- 
quately power this project and its L- 100 mA outputs. 
However', if 2 amp outputs are required, you must in- 
crease the transformer's capacity along with the out- 
put power transistors' drive capability into 12 amp 
Darlington or single-cased direct-coupled transistor 
pairs. The two NPN transistors, which are now 
2N3766's must then be 2N6057's or equivalents. The 
two PNP transistors, which are now 2N3740's, must 
then be 2N6050's or PNP Darlington pairs. Housed in 
TO-3 cases, both require heatsinking. Detailed 
thermal design information is available in references 1 
and 2. 

references 
1. Vaughn D. Martin, "Cooling Semiconductors: Part One," hem radio. Ju- 
ly, 1984, page 33. 
2. Vaughn D. Martin, "Cooling Semiconductors: Part Two.": ham radio. 

August, 1984. page 52. 

ham radio 

MODEL 
XF.9A 
XF.98 
XF.9B-01 
XF-96-02 
XF.98-10 
XF.9C 
XF.9D 
XF.9E 
XF.9M 
XF.9NB 
XF.9P 
XF910 

9 MHz CRYSTAL F 
Appll. Band. 
cntion width 
SSB 2.4 kHz 
SSB 2.4 kHz 
LSB 2.4 kHz 
USE 2.4 kHz 
SSB 2.4 kHz 
AM 3.75 kHz 
AM 5.0 kHz 
FM 120 kHz 

10.7 MHz CRYSTAL FILTERS 
XF107.A NBFM 12 kHz 8 587.30 
XF107.B NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
XF107.D WBFM 36 kHz 8 67.30 
XFlO7-E PlxiData 40 kHz 8 67.30 
XM107.SO4 F M 14 kHz 4 30.15 
Export lnquirles Invited. Shipplng $3.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rig on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMklfi91-137 $249.95 
1296 MHz GaAsFET MMk1296144G 149 95 
4321435 MMc432-28(S) 74.95 
434ATV MMc434Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144.28 54.95 
Options: Low NF(2.0dB max.. 1.25dB man.), other bands 6 IF'savaliable 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output. 2M In MM11296-144.G $299 95 
4321435 10 W output, ?OM in MM1432-28(S) 259 95 
144 MHz 1OW output, 1OM in MMt144-28 169 95 
Other bands 6 IFs ava~lable. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W oulpul UT1296BL ASK 
4321435 100 W output MML432.100 369 95 

50 W output MML432-50.S 199 95 
30 W Output MML432-30-LS 179 95 

144 MHz 100 W output MML144.100-LS 249 95 
50 W output MML144-50.S 199 95 
30 W output MML144-30-LS 109 95 
25 W output MMLl44-25 99 95 

All models Include VOX TIR switching. 
"L" models 1 or 3W drlve, others 10W drive. 

Shlpping: FOB Concord. Mass. 

ANTENNAS 
420-450 MHz MULTlBEAMS 
48 Element 701MBM48 15.7dBd 
88 Element 701MBM88 18.5dBd 

144-148 MHz J-SLOTS 
8 over 8 Hor pol D812M 12.3 dBd 
8 by 8 Vert pol CJ812M-verl 12 3 dBd 
10 + 10 TWIS~ lOXYl2M 11.3 dBd 

$63 40 
ASK 

79 95 

UHF LOOP YAGlS 
1250.1350 MHz 29 loops 1296.LY 20 dBi $44 95 
1650.1750 MHz 29 loops 1691.LY 20dBi 55.95 
Order ~ooo.Yaa~ connector extra: Type N $14.95. SMA $5.95 . - 

Send 406 12 stamps) lor lull dela~ls ol all your VHF 8 UHF equip- 
ment an0 KVG cryslal praducl requlremenls 

51 7) 263.21 45 
SPECTRUM 

ast Office Box 
INC. 
1084 
.S.A. 
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ELECTRO-SCAN 84 

Features 
Economical 

Lock and Key 
On-Off Switch 

36 volt DC motor 
Precise positioning 

10 Turn potentiometer 
Your wisest choice in Analog Micro Systems 
automatic dish positioners. 1 year limited warranty 

State-of-the-art circuitry 
To learn more about the finest 18" Saginaw Acme actuator 
in low cost, high performance LED to indicate dish movement 

dish positioners, contact. . . Modern, attractively styled control box 
Dial control always show~ng dish location 

ELECTRO-COM 5512 Savina Avenue Dayton, Ohio 45415 rn Phone (513) 832-2937 
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Leyden's magic jar: 
the derivation of the 
Hertzian and Marconi 

antennas 

From "electrical fire" 
to today's 

"rubber duckie" 

In  1745, Ewald Jurgen von Kleist literally held in his 
hand the ancestor of most radio antennas in use to- 
day. Von Kleist was not a radio engineer; radio wasn't 
even discovered until 43 years later. Dean of the Cathe- 
dral of Kamin in Pomerania, Kleist enjoyed investigat- 
ing the strange phenomenon of "electrical fire" in his 
spare time. Realize, now, that this was long before 
there was an electric light bulb, electro-magnet, or 
even a battery with which to power them. Von Kleist 
was not seeking to discover anything about antennas 
- he'd never even heard of them. He was just enjoy- 
ing himself, as many experimenters do, by playing with 

B 
fig. 1. (A) An example of a capacitor such as von Kleist 
discovered; (B) A Leyden jar (occasionally called a 
"Kleistian jar). 

and studying electricity. In doing so, he unwittingly 
discovered the world's first electrical "condenser" or 
capacitor. And believe it or not, this discovery led to 
antennas as we know them today. 

As you know, a capacitor consists of two conduc- 
tors called "plates" which are separated by an insulator 
called a "dielectric." Such a device can accept and 
store an electrical charge. First Kleist filled a glass flask 
with water. Then, holding the flask in one hand, he 
inserted a wire into the water in the flask and charged 
the wire with sparks of static electricity. As shown in 
fig. 1A, the water in the flask formed the inside plate 
of the world's first capacitor. The glass of the flask 
formed the dielectric, and von Kleist's hand served as 
the other plate of the capacitor! Touching the wire, 
von Kleist literally got the "shock of his life." He told 
others who played with electricity about his "shock- 
ing" discovery; one of them, a man named Graylath, 
succeeded in replicating the effect. According to 
Heilbron,' Graylath reported that his device for stor- 
ing "electrical fire" could knock children of 8 or 9 "off 
their feet."' Such was the remarkable beginning of 
what we commonly refer to as the "Leyden jar." The 
term "Leyden" derives from the town of Leyden in 
the Netherlands, where in 1746, Pieter van Musschen- 
broek and his student Cuneaus further developed the 
early capacitor while trying to replicate and improve 
upon von Kleist's work. Obviously, one could not con- 
tinue to use one's own hand as one plate of this poten- 
tially dangerous device. In the Leyden jar, the experi- 
menter's hand on the outside of the flask was replaced 
with a coating of metal foil. The water on the inside 
of the flask - the inner plate of the capacitor - was 

By W. Clem Small. KR6A. 26530 Parkside Drive. 
Hayward, California 94542 
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AEA BREAflRA@'b"GH 
THE TI-1 

RTTY TUNING INDICATOR 

-- 
a TRUE SPECTRAL DISPLAY SHOWS BOTH MARK AND SPACE TONES 

lOhz RESOLUTION FOR THE TUNING ACCURACY OF A SCOPE 
WITHOUT THE EXPENSE OF A SCOPE 
ALLOWS FAST AND EASY TUNING OF RTTY SIGNALS 
IDEAL FOR DIFFICULT TO TUNE AMTOR SIGNALS 
DISPLAYS 170,425 AND 850hz STANDARD SHIFTS 
SHOWS NON-STANDARD SHIFTS FOR EASY TUNING 
AUDIO DRIVEN - EASY TO HOOK UP - COMPACT SIZE 
BUILT IN SPEAKER - CAN BE SWITCHED ON OR OFF 
WORKS WlTH ANY INTERFACE 
DOES NOT REQUIRE SCOPE OUTPUTS 
REQUIRES 12vdc AT LESS THAN 60ma 
COMPLETE WlTH MANUAL AND CONNECTORS 
SUGGESTED RETAIL $1 19.95 

MIDWEST AMATEUR RADIO SUPPLY AEA Brings Breakthrough! you the 
3456 Fremont Avenue, North 

Minneapolis, MN 5541 2 For service call: (612) 521-4662 
Store Hours: Mon.-Fri. 9-6, Saturday 9-3 For orders call: 1-800-328-6365 



replaced by a second piece of foil. These two foil plates 
were separated by the glass wall of the Leyden jar, 
just as the glass of the flask had separated the water 
and von Kleist's hand in the original device. Fig. 1B 
shows the Leyden jar invented by Musschenbroek. 

As the early physicists continued to pursue the elu- 
sive electrical phenomena of the day, more discoveries 
were uncovered. Ruhmkorff developed the induction 
coil or transformer. Induction coils equipped with the 
battery, invented by Volta, were capable of produc- 
ing very high voltages continuously and giving impres- 
sive sparks across gaps in conductors. It was also 
found that the induction coil would give a much more 
powerful spark at a spark-gap if a Leyden jar or two 
were connected across the gap. Another finding quite 
important to the discovery of radio was that the dis- 
charge of a Leyden jar across a spark-gap was actual- 
ly an oscillating current rather than just one pulse of 
current as it appears to the eye. Then along came 
Heinrich Hertz, bringing these discoveries together to 
confirm Maxwell's predictions of the possibility of 
radiating electromagnetic waves through space. As 
part of the apparatus used in demonstrating this re- 
markable phenomenon, he employed an induction coil 
and spark-gap to create a transmitter similar to that 
of fig. 2. 

Aitken has noted that the metal plates on the ends 
of Hertz's dipole antenna (fig. 2) were essentially 
Hertz's way of "unrolling" the foils of the Leyden jar 
and thereby increasing the capacitance across the 
spark-gap of his tran~mitter.~ Hertz, of course, knew 
that a Leyden jar discharging through a spark-gap pro- 
duced an oscillating electric current. What he had to 
do was to somehow "open up" that circuit so that it 
could produce the suspected radiation of electromag- 
netic waves that Maxwell had predicted. In discuss- 
ing the evolution from Leyden jar-plus-wire-loop 0s- 
cillator to wire-plus-metal-plate antenna, Aitken says, 
"The two foil surfaces of the Leyden jar, opened out- 
ward and transformed, became Hertz's radiating dipole 
antenna."2 Hertz at times dispensed with the foils, and 
used as his antenna only the rods to which the foils 
were attached. (In some instances he selected dipole 
lengths that put his electromagnetic  radiation.^ near 
the 2-meter Amateur band of today!) Thus did the 
Leyden jar evolve into the dipole or doublet antenna 
as we now know it. 

Subsequently, Guglielmo Marconi, while vacation- 
ing in the Italian Alps, read an announcement of the 
death of Hertz. The same article recounted Hertz's as- 
tounding achievements in demonstrating the possibil- 
ity of transmitting electromagnetic waves through 
space. Marconi was struck with the potential such a 
discovery might hold for the communication of infor- 
mation across more than just the few feet of laboratory 
space which Hertz had done. He cut short his vaca- 

-. --- - - 
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fig. 2. An example of a spark-gap transmitter with dipole 
antenna and capacitance plates. 
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fig. 3. A Marconi antenna connected to a spark-gap 
transmitter. The left side of the spark-gap is connected 
to the earth. 

tion and returned home to begin work on what was 
to become the wireless telegraph, or what we now call 
radio. Marconi soon began experimenting with anten- 
na placement and eventually came to connect one side 
of the spark-gap in his transmitter to a vertical anten- 
na (see fig. 3) and the other side of the gap to the 
earth or ground. 

Hertz had found that he had to make the length of 
his dipole equal to one-half the wavelength of the fre- 
quency which he desired to radiate. Marconi, on the 
other hand, found that with the earth substituting as 
half the dipole, he could use one-fourth of the wave- 
length as the length of his vertical radiator. With this 
configuration was born the grounded vertical anten- 
na, ancestor to the common quarter-wave vertical 
ground-plane antenna as well as AM broadcast towers 
and many other vertical antennas. Although antennas 
didn't look much like a capacitor or a Leyden jar by 
Marconi's time, the idea of the antenna as a capacitor 
did not die with Hertz's opened-out Leyden jar. Early 
technical books on radio routinely discussed antennas 
as being large capacitors and explained their function- 
ing in those terms. For instance, in a 1922 revision of 
the U.S. Army Signal Corps radio handb~ok,~ we find 
the following: "There are two general types of anten- 
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nas, those which act primarily as electrical condensers 
and those which act primarily as electrical inductances. 
The first type is usually referred to simply as an 'anten- 
na.' The second type is usually referred to as a 'coil 
antenna,' 'coil aerial,' 'loop,' or when used for a par- 
ticular purpose, as a 'direction finder.' " Of course to- 
day we realize that an antenna has capacitance (as well 
as inductance and resistance), but are more likely to 
conceptualize an antenna as a resonant circuit than 
as a capacitor. 

terminology 
Notice that in fig. 2, Hertz's antenna is oriented with 

its radiating conductor in the horizontal plane. Thus 
the electron flow on the radiator, and the electrical 
wave radiated into space, would naturally be horizon- 
tal. For this reason, Hertz's antenna is described as 
a horizontally polarized antenna. Terms still in use for 
common horizontally polarized antennas, in particular 
the 1 /2A dipole or doublet, are "Hertz" or "Hertzian" 
antennas. On the other hand, in Marconi's 1 /4A anten- 
na, note the vertical orientation of the antenna's wire 
radiator. Here the current flow on the radiator, and 
the electrical wave radiated into space, are vertically 
oriented. It's not hard to see why, even today, verti- 
cally polarized antennas worked against a ground- 
plane are sometimes referred to  as Marconi antennas. 
For example, in the 1982 edition of the RSGB's HF 
Antennas, Moxon refers to ". . . the Marconi anten- 
na . . . which can be regarded as one-half of a dipole, 
the other half being the image in the ground.". 
Shrader, in Electronic Communi~ation,~ wrote, "Any 
antenna complete in itself and capable of self-oscilla- 
tion, such as a half or full wavelength, is known as 
a Hertz antenna. When an antenna utilizes the ground 
(earth) as part of its resonant circuit, it is a Marconi 
antenna." To me, it seems fitting that the two most 
common antenna configurations we have today still 
bear the names of their illustrious discoverers. 

The next time you whip the 01' rubber duckie past 
your ear as you put your HT on the air, give a little 
thought to the debt we owe those old-timers for the 
pleasures we enjoy today. If the thought makes the 
hair on the back of your neck stand up a little, it might 
just be that the spirit of old von Kleist is back there 
with a charged flask, still playing with his "electrical 
fire." 

references 
1. J.L.  Heilbron, E1ectric;cityin the 17th and l8rh Centuries, University of Cal- 
ifornia Press, 1979, Chapter XIII. 
2 .  H.G.J.  Aitken, Syntony and Spark, John Wiley, New York, 1976, pages 
53 and 56. 
3. The Principles UnderEying Radio Communication, 2nd edition. U .S. Army 
Signal Corps, 1922, page 304. 
4. L.A. Moxon. HFAnrennas for AIILocations. Radio Society of Great Britain. 
1982, page 103. 
5. R.L. Shrader. Elecrronic Communication, 2nd edition. ~c~raw- ill, New 
York, 1967. page 439. 
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Experience proves that your satellite TV system must 
consist of reliable products, offer superb performance 
and provide dependable service at a competitive 
price. 

NSC, a national satellite TV equipment distributor, 
represents all major brands of satellite TV components 
world-wide. NSC supports what they sell via a highly 
trained technical and marketing staff. 

Rx 
If you are interested in owning a healthy satellite tv 
system call an NSC representative (toll free) today for 
the authorized NSC dealer nearest you. 

WHEN SATELLITE TV IS I N  YOUR SYSTEM 
NATIONAL SATELLITE COMMUNICATIONS FILLS 
THE PRESCRIPTION!! 

To Place 
Orders Call: 
New York Office: 1-800-833-4485 
In N.Y. Watt: 1-800-522-3538 
Florida Office, 

In Florida: 1-800-821 -8659 
Florida Office, 

Regional: 1-800-322-4044 

For more information: 

In New York Call: 1-518-383-221 1 
In Florida Call: 1-305-851 -4738 

Corporate Office: Florida Office: 
21st Century Park 10779 Satellite Blvd. 
Clifton Park, NY 12065 Orlando, FL 32821 

NATIONAL SATELLITE 
COMMUNICATIONSTM t 223 National Satellite Communications 1' 



low-cost UHF antenna tower 

perforated tubing 

provides accessible 

This article describes a design for a UHF antenna 
tower that can be constructed very simply and at a 
price most hams should be able to afford - less than 
$200.00. This type of tower is ideal for Amateur Fast 
Scan Television applications, among others. 

Before the design was begun, several ground rules 
were established: 

The tower should be attached to the chimney of the 
house. (The advantage is obvious; the chimney 
would serve as the base for the tower and also pro- 
vide extra height.) 

q C c e t  C2.7m) >tee f pipe 

R o t o r  

I .  ,. - 8 ' / + ~ 1 %  Tower section 
(6 .7  x 6.7 cm) 

2 a s" r o w e r  sect:orr 
6.V ~ 6 . y c m )  

fig. 1. Tower and antenna assembly measures 57.5 feet (17.5 
meters) from ground. 

For aesthetic reasons, no guy wires were to be in- 
cluded. This meant that the tower had to be strong 
enough to withstand 80-mile per hour (128 km per 
hour) winds with an antenna area of 2 ft2 (0.19 m2), 
which is sufficient for two or more UHF-type 
antennas. 

For ease of maintenance, the tower must be a 
tiltover. 

The tower sections had to be light enough to allow 
construction and assembly to be carried out without 

i the need for a crane. 

1 the chimney must take the load 
I The first order of business was the necessity of 

establishing the strength factor of the chimney for a 
given side load. This is very important; not all chim- 
neys are strong enough to support a mast. At this site, 

1 the chimney is constructed from an inner column of 
tube segments surrounded with a brick-cemented 
outer shell. The space between the brick shell and the 
tube segments is filled with concrete reinforced with 
four 112-inch (1.27-cm) steel rods. This is common 
practice in Southern California. A check with the coun- 
ty masonry society.revealed that this type of chimney 
should be capable of sustaining a side load of 1000 
pounds (454 kg). 

The next step requires calculating the strength spec- 
ifications for the tower itself. Because no guy wires 
were planned to supporbthe tower above the chimney, 
the combined strength of the tower, the rotator 
mounted on top, and the antennas above the rotator 
must be sufficient to sustain violent winds up to 80 
miles per hour, or 128 km per hour. (A detailed analysis 
is included at the end of this article.) 

The tower and antenna assembly consists of a set 
of chimney mounting brackets; three lengths of square 
tubing sections, each successively smaller in diameter 
and fitting inside the previous tube; a rotator; and a 

By Nick Klos, KAGGVY, 15421 Vassar Street, 
Westminster, California 92683 
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Tubinq 

bol t  

fig. 2. Right angle bolts connect tubing sections. 

9-foot (2.74 meters) long, 16-gauge (2 mm) galvan- 
ized steel 1-518 inch (4.1-cm) I.D. tube with two 
DX-420 Cushcraft antennas mounted to it. The total 
height, measured to the tip of the antenna mounting 
tube is 57.5 feet (17.5 meters) above the ground. This 
includes the 23-foot (7-meter) high chimney. (See 
fig. 1). 

construction details of 
tower and chimney mounts 

The tower was assembled from three lengths of 
Telespar perforated tubing. This type of tubing was 
designed for sign posts, storage racks, and benches. 
Of the many unique properties of the tubing, its mod- 
ularity makes it most useful for antenna mounting. 
Each segment of tubing was designed to fit into the 
next larger tube diameter. Right angle bolts provided 
by the supplier fasten the sections of tubes together. 
(See fig. 2). An overlap of 1-1 I 2  feet (46 cm) should 
be maintained to allow for sufficient strength. Since 
cost and simplicity were of primary concern, no elab- 
orate motor driven or other type of mechanism to 
lower or raise the tower was included. Access to the 
antennas was achieved by making it a tiltover assembly 
with a hinge. 

The brackets are of an all-welded construction. A 
detailed drawing (fig. 3) outlines the construction fea- 
tures of the front bracket which supports the tower. 

The rear bracket is almost the same as the front 
bracket, with the exception that no tower brackets are 
included. The author chose to make the bracket long- 
er, reaching further down the chimney for added 
strength and to provide a better stress distribution in 
the chimney. Each chimney width will be different; 
thus the inside bracket dimension will be unique for 
each installation. The 4.5-foot (137-cm) bracket height 
should be maintained in order to provide adequate 
base support. Remember, the tower, rotator, boom, 
and antennas weigh approximately 150 pounds (68 
kg). The front bracket weighs approximately 80 to 100 
pounds (36 to 46 kg) and the rear bracket approximate- 
ly 70 to 90 pounds (32 to 41 kg). 

( 2 . 5 ~  cm) 

fig. 3. Construction details of front bracket assembly. 

fig. 4. Hinge assembly, consisting of a front and rear bracket, 
is fastened with two 2-foot long threaded bolts. 

After the brackets are completed, apply rust pre- 
venting paint and measure the width of the chimney 
accurately; the welded bracket assembly cannot be re- 
adjusted to fit the chimney. (A bolted construction 
may work loose or cause twisting in heavy winds.) 

The sandwich mounting of the front and rear brack- 
ets, using 112-inch (12.7-mm) bolts, serves two pur- 
poses: first, it eliminates the need for drilling into 
masonry and mounting of lag bolts, which are unreli- 
able in this application; second, it helps prevent the 
failure of masonry between the bricks. If the chimney 
is not straight you may have to insert shims between 
the brackets and the chimney for stability. 
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Rror brade t  

Front b r a c k e t  

fig. 5. Remove upper mast bolt to lower tower to roof. 

I pans list I 
tower pans 

part 
quant#ty number dercrlptlon 

1 24F12' perforated tubing 2.112 x 2-112 lnches (6 4 x 6.4 cmJ. 
wall lhtcknssr 0.105 ,rich (2.7 mm). 12-leer (3.7 mJ long. 
pre-galvanized sleel 

I 22F12' perforated lobing 2-114 x 2-114 inches (5.7 x 5.7 cmJ. 
wall thickness 0.105 #rich (2.7 mm), 10-lee1 (3 m) lOnQ, pre. 
galvanized steel 

1 20F12' perforated tubing 2 x 2 inches (5 x 5 cm), wall thlckners 
0,105 mch (2.7 mm). 10.feef (3mJ long, pre.galvanlled 
steel 

2 TL070' right angle bolt. electro-galvanized linlsh 
2 TL050' right angle boll, eleclm-galvanrzed f in~sh  
1 tubing 1.518 rnch (4.1 cm) ID, wall thickness 1/16 lnch (1.6 

mm), 9-leer (2.7 m) long 

'Telespar pans can be obtained from the Unistruct Carparatton. 14600 South 
Marquardt Avenue, Santa Fe Spnngr, Cellfornia 90670. 

quantity 
2 

2 

6 

6 

8 

2 

8 
4 

1 

- 

bracket parts 

description 
angle kon 3 x 3 r I14 rnch (7 6 c m  x 7 6 c m  x 6 4 mm). 52 
rnches (1.37 m) long 
angle iron 3 x 3 x 114 inch (7.6 cm x 7.6 cm x 6.4 mm). 6 to 8 
feet (1 8 to 2.4 mJ long 
flat cold rolled steel plate 3 inches (7.6 cm) wide. 318 inch (1 cmJ 
thick, length dependent on chnmney width 
flat cold rolled steel plate 3 x 2-11.? x 318 oncher (7 6 x 6 4 r 
1 cm)  
flat cold rolled steel plate 3 r 2 x 112 tnch (7.6 cm x 5 cm x 
1.27 cm) 
galvan#zed steel ball 5 fnches (12.7 cm) long x 112 ~ n c h  (1 27 cm) 
thick 
gslvanlzed steel nut lor 112 lnch (1.27 cm) boll 
galvan#zed threaded bolt 3 feet (91 cm) long - dependent on chum 
ney dimensions 
flat cold rolled sleel plate 3 Inches (7.6 cmJ wide. 318 ~ n c h  11 cm) 
thlck. 52 Inches (1.3 m) long 

'I 
Tower sec4iun 5 1 \ ~ i i d e  +ogeihcr 0 

/ 

P 
! / 

Chimney 

fig. A1. Towerlantenna configuration. 

fig. 6. To reach antennas, simply remove bolts joining sec- 
tions, sliding one section inside the other. 

Designed to be part of a welded bracket straddled 
around the chimney, the hinge is fastened together 
with 112-inch (12.7-mm) two-foot long threaded bolts 
available at most hardware stores. (See fig. 4.) Fig. 
5 illustrates how the tower can be lowered to the roof 
by removing the upper mast bolt. 

If you have a pitched roof, how do you reach the 
antennas after the mast is hinged down? The mast is 
39.5-feet (12-meters) long, measured from the hinge 
point. It overhangs the rooftop by 27 feet (8.2 meters). 
Therefore, the design includes the sectional feature 
shown in fig. 6. Since three square tubes slide 
together, merely removing the two sets of bolts that 
hold the sections together allow shortening the mast 
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to the point where the antennas can be easily reached. 
In terms of the rotator, antennas, and tubes sup- 

porting these antennas, each individual must consider 
the options available and choose the most appropriate 
configuration. The tower constructed by the author 
was tested involuntarily when seven major storms 
swept through the Los Angeles area with wind veloc- 
ities up to 100 miles per hour (160 km) during the win- 
ter of 1982-1983. The tower, brackets, and antenna 
sustained no damage; the tower is still perfectly verti- 
cal, and no stress cracks or other minor damage has 
been observed on the brackets or tower. 

acknowledgement 
My sincere thanks to Bob Provost for providing the 

mechanical analysis for the tower design. 

appendix 

antenna tower stress analysis 
The following is a stress analysis of an antenna tower attached 

to a chimney. This analysis may be used as a guideline for any tower 
configuration. The simplified approach assumes a cantilever beam 
with a projected antenna surface area of 2 feet2 (0.19 meter2). The 
object of the analysis is to determine the wind velocity a given 
towerlantenna configuration can endure without damage. 

The configuration of the towerlantenna model is shown in fig. 
Al .  

First, one needs to determine the moment of inertia (IsQ) of sec- 
tions "A" through "F," using equation: 

Next, the bending stress lo) as a function of wind force (1') needs 
to be determined. 

MC 0 :  - 
I 

(A21 

where M = moment (arm) 
C = distance to neutral axis of cross section 
I = moment of inertia 

For section "A" the bending stress is: 
(32.5 ft) (P Ib) [(1/2 . 2.50 ~ n ) ]  (12 rn/ft) 

OA = = - -  . -  - 
0.9635 m4 

The following table summarizes the results: 

CG 
section distance 

F - 

E 7.0 
0 8.5 
C 17.0 
B 25.5 
A 32.5 

tower 
cross section 

(inches) 
- 

1-518 x 1-5/8 

2 x 2 
2-114 x 2.114 
2.112 x 2.112 

wall thick o 
(inches) I PSI 

- - - 
1/16 0.1592 428.7P 
- - - 

0.105 0.4778 426.9 P 
0.105 0.6925 497.1 P 
0.105 0.9635 506.0 P 

'Extra strong sectnon used, calculat~on not necessary 

As can be seen from the table, Section A experiences the largest 
stress for a given wind force (Section C, the least). (In other words, 
Section A would be the first section to break.) The maximum wind 
force a section can withstand is based on the strength of the material. 

The yield strength of the tower material is o  yield = 33 ksi (33,000 
Iblinz). Any bending stress less than 33 ksi applied to the cross sec- 
tion will not permanently deform the tower section. 

The ultimate strength of the tower material is o ultimate = 52 
klb/in2. Any bending stresses from 33 to 52 klblin2 applied to the 
cross section may result in permanent deformation. Stresses above 
52 klblinz will cause the tower section to break. 

Solving for the unknown wind force yields: 

P = 65.22 Ibs 

Wind force is related to wind velocity as follows: 

where A = antenna area 
Q = density of air 

(0.076 lbmlft3 at 66OF) 
V = wind velocity 
g = gravitational acceleration 

- 

hr (5280 ft/mile)]2 (2ft2j (0.076 Ibm/ft3j [(V miles/hr) 3m 
P =  - - 

32.186 Lfi/sec2 (lbm/lbfl] 

Therefore, the maximum wind velocity cross section "A" can with- 
stand is: 

and 

Although the simplified calculations show a Vyield of 80 mph, 
winds up to and over 100 mph have not resulted in tower material 
yield at this location. It appears that using the equations outlined 
above should provide a conservative means of calculating the 
strength of a tower. 

(The same analysis in metric units is available. Send an SASE 
. . . Editor.) 

ham radio 

3otyn   are hall Naerle, W B511 R 
The Amateur Radio community was recently 

saddened to learn of the untimely death of John 
Haerle, WB511R, in an automobile accident 
August 1. 

A popular author and lecturer active on 160 
meters, John had been affiliated with Gates 
Radio as chief engineer for sales, and later with 
Collins Radio, where he served as director of ad- 
vertising and public relations and also headed 
that organization's broadcast division. 

Surviving are his wife, Rose; a son, Dan; and 
a granddaughter. 

A scholarship fund has been established in 
John's name at North Texas State University; 
checks may be made payable to the North Texas 
State University Scholarship Fund and sent to 
the Dallas Amateur Radio Club, P.O. Box 173, 
Dallas, Texas 75220. 

- ham radio 
I 
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THE MOST AFFORDABLE 
REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 

I - - C  

FEATURES: 
JUST LoOK AT THESE PRICES! SENS~TIV~TY SECOND TO NONE; TYPICALLY 

0.1 5 uV ON VHF, 0.3 uV ON UHF. 

I Band Kit WlredKested - 
10M,6M,2M,220 $680 $880 

SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR 
GREATER THAN 100 dB AT + 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144. R220. 

440 $780 $980 AND R451 SPECS IN RECEIVER AD BELOW. 

Both kit and wlred units are complete with ail pem module$ hadware, and crysteis OTHER GREAT RECEIVER FEATURES: FLUTTER- 
PROOF SQUELCH, AFC TO COMPENSATE FOR 

CALL OR WRITE FOR COMPLETE DETAILS. OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER & CONTROL. 

Also evaNabie for remote site linking, crossbend, and remote base. CLEAN, EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

1 HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
RECEIVER MODULES 

L 

R144 Shown 

R144IR220 FM RCVRSfor2M or220MHz. 
0.1 5uV sens.; 8 pole xtal filter & ceramic filter 
in i-f, helical resonator front end for exceptional 
selectivity, more than -100 dB at f 12 kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $138. 

R451 FM RCVR Same but for uhf.Tuned line 
front end, 0.3 uV sens. Kit only $138. 

R76 FM RCVR for 10M. 6M. 2M. 220. or 
commercial bands. Asabove, but wlo AFC or 
hel. res. Kits only $1 18. 
Also avail w/4 pole filter, only $98/kit. 

R110VHFAM RECEIVER kitforVHFaircraft 
band or ham bands. Only $98. 

R110-259 SPACE SHUlTLE RECEIVER, 
kit only $98. 

T51 VHF FM EXCITER for TOM, 6M, 2M, 
220 MHzor adjacent bands. 2 Wattscontin- 
uous, up to 2'/2 W intermittent. $68/kit. 

T451 UHF FM EXCITER 2 to3 Wattson 450 
ham band or adjacent freq. Kit only $78. 

VHF& UHF LINEAR AMPLIFIERS. Useon 
either FM or SSB. Power levelsfrom 10 to45 
Watts to go with exciters8 xmtg converters. 
Several models. Kits from $78. 

HELICAL RESONATOR FILTERS available 
separately on pcb w/connectors. 

HRF-144 for 143-150 MHz $38 
HRF-220 for 213-233 MHz $38 
HRF-432 for 420-450 MHz $48 

COR -2 KIT With audio mixer, local speaker I amolifier. tail & timeout timers. Onlv $38. - .  . 
COR-3 KIT as above, but with "courtesy 
beep". Only $58. 

CWlD KITS 158 bits, field programmable, 
clean audio, rugged l T L  logic. Kit only $68. 

DTMF DECODERICONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtones", e.g., repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $90. Requires DTMF Module. 

NEW - SIMPLEX AUTOPATCH 
Use with any transceiver. System includes 
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A1 6 RFTIGHT BOX Deepdrawn alum. case 
with tight coverand no seams. 7 x8  x 2 inches. 
Designed especially for repeaters. $20. 

DTMF & ~utopatch modulesaboveand new 
Timing module to provide simplexautopatch 
and reverse autopatch. Complete patch 
system only $200/kit. Call orwritefordetails. 



NoNeedtoPay$80to$l25 
for a GaAs FET Preamp. 

.Very Low Noise: 0.7 dB VHF, 0.8 dB UHF Wired $149 
(Specify band) 

listen to SSB, FM, ATV, etc. NF = 2 dB or less. 

Operates on Standard 12 to 14 Vdc Supply Antenna Receiver 
Can be Tower Mounted 

VHF MODELS *Add $20 for 2M input 

26-30 MHz 
46-56 MHz 

LNG-1 44 137-1 50 MHz 
LNG-220 210-230 MHz 

UHF MODELS 

FM-5 PC Board Kit - ONLY $1 78 
complete with controls, heatsink. etc. Helice1 Resonetom 

10 Watts, 5 Channels, for 2M or 220 MHz. 

Our lab has developed a new line of low-noise 1. Largest selection of vhf and uhf kits 

receiver preamps with helical resonator filters in the world. 

built in. Thecombination of a low noise amplifier 2. Exceptional quality and low prices due 
and the sharp selectivity of a 3 or 4 section to large volume. 
helical resonator provides increased sensitivity 
while reducing intermod and cross-band inter- 

3. Fast deliwry; mostkMsshippedseme day. 

ference in critical applications. See selectivity 4. Complete, professional instruction 
curves at right. Gain = approx.12 dB. 

5. Prompt factory service available and 
free phone consultation. 

143-150 MHz 
213-233 MHz 
420-450 MHz 
150-1 74MHz 
450-470 MHz quality features tor much lower cost. 

-- 
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f- Announces: 
A User-Friendly Software Package 
Designed For Easy Operation of Morse, 
Baudot, ASCII, and AMTOR. A Feature- 
Packed Program Called: 

MAIN MENU SCREEN 

MBA-TOR lM 

COPYRIGHT 1984 BY AEA 

SELECT: 
M. MORSE 
A. ASCII 
R. RTTY 
T. AMTOR 
U. AUTO AMTOR 
X. AUTO CALL 
C. COMMANDS 
0. OPTIONS 

Now Available for the Commodore 64 Computer in Two Versions. 
MBA-TOR 64 Software Package Only, at $119.95 Suggested Retail. 
MAP-6412 Software wi th Self-Contained Interface $239.95 Retail. 

Just Look At Some Of  The Features: 

CW receive and transmit at 5 to 99 wpm, auto speed track on receive. 
8 bit ASCII, receive and transmit at 110, 150 or 300 baud, 
5 bit Baudot, receive and transmit at 60, 67, 75, 100 or 132 wpm. 
TOR, receive and transmit ARQ (Mode A) or FEC (Mode B) and listen. 
Beacon and WRU system, includes QRG check before XMT, won't ORM. 
Message forwarding system, AUTO-AMTOR still functions in this mode. 
Selects command menu. 
Selects options menu. 

+ Complete precompose split-screen display with status information. 
+ Complete printer control including SELCALLIWRU printer control. 

hh:mm:ss 
I. CALLSIGN ?????? 
S. SELCALL ???? 
T. ARQ TIMEOUT 30 
U. USOS ON 
M. MORSE FILL (BT) OFF 
R. RTTY SYNC (NUL) OFF 
A. AUDIO FEEDBACK OFF 
C. AUTO CR ON 
L. AUTOLF 0 N 
B. BEACONRECORD OFF 
W. WRAP-AROUND ON 
K. CW BREAK-IN OFF 
0. OUTPUT MODE WORD 

24-hour clock, shows time in  hours, minutes and seconds. 
Allows entry of your callsign for auto operations. 
Derived from your callsign automatically, can be changed. 
Sets ARQ phasing calls from 1 to 99 seconds. 
Unshift on space, toggles on or off. 
Transmits Morse idle character during breaks in  KB activity. 
Transmits RTTY idle character during breaks'in KB activity. 
Sends short beep through your audio as any key is depressed. 
Sends carriage return the first space after 65 characters. 
Sends a line feed after each carriage return. 
Allows the beacon to be recorded to the QSO buffer for logging. 
Sends CR/LF if there is a space in  the last 5 positions on the line. 
Automatic transmit/receive switching during QSO. 
Transmit in word mode (text sent on space) or character mode. 

COMMAND MENU SCREEN + Break-in buffer on all modes, toggle QSO buffer on or off. 
+ CW speed lock and Farnsworth low-speed CW. 

hh:mm:ss + 10 soft-partitionedTM message buffers plus direct from disk or tape. 

L. LOAD 
E. EDIT 
M. MOVE 
S. SAVE 
X. SET XMT BUFFER SIZE 
C. SET COLOR 
T. SETTIME 

Allows loading of message or QSO buffers from disk or cassette. 
Word processor type edit functions on message and QSO buffers. 
Allows transmission of QSO buffer without disk or cassette systems. 
Allows you to save message and QSO buffers to disk or cassette. 
Set the transmit pre-type buffer to any size you like. 
Chose between any of 16  colors for character, screen or border. 
Lets you set the time of day clock. 

+ Insert QSO station's call into any buffer while still copying. 
+ Includes a complete manual, keyboard overlays and cables for 

the AEA Computer PatchTM or MicropatchTM Interface. 
+ For more information call AEA, or see your AEA Dealer. 

9 
C & A ROBERTS, INC. 
1851 1 Hawthorne Blvd., Torrance, CA 90504 

' AEA Brings you the 
21 3-370-7451 24 Hours call 213-834-5868 Breakthrough9 
-- 
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design your own 
trap antenna 

Operate wherever you want 
with this efficient antenna 

Even though the trap antenna seems to be sim- 
ple, designing one - on paper or by cut-and-try - 
can be tedious. It's possible, however, to take the 
tedium out of the process by using a home computer 
or a programmable calculator. The antenna described 
in this article should perform acceptably on first use, 
and should be easy to adjust. 

The basic concept unklerlying the trap vertical, di- 
pole, or beam antenna is simple: the bottom (or half 
center) section is simply 1 14 wavelength long at the 
highest frequency. A parallel-resonant trap tuned to 
this operating frequency effectively isolates the rest 
of the antenna. On the next lower band, the bottom 
section will be less than 114 wavelength long (physical- 
ly). This length is electrically extended by the loading 
coil effect of the below resonance trap (looks like an 
inductance), and the combination must be brought to 
90 degrees effective (electrical) length by a second sec- 
tion of tubing. A trap resonant at this lower frequen- 
cy can now be added if more bands are needed, or 
the antenna simply "stopped." Each additional band 
requires a trap, plus an extended metal section. At low 

frequencies, a loading coil can also be added to reduce 
section length. 

The challenge of trap antenna design lies in the fact 
that conversion from the physical length of sections 
to electrical length depends on the ratio of section di- 
ameter to wave length, so that the values must be re- 
calculated for each band. Also, the trap-to-loading coil 
effect must be redone for each band, with conversion 
from reactance to effective length also considered. 
Unless an organized approach is used, it's easy to get 
lost. 

For Amateur Radio purposes, the key to this or- 
ganized approach is a series of articles by Boyer, 
WGUIH. The following summarizes the calculation 
steps involved and the equations used. (For explana- 
tions of the individual steps, refer to the Boyer series. 

INPUT the design parameters: 

Number of bands 
Operating frequencies, f,, (highest first, in order) 

Section diameters, D, 
Trap capacity or inductance, C, or L, 

CALCULATE for specified frequencies: 
Trap inductance or capacitance, and reactance, X,, 
Section characteristic impedance, Zo 

CALCULATE by looping: 
Set first section length h to 90 degrees 
Loop for each band and for each trap 
Calculate the wave length = 11808lf inches 
Calculate the section impedance 
2, = 60 (Ln.An/Dn - I )  
Calculate the ratio of trap frequency to operating 
frequency f , , / fn l  = m 
Calculate effective section length h ' = rnh 
Calculate normalized trap reactance X i  = XL (I/m 
- m)/Z, 
Add reactances X '  = Xi + X 
Convert to length h = tan - 1  X '  
Determine section length when all traps and sec- 
tions have been considered. 

S = 90" - h 

By R.P. Haviland, W4MB, 1035 Green Acres Cir- 
cle, N., Daytona Beach, Florida 32019 

LC TRAP 

h* 

I 3 

I A N  Z 0 9 0 0  

R E s o N l N r  LIG N o  # E l  

Z ' N o m N o  zC ( 2 ,  Y+9cvJ 

X' 

h e r f . ~ t , ~ .  L o .  - 1 ,,..,, "a 1 

CONTINUE FOR 
ADDED BANDS 

fig. 1. Organized approach to trap antenna design. 
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10 REM TRRP RNTENNR '048 FOR N = l  TO J 
20 F A S T  $@50 PRINT TF)B 0 {  F (NL j 
38 PRINT "ENTER NUMBER OF SRND 1060 PRINT TRB S r  D (NS I 

5 " 2070 PRINT TFIP 8 ;  i I N T  INT f l @ + L  ( 
40 INPUT J 411) /I@; 
50 DIM ~ ( 4 )  2080 PRINT TRS 13; IPIT cc (N) +o.s) 
60 DTM Q C J )  
78 DIM L (J1  &- F.??i.Si.i'i' ? A S  17; IN7 t X B Y W  t N? f 
80 DIM CCJI  'LbB/'PZ> 3 ,<I@, 
90 DIM T I J I  1100 LET P A C T = C I . 6 7 3 t Z  IbLZ aa63.853 

100 RIH n t ~ ,  23.10 LET FRCT =FRCT+~ z 3 0 a . 0 ~  r NL 
11&3 DIP9 Z l-2) a120 LET FFICTsFRCT +H tNZ /?./PI 
200 PRINT ENTER f RRP KNOtJN ,L I 2130 P R I N T  TFleP 29; SINT t lB+PWCT) 
,OR T I F  CORX" > / In;  
210 INPUT 2140 fF K S = " f "  THEM PRXbIT TF)B 86 
228 PRINT STRRTING uxrn HZGHES (INT ( 1 0 + ~  IN) ] )  . / la 

T BAND, IN ORDER,EWER" $150 NEXT N 
230 FOR N = l  T O  3 3Q00 REM RERUN 
240 PRINT RT B,D; "FREB " ; P # r  3010 PRINT ,,,"FOR RERUW ENTER C 
250 INPUT F (N j QNT 
260 P R I b l T  F IN> , "SECTSOP# DSH " ; I4  3020 STgP 

3036 C L s  
270 INPUT D (Nj  3040 PRINT "ENTER SECTION MO UIT 
280 P R I N T  D iN) "TRHP "; N i  " L-UH ;II CHANGE" 
, C-PF OR a FO& c ~ n s " ,  3050 INPUT N 
as0 I~PUT T E ~ P  3060 PRINT ENTER, OIRECT MODE, BU 
300 XF K $ = " L  T H E N  LET L f fg) =TEtf SNT1~IES~UF)LUES T O  CHFIMGE I THEN 

3 CONT 
310 IF K $ = " C "  THEN LET C CN.) STEM 3070 STOP 

.7 3080 GOT0 350 
320 IF K $ = " T "  RND TEHP< TJ4EJ.l $080 REM SRVE 

30TO 280 5010 S A V E  "TRHP R m "  
338 PRINT TEMP $020 GOTO 10 
'335 SCROLL 
336 SCROLL 
337 SCROLL fig. 2. Trap antenna program for ZX-81. (For copy of program 
536 SCROLL written for Commodore 64, send SASE to ham radio.) 
339 SCROLL 
340 SCROLL 
330 NEXT N 
360 IF K$ < >"To THEPI GOTO bBO 
aaa REH c.owx TRBP 
410 PRINT AT 10 ,B; "ENTER TRRP coax can be used for traps 

"t 
An., O l u i  t' 7/8. Ok' 1 . 3 C Plt'Ch' FOEPt U 
I A  .USING RG-5s CORXZ " There is a special feature used in the program. This 
420 INPUT TRP 
4.38 FOR d = i  T O  J - l  is a routine to calculate the number of turns of RG-58U 
440 I F  TRP=7/8 THEN LET Tlt4) -13 coaxial cable required to resonate as a trap, as de- 

3m7+FINI +*-0.91 
450 I F  TRP=l.S THEN LET T IJJZ =se scribed by Johns, W3JIP,2 and to calculate the induc- 
.9+F IN1 t%-0.86 
460 IF NOT ITRP=~./S OR TRF=l-E(iL tance. If other coil diameters are needed, some expe- 
THEN GOT0 410 
670 LET L 04). = (TRP+B,PZ a+P++T ft4.r i, 

rimental coils should be constructed and their frequen- 
r 2 /  ( fa* (TRP+@. 2 2  +P*T ItJJ ) cy measured. The number of turns required: 
480 NEXT N 
60a REM DU L OR C 

el@ N=? ToQg-2L=,,T,, THEW Le 
N = 135.7f-0.91 on 718 inch form 

520 IF KQ= L + T E H P = ~ * P I ~ F > N )  +L (Nj 
N = 68.86f- 0.86 on 1.5 inch form 

630 IF K $ =  C THEN LET TEHP=I@* 
c 6 /  (P*PI*F (!!I ZC (N> > The inductance is calculated from Wheeler's formula, 
1340 IF Kt= L QR K$="Te '  THEN LE 

r c (N) =l0++6 /  ( ~ , P I ~ F  IN] +TEMP) (D + 0.2)2 N2 
658 IF K $ r " C "  THEN LET L f#*#> =TE?f 

P /  ( 2 + P I  w F  fN3 ) 
= 18(D + 0.2) + 8 N  

560 NEXT N 
600 REM DO SECTION Z where the 0.2 is the diameter of RG-58. These rela- 
810 FOR N = l  T O  J 
a20 LET TEhP=1%E(~8.,*F tWZ 

tions must all be changed if coax of another diameter 
830 LET Z (NL =Be+ (LN (TEt4P..-D Cblr Z and capacity per foot is used. 
-1) 
840 NEXT N The final step in the program is conversion of the 
1800 REM MUIN LOUPY dimensions and printing the results. The sketch of fig. 
1005 LET DEG=Q 
1010 LET H l ' l i  =PI 12 I should aid in keeping the quantities organized. (In 
1028 FOR N=2 T O  J 
1030 FOR P = l  T O  N-3 the above equations, a prime is equivalent to chang- 
l.840 LET M = F  (N l  .-'F (PL 
1850 LET I)EG=DEG+H (PI +t# 

ing a subscript). 
1060 LET R€RCT=S l P Z a F  CPI aL CP.\ ., 5 \' 
I/M-MI st (N) 1 program listing 
1070 LET RERCT =RERGT+TFSl4 CrEG 
1080 LET DEG=RTN REROT 
1090 NEXT P The BASIC program for the calculation is given in 
L100 L E T  H (Nl mP1/2-DEG fig. 2. Each section is set off by an REM statement 
1110 LET DEG=B 
1120 NEXT N to correspond to the program outline. The program 
1000 REM OUTPUT 
~ S l S  CLS is in Sinclair BASIC, but should run on any common 
1820 P~INT "FREQ DIR LUH C.PF HPO home computer with minor changes. (A version for 

H IN 
2 0 3 B  I F  K$="T" THEN PRINT RT U ,2 the Commodore 64 is available from ham radio; send 
7; TRN5 SASE.) 
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FREQ DIFI LUH CPP HOG H f H  TRt1.5 
d8.5 1 0 .6  46 90 94.3 6.4 
51.2 1 8 .9  60  6 . 5  6 2  S.4 
14.2 1 1.4 86 22.347.3 12.1 
- 7 . 1  1 2.9 169 36.3 165.1 22.7 
3.8 1 0 0 35.2 282.2 0 

nant single-band antennas because the length of these 
is equivalent to the length of the first section of the 
trap antenna. Boyer's articles provide information that 
allows calculating the SWR versus frequency for these 
trap antennas. FOR RERUN ENTER C O M  

fig. 3. Sample run of 2x81 program for fiveband trap antenna 
using 718 inch coax coils. 
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Fig. 3 shows a sample run. A five-band version 
using only one-inch tubing would be difficult to build, 
mechanically, but could be done by using glass-fiber 
lines for support. A three-band version using two traps 
i s  very practical. The writer, as experimental station 
KKWJM, uses a six-band version covering 10, 12, 15, 
18, 20, and 30 meters. 

The main calculation routine is also available for use 
on the HP 67/97/41 series of  calculator^.^ 
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construction hints 
Note that these programs can be used for dipoles 

by entering wire diameter and by considering that the 
base section is measured from the center of the dipole 
to the first trap. When designing antennas using these 
programs, it is usually best to set the capacitance, 
since it is most difficult to change. Typical values for 
dipoles would be 25, 35, 50, and 100 pF for the 10-40 
meter traps. 

The ARRL Antenna Handbook has some hints on 
construction, and there have been many articles on 
construction of both integral traps for beams and dis- 
crete ones for dipoles. Lately, the author has used only 
the coaxial trap design for HF. Trap tuning in all cases 
is by changing coil turn spacing. Sections should be 
built to allow some length adjustment - about four 
inches. If necessary, sections can be cut shorter, but 
the need for this should be rare. 

To avoid making up new sections if they must be 
lengthened, a form of "capacity hat" may be used. 
This can be two lengths of small tubing clamped to 
the section to be lengthened at 90 degrees to each 
other. Tuning is accomplished by moving the "hat" 
toward or away from the top end of the section. The 
total length of each added section of tubing should 
be about twice the added length of section needed. 

If the section lengths are excessive, the required 
lengths can be reduced by using the "capacity hat," 
a loading coil, or both. To calculate the effect of a 
loading coil, introduce a dummy frequency, a few per- 
cent lower than the value of the next higher band fre- 
quency, and use a trap inductance equal to the value 
of the loading coil contemplated. It will probably be 
necessary to make several trials to arrive at reasonable 
values (see sidebar). 

Note that these programs are also usable for reso- 
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the "smart" frequency counter 

Reset 

Initialize 

Ports 

fig. 1. Flowchart for basic frequency counter. 

Build a versatile 
test instrument 
with digital display 
and microprocessor control 
- for less than $50 

Digital displays for radios have been around for sev- 
eral years, and most people have grown quite used 
to their appearance and operation. After purchasing 
an inexpensive HF transceiver without a digital display, 
I actually felt a little lost because I had been used to 
seeing the digits flicker as I tuned across the band. 
So I decided to add a digital display to my unit that 
would also function as a normal frequency counter. 

This article describes not only how to build a gen- 
eral-purpose microprocessor-controlled frequency 
counter, but also provides some routines that will allow 
the counter to be used as a digital display for a radio. 
In production quantities, this frequency counter could 
be built for about $10.00 or $15.00. In single quantities, 
a price of less than $40.00 to $50.00 would be more 
realistic. A parts list at the end of the article provides 
prices and quantities required. 

In trying to determine the actual operating frequency 
of a radio, several problems can arise. Depending on 
the type of radio (single conversion, dual conversion, 
direct conversion, etc.), different counting methods 
must be used to determine operating frequency. 

It's easiest to provide a digital display for a direct 
conversion type because the actual VFO frequency is 
the operating frequency. In fact, any frequency count- 
er may be used to measure the operating frequency. 

On single conversion radios, the frequency to be 
counted is either the sum or difference of the VFO and 
HFO. In this configuration, several things must be con- 
sidered: if selectable sideband operation is required, 

By Tim Ahrens, WA5VQK, Motorola MS OE 39, 
William Cannon a t  US 290 West, Austin, Texas 
78762 
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.A*!! 

*ph Full Featured - Miniature 
HIT Power to Go.. . 

FROM 

(1 44-1 48 M H z )  (220-225 M H z )  
2 Watts in = 30 Watts out 2 Watts in = 20 Watts out 
Built-in Receive Preamp Built-in Receive Preamp 
All mode operation (FM, CW, or SSB) All mode operation (FM, CW, or SSB) 
Automatic Antenna Changeover Automatic Antenna Changeover 

See the complete line of MIRAGE amplifiers m[mE[z P.O. B m  1000 
at your local dealer, or write to Everett Gracey. COMMUNICATIONS Morgan Hill, CA 95037 

SATELLITE TELEVISION RECEIVER 
ras, - . -pe -ve  or.- -rc 

SEMlKlT 

1 9 i i q  ;* > " -- & - - - .--I' .- 
$+& 

w~th  dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 
AFC, SAW filter 
RF or video output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~ckel, San Pablo, CA 94806 H 213 Tel. 415-724-0587 
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INPUT 

Ercepl as mdlcaled dscrrnsl 
IBIUOS of C~DBCIIB~CB are tn rnrcro 
IarDds (rFJ, olherr are #n plcofar 
ads IDF), rssrslsncsr are ,n ohms 
k = 1.000 M = 1.000.000 

MC68705P3 

COMMON CATHODE DISPLAY 

904 

fig. 2. Basic frequency counter schematic. 

some provision must be incorporated to allow shifting 
of the displayed frequency. Generally, this is an addi- 
tional wafer on the mode switch. Also, in counting 
the frequency, the MHz may or may not be valid (with 
respect to the operating frequency), but the 100 kHz 
(and down) digits would be correct. To provide a cor- 
rect MHz reading, an additional wafer on the band- 
switch is required. One alternative is to read the HFO, 
read the BFO, and either add or subtract the two, de- 
pending upon which is necessary. 

On double conversion types of radios, the counter 
must be preset to get the correct frequency, and the 
mode taken into account. On both the single and dou- 
ble conversion radios, it is obvious that some neces- 
sary "smarts" must be incorporated by the counter 

to make it display the proper frequency. A normal fre- 
quency counter could not easily be modified to pro- 
vide these features; instead, a microprocessor would 
be an ideal choice for this function. 

description 
The heart of the counter is the MC68705P3 

microprocessor, an EPROM, which means that a user 
can erase the internal program using ultraviolet light, 
and reprogram it many times. (In a production-type 
environment, a mask-programmed part would be 
used. Mask programming is done as a one-time shot 
at the factory, and is much less expensive than the 
EPROM part.) 

Programming the EPROM is a simple task that may 
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EN2 
E N 2  

EN I 
I EN I (SEE FIG 21 

DATA 
Except llS indicated, dsclmsl 
V I ~ I U B E  of capacIta~)ce are In mlcro. 
farads ( rF ) ;  Others ere In DICOfar. 
ads (pF); t.si~fances .re In ohms. 
L = i.ma M = I,OW.OOO 

fig. 3. The serial display can be separated from the microprocessor. 

be done by anyone; Motorola's Application Note 
AN-587 and the accompanying data sheet contain 
instructions. 

operation 
Most frequency counters use a high frequency time 

base, divide it down, and use it to allow a certain num- 
ber of input pulses to go into some BCD counters. 
These counters then feed the normal latches and BCD 
to 7-segment decoder drivers for the display. In the 
MCU (microcomputer unit) version of the frequency 
counter, the MCU controls the actual time base gen- 
eration, latching of data, and driving of an external 
display. A basic block diagram of the system is shown 
in fig. 1. 

The inputted analog signal is conditioned and am- 
plified, which means it's turned into a digital signal that 
the computer system can use. A two-input NAND gate 
is fed by both this signal and another generated by 
the computer. The computer-generated signal actually 
inhibits the input signal from propagating through the 
counters. Only by having the capability of turning off 
the frequency source can an accurate count be made. 
The output of the gate (NAND) is fed into the BCD 
counters, which do the actual counting. These count- 
ers have a "clear" input on them which allows them 
to start at a count of 0000. This signal is, of course, 
controlled by the MCU. After being cleared, the 

LS390s count until the 10 millisecond period (gener- 
ated by the MCU) has been completed. At this time, 
the MCU disables the gate, reads the data in the 
counters, and sends that information serially to the dis- 
play drivers. 

The most critical component of any frequency 
counter is the time base, and this device is no different. 
A 4 MHz crystal is used as the clock for the MCU, 
which in turn controls the actual 10 millisecond gate 
period. To adjust the counter, the highest frequency 
to be counted should be measured by an external fre- 
quency counter, and the trimmer capacitor on the 
crystal should be adjusted to give an identical reading. 
For further stability, an external temperature compen- 
sated oscillator may be used. Do not try to count the 
time base by measuring one of the crystal pins. Even 
an extra load of 5 pF is sufficient to shift the time base 
frequency and degrade the accuracy of the counter. 

The basic frequency counter schematic (fig. 2) can 
be easily added to a radio such as the Ten-Tec Argosy. 
Note that while the MHz display option may be incor- 
porated through the addition of a bandswitch, further 
cost reductions may be realized by only having four 
digits displayed, with the MHz being read off the band 
switch. 

reducing computer-generated noise . 
In any system that uses a computer, some noise is 

44 October 1984 



LSD + 7 Segment D I S D ~ ~ ~ S  

, 

lrlput 
Signal 
to be 

Measured 

Gate 
T~me Per~od 

I U lncorn~ng 
Frequency i 

- l l ~ l ~ ~ ~ l l l l l l ~ ~ l l ~ ~ ~ ~ l ~ ~ ~ I I I L L L  Resulting 
Count to be 
D~splayed 

I 

I fig. 4. Basic frequency counter block diagram. I 
generated. Even with an MCU, which has most of the 
noisy circuitry inside the ceramic package, fast tran- 
sitions of the I10 lines will cause some RFI. I recom- 
mend that any computer used in a radio environment 
be shielded. This may be done in several ways. One 
method employs thin PC board or copper flashing to 
make a box that totally shields the MCU. This cuts 
down on most noise that may be generated from the 
computer. This is especially necessary when the com- 
puter is of the "wire-wrap" or hand-wire construction. 

expandability in a single chip MCU 
With the advent of single-chip microcomputers, 

many new "peripheral" parts (those which do some 
function external to that of the main computer chip) 
are being designed to "talk" serially. By sending the 
data down lines in a serial bit stream, many extra I10 
pins may be saved for other functions. That is the 
name of the game in an MCU environment, because 
once all I10 lines have been used, sometimes a total 
re-design of the system is required to get "just one 
more." A good example of this concept of serial 
peripherals is shown in the schematic of fig. 2. 

The display device used, the MC14499, is of this 

serial variety (saving 110 pins). Each device is capable 
of driving a total of four seven-segment LEDs, but the 
first counter example requires only one. In more so- 
phisticated systems, two 499s could be used to pro- 
vide a total of six digits. The MC14499 is a simple part 
to use, and the only external components required are 
eight current limiting resistors (seven for the segments, 
and one for the decimal point), four transistors, and 
a small capacitor. This makes for an easy layout, and 
since the data is sent serially, the display can be remote 
from the actual MCU. Fig. 3 shows the display 
schematic and required hardware. 

To re-emphasize the importance of serial-type 
peripheral devices, consider the number of I10 lines 
which are required to drive four digits of LEDs. To do 
this directly, at least sixteen lines are required. This 
would really be a waste! By using the serial format 
(data, clock, and enable), only three lines are needed 
for the first display driver. To add additional drivers, 
add only one more enable line for each device. The 
data and clock lines are common. 

alternate displays 
If an LCD type of display is desired, an MC145000 
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5 3  0 0 A 5  3C 4 2  
5 4  00A7  3C 4 2  
5 5  00A9  9 0  
5 6  
5 7 
5 8  
5 9  OOAA 1 5  0 2  
6 0  
6 1 
6 2  
6 3  OOAC 8 6  0 0  
6 4  OOAE 8 7  4 0  
6 5  

74  OOBB AE 0 5  
7 5  OOBA A6 2 0  
76 OOBC AD OE 
7 7 
7 8  OOBE 8 6  4 1  
7 9  OOCO A0 0 8  

8 4  OOC6 1 0  0 2  
8 5  
8 6  OOC8 2 0  BE 
8 7  
8 8  
8 9  OOCA AE 0 8  
9 0  OOCC 4 9  
9 1  OOCD 2 4  OA 
9 2  OOCF 1 4  0 2  
93 0 0 0 1  1 3  0 2  

NAM CNTR 
OPT PAG 

+ 
PORTA EQU $ 0 0 0  
PORTB EQU $ 0 0 1  
PDRTC EQU $ 0 0 2  

PAOOR EQU $ 0 0 4  
PBODR EQU $005  
PCODR EQU $006  

SAVEA EQU $040  
SAVEB EQU $ 0 4 1  
TEST EQU $042  

ORG $784  

MOR FCB $07  CRYSTAL MODE 

* BEGINNING OF CODE 

ORG $ 8 0  

START CLR PAOOR ALL INPUTS 
CLR PBOOR HERE TOO 
LDA #$OF ALL  OUTS 
STA PCODR 

* 
CONTlN BSET I PORTC CLEAR OUT COUNTERS 

BCLR I:PORTC 
t 

BSET 2,PORTC ENABLE COUNTER 

BEGINNING OF T I M I N G  LOOP 

LDA $$ED 
LOOP NOP 

NOP 
DEC TEST 
OEC TEST 
OEC TEST 
INC TEST 
INC TEST 
OECA 
BNE LOOP 

t 

A L I T T L E  MORE F I N E  TUNING 

INC TEST 
INC TEST 
1NC TEST 
INC TEST 
INC TEST 
NOP 

F INALLY .  ALL  COUNTED 

BCLR 2,PORTC HOLD OFF ANY MORE COUNTS 
t 

7 NOW WAITED 1 0  MS 

LOA PORTA GET LS  D I G I T S  
STA SAVEA * 
LOA PORTB GET MS O l l T S  
STA SAVEB 

* SEND OUT DATA TO DISPLAYS 

SNODTA BCLR 0.PORTC ENABLE = 0 
BSET 1,PORTC CLOCK = 1 

LOX #SO5 NUMBER TO ROTATE 
LOA 6 6 2 0  DECIMAL POINT  HERE 
BSR CLOCKl 

LOA SAVEB GET LSB F IRST  
BSR CLOCK 

LOA SAVEA NOW MSB 
BSR CLOCK 

BSET 0,PORTC NOW ENABLE I T  

BRA CONTlN CONTINUE COUNTING 

CLOCK LOX 
CLOCKl ROLA 

BCC ZERO 
BSET 2,PORTC 

CLOCK2 BCLR 1.PORTC SHIFT  I N  ONF B I T  
BSET I ~ P O R T C  
DECX 
BNE CLOCKl 
RTS 

ZERO BCLR 2,PORTC MAKE A ZERO 

1 1 0 0  OODB 2 0  F 4  BRA CLOCK2 GO CLOCK I T  
1 0 1  
1 0 2  RESTART VECTORS 1 1 0 3  

ORG f7FR * 
1 0 6  0 7 F 8  0 0  8 0  TIMER FOB START 
1 0 7  07FA  0 0  8 0  EXT INT  FDB START 
1 1 8  07FC 0 0  8 0  S V l l N T  FOB START 
I 1 9  07FE  0 0  8 0  RESET FOB START 1 1 2 0  

END 

fig. 5. Software for the MC68705P3. 
-- I 

may be used to drive a six-digit multiplexed LCD. The 
data format is a bit different than that of the 14499, 
but it is also a serial device and quite easy to use. 

Several other serial parts - and microcomputers to 
talk to them - are becoming available. The MC144110 
is a 6-bit D to A converter; the MC144102 is a 16 x 
16 bit RAM; and the MC145157, 58, and 59 are serially- 
controlled PLLs. Look for more functions to be avail- 
able in the future which use this type of data transfer. 

The ability to use these serial devices is greatly en- 
hanced by the instruction set of the M6805 family of 
processors. Through the use of the "Bit SetIBit Clear" 
instructions, any I10 pin or RAM bit may be set or 
cleared with a single instruction. (This is in contrast 
to other, generally older, microprocessors that need 
to get the entire 8-bit port into a single register, and 
then do an appropriate Boolean instruction to set or 
clear the bit - AND, OR, XOR, etc. The entire word 
then had to be stored back to that port. This required 
several instructions and a lot of time to implement.) 
With true bit-manipulation, any type of serial data 
transfer is easy; several other instructions also simplify 
work in a controller environment. The "Branch if bit 
SetIBranch if bit clear" instruction uses this bit manip- 
ulation architecture in a branching situation to do 
things that depend on what an individual bit's state is. 

software 
A flow chart of the "simple" 4-digit counter is 

shown in fig. 4, and the actual software for the 
MC68705P3 is shown in fig. 5. 

future developments 
From the discussion above, it can be seen that in- 

creasing the range of the counter is quite simple. Ad- 
ditional counters, prescalers, or other range-extending 
devices may be implemented. By placing these pre- 
scalers in front of the 74LS000 gate, frequencies great- 
er than 1500 MHz may be counted. Or how about a 
full-function DVM &frequency counter all in one small 
package? By using the MC68705R3, which also incor- 
porates an Sbit A to D system on chip, a complete 
DVM could be implemented with appropriate scaling 
resistors. 

ham radio 
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SPECIFICATIONS AND FEATURES ' " r 
4248. 
424.435 MHz, 7.6h gain 'rnaxlmlzed. FIB ratlo 
'excellent, beamwidth 19', length 17.4211.5.2 m. 

4108: 

424.435 MHZ. 2.2h gain 'maximlzed. FIB ratlo 
'excellent, beamwidth 33', length 6 11.1.83 m. 

416TB 
428.438 MHz, Circular Polerlzetlon 2.2A gain. 
'maximlzed, FIB 'excellent, beemwidth 34 . 
length 6 7 11. 2.03 m 

bey have talked to winning scores In miany Irnpor- 

.,nt amateur activities including the 1979, 80, 81 
June VHF contests. 1981 Central States antenna 
measuring contest, 1981, 82 EME contests, 1982 
Rocky Mountain antenna measuring contest and 
many more. Now there are three new numbers: the 
4248, 24 elements for 432 MHz; the 4108, 1 
elements at 432 MHz; and the 416TB, 16 elf 
at 435 MHz for satellite communications. 
The new Boomer models feature insulated 
el' 
to 

i 1 

ements, st 
lr, T match 

ainless st€ 
feed and 

?el hardwa 
trigon reflt 

re, N type 
?ctors. 

OSCAR BOOMERS 
Enjoy the thrill of OSCAR 10 with a 
Cushcraft antenna system, featuring the 
fabulous 416TB BOOMER, giving more per- 
formance through better electrical design 
and superior construction. 

Order a complete package as shown left: 
416TB, A144-20T and A14T-MB. For less than 
$200.00' vou'll eniov the thrill of worldwide 

MORE BOOMER NUMBERS OSCAR cbmmun~cai~ons. 

32.19 W4.146 MHz 19 elements 
A LEADER FOR OVER 30 YEARS 

2148 144.146 MHZ 14 elements 
214FB 145.5.148 MHz 14 elements 
226FB 145.5-148 MHz 28 elements 
2208 220.223 MHZ 22 elements 
617.68 50.51 MHZ 6 elements C O R P O R A T I O N  

'estimated average retail prlce 
'Galn and FIB mtlo cannot be published In OST. 
They are Included In Cushcralt speclficetlon 
sheets and other publlcatlona. 

THE ANTENNA COMPANY TELEX: 953050 
48 Perimeter Rood, P.0. Box 4680 CUSHSIG 
Manchester, NH 03108 USA 

f l  138 



book 
half-wave 

6 0 ' l l B . J M l  TOWER 
(ROHN 2 5 0  SECTIONS) 

MAXIMUM R A D N T I O N  

I '  

fig. 1. Two element 80 A parasitic array produces low-angle radiation. (The tower is 
guyed with Dacron rope. If wire is used, insulate every 15 to 20 feet with egg strain 
insulators.) 

sloper uses reflector 

48 October 1984 

This antenna was the result of a de- 
sire to work 80-meter DX running low 
power. Many excellent reports have 
been received, including long path to 
VK, ZL, and JA. 

The antenna, basically a dog- 
legged, 112-wave sloper, uses a full- 
length reflector (fig. 1). The reflector 
is the tower plus enough wire hooked 
to the base and extended out under 
the sloper to give a full-length (1 12 plus 
10 percent) reflector. The driven ele- 
ment is a folded dipole which can be 
fed with 300-ohm feedline or used 
50-ohm line when a 4:1 balun is in- 
serted (I used the 300-ohm feedline). 
Because the amount of doglegging af- 
fects the feed impedance, it should be 
adjusted for minimum SWR. (The 
closer the antenna is to the tower, the 
lower the impedance). I used 18 gauge 
300-ohm ribbon for QRP; later, when 
I ran 800 watts, no heating was noted. 
18 gauge can easily handle 2 amperes, 
or 1200 watts at 300 ohms; open wire 
300-ohm line is a better choice if avail- 
able. The dog-legging causes the pat- 
tern to "squint" in the direction of the 
dipole. I estimate the gain (over a di- 
pole) to be 4 to 6 dB. The angle is low 
enough to produce good long path re- 
sults. (The author has been able to 
consistently contact VKGLK-Robin al- 
most throughout the entire year - 
Ed.) 

Use very good end insulators for the 
driven element to prevent arc-over or 
leakage. Plexiglas (1 /cinch thick) 
works very well and is easy to obtain 
as scraps from manufacturers or 
others working with it. With the feed- 
line connected to the physical center 
of the antenna, the portion of the di- 
pole toward the tower may have to be 
shortened 6 to 15 inches in order to 

3 0 0  OHM 
18 GAUGE 

TWIN LEAD 

I TO SUPPORT - 

x- SLOTS I N  PLEX IGLASS I V  TUNING WIRE 

SOLOEREO. THEN 
WATERPROOFED 

fig. 2. Fine length adjustment for resonance uses single tuning wire at antenna ends. 

4 INSULATOR 0- 0 INSULATOR 0 

o o p o o  

INSULATOR 
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maintain electrical symmetry. The end 
of the folded dipole is connected to a 
single wire to facilitate tuning (see fig. 
2). Last but not least, use a rope and 
pulley to connect it to the top of your 
tower unless you really like to climb. 

Bruce Clark, KOlF 

Argonaut 509 conversion 
for 30 meters 

As declining HF propagation renders 
the 10-meter band less of a dependable 
mainstay for the QRP operator, the 
new*allocation at 10 MHz is coming 
into its own for this mode of activity. 
The operating restrictions imposed 
upon 30 meters actually help rather 
than hinder QRP operation. 

f*ODEO) T "  

fig. 1. Modification of the Argonaut 
Model 509 transmitter section only re- 
quires adding two capacitors to the T7 
tuned circuit on the 80262 board. 

The Ten-Tec Argonaut 509 may 
easily be modified to cover 30 meters 
with the same performance found on 
its five bands. All that is required for 
the modificatibn is five minutes of 
time, four components, and a jumper 
wire. 

Ten-Tec uses a 9-MHz IF with ap- 
propriate VFO frequencies. On 10 
meters, the VFO ranges from 19 to 21 
MHz. If we use the difference mixer 
product, rather than the sum, as in the 
original design, output occurs on 10 
MHz rather than 28 MHz. Since the 
509's transmitter stages are broadband 
amplifiers, the only changes required 
for 10 MHz transmit are to re-resonate 
the appropriate bandpass filter, com- 
posed of l7 and capacitors C17 and 
C18 on the 80262 front-end board (see 
fig. 1). Shunt C17 and C18 each with 
an additional 91 pF of capacitance. De- 

r o  

r - - - -  OOPS2 BOARD 

LOCdTED ON MAIN 
S C C C M I T l C  

ro 
JUMPER TERMINAL 

2 4  
I 4  

fig. 2. Modification of the receiver sec- 
tion of the Argonaut 509 requires minor 
additions to components switched by 
S3B and S3D. 

pending upon component tolerances, 
retweaking l 7  cores may be necessary 
for adequate output. The addition of 
the two 91-pF capacitors completes 
transmitter modification. 

The receiver will function with much 
reduced performance without modifi- 
cation by turning the receive preselec- 
tor completely counterclockwise, as 
mentioned in the 509 manual for WWV 
reception. To improve 10 MHz per- 
formance the receiver front end needs 
additional capacitance. 

C1, on the main schematic, is 
switched across T1 to resonate at the 
desired band. For our purposes, C1 
needs to be shunted with another ca- 
pacitor, again of 91 pF, as seen in fig. 
2. T2, on the other end of the RF 
amplifier front end, must also be res- 
onated at 10 MHz. Shorting C7 with 
a piece of tinned bus wire and parallel- 
ling variable C8 with an additional 47 
pF completes our modification. 

The modification is simple and 
quick. Lifting one end of each added 
component easily restores 10-meter 
operation when the sunspot activity 
increases. 

Modification of the newer Model 
515 is identical. The rig that began it 
all, the 505, is not broadbanded on 
transmit. 

Raymond Henry, AA4LL 

-'MIL-+ 

"FOLD-OVER" 

EASE OF INSTALLATION 
ROHN "Fold-Over" Towers are quickly and 
easily Installed. The "Fold-Over" is safe 

tions or you can purchase the "Fold-Over" 
components to converi your ROHN tower 
into a "Fold-Over". 

HOT DIP GALVANIZED 
All ROHN towers are hot dip galvanized 

ROHN Is one ol the leading tower manufac- 
turers. with over 25 years of experience. 
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audio oscillator to pulse 
generator conversion 

Here is a quick, simple method for 
converting an audio oscillator into a 
pulse generator that has served well on 
bench digital projects. (See fig. 1.) 

To cover the full range from 10 Hz 
to 1 MHz, C1 and R1 may be either 
fixed in values with C1 from 0.1 to 
0.001 pF and R1 from 10 k to 1 
megohm, or C1 fixed at 0.1 and a 1 
megohm pot used for R1. The drive in- 
put from the oscillator should be 1.5 
to 3.5-volts rms if 01  is a 2N2222 and 
a 0.75volt rms if 01  is an MPF6515. 

The pulse width is directly related to 
the oscillator frequency, with the nar- 
rowest being 0.6 ps. For applications 
requiring fast pulse triggers, the similar 
circuit using Q2 and the unused two 
sections of IC1 will provide a fine 1 ps 

.5 

(+I PULSE OUT IC, 

CI 

I t 1  SN7400 VCC I 4  GND 7 

OUTPUTS TTL 

R2 R4 - 101 OHMS I/# W 

fig. 1. Audio oscillator conversion schematic. 

pulse with polarity selected from the 
IC1 outputs as shown. 

Assembly can be accomplished on 

a piece of perf board with direct pin 
wiring in about 30 minutes. 

Gene Shapiro, WBDLQ 
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This n$w gpmdm 
RF Wattmeter wrth n~ne-mode 

system vesatility mads, 
IN STOCK QUICK DELIVERY 

AVTHOPIZrn .- MnRldlPlOI 

a s s o c i a t e s  
115 BELLARMINE fl 214 

ROCHESTER, MI 48063 

CALL TOLL FREE 

800-521-2333 
IN MICHIGAN 313 - 375-0420 

NEW FROM 1 
your one stop coax supplier! I 

HARDLINE 
Two styles, two sizes lor al l  ~nstallation needs 
Alumlnum Outer Conductor wlth Polyethylene Jacket 

112 1nct1 loss 48 dn~i [m II t, 10 MHz 
3 68 dRilfl0 I1 ((1 1OOO MHz $1 25/11 

718 tnch loss 2R dfl1100 11 @, 30 MHz 
2 54 dRlI00 I1 bt 1000 MHz 53 25/11 

Corrugated Copper Outer Conduolor wnh Polvelhylene 
Jacket 

117 ~nch loss 38 dBllW I1 (ir, 30 MHz 
[FLClZ 50J) 2 78 dR1100 It @I 1000 MHz $1 59/11 

718 ~nch loss 13 dRllW It 61 30 MHz 
(FLC12 78JI 1 3  d f l / lN  I1 el 1MM MHz $3 92111 

COMPARE RG 213 1 25 dRI1W @I 30 MHz 
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HARDLINE CONNECTORS 
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NEMAL ELECTRONICS 
Dspt. ti .  12240 N.E. 14th  Ave., N. Miaml. FL 33161 

Telephone: (305) 893.3924 I 

PRETUNED- ASSEMBLED @ FOR ALL MAKES AM - 
ONLY ONE NEAT SMALL  ATEUR TRANSCEIVERSI 
ANTENNA FOR ALL BA-  GUARANTEED FOR 2 0 0 0  
NOS1 EXCELLENT FOR WATTS S S 8  INPUT FOR 
APARTMENTS! I M -  NOVICE AN0 ALL CLASS 
PROVED DESIGN l AMATEURS' 

COMPLETE wnh 90 It. RGSBU-52 ohm fe.dke. and 
P L 2 5 9  connscla. In.ulato~.. 3 0  f l  3 0 0  Ib test d-cron end 
S U P P O ~ S .  center c~nnector unh  bulk In l lphmln~ awesle? and 
static dl.charps. LowSWR over all banes -Tvler. usually NOT 
NEEDED! Can be used lnrsnea V's - sloperr - In attkr. on 
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EVER NEED FOR ALL BANDS! NO BALUNS NEEDED! 
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40-20-15-10 - 2 w g  -7 5 4  ft .  -Model 1001BUC.. $98.95 
20-15-10mstar- 2 1.a~- 2611.. Model 1007BUC. . 1 9 7 9 5  I 
SEND FULL PRICE FOR POSTPAID INSURED OEL. IN USA. 
(Canad. Is 15.00 s d r a  l w  Poslaps - clcric.1- cuslomr etc) or 
order lnhp VISA - MASTER CARD - AMER. EXPRESS. 
Glrc number m a  ax. dale. Ph 1-308-236-5333 9AM - 6PM 
week dars We sklp k 2-3d.y~. ALL PRICES MAY INCREASE 
SAVE - ORDER NOW' All antennas puarantcaa for I r c r .  
10 as" money back Irhl If ?.turned ~n new condnan' Made ~n 
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WESTERN ELECTRONICS 
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RMSG S~gna l  Generators 
Manual t u r i ~ r i y  8-JO 
VDC ~npul power 
1 lo 7 v o l t  ( e x c e p t  

1 grnater t h a n  6 volt for -7) 
?%>* 

I output t o  t u n e d  50 uhrn d e t e c t o r  

E lec l r~ca l  1 RMSG Freq (GHZ) Tune (MHZ) Pnce  

1 3 7  4 2  30 $51 I 6  ' 3 1 2 2  5 Sfil 16 
5 2 3  2 4 5  6 $61 16 ' 7 5 9 6 1  10 l o  1 $91 20 

RMVO Votage Tuned Oscillators 
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ROENSCH MICROWAVE 
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BROOKFIELD. MISSOURI 64628 
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SOME OF THE 
TOPICS 

COVERED INCLUDE 

Ham MasterTapes brings the best 
possible personalized Ham Radio 
license preparation right into your own 
living room. If you, a friend or family 
member wants the best help available to 
get past the FCC test hurdle, it's 
available now in Beta or VHS home 
video format. 

Larry Horne, N2NY brings his 33 
years of Ham Radio teaching experience 
right to your home. Each of the 26 video 
lessons has close-up details of com- 
ponents and systems along with superb 
graphic drawings. Each lesson has 
important points superimposed over the 
action and reviewed at the end of each 
section. This makes note-taking a snap! 
Miss something? Didn't get it the first 
time? Just back up the tape and run it 
again or freeze-frame it for detailed 
close-up study! 

Larry's classroom is a real ham shack. 
Lee, a 13-year-old boy, and Virginia are 
led through the learning process. The 
questions that they ask are the ones 
Larry knows you would ask i f  you were 
there in person. You soon feel like you're 
part of an ideal small class. 

The topics covered will not only get 
you through the Novice test- General 
class theory is covered also. By the time 
you get your Novice license, you will be 
able  t o  upgrade t o  Genera l  o r  
Technician! 

Larry's technique of involving the 
viewer with the demonstrations makes , 

the most difficult topics easy to un- 
derstand. Understanding-not mere 
memorization-is what makes Ham 
MasterTapes so effective. When you 
study the 700 possible FCC questions, 
the answers will be obvious. 

Larry doesn't stop with just test- 
passing. All the proper techniques of 
operating practices and courtesy are 
demonstrated. The instruction manual 
for that new rig won't be a mystery! Larry 
becomes your own personal instructor 
to help you on that first set-up and 
contact! 

The Ham MasterTapes series is 
produced in one of New York City's top 
commercial studios. Not only is the 
production crew made up of real 
professionals but many of them are also 
licensed amateurs. Everybody puts in 
obvious extra effort to make the 
production a classic. 

The 6-hour course is available on three 
2-hour Beta Il or VHS-SP cartridges for 
$199.95,for individual ,home or nonprofit 
Ham Club use. (High schools or colleges 
must order our Scholastic licensed 
version, $499.95 for Beta or VHS and 
$750 for 314" U-matic.) 

To order, call or write Larry Horne, 
NZNY at Ham MasterTapes, 136 East 
31st Street, New York NY 10016. Phone 
212-685-7844 or 673-0680 Mastercard 
and Visa accepted. New York state 
residents add appropriate sales tax. 

136 East 31st Street 
New York, New York 10016 
(212) 685-7844 673-0680 
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VHF/UHF isfy most of the needs and pretty much All of the above methods have ad- 
guarantee that you're at least on the vantages and disadvantages. While 

freauencv frequency you think you're on! you may laugh at the thought of just 
I I 

calibration 

Have you ever wondered whether 
you're really on frequency - especially 
when you don't hear the station you're 
scheduling? This is a constant problem 
for the VHFIUHFer, especially during 
meteor scatter or EME schedules. Be- 
cause the focus of this issue is on test 
equipment, I thought it would be a 
good time to discuss frequency accu- 
racy and offer some advice on accu- 
rately determining frequency. Then I'll 
describe a secondary frequency stan- 
dard or calibrator you can build to sat- 

reading your~dial or frequency indica- 
frequency determination tor, some modern commercial gear 

There are several ways to determine 
frequency. You can: 

read the frequency indicator on the 
gear in use; 

trust the frequency of the crystal in 
your up or down converter; 

have a reliable friend measure your 
transmitted frequency; 

buy or build a good frequency 
counter; or 

build or buy a good secondary fre- 
quency reference standard. 

-500 4 I -  

-10 0 +I0 +20 t30 +40 f50 +6O 

TEMPERATURE IN DEGREES CENTIGRADE 

fig. 1. Typical frequency drift versus temperature for a 48-MHz overtone oscillator. 

transmits CW at an offset frequency 
that may not be directly indicated. 

Recently I tested one of the latest 
state-of-the-art VHFIUHF multi-mode 
transceivers complete with a built-in 
digital frequency readout. To my 
amazement, the frequency indicated 
was off by almost 1 kHz in the first 15 
minutes; even after an hour the fre- 
quency indicated on UHF was off by 
over 0.5 kHz - admittedly not a seri- 
ous problem, but one worth examin- 
ing if frequency accuracy would affect 
the success of a QSO or the accuracy 
of measuring someone else's transmit- 
ted frequency. 

crystal oscillators 
are used everywhere 

All modern converters or trans- 
verters use crystal oscillators in one 
form or other. However, if 1.0 kHz ac- 
curacy is required at UHF, the cost of 
a crystal is prohibitive. Furthermore, 
the accuracy of the oscillator is also a 
function of the oscillator circuit and the 
temperature of the crystal. Some de- 
signs use small trimmers to tweak the 
frequency to the marking on the crys- 
tal, but this can have disastrous effects 
on phase noise, not to mention de- 
creased temperature stability or drift.' 

All crystals, regardless of price, suf- 
fer from a problem called "aging." This 
means that a crystal will always be 
drifting slightly away from its marked 
frequency even after it has been 
burned in for a predetermined time. 
(The typical commercial standard is full 
power for 30 days.) 

Suppose a friend measured your 
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transmitted frequency. D:.j he or she at a later time and date? How long 
tune you in properly on SSB? on CW? does it take to properly warm up your 
Was he or she at true zero-beat? Even gear? 
if the measurement ir accurate, how Frequency counters are great, but 
do you account for local ambient tem- until recently they were beyond the 
perature changes, aging or drift and reach of most Amateurs. Several are 
component changes in your own gear now available, but suitable ones use a 

TEMPERATURE I N  DEGREES CENTIGRADE I / fig. 2. Typical frequency drift versus temperature for a 1.000 MHz secondary frequen- 
I cy standard. 

fig. 3. Typical impedance versus frequency variation for a quartz crystal operating in 
the fundamental mode. "f," is the series resonant frequency and "fp" is the parallel 
or antiresonant frequency. The typical bandwidth is 5-10 kHz at 4.000 MHz. The parallel 
resonant frequency can be varied by the use of an external capacitor in series or parallel 
with the crystal. 

reference standard and a proportional 
control oven that takes time to stabilize 
- perhaps 15-30 minutes - and 
usually cost about as much as a typical 
multi-mode transceiver! Furthermore, 
frequency counters that read higher 
than 600 MHz are even more expen- 
sive. 

there is another way 
A good method that seems to have 

been almost forgotten by the users of 
modern rigs is the secondary frequen- 
cy standard or crystal calibrator. If one 
is available with a comb generator (a 
device which generates many harmon- 
ics of the input frequency), it can be 
used up through UHF with surprising 
accu ra~y .~  

After evaluating all these alternatives 
to accurate frequency determination at 
VHFIUHF frequencies, I decided 
many years ago that the least expen- 
sive and most accurate way to meas- 
ure my frequency was to build a sec- 
ondary frequency standard. Before de- 
signing one, I listed the features I 
wanted to include: 

convenient marker frequency in 
each VHFIUHF band above 6 
meters 

good short and long-term stability, 
1 to 2 parts per hundred million 
(0.01-0.02 ppm) 

easy adjustability to the correct fre- 
quency 

high harmonic output through 2304 
M H z  

battery operation 
fast warmup 

reasonable size, including built-in 
antenna 

easy construction 

low cost 

This is indeed quite a "wish list!" 
However, after some trial-and-error 
(over a period of 15 years) such a unit 
has evolved. 

The most important consideration 
for a secondary standard is crystal 
stability. First, I tried a third-overtone 
@-MHz crystal oscillator. Harmonics 
were no problem, but stability, the 
very property I wanted to measure, 
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was no better than the local oscillators 
in my receiver or transmitter - about 
3 to 4 parts in 10 million per degree 
Centigrade (fig. 1). Also, the only 
usable harmonics were on 144, 432, 
and 1296 MHz. 

Next, a 1.000-MHz calibrator was 
tried, but proved quite unsatisfactory 
for several reasons2 First, it is difficult 
to  produce sufficient harmonics to 
reach the lower UHF bands. After all, 
for 70 cm (432 MHz), that is the 432nd 
harmonic! Second, and more impor- 
tant, the frequency stability of a good 
1-MHz crystal versus temperature is 
quite poor. I measured such a unit at 
typically 500 to 600 parts per million per 
degree Centigrade (see fig. 2). 

After discussing this with crystal 
manufacturers I discovered that rea- 
sonably priced, stable crystals and 
oscillators can be designed and built 
without an oven if you choose an 
"AT" cut fundamental crystal in the 3 
to 10 MHz region (more on this later). 
4 MHz was chosen because harmonics 
would be present on all of the VHF 
bands above 6 meters, lending itself to  
easy calibration with WWV on a 
20-MHz HF receiver. Later I built a 
SMHz unit to  be used on 6 meters and 
other multiples of 5 MHz. 

the circuit you choose 
is important 

Crystals are usually classified as 
either fundamental or overtone. Be- 
cause of cost and stability constraints, 
fundamental crystals are usually used 
below and overtones above 22 MHz. 
Each fundamental crystal has two 
basic resonances, a series and a par- 
aUel or anti-resonance. The series reso- 
nant frequency is typically a few kHz 
below the parallel resonant frequency 
and is very difficult to  externally move 
or adjust. However, the parallel mode 
resonant frequency can be easily ad- 
justed by placing a capacitor either in 
parallel or series with the crystal. These 
characteristics are shown in fig. 3. A 
parallel mode oscillator was chosen for 
this reason. The Pierce oscillator cir- 
cuit was first used because it is reputed 
to be the most stable, but the parasit- 
ics of the active device in the oscillator 

I 

-10 0 + I 0  + 2 0  + 3 0  + 4 0  + 5 0  +SO 

TEMPERATURE IN DEGREES CENTIGRADE 

fig. 4. Typical frequency drift versus temperature for an "AT" cut high-accuracy crystal 
at 4.000 MHz. 

-10 I 
0 + l o  +20 + 3 0  + 4 0  + 5 0  + 6 0  +70 

TEMPERATURE IN DEGREES CENTIGRADE 

fig. 5. Frequency versus temperature variation of the 4.000 MHz calibrator in fig. 6. 
For various amounts of temperature compensation "A" is undercompensated while 
"B" and "C" are optimum versus desired temperature range, toward either cold or hot. 

are prominent. Therefore, a modified "AT" cut crystals have a known fre- 
Colpitts oscillator circuit was later quency versus temperature character- 
chosen because it was only slightly istic that is "S" shaped (fig. 4). Hoff 
less stable than the Pierce oscillator, has pointed out that if you want to 
but more easily adjustable, and uses operate only over a small temperature 
swamping capacitors t o  minimize the range such as experienced in most 
parasitics of the active device. ham shacks, the frequency change is 
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TEST 
OUTPUT 

Except as indicated, daf,msl 
values 01 Eapacilancs srs #n micro 
larads (,iF); others are in plcolar- 
ads IPFI; rsslrtancas are in ohms. 
h = 1,000 M = 1,000,000 

CI 1-10 pF azr variable capaclror. Johanson 5200 rerler or equ,valenl 
CZ C3 I 0  pF N750 ceramlc disc eapacltor (see tell) 
CQ.C5 390 pF NPO ceramrc drrc cspacrlor (nee lerl) 
C6 5-50 pF small ceram!e or mylar variable capacttor 
CRI 4 7 voll Zener dlode. IN750 or equivalent 
CR2 SRD. Microwave ASSOC(~ I~S NO MA44310 Heulett-Pack~lrd No 

5082-oleo, or aquwalenl (see text) 
CR3 Itght emrll#ng dtode 
JI.J2 BNC Chars#r mounted cooneclar 
L l  6 8 UH RF choke 

L4 0 47 VH RF choke 
01 .02  2N2222 tran~!slor 
S1 small loaole switch 
crystal 4.000  parallel mode 20 pF crystal (see text) 

fig. 6. Schematic diagram for a 4.000 MHz secondary frequency standard. I 
quite linear and can be decreased over 
a small temperature range (perhaps 10 
to 40 degrees Centigrade) by simply 
placing a temperature compensating 
capacitor in series or parallel with the 
~ r ys ta l . ~  

Indeed, this is what I did. First an 
NPO (which has close to zero temper- 
ature drift) temperature compensating 
ceramic disc capacitor (in parallel with 
a tweaking capacitor) was placed in 
series with the crystal in an oscillator. 
Then the frequency versus tempera- 
ture was measured in a laboratory 
oven in 5-degree Centigrade steps and 
the frequency was remotely measured 
with a good frequency counter having 
a proportional control oven. The NPO 
capacitor was then replaced with 
various combinations of 10 pF N750 
type temperature compensating ce- 
ramic disc capacitors and data taken 
again. It soon became obvious that the 
temperature drift could be minimized 
by the right choice of temperature 
compensation. This is illustrated in fig. 
5 for a typical 4.000-MHz crystal 
oscillator. 

now for those harmonics 
Now that I had the oscillator work- 

ing, I tried various schemes to gener- 
ate a comb of harmonics. Integrated 
circuits were discarded because they 
required considerable current and did 
not extend high enough in frequency. 
Tunnel diodes were also tried but did 
not meet the UHF,harmonic require- 
m e n t ~ . ~  

SRDs (step recovery diodes), prop- 
erly chosen, fit the desired require- 
ments. Furthermore, if used in the 
proper circuit, they required low RF 
drive and could generate power 
through 2304 MHz. Oscillator-multi- 
plier isolation is required so that fre- 
quency stability or calibration is not af- 
fected by the multiplier or output cir- 
cuitry. This was accomplished by 
using a separate amplifier or buffer 
stage between the oscillator and mul- 
tiplier. 

values are now chosen 
Several solid-state devices and cir- 

cuit configurations were tried. JFETs 
and MOSFETs were eventually dis- 

carded in favor of bipolar transistors 
since the variation from unit to unit 
necessitated additional tweaking for 
proper bias and compensation. An os- 
cillator-amplifier approach was used in 
the first few calibrators but eventually 
replaced by a cascade bipolar transis- 
tor circuit that provided the required 
oscillator to multiplier isolation with 
low power consumption and could be 
powered by a 9-volt transistor radio 
type battery. 

A schematic of the final circuit is 
shown in fig. 6. The modified Colpitts 
oscillator uses a bipolar transistor, Q1. 
The trimmer, C1, should be a high 
quality air dielectric variable with a 
multi-turn fine adjustment screw. C2 
and C3 are the temperature compen- 
sating disc ceramic capacitors. The 
typical oscillator required 20 pF N750 
capacitors and in the extreme case re- 
quired 20 pF N1500 compensation. 
The feedback capacitors, C4 and C5, 
should be NPO-type ceramic disc ca- 
pacitors. Do not use silver mica capac- 
itors here; they have a positive temper- 
ature coefficient that will increase the 
drift! 

Crystal specification is most impor- 
tant. Beware of bargain basement or 
computer-type crystals. They may be 
specified for series resonance or have 
a poor temperature coefficient, which 
will make it nearly impossible to tune 
or compensate the calibrator at the de- 
sired frequency. International Crystals* 
sells a "HA" (high accuracy) crystal 
that should meet the requirements. 
The price may be higher than you're 
used to paying for a crystal, but be- 
cause you'll probably use this secon- 
dary reference standard for many years 
the crystal will pay for itself many times 
over. Remember to specify the crystal 
as parallel resonant with 20 pF of 
capacitance. The temperature toler- 
ance should be f 0.0005 percent from 
-30 to 60 degrees Centigrade. The 
calibration tolerance can be + 0.0025 
percent. Over-specifying the actual 
calibration frequency is a waste of 
money because the trimmer will adjust 
you precisely to zero-beat. 

-- -- 

'International Crystals, P.O. Box 26330, Oklahoma 
City, Oklahoma 73126. 
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reducing supply voltage 
dependency 

A recent addition to the circuit was 
a Zener diode in the amplifier stage. 
This provides a good reference voltage 
to the oscillator over a wide battery 
voltage range with very little extra 
power consumption. A standard 9-volt 
transistor radio type of battery, pref- 
erably the longer life type, is all that is 
required because the current drain is 
typically 4 to 5 milliamperes. Another 
recent innovation is the LED (light 
emitting diode) in series with the bat- 
tery. This provides a low-power indi- 
cator to remind you to turn off the cal- 
ibrator when not in use. A battery test 
point is also provided so that you 
won't have to open the box to meas- 
ure the battery voltage. 

The multiplier circuit also evolved 
over the years. A simple pi-network 
matches the amplifier output to the 
SRD. The SRD chosen should be of 
the long lifetime type, typically 100 
nanoseconds minimum, since 4 MHz 
is a very low input frequency for many 
SRD's. Other types of diodes will prob- 
ably not work well. C6 peaks the cir- 
cuit, which matches the amplifier to 
the SRD. The output of the SRD 
passes through a 15 MHz high-pass fil- 
ter, suppressing the fundamental fre- 
quency of the comb output. Therefore 
a calibrator output circuit was added 
in case you desire to measure frequen- 
cy directly (such as with a frequency 
counter) at 4.000 MHz. The typical 
comb generator output power versus 
frequency curve is shown in fig. 7. 

construction 

The entire circuit including battery 
can be built on the cover of a Pomona 
model 2901 or equivalent cast box. 
First a double-clad printed circuit board 
about 1-718 x 3 inches (48 x 76 mm) 
is attached to the cover of the box and 
held in place by the output connectors, 
switch, trimming capacitor, and LED. 
A suitable battery clip is mounted on 
the remaining available space on the 
box cover. Two insulated standoff ter- 
minals are used to hold the crystal 

- 7 0  
10 5 0  100 5 0 0  1000 2 0 0 0  

OUTPUT FREQUENCY IN MHz 

fig. 7. Typical output power versus frequency from a secondary frequency standard 
comb generator. 

leads and associated temperature 
compensation capacitors. The wiring 
is done point-to-point in space, as sug- 
gested in previous articles.' 

initial testing and calibration 
If you don't want to go through the 

temperature calibration procedure de- 
scribed, just use 10 pF N750 capacitors 
for C2 and C3 and you should be very 
close. A small 2-meter quarter-wave 
pull-up type whip makes a suitable ra- 
diating antenna for the entire spectrum 
of interest. The calibrator is now ready 
for testing. This can be easily done by 
listening for the 7th harmonic on a 
28-MHz HF receiver (the signal may 
not be strong at this frequency) or the 
36th harmonic at 144 MHz on a 2- 
meter receiver. First peak C6 for max- 
imum output on a 2-meter or higher 
receiver. Next, vary the calibration 
trimmer, C1, and check that the fre- 
quency varies a few hundred Hertz and 
that it is approximately correct. If the 
frequency is too low, either C2 or C3 
will have to be decreased by perhaps 
5 pF. 

To verify adequate temperature com- 
pensation, you'll have to measure the 
output, preferably with an accurate 
frequency counter, or zero-beat it with 
WWV at 20 MHz using a suitable HF 
receiver. The entire circuit can then be 
placed in a refrigerator, (typically about 

41 degrees Fahrenheit or 5 degrees 
Centigrade). Measure the frequency 
after it's been in the refrigerator for 15 
to 30 minutes. Compare the reading to 
the one made earlier at room temper- 
ature. After a few tries, you will see if 
the calibration is adequate. If the tem- 
erature drift when the calibrator is cold 
causes the frequency to go below the 
room reference frequency, too much 
compensation is being used, and vice 
versa. (See fig. 5 for further informa- 
tion.) Also, whenever you change a 
capacitor, allow at least 15 minutes for 
its temperature to stabilize before tak- 
ing data. 

Zero-beating to WWV can be tricky. 
It's best to move the calibrator around 
the room until the proper amount of 
injection is experienced. Also try to 
zero-beat during the interval when the 
tones are not present (usually the last 
15 seconds of each minute). Watching 
the "S" meter can be quite helpful. 
When close to zero-beat, the meter 
will waiver noticeably and the beat will 
sound like a chirping canary. When the 
meter moves once per second, you are 
within I Hertz of the correct frequen- 
cy. One beat every 15 to 30 seconds 
is very satisfactory. Be aware that be- 
cause of atmospheric effects the ac- 
curacy of WWV on the H F spectrum 
is good only to about 1 part per hun- 
dred million. However, this should be 
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more than sufficient for Amateur 
work. 
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short circuit 
VHFIUHF World 

A chart in fig. 9 (page 88) of 
W1 JR's "VHFIUHF World" column in 
April, 1984, made reference to "Note 
1 ." Unfortunately, Note 1 was not in- 
cluded at the bottom of the figure, as 
the author intended. Note 1 should 
read, "Not used on this frequency." 

using the calibrator 
At  first, it will be worthwhile to test 

the accuracy of the calibrator several 
times during the first few months of 
operation because some aging will in- 
evitably occur. This will also let you 
develop confidence in its use. After in- 
itial burn-in, I usually test calibration 
against WWV about once a year. One 
caution is advised: Do not place the 
calibrator where it will be subjected to 
temperature variations such as on top 
of another piece of electronic gear. 1 
usually place mine on a table or desk 
one or two meters away from the re- 
ceiver in use. This yields more than 
adequate injection even at 2304 MHz. 
Typical warmup is 15 seconds. To con- 
serve battery life, don't forget to turn 
the calibrator off when not in use! 

summary 
Even though the state-of-the-art in 

accurate frequency determination has 
advanced significantly in recent years, 
a secondary frequency standard is still 
useful for verification of true frequen- 
cy. The calibrator just described is easy 
to construct and adjust, relatively in- 
expensive, very stable, and portable. 
I now have six of these units operating 
on different frequencies and always 
carry one along on expeditions. Once 
you have one, you'll never want to be 
without it. 
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VHFIUHF coming events 
October 6: Mid-Atlantic States VHF Conference, 
Warrington, Pennsylvania. (Contact W3CCX for 
information. I 
October 6-7: International Region I UHFISHF 
Contest. (Contact RSGB for information. ) 
October 20 and 21: ARRL International EME 
Contest (second weekend). 
October 20: Predictedpeak of Orionids Meteor 
Shower at 0515 UTC 
October 24: EME Perigee 
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ONE TIME OFFER! 
3CX1200A7 Manufacturer's Discount 
$350.00 Introductory Price 

D 
The first 300 people to send this I Yes! Enclosed is my check 

a B  
card in with a check made pay- for $350.00. Send m e  the 
able to Varian ElMAC will re- ElMAC 3CX1200A7 tube, 
ceive the new 3CX1200A7 ama- socket and chimnev. 
tsur radio power tube at a low in- 
troductory price. Offer includes Name Company 
an ElMAC SK-410 socket and 
SK-436 chimney. Address 

SEE REVERSE FOR RESTRICTIONS City Stale ZIP 



Offer good to first 300 cards received and time dated 
at Varian EIMAC. 
Valid in the United States and Canada only. 
Check or Money Order payable to Varian EIMAC must 
accompany card. 
Allow 12 weeks for delivery. 
Void where prohibited by law. 

Send this order to: 
Varian EIMAC Attention: C. Cane 
1678 S. Pioneer RoadlSalt Lake CitylUT 84104 
Telephone: 801 972-5000 
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RTTY FOR ALL 

CT2200 + ~ U Z I W  + ~ R Q l 0 0 0  + RS2100 + KQ12: 
The CT2200 and KB2100 give you an integrated system rnar In- 
cludes video, RTTY demodulators (high, low, modem low, and 
modem high tones), and many advanced features. Operate Bau- 
dot or ASCll at 45-1200 baud and CW at 5-99 w.p.m. Add the 
ARQlOOO for ALL AMTOR features (not just some of them). Thc 
RS2100 RTTYScopegives you theacknowledged best tuning In 
dicator for a complete RTTY system. Also included in thc 
CT2200 is selectivecall ASCII printer output, split screen, 36 o 
72 characters per line, smooth scroll, and 2 Or4 pages of displa) 
memory. In addition, the CT2200 has 2 HERE IS and 8 largc 
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a high-efficiency 
top-loaded vertical 

You don't need traps, 

coils, or vast acreage 
to get good performance 
on 160, 80, or 40 meters 

The efficient, easy-to-build antenna described 
in this article requires no radials, traps, or loading coils. 
The reader with an appetite for low-band DX should 
be able to duplicate or better my results on 160 meters 
and, by appropriate scaling, on 80 and 40 meters as 
well. 

Like any serious low-band DXer, I wanted to join 
the "big boys" using a vertically polarized signal 
because it has long been demonstrated that horizon- 
tals, unless raised to astronomical heights, are unable 
to do much more than take up space at the bottom 
of the pile-ups.' The customary current-fed, 118- or 
114-wave type verticals require an immense radial 
ground system to be efficient and competitive - yet 
my terrain consists of deep ravines, gullies, and cliffs 
that make the installation of radials, or even elevated 
counterpoise systems, virtually impossible. To add to 
the misery, the soil at my QTH is almost 100 percent 
hard sandstone and as such approaches pure silicon 
in conductivity. Obviously a "non-standard" approach 
to an antenna was necessary. After reviewing many 
texts and articles I decided that some form of "ground 
independent" antenna would be required, particular- 
ly one that had its feed point at ground level. The 
"Bobtail C ~ r t a i n " ~ , ~  version of ground-independent 
systems met the basic requirements, but for 160 or 
even 80 meters the dimensions become truly heroic; 
in addition, my requirement was for unidirectional 
transmission. My first step was to contact my old 
friend Woody Smith, WGBCX, who had fathered the 
fabulous Bobtail, in order to get firsthand information 
on the "care and feeding" of this type of system. 

My call to Woody obviously struck a responsive 
chord and after a few thousand well-chosen words and 
equations, we agreed upon the novel form of vertical 
that this article describes. Sparing you the background 
- which covered inverted ground planes, slopers, 
center-fed loaded dipoles, and of course the Bobtail 
itself - the general parameters decided upon were 
that the new vertical design should require supports 
no higher than 70 feet (21.34 meters) for the 160 meter 
version or 35 feet (10.67 meters) on 80; should not need 
more than 95 feet (28.96 meters) spacing between sup- 
ports on 160 and half that on 80; should be highly 
efficient in power transfer; should exhibit a high 
impedance feed point at the bottom of the vertical 
radiator and should be relatively easy to construct 

CONTINUOUS WIRE-  
NO INSULATOR 

LOOP CONSTRUCTED 
FROM NO 14AWG 
HARD DRAWN COPPER 

2 0 ' 1 6  I m )  PVC 

JUMPER FROM 
FEEDER TO LOOP 

+ 3/8" ( 9  5mml WOO0 DOWEL 
SPACERS WITH 3 NO I4AWG 

70' (PlrnJ HIGH 

- P O L E  TO POLE DISTANCE - 9 5 '  f 2 9 m l  

160-meter operation. 
fig. 1. Efficient top-loaded vertical dimensioned for A 

By Howard F. Shepherd, WGUS, c/o Hyper- 
corn, P.O. Box 768, Del Mar, California 92014 
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fig. 2. Plot of resistive and reactive component of 
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l a m e t e r  top-loaded vertical versus frequency. 
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item description 
L1 40 turns No. 10 A WG spaced 0.2 inch 

per turn, 4 inch diameter 
L2 7 turns No. 10 A WG spaced 0.2 inch 1 

per turn, 5-1/4 inch diameter 
two 500 pF, 2000 volt variable I 
capacitors in parallel 1 

C2 500 pF, 500 volt variable capacitor 1 
with 0.002 pF mica in parallel 

C3 100 pF, 20 kilovolt fixed 
vacuum capacitor 1 

1 Note: For upper portion of 160 meter band, I 
I L1 is tapped down 8 turns by HV relay and , / 0.002 pF mica is disconnected from C2 by , 
I another relay. 1 

and test using easily obtained materials. How did it 
work out? If you're not one of the fortunate few who 
already have a full 112-wave vertical on 160 complete 
with at least 120 radials or a solid silver-plated copper 
ground sheet of comparable size, read on! 

Fig. 1 shows the physical layout of the W6US 
160-meter vertical. No. 14 AWG copper wire is used 
throughout. The vertical radiator uses three wires 
spaced 1 foot (30.48 centimeters) apart by 318-inch 
(0.95 cm) diameter wooden dowels. Because the wires 
are at the same potential, no special treatment is 
required for the dowels electrically, but a coat of 
varnish or wax enhances their weatherability. The use 

of a four- or six- wire cage feet (1.22 meters) in 
diameter would be helpful as far as increased band- 
width is concerned; however, unless the effective con- 
ductor diameter of the diamond-shaped single-turn top 
loop is also increased by paralleling wires, don't ex- 
pect to greatly widen the frequency re~ponse.~  It 
should be noted that if the vertical radiator is so in- 
creased in electrical length, the physical length of the 
I c ~ p  will have to be decreased, and provision made 
for the increased weight of the cage system. 

how does it work? 
The general theory of operation presents little 

mystery, but despite the W6US system's resemblance 
to the usual "top-loaded" short vertical, the reader will 
note that in essence the feedpoint is at the end of an 
electrical 112-wave of conductor and represents a 
point of high radiation resistance and impedance. This 
becomes paramount when the efficiency of this anten- 
na is compared to that of the usual top- or bottom- 
loaded  system^.^ 

antenna e//~ciency = - ~ 

Rrudpx 
Rmd i all circuit resistance 

where Rrad = the radiation resistance of the anten- 
na and "all circuit resistance" represents the resistance 
of the ground system, the loading inductors, wire 
resistance and any other resistances present which 
dissipate power as heat. 

A resonant 114-wave vertical exhibits a RWd of 
about 36 ohms with 10 ohms representing the total 
resistance of the ground system, coupling circuit, and 
other loss elements. Inserting these two numbers in 
eq. 1 produces an efficiency of 78.26 percent. On 160 
that 114-wave vertical would be about 130 feet (36.92 
meters) tall. If instead a 60-foot vertical (1 /&wave- 
length high) is used, the Rmd drops to around 4 ohms 
and the efficiency diminishes to 28.57 p e r ~ e n t ! ~  For 
100 watts transmitter output, only 28.57 watts would 
be radiated - about one-third of the radiation from 
the full size 114-wave vertical, assuming the losses 
were identical (which is really not the case because 
the shortened vertical would require more coupling in- 
ductance and consequently more power would be 
consumed in the coupling circuit instead of reaching 
the antenna). 

This is where the W6US ground independent 
system enters the race with a big lead. From f ig.  2, 
which depicts the variation in measured antenna 
resistance and reactance of the system shown in fig. 
1 note that at resonance - i.e., zero reactance - the 
resistance is close to 5000 ohms. Applying this number 
in eq.1 and assuming for the moment that the "all cir- 
cuit resistance" figure stays at 10 ohms, the efficien- 
cy is 99.8 percent - almost four times the indicated 

66 October 1984 



fig. 3. Coupler houses high voltage matching circuit 
components. 

efficiency of the usual 60-foot vertical radiator! This 
type of effect is exactly what makes the Bobtail and 
its other cousins such real winners. Best of all, this 
is achieved without an extensive ground radial system. 
In this case a 10 x 10 foot (3.05 x 3.05 meter) square 
of galvanized poultry wire is all that is necessary. A 
112-inch (1.3 cm) 8-foot (2.43 meter) copper pipe is 
driven into the ground at the center of the wire screen 
for lightning protection. The small "coupler house" 
is placed on this screen as shown in fig. 3 with the 
ground portions of the coupling circuit strapped to the 
pipe, which in turn is bonded to the poultry wire. 

The resistancelreactance graph shown in fig. 2 il- 
lustrates that these curves are steep with respect to 
frequency. Obviously, this antenna is very high " Q  
and the bandwidth of antenna plus coupler is 6.7 kHz 
on 160 between the 1.2:1 VSWR points. Because of 
the narrow bandwidth, I provided for remote adjust- 
ment of the tuning capacitor in the coupling network 
with a 90-volt 60-Hz selsyn pair. The complete coupler 
circuitry, a parallel tank circuit consisting of L1 and 
C1 in series with C3 which resonates at the desired 
frequency, is shown in fig. 4. The tank is inductively 
coupled to the series circuit L2 and C2 into which the 
50-ohm coax feedline terminates.' Not shown in fig. 
4 is a relay switching arrangement whereby L1 is tap- 
ped down and the value of C2 is decreased to provide 
for a wider total tuning range on 160. The interior view 
of the coupler housing in fig. 5 shows the location of 
all the components. Remote adjustment of the coupler 
is obtained by having a selsyn drive the capacitor C1 
via a reduction ratio chain drive which allows the use 
of a ten turn dial on the selsyn in the shack. The dial 
includes a small chart that provides a quick dial ver- 
sus frequency reference for setting. 

The use of the C1-C3 series combination in the 

fig. 4. Coupler provides match between high impedance 
seen at antenna terminals and 50-ohm coax line. 

fig. 5. The interior view of the coupler housing illustrates the 
precautions taken with component placement as a result of 
high voltages present. 

coupler was dictated by the very high voltage 
developed at the base of the antenna at full legal power 
input. C3 is a 100 pF, 20,000-volt fixed vacuum 
capacitor that receives most of the voltage across the 
tank because C1 is varied from its full capacity of1000 
pF to about 300pF to cover the tuning range. This 
combination also provides some degree of band- 
spread, helpful in view of the sharpness of tuning. I 
would suggest that you use high quality insulation, and 
plenty of it, both at the coupler and diamond loop ends 
of the antenna. With the impedance ranges involved, 
the voltages are awesome at all but the lowest power 
input. 

adjusting loop to resonance 
Once you've assembled the antenna and set it in 

place, the next step is the adjustment of the length 
of the diamond loop to achieve resonance. It is assum- 
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ed that you will have set the overall length to a half- 
wave according to the usual equation; 468/fMH,. For 
1850 kHz this figures out to 252.97 feet (77.11 meters). 
There are a variety of ways to determine whether 
resonance has been achieved, ranging from loosely 
coupling a grid dip oscillator to the bottom of the ver- 
tical radiator to using an accurate RF impedance 
bridge, which was the method I used (see fig. 6). 
Another method that is quite easy to use is to &sonate 
the tank circuit in the coupler using a GDO to your 
desired frequency without having it connected to the 
antenna. Then attach the antenna temporarily about 
halfway up the tank inductor from ground. If the 
antenna is resonant at that frequency, the tank cir- 
cuit will still resonate with the GDO at the same set- 
ting. If not, as almost always is the case, you will have 
to adjust the GDO to find the dip again. Then try a 
different diamond loop length and go through the 
process once more. By noting the movement of the 
dip, you can easily tell if the antenna length adjust- 
ment was made in the right direction. By successive 
tries you'll find a length for the diamond loop that will 
closely approximate resonance. The antenna is then 
connected to the hot end of the tank circuit for ad- 
justment of the VSWR and operation. 

It is well to note that the above antenna pruning 
method can also be used to determine the harmonic 
resonance by setting up a temporary parallel tuned cir- 
cuit that will resonate on the harmonic. If this anten- 
na is to be used on both 160 and 80, or 80 and 40, 
you may wish to choose resonant frequencies that 
cover the band segments of interest. As shown in fig. 
2, my antenna has its primary resonance at about 1854 

fig. 6. W6US determines the verticals resistive and reactive 
components with a General Radio GR1606A RF bridge. 

kHz. Testing has shown its second harmonic to be 
close to 3949 kHz. 

If you are seriously interested in this type of ground- 
independent antenna, I would suggest some reading 
in books and articles that deal with VLF antenna 
 system^.^ Some of the earlier systems closely parallel 
the dimensions of the antenna described here. I would 
also be interested to learn of your experiences with 
the W6US antenna on other bands - for example, 
on 10 meters, where the vertical radiator would be a 
magnificent 4.32 feet (1.32 meters) high and the total 
span about 11 $8 feet (3.62 meters)! Also left to your 
experimentation is the question of whether the addi- 
tion of a conventional radial system might enhance this 
antenna for DX. 

The sticky point in this investigation is probably 
whether the raising of the current maximum by the 
ground independent approach lessens the need for 
radials to lower the angle of radiation. The Bobtail does 
not seem to profit by them, but here the vertical 
radiator is only half as long. At least it seems well 
established that the increased efficiency goes a long 
way toward successful long-haul DX. 

testimonial 
No antenna article is complete without a relatively 

rosy exposition of the superlative reports received and 
the choice DX worked. To maintain tradition, I will 
therefore note that compared with a great variety of 
160-meter systems previously used, this W6US ground 
independent system has been a real winner for me. 
A substantial number of solid OSOs have been logged 
with stations 500 miles or more distant while running 
just 10 watts transmitter output on SSB. Believing that 
more of a good thing is even better, I am presently 
working on a second version of this antenna. I sincere- 
ly hope that those who try this approach will provide 
still more data to benefit us all. 
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The Alpha Delta AClT AC ~ r a n s l - ~ r a ~ ~ ~  is a plug-in-the-wall 
surge protector that has two 120 volt grounded sockets, status 
light, circuit breaker and a unique 3 stage protect~on circuit. 

The AClT gives you both transverse and common mode pro- 
tection with a high speed, self restoring, 6000 volt12000 amp 
surge discharge circuit. This circuit goes from hot to neutral 
and ground and neutral to ground. Several competitive devices 
use only a single stage 100 amp protector. Plug a distribu- 
tion box into the ACT1 and everything downline is protected. 
The AClT is UL listed and is available from either Alpha Delta 
dealers or Alpha Delta direct. Please add $2.00 for shipping 
and handling. 

The ACTT is designed to reduce the hazards of lightning and induced 
surge voltages. It is not for d~rect str~ke protection. 

-D(La CQMMU--, IN=. 

P 3  Box 571 
Centerville, OH 45459 
(51 3) 435-4772 H 109 

Tubes 
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.................. ..................... 4-400A.. .80.00 81 22 .110.00 
............... ....................... 4CX2508 ..50.00 81 56 .12.50 

...................... ...................... 5728 ..55.00 8643 ..82.50 

........................ ........................ 811A 12.00 8844 26.50 

..................... ......................... 81 3 .30.00 8873 .175.00 

...................... ........................ 61468 6.50 8874 195.00 

..................... ....................... 6360.. .4.25 8877 .500.00 

....................... ....................... 68838 .6.75 8908 .12.50 
MAJOR BRANDS ON RECEIVER TUBES 

75% off list 
Semiconductors 

................... MRF 245lSD1416 ..$30.00 SD1088 19.95 
................. ....................... MRF 454 14.95 2N3055 750: 

MRF 455 ................. 10.95 2N6084 .................... 12.50 
RF Connectors 

................. ................... PL259 101$4.95 M358 2.50 ea. 
................... ................... PL258 1018.95 M359 1.75 ea. 

.......... UG 1751176 1011.60 Type "N" Twist on 
............ ........... UG2551u. .2.50 ea. (RG81u). ..$4.75 ea. 
.............. UG2731u 2.25 ea. M~n~murn Order $25.00 --- Allow $3.00 mln. for UPS charges '' 



YOU FOUND IT! 
Put your computer on-the-air 

with either Interface I1 o r  the new 
Kantronics Universal Terminal  Unit. 

Interface I1 is  designed for 
use with the Apple. Atari. TI-9914A. 
TRS-8OC. VIC-20. o r  Commodore 64 
computers. Suggested Retail 269.95 

The Universal Terminal Unit is  
compatible with IBM. Kaypro. 
TRS Model 111 and IV. and many 
other computer systems. 
Suggested Retail 199.95 . 

Interface I1 

Interface I1 is  the unit for 
the serious'amateur. When used with 
Kantronics software, Interface I1 
gives the sensitivity and 
versatility asked for by our  
users. Interface I1 gives you 
the following features: 

S ix  pole switched capacitance 
prelimiter filters for opt imum 
performance on shift  selected; 
CW or  RTTY 170.425. 850. 

Limiter o r  limiterless 
operation means only 2-7 
millivolts of audio a r e  
necessary to d r ~ v e  the unit. 

. Two channel operation allows 
simultaneous hook-up of both 
HF and VHF transceivers. 

Our unique tuning system 
displays both Mark and Space 
tonc?s. Scope outputs  a r e  
a l so  available. 

Stable quartz  generated tones 
give clean AFSK output  on 
all  standard shifts.  

RS-232 or  TTL level compatible. 
No modification kit required. 

Universal Terminal Unit 

UTU i s  Kantronics newest 
interfacing development. 
Now a n y  computer with an RS-232 
port and a terminal  program can  
interface with your  transceiver. 

UTU requires no additional 
decoding software a s  a n  internal 
microcomputer gives UTU data  
processing capabilities to send 
and receive in  four coded amateur  
formats. A short  terminal program o r  
communications program i s  used to 
link the computer and UTU. This 

allows the operator to taylor 
h i s  terminal program with 
desired features. 

The UTU package includes: 

0 Sample  terminal  p rograms  for 
IBM, Kaypro, TRS-80 Models 
111 and IV. 

Tuning bar g raph  displaying 
both Mark and Space tones. 
Additional LED'S to indicate 
Lock and Valid dur ing  Amtor. 

@ RS-232 and TTL level compatible. 

Send and Receive CW(6-99 WPM). 
RTTY(6O. 67. 75, 100.132 WPM). 
ASCII(110, 150.200.300 baud). and 
Amtor modes A. B, and L. 

Kan tronics Software 

F ' O ~  niorc ~ n f o r m a t l o n  contact yf Y p " . t r ~ n i r g  VI 
it11 authorized Iirtntronics A 

dealer. or  wr i te  23rt i  5t1 f-pt (01 31 84;' 7745 
Lawrence, Kansas 66044 

Apple I n I R PI 

Atari ( ra I C) ps 
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Selcal (Selective Calling) System: With this feature, the unrt only WORD MODEoperar~on:  Lnaracrers can oe rransmirrctr nv ntol 
receives messrlges following a preset code. Built-in Demodulator for groupings. not every character. from the t 
High Perfornmance: Newly designed high speed RTT'Y demodulator has board instruction. 
rcce~vlngc:rpahility of as fa51 as 200 Raud.Thrce-stepshifts select LINE MODE operation: Characters cal 
either 170Hz. 425HzorXSOHz shift with manual finerunecontrol of groupings from the buffer meniory. 
--..,...,. I.,. nnel fbrndd shifts. HIGH (Mark Frequency 2125H-"1 ('W WORD-WRAP-AROUND operation: In recelvc niotle, WOKLI- 

:quency 127SHz) tone pair select. Mark only or Spi WRAP-AROUND prevents the last word of the line from splitting 
ihility for selective fading. AKQlFEC features incu twoand makes the screen easily read. 
Jontrolled AFSK Modulator: A transceiver wit "ECHO" Function: With a keyboard in, ceived data ( 
:an transmit in RTTY mode by utilizing the high be read and sent out at the same time.This fl les a cassette 

crvsral-controlled modulator controlled hy the computer. tape recorder to be used as a back-up mena,, ,, d n g ~ j  a >ystenl can hl 
~ l ~ o t n c o u ~ l e r  CW, FSK Keyer huilt-in: Very high voltage, high creat elex which uses paper tal 
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Convenient ASCII Key Arrangement: 'The keyboard layout is ASCII avail e keyboard. Test Messap~ 
arrangement with function keys. Automatic insertion ol'LTR1FIG code "QB ;ages can he repeated wit 
makes operation a breeze. M A ~ ~ - A N V - ~ R E A K  ( S P A C E - A N D - ~ K ~ , , ~ ~  I Jysrem: cllnef 
Battery Back-up Memory: Dato ry hack-up memory. mark or space tone can he used to copy K'I'TY. 
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lisplay n p e  from the hand key and displays the charac- 
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power dividers 
Try copper water pipe, 

hobby-shop brass tubing 

for quality RF components 

In weak signal VHF/UHF work (EME and various 
scatter modes)" nothing can be more frustrating than 
the inability to read faint signals you know are present 
but are largely obscured by noise. t The problem is 
often solved by increasing the size andlor number of 
antennas; when properly combined in a low loss 
system, doubling the number of antennas will yield 
very Close to the theoretical 3 dB gain. But there is 
little to be gained in capturing a weak signal unless 
it is nurtured with great care on its way to the pre- 
amplifier. To do this, one should use the best quality 
feedline, cut as short as possible, to the power 
dividers. Ideally, the power dividers should be con- 
structed to facilitate the use of short lines; unfortunate- 
ly, most are either 1 14 or 1 12 wavelength long, as il- 
lustrated in fig. l .  With stacking distances between 
antennas as great as two wavelengths, these dividers 
do not permit the use of short feedlines. 

theory 
While most readers are probably familiar with the 

power divider basics, this section has been included 
for the benefit of those who may not be, and for the 
further purpose of showing the evolution of extend- 
ed power dividers. 

Power dividers use the " Q  section used as a means 
of matching the load of more than one antenna to the 

'See "The VHF/UHF Primer: An Introduction to Propagation," by Joe 
Reisen, WlJR,  ham radio, July, 1984, page 14. for a comprehensive survey 
of the VHFIUHF modes. 

tHFers experience that same frustration. - Editor. 

feedline. A quarter wavelength of feedline will match 
the impedance of feedlines of the same type (coaxial 
or parallel) but having different impedances when the 
impedance of the matching section is: Z = mZ 
and is known as a " Q  section. (This discussion is 
limited to coaxial feedlines; all loads are assumed to 
be equal.) 

When two or more loads, in the form of antennas 
or other power dividers, are fed from one transmission 
line, they appear to be in parallel. Four N-ohm loads 
represent a combined load of 12.5 ohms. In order to 
arrive at the impedance of the matching section we 
divide the impedance of one load by the number of 
loads, and this becomes 21.22 will be the impedance 
of the input feedline. If the matching section is to be 
divided into two or more branches, as shown in 
fig. 1B, then its impedance should be multiplied by 
the number of branches so that the combined value 
is the originally calculated impedance. 

design 
The power divider shown in fig. 2 is a combination 

of the two types of dividers shown in fig. 1. The center 
portion of fig. 2, section A, is a 112-wave power 
divider or matching section that matches the input im- 
pedance to the impedance of the two B sections. In 
theory, section B could be any impedance that would 
fit into the overall design, but as a practical matter it 
should be close in value to the output impedance. The 
two C sections at each end are 114 wave dividers that 
match section B to the two output ports at each end. 
I am presently using two of these in my 144 MHz EME 
array and have been more than satisfied with their 
performance. 

A different method of accomplishing the same thing 
is shown in the power divider illustrated in fig. 3. 
Simpler in design, and easier to construct, this one 

By George Chaney, W5JTL, 218 Katherine 
Drive, Vicksburg, Mississippi 39180 

October 1984 73 



OUT OUT OUT I OUTF# CONOUCTOR 
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Did = 5 3 0,d = 2 3 

Note The 5O.ohm rnpul IS rpbt rnlo two I W . M m  lWl lhe  O ' secllon ISectlon 
B) lranrlorml Ihc 100-ohm podlon lo Ihe 25-ohm load prsssnlcd by the two 50-ohm 
out~uts ,1 each end lhia ~erzgn 1s NOT rurtabe Iw 75.ohm lscd systems, lor 
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fig. A l .  50-ohm Cway power splitter. I 
114 OUT OUT I ,. 

I fig. 1. Forms of conventional power dividers. (A) 114 I I Note ms ,mpedulce 01 this power dlvldsr IS loo ohms throughout and prov,des 

1 wave power divider, and ( 6 )  112 wave power divider. , p ~ ~ . ~ l  m.lch tor 50 ohms f" 4 x 50 ohm- out while ,he ,.,me dc.,.n lo, 75 I 
ohms appeera satisracrary rm paper ,I IS NOT so m ~ n a  ~crua, ua. I 

I 
1 fig. A2. The "One Hundred OHM"4-way 50-ohm power 
1 divider. 

should perform equally as well as the others. At each I 

end of a 112 wave four-way power divider, the im- 
pedance is one-half the impedance of each output 
port. This will be 25 ohms for 50 ohm feedline or 37.5 
ohms for 75 ohms feedline. We simply extend the good performance requires 
matching section, at each end equally, to the desired careful construction 
length, at the impedance of zouT/2. ( I  will be using In layout, measurement and assembly, accuracy and 
this design in my 432 MHz EME array now under uniformity are essehtial. After first determining the 
construction. desired overall length, find and mark the exact center 

common materials are 
all that's needed 

I use copper water pipe, straight and hard drawn, 
for the outer conductor of my power dividers. It is 
available in three wall thicknesses for each nominal 
diameter: type K, thick wall: L, medium wall; and M, 
thinwall. Table 1 shows the nominal size, O.D., and 
I.D. of copper pipe in sizes from 112 inch (12.7 mm) 
through 1-1 12 inch (38.1 mm). For the center conduc- 
tor, I use brass tubing, available in hobby shops, in 
diameter increments of 1 132 inch (0.8 mm) from 1 116 
inch (1.6 mm) through 21/32 inch (17 mm), having 
a wall thickness of 0.014 inch (0.36 mm) and sold in 
lengths of 1 foot (30 cm) or 3 feet (91 cm). It is easily 
spliced by soldering a short section of the next smaller 
diameter as an internal sleeve. 

Square aluminum tubing is also good for the outer 
conductor, but I haven't been able to find it in lengths 
greater than 8 feet (2.4 meters), which isn't long 
enough for widely spaced 2-meter arrays, though it 
is easy to work with. Coaxial cable connectors can be 
held in place with small sheet metal screws, or the 
tubing may be drilled and tapped. 

of the outer conductor, making a very light cut around 
the circumference with a tubing cutter. At points equi- 
distant from the center, and 314 inch (19 mm) from 
each end, make a similar mark. These are the points 
at which the connectors or sleeves will be located, as 
well as the center and each end of the center conduc- 
tor. Drill holes 180 degrees apart, on opposite sides 
of each end of the outer conductor, and one at the 
center, to accept the coaxial cable, connectors or 
sleeves. The center hole should be either in line with 
two end holes on one side, or at 90 degrees, depen- 
ding on the orientation of your feedline. A 318 inch 
(9.5 mm) hole is drilled to one side of the center hole, 
just close enough that it will not run out and overlap 
the center hole. This is for the purpose of being able 
to have access for soldering the center conductor to 
the coaxial connector. 

In preparing the different sections of the center con- 
ductor, the smaller diameter piece should be long 
enough for about a 3 inch (76.2mm) overlap into the 
larger size tubing to which it is to be joined. A reducing 
sleeve is made by telescoping together short sections 
of brass tubing, about 3 inches (76.2mm) long, so as 
to fill the space between the smaller and larger pieces 
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to be joined, and to keep them straight and concentric. 
If the center conductor is to be made in one piece, 
insulating spacer washers should be put in place before 
the sections are soldered together. 

I use teflon spacer washers* to prevent sag in the 
center conductor and to maintain concentricity. These 
are placed on the smaller diameter portion at each 
point of change in diameter, at the center and on each 
end. The spacers should fit tightly on the center con- 
ductor and loosely in the outer conductor. My center 
conductors were assembled in two pieces divided at 
the center. This permits setting the spacers in place 
on the smaller diameter portions after the soldering 
is done. They are joined in the center with an internal 
sleeve after being inserted in the outer conductor. The 
center conductor should be cleaned and polished after 
assembly and handled with paper towels or tissue dur- 
ing insertion in the outer conductor. If the inside of 
the outer conductor is not bright and shiny it should 
likewise be polished. A small notch or "Vee" should 
be cut out of each teflon spacer, at the perimeter, to 
permit the flow of air through the power divider; this 
is important to prevent the accumulation of moisture. 

After inserting the center conductor into the outer 
conductor, the coaxial connectors are ready to be in- 
stalled. I recommend the use of UG-58/U connectors 
with teflon insulators. (Other types of insulation will 
not withstand the heat generated during the solder- 
ing process.) The flange of the UG-58/U should be 
removed - with a lathe, grinder, or otherwise - to 
facilitate soldering. A 7/16 inch hole in the outer con- 
ductor will provide a neat fit for the portion of the 
UG-58/U below the flange. 

I use coaxial connectors only at the center or input 
port. At the output ports, I use copper sleeve couplers 
sized to fit 318-inch (9.5 mm) copper pipe. They are 
about 0.502 inch (12.75 mm) I.D. and provide a very 
good fit for the shield of the RG-331 hardline leads to 
the antennas. The sleeves are tinned on the inside. 
A small stainless steel wormscrew hose clamp is put 
around the sleeve after the hardline is installed. 

After all soldering, assembly, and installation have 

table 1. Nominal size, O.D. and I.D. of different grades 
of copper water pipe. 

nominal I.D. type 
size O.D. K L M 

(inches) (inches) (inches) (inches) (inches) 

112 0.625 0.527 0.545 0.569 
518 0.750 0.652 0.666 0.690 
314 0.875 0.745 0.785 0.811 

1 1.126 0.995 1.025 1.055 
1-114 1.375 1.245 1.265 1.291 
1-112 1.625 1.481 1.505 1.527 

'Available from the author at nominal cost. 
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I N  

been done, the ends and the center access hole should 
be sealed. It is not necessary to solder the coverings 
in place, but they should be held in place with a good 
sealant and wrapped tightly with stretch tape. All 
points of possible moisture entry - even the solder 
joints - should likewise be sealed. 

The dimensions given in fig. 2 will yield impedances 
very close to the calculated ideal. Preliminary calcula- 
tions indicate that 3/4 inch (19 mm) type M tubing 
would be a better choice for outer conductor in the 
fig. 3 design, using brass tubing for the center 
conductor. 

what to expect 
It is said that 1 dB is the least amount of change 

in sound that can be detected by the human ear. In 
a noise-free environment, this is probably correct. But 
in EME work, I question its accuracy. Often we can 
detect a change in the pitch of the "white noise" as 
we tune our receivers across a given frequency. Even 
though there's a signal present, the dits cannot be 
distinguished from the dahs. Perhaps if this were 0.9 
dB, the signal would jump right out of the noise and 
be readable if we could supply the additional 0.1 dB? 
The low-loss feed system described herein may make 
such a thing possible. 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other AMSAT Membership Benefits: 

ORBIT Magazine Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 

/ 184 
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appendix 
other designs for 
power dividers 

In each of the power dividers previously described, a "Q" sec- 
tion is employed at the input port. This is not necessary in all cases. 
The input may be split into two branches, each of which is twice 
the impedance of the input feedline, with no resulting mismatch. 
The "Q" sections may be placed at each end, in either 114 or 112 
wave form. 

Figures A1 and A2 illustrate this design in each of these forms. 
I have designated the first device as a "splitter" to distinguish it from 
the one in fig. 3. This design is not suitable for a 75-ohm feed system, 
which would require splitting into 150-ohm branches. The D/d ratio 
for 150 ohms would be 12.2, resulting in a center conductor much 
too small to be practical. 

The "hundred OHM" (fig. A2) divider is particularly appealing to 
me, because it involves no change in diameter of the center con- 
ductor. The idea for this one occurred to me about a month ago, 
and I hastily assembled two of them for my 2-meter EME antenna 
(8 x 2.2 wavelength NBS Yagis). Initial results are very encouraging: 
SWR is very good, and my own SSB echoes from the moon were 
readable with a sky temperature of about 400 degrees K. (Below 
300 degrees K is considered "quiet sky.") 

construction details for the 
"hundred OHM" divider 
Outer conductor: 314 inch (19 mm) copper pipe, type D, 0.833 
inch (21.2 mm) I.D., if available. Type M, 0.81 1 inch 121.2 mm) I.D., 
is satisfactory substitute. 

Inner conductor: 5/32 inch (4 mm) brazing rod or brass tubing. 
Tubing is preferred because of its usefulness as internal coupling 
sleeves. 

Center and end Tee's: 314 inch (19 mm) copper plumbing Tee's. 

Center conductor splices: 5/32 inch (4 mml I.D. brass tube. 
Miniature Tee's fabricated from same material at each end. ( I  used 
brazing rod center conductor.) 

Coax connectors: UG-58 with teflon insulation, flanges turned to 
fit pipe, soldered. 

ham radio 

Great Novice Gift Idea 
HOW TO TROUBLESHOOT & 
REPAIR AMATEUR RADIO 
EQUIPMENT 

by Joseph J. Carr, K41PV 
Not everyone is lucky enough to have someone to teach them 
the basics of troubleshooting. For many of us the only way to 
learn was by trial and error. Joe Carr has put ln one compre- 
hensive guide, a complete step-by-step program on how to 
troubleshoot electronic equipment. Chapters include how to use 
simple test equipment like the voltmeter and ammeter and the 
more complex k~nds of equ~pment like the oscilloscope. You 
also get plenty of helpful hints, the kind you can only get from 
someone who knows how to repair broken gear. Fully illus- 
trated to help insure that you understand what you are doing. 
0 1980 

T-1194 Softbound $9.95 
Please add $1.00 for shipping and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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&& COMMUNICATIONS 

P.O. Box 620625 Woodside, CA 94062 (415) 851-8779 

The only manufacturer offering Amateurs 
the advantages of MOSFET RF Power Amps 

MOSFET Mobile Power Amplifiers 
4101 Complete 2 Meter Handie Talkie Accessory - All mode RF power amp., 2 Watts in = 25 Watts out, 
50 Watt max.. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 
Watt speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; 
plug supplied. $21 5 

4102 Complete 2 Meter Handie Talkie Accessory - All mode RF power amp.. 2 Watts in = 100 Watts 
out. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 Watt 
speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; plug 
supplied. $325 

4103 All Mode 100 Watt 2 Meter Amplifier - 10 Watts in = 90 Watts out, 2 Watts in = 30 Watts out. No 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

4104 All mode 100 Watt 220 MHz amplifier - 10 Watts in = 70 Watts out. 2 Watts in = 25 Watts out. No 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

41 05 All mode 100 Watt 2 Meter amplifier-2 Watts in = 100 Wattsout. Optional plug-in receive preamp.S295 

Also come to FALCON for your 
MOSFET Repeater Amplifiers 

More Details? CHECK-OFF Page 152 October 1984 a 77 



All Steel Constructlon- On Sale lor tremendous sav. 

To save on lnlght costa, all 
towers are ahlpped dlreclly 
from theTrl.Exfactory to you1 

Check these fealures' . All steel construction IN STOCK for IMMEDIATE 
Hot dlp galvanized after DELIVERY & LOOK at very 

no guys fimded SPECIAL PRICES 
New Model HF6V $129 00 
New Model TBR.16OHD (High 

Power 160 meter Base 

9Sq I1 $1019 
Resonator) $49 00 
Model RMK-11 (roof mount ki t  

S4 ll 16sq 11 11629 

10 n Stack Sections 

206 $37 50 25G $46 50 
MINI-PRODUCTS Ha-1 456 $107 50 55G $127 50 

LIST 5182 50 SALE 5159 All 200,250,450 8 d  550 A c w s r ~ r  
In Stock at Dltcount Ricss - CALL' 

1 79 A147 I f  
S 79 228FB 

TH7DXS 7 el Trlband Beam 
TH3JRS 3 el Trlband Beam 
TH2MK3S 2 el Trlband Beam 
205BAS 5 el 20 mtr Beam 
155BAS5 el 15 mlrBeam 
lO5BAS5 el 10 mtr Beam 
2048AS4 el 20 mtr Beam 
6405 4 el 6-mtr Beam 
66BS6 el 6 mtr Beam 
I~HTS 80 10 mlr Hy Tower Verlicai 

Pro37 7 el Trlband Bsam 
CL 33e-el Trlband Beam 
TA-333-elTrlband Beam 
TA 33JR3-elTrlband Beam 
TA4OKR 40 mlr KII lor TA33 

1-FTEXAS TOWERS Telephone 
(21 4) 422-7306 

Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am 5pm 
1108 Summit Ave., Sulte 4 l Plano, Texas 75074 Sat: 9am - lpm I 



FT.757GX LIST PRICE $829 

SALE S299.95! 

1u.2~0 2.5W1300 mW 
(Swllchablel 2 Molar FT-208R 2M HT ST442rP. . . . . . . . . . . . .CALL! 
Handheld Transceinr 

FT.708R 440 MHz HT SANTEC Accessoriea 

. S rnpter Functlon 
SM3 Speaker Mic. . . . . . $34.95 . 10 Memorles ST-LC Leather Case. . . . $34.95 
ST-500 NiCad Baltery . . $29.95 
ST4QC Base Charger. . $69.95 

KZ Kantronics 
'Sale Prices Too Low To Print- 
CALL & SAVE SS! 

n* Mnbcr Re#. s16Y.s Slk Sl2Y.l 
Thr Inlarhea II Re& M9.95 Ws S239.S 

a M Scf~es Wtln Mcle! A Soter Wnlnwl Meter 

(,?1 720 2W 2iIW <A S ' q  
MFJ 1224 COMPUTER INTERFACE M9.95 

c?m ""5 !ow M,W l o r  Sl7v 
c l o t ?  210 v... IOM rznw mr 125s 

1 KW Amplifier 

"2. 4.0 h,, 2W 4OW "4 $ 1  "l 
[ I l O l O N  440 NU InW ( M Y ,  201 $289 

Div. of Texas RF Distributors Inc. 1108 Summit Ave., Suite 4 Plano, Texas 75074 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM 

More Details? CHECK-OFF Page 152 H 206 October 1984 79 



NOBODY BEATS 

FINANCING AVAILABLE 

100 CHANNELS OF TV 
MOVIES a SPORTS a NEWS I 

J & J SATELLITE TV SYSTEMS 
9504 TARA BLVD., JONESBORO, GA 30236 

'PRE-PUBLICATION ' 
NOW'S THE TIME TO ORDER YOUR 1985 

Radio Amateur Callbooks 
U.S. CALLBOOK FOREIGN CALLBOOK 
All the latest calls addresses and other ~mporlant tnforma The only source of DX calls and addresses ava~lable Fully 
t o n  Fully up to date and edtted to ensure accuracy L 1984 updated and has helplul QSL ~nformatlon 1984 

UCB-US85 Softbound $25 I ICB-F85 
($21 95 + $3 05 s & hl 

1985 US and Foreign CALLBOOKS will be ready for shipping by early 
/'- -, 

December. All orders received before Nov. 15, 1984 will be expedited direct , 

from the printer. 

Order Both and SAVE even more /-- 

Regular Price $45 
HAM RADIO /- 
PRE-PUBLICATION SPECIAL $39.95 rsaiO 

\ SAVE $5 n U o . Z h W  

H 152 GREENVILLE, BOOKSTORE NH 03048 ) I 
- 
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FRESH STOCK -NOT SURPLUS 
TE5TED - FULLY GUARANTEED 

23OMHz 12V ('=28V) 
PIN Rat~ng Ea Match Pr 

~ R t 4 0 6  20W 514.50 $32.00 
MRF412 8OW 18.00 40.00 
MRF412A 80W 18.00 40.00 
MRF421 1OOW 25.00 54.00 
MRF421C 110W 27.00 58.00 
MRF422' 150W 38.00 82.00 
MRF426' 25W 17.00 40.00 
MRF426A' 25W 17.00 40.00 
MRF433 13W 14.50 32.00 
MRF435. 150W 42.00 90.00 
MRF449 30W 12.00 27.00 
MRF449A 30W 11.00 25.00 
MRF450 SOW 12.00 27.00 
MRF450A 50W 12.00 27.00 
MRF453 60W 15.00 33.00 
MRF453A 60W 15.00 33.00 
MRF454 80W 16.00 35.00 
MRF454A BOW 16.00 35.00 
MRF455 60W 12.00 27.00 
MRF455A 60W 12.00 27.00 
MRF458 80W 18.00 40.00 
MRF460 60W 16.50 36.00 
MRF475 12W 3.00 9.00 
MRF476 3 W 2.50 8.00 
MRF477 40W 13.00 29.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 90W 18.00 39.00 
SRF2072 75W 15.00 33.00 
CD2545 SOW 24.00 55.00 

-~.lt.cled H~gh  G;II: Matched Ounrls Ava~lar~i(' 

VHF TRANSISTORS 
T Y P ~  Rat~ng t MatchlPr 

MRF221 1SW S1O.OO - 
MRF222 12W 12.00 - 
MRF224 40W 13.50 $32.00 
MRF231 3.5W 10.00 - 
MRF234 25W 15.00 39.00 
MRF237 1 W 2.50 - 
MRF238 30W 12.00 - 
MRF239 30W 15.00 - 
MRF240 40W 16.00 - 
MRF245 BOW 25.00 59.00 
MRF247 80W 25.00 59.00 
MRF260 5 W 6.00 - 
MRF264 30W 13.00 - 
MRF492 70W 18.00 39.00 
MRF607 1.8W 2.60 - 
MRF627 0.5W 9.00 - 
MRF641 15W 18.00 - 
MRF644 25W 23.00 - 
MRF646 40W 24.00 59.00 
MRF648 60W 29.50 69.00 
SD1416 80W 29.50 - 
SD1477 ' 125W 37.00 - 
2N4427 1 W 1.25 - 
2N5945 4 W 10.00 - 
2N5946 1OW 12.00 - 
2N6080 4W 6.00 - 
2N6081 15W 7.00 - 
2N6082 25W 9.00 - 
2N6083 30W 9.50 - 
2N6084 40W 12.00 29.00 

TMOS FET 
MRF137 30W $22.50 - 
MRF138 30W 35.00 - 
MRF140 150W 92.00 - 
MRF150 15OW 80.00 - 
MRF172 80W 65.00 - 
MRF174 125W 88.00 - 
7echnfcal Assfstance & cross-reference 
~nforrnat~on on CD. PT. RF. SRF. SD PINS 
Call Eng~neerlng Dept (619) 744-072H 

RF Parts Catalog Avatlable 
OEM & Ouanltty D~scoun ls  f l  2'5 

M t n ~ m u m  Order $20 Add $3 50 S h ~ p p ~ n g  
WE SHIP SAME DAY C.O.D.IVISAIMC 

ORDERS ONLY: 800-854-1 927 

More Details? CHECK-OFF Page 152 

lustries 
)hi0 444 

J 
Ohia 

CALL LONG DISTANCE ON YOUR HANDHELD 

The Model 335A will deliver 35 watts of Our products are backed by prompt fac- 
power using the latest state-of-the-art cir- tory service and technical assistance. To 
cuitry. The amplifier will operate SSB or become familiar with our other fine pro- 
FM and is compatible with ducts in the amateur radio 
most handheld trans- market, call or write for our 
ceivers, including the free product and small parts 

catalog. 

Tec. Only 300 mw input will 
deliver 5 watts out; 3 watts 

Model 335 A 

in will deliver 35 watts out. 
Kit $69.95 

Max~mum input drive level 
Wired & Tested $89.95 

is 5 watts. 
Communication 

=Concepts Inc. Hi33 - 
2668 North Ataqnn A r r  .Dayton Vhto65470.(5131 2961411 

C 

Down Converter 

Actuator Boots 

October 1984 81 

with "Flo Thru" air 
vents 
P.? R n O l " D  

OIK.LIMIT 
Universal Limit 
Switch 

0IK.ALIGN 
Feed Horn 
Alignment Tool 
0.t s.lalg 

Terms: Cash. Cerllfied check. Money order. Money transfer Pdces effective 81.04 
Frelght: UPS. COD. FOB. Paullin Industries. 1446 Stele Rter. 60. Ashland. Ohio44805 

Designing and developing new products for growlng industries. 

A soft, pllable W resistant expandabl 
small end of the actuator protecting It from ice, raln, salt water, or dust. 
Withstands high heal and very low temperatures. (2 lock ties Included.) 
For drives using llmit switch designate "limit switch". (same prlce) 

an insulated bracket that clamps on 
all stan~lard actuators quickly IDC 

M0.ST ACCURATE FEEDHORN ALIGNMENT TOOL MADE"' 

Good 4n~ruc!8m~#ndud~d 
UIPO~ D~lt0nh0oh5and rnn~k<tool btc 
Orlr rnan ntqnrnpnt tor manomurn antpnnn s ~ q n a ~  . Savrz h ~ u , <  01 5rt up qur.i< work ann I w r k l n g  

' Hooks l l ~ ~ h o n  Iwdholn toatm h allqn to~ract 
c~nler 01 dnsh 
1 I-tnlorced adlustable lrlanqulatlnq leqs can Iw apt 
at local distance 6 wlnt at center of dish In one easy sall~np 

60" ' '  

6 a w  %VSIP~S 

18" Small 

Boxed 

Extends 
25 10 47'' 
Boxed 



simple, compact QRP keyer 

I recently bui l t  a QRP CW transceiver and decided 
to use one small cabinet to house the radio, recharge- 
able batteries, and a keyer. After completing the trans- 
ceiver and squeezing in the batteries I found I had left 
myself less than two square inches of board space for 
the keyer circuitry. 

Because contemporary electronic keyers use one or 
more ICs and quite a few additional components, I 
needed to find a simpler, more compact approach. I 
also wanted self-completing characters and very low 
battery drain. Dot and/or word memory and digital 
precision were features I could do without in this 
application. 

The circuit that evolved, shown in f ig .  1 ,  does the 
job very nicely, fits easily on 1.5 square inches of board 
space, and consumes less than 4 mA, key-down, at 
12 VDC. 

In lieu of the usual digital clock, this keyer uses one 
of the unijunction family of devices as the basic tim- 
ing device. Unijunction devices (UJTs), which have 
been around almost as long as the basic transistor, 
have several unique characteristics that make them 
quite different from those of the conventional two- 
junction transistor. These features include stable trig- 
gering voltage, very low value of firing current, high 
pulse current capability, and low cost. 

The circuit (fig. 1) uses these characteristics of the 
UJT to generate a precisely timed sawtooth 
waveform. This is formed by the exponential voltage 
build-up across capacitqr C1, and the abrupt discharge 
of this voltage when the UJT "fires," or triggers. 
Dashes and dots are self-completing because the UJT 
has no effect on the capacitor charge until the trig- 
gering point is reached. Potentiometer R2  controls the 
rate of charge of C1 - hence the keying speed. R1 
sets the ratio for the generation of dots. 

The sawtooth waveform is applied to a PNP transis- 
tor, 0.2, where it is shaped and amplified. The output 

By Jack Najork, WSFG, 3728 East 85th 
Place, Tulsa, Oklahoma 74136 

fig. 1. Simple QRP keyer uses unijunction transistor for 
timing. 

of Q2 is direct-coupled to 03, the switching or keying 
transistor. R3, the "weight" potentiometer in the emit- 
ter of Q2, controls the switching threshold (the on- 
off periods) of a2 and 03. 

I use the collector of Q3 (which goes to ground 
when the key is down) to key the emitter of the trans- 
mitter driver transistor that draws about 20 mA. You 
can, of course, key any circuit that requires ground 
to transmit provided you stay within the current and 
voltage capabilities of 03. 

A relay with a DC coil resistance of 500 to 3000 ohms 
can be used in tlie collector of 03. The relay coil is 
connected between the collector of 03 and + 12 VDC 
as shown in fig. 2. This arrangement will increase the 
current drawn by the keyer another 5 to 25 mA, de- 
pending on the relay coil DC resistance. Reed relays 
are recommended and work well for keying small, non- 
inductive current loads. An inductive load such as an 
iron-core choke in series with the keying lead will 
generate an inductive charge. If not damped, this 
charge will quickly weld together the contacts of the 
reed relay. 

limitations 
The limitations of simple circuits such as this are 

often overlooked or glossed over by enthusiastic 
authors, with resultant heavy mail and telephone traffic 
to the publication and/or author. To minimize such 
communication, let me say that this simple keyer will 
work very well if the following precautions are taken. 

First and most importantly, the DC supply voltage 
must be constant (either through regulation or a stable 
source) because the timing of the sawtooth generator 
as well as the switching thresholds of Q2 and Q3 are 
a direct function of the supply voltage. Poor voltage 
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:;,::IT -Ql RELAY' 

fig. 2. Reed relay can be driven by Q3 for keying circuit 
isolation. 

INPUT 

/p, 22uF 

I OUTPUT - 
0 C 

fig. 3. Decoupler circuit helps to reduce AC power supply 
ripple from DC line. 

regulation will cause erratic characters. Long-term 
changes in supply voltage from, for example, 12 volts 
to 10 volts, will drastically affect the weight of the 
characters, and to a lesser extent, the speed. The 
keyer will work well with supply voltages of 9 to 15 
volts. Once the operating voltage is selected it must 
remain at that value; if it does not, all controls will re- 
quire re-adjustment. 

I use heavy duty batteries to avoid these problems. 
If an AC supply is used, the simple regulator-decoupler 
shown in fig. 3 does a good job of cleaning up the 
supply voltage source. 

With the possible exception of C1 and 02, compo- 
nent tolerances are not critical. C1 must be 2.2 micro- 
farads. (1pF is too small and 3.3 pF is too large.) a2 
should have a fairly high beta - at least 60 or 70 - 
so either avoid the unknown junk-box types entirely 
or use a socket and make sure your choice works pro- 
perly. The 2N6027s appear to be non-critical. All six 
of mine, from two different manufacturers, worked 
well with no noticeable variation in the characteristics 
needed for this application. 

Finally, if a relay is used, try to use a reed type or 
one with a short, snappy armature throw. The keying 
waveform coming out of 03 is more triangular than 
rectangular. A sloppy relay will generate satisfactory 
dashes but skimpy dots, and you won't be able to 
compensate for this with the "weight" or "ratio" 
controls. 

ham radio 

You'tl EPnd Them 
fn the Natjon9s No. 2 

Electronfc Shopper Mqpzjne 

NUTS & VOLTS 
Now in Our 5th Y-r 

Nuts & Volts is published MONTHLY and features: 
NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSIFIEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTION RATES 

One Year - 3rd Class Mail . . . . . . . . . . . . . . . . $10.00 
One Year - I s t  Class Mail. . . . . . . . . . . . . . . . . $ I 5.00 
One Year - Canada 81 Mexico (in U.S. Funds) . . $18.00 
Lifetime - 3rd Class Mail (U.S. Only) . . . . . . . .$35.00 

ORDER NOW? 
SEND: CHECK MONEY ORDER 

VISA MASTERCARD 

TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

C1ty 

State ZIP 

Card N o  

Exp Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Dealer lnqulrres lnvrted r /  183 
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( ,+ NOW 287 75/80M :=,",st' I 
A\ Remotely tunes to VSWR of less than 1.3:1 from 3.5 to 4MHz. 

Remote controlled, motor-driven tuning system optimizes 
"sloper" at any frequency in the 75-80M band! 
Sloping configuration can result in FB ratios up to 20dB 
depending upon ground conductivity and propagation angle. 
Low-angle forward lobe for DX plus high angle for 
short-haul skip. 
Requires no ground (except for lightning protection). 
50 ohm coax feed plus 8 conductor control cable 
(not supplied). 
Outperforms some full size dipoles, inverted vee's 
and verticals. 
Light in weight (only 12 Ibs). Complete system requires 

1 only supporting mast and TV-type rotator (8 sq. ft. rating). 

40 meter model also available. Same characteristics. 

1 INSULATED 

I GUY WIRES -+ 

I -m 
I MAST 

VECTOR RADIO CO. 
P.O. Box 1166, 

\ Cardiff, CA 92007 
Callf res~dents please add sales tax (619) 944-1063 fl 212 

Free Antenna Accessories Catalog 

4 Coaxial Antenna Relays 

c?,; - R e m o t e l y  se lec t  up t o  9 antennas 
* ,  . . f r o m  your  t ransm~t te r ,  u s l n g  o n l y  o n e  

s .-- c c o a x ~ a l  c a b l e  E n v ~ r o n m e n t a l ~ z e d ,  h l g h  
4 '  S p o w e r  a n d  l o w  l o s s  

W2AU a'nd W2DU Baluns, 
O u r  ba luns ,  c e n t e r  insulators a n d  In- * 

su la to rs  h a v e  b e e n  p r e f e r r e d  fo r  20 
y e a r s  b y  H a m s .  Indus t ry ,  a n d  t h e  a r m e d  
f o r c e s  P r o t e c t  aga lns t  T V I  a n d  l ~ g h t n l n g  
1 8-200 M H z  

4 W2VS Antenna Traps 
A d d  t h e s e  t raps  t o  your  d ~ p o l e  a n d  

L; 
g e t  l o w  SWR o n  2 t o  6 b a n d s ,  d e p e n -  
ding o n  h o w  m a n y  y o u  a d d  A n t e n n a  
w l r e  a n d  c u s t o m  k ~ t s  a lso  avai lable 

Send For Yours Today, 
D o n  t de lay  Cal l  o r  w r ~ t e  today, a n d  

w e  w ~ l l  s e n d  y o u  f r e e  l ~ t e r a t u r e  w h l c h  
ful ly d e s c r ~ b e s  o u r  H a m  a n t e n n a  a c -  
c e s s o r y  p r o d u c t  l lne  

D e a l e r  inquiries a l s o  w e l c o m e .  

8743 Klnne St.. East Syracuse. NY 13057 l m m  Toll Free 1-800-448-1866 TWX 710-541-0483 
NYIHIIAKICansda (Collect) 315437.3953 

BEAM ANTENNA HANDBOOK 
by Bill Orr, W6SAI 

Recommended readlng Commonly asked questions I~ke. What IS the best 
element spacing? Can d~fferent yagl antennas be stacked w~thout loslng per- 
formance? Do monoband beams outperform tr~banders? These quest~ons 
and more are fully dnswered Lots ol ~oristruct~or~ prolects. d~agrarns and 
photos 198 pages 1977 5th ed~t~on I URP-BA Softbound $7.95 I 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bil l  Orr, W6SAI 
Learn how to build slmple economical wlre antennas Apartment dwellers 
take notef Fool your landlord and your ne~ghbors w~th some ol the lnvts 
~ble" antennas found here Well d~agrammed 192 pages 11972 2nd 
ed~tlon 
I IRP-WA Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr, W6SAI and Stuart Cowan, W2LX 

Contalns lots of well illustrated construct~on prolects for vert~cal. long wlre. 
and HFNHF beam antennas There IS an honest judgment of antenna galn 
ftgures, lnformatlon on the best and worst antenna locatfons and he~ghts, a 
long look at the quad vs the yap1 antenna, lnformat~on on baluns and how 
to use them. and new ~nformatlon on the popular Sloper and Delta Loop 
antennas The text IS based on proven data plus pract~cal, on-the-a~r experl- 
ence 190 pages i c  1978 1st ed~t~on 
uRP-AH Softbound $7.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
by Bil l Orr, W6SAI - New 3rd Edition 

Includes NEW data for WARC bands 
The cubfcal quad antenna 15 cons~dered by many to be the best OX antenna 
because of 11s s~mple, l~ghfwe~ght des~gn and h~gh performance You'll flnd 
quad des~gns for everything from the slngle element to the mulh-element 
monster quad There's a wealth of data on construction feedlnq, tunlnq 
and mountlng quad antennas 112 pages < ] I982 
LJRP-CQ Softbound $6.95 
Please add $1 50 for one book. $2 50 for two or more books 
to cover sh~pplng and handling 
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nove been servlng !he amateur 

DEPENDABLE "SE-R-V-I-C-E" ond, we fully ~ntend to 
carry on th~s proud  rodi it ion with even MORE new 
product lines plus the some "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
f~nesl quality with 30, 60 and even 90-day ports and 
labor wa r ron t i~on  selected pieces. 
And, remember. . . 

- WE SERVICE WHAT WE SELL - 
A€ A . A M K O  
AMERIRON 
ANTEK 
ARRL 
ASTROW 
ANTENNA 

SPECIALISTS 
B L W  
BENCHER 
BUTTERNUT 
CUSHCRAn 
DIAWA 

DRAKE 
ENCOMM 
HUSTLER 
ICOM 
JANEL 
KANTRDNIQ 
KDK 
KLM 
LARSEN 
MFJ 
M INI-PRODUCTS 
MIRAGE 

MOSELIY 
NYE 
PALOMAR 
RADIO CALLBOOK 
ROBOT 
ROHN 
TELEX l MYGAIN 
TEN-TIC 
TRIO-KENWOOD 
UNADILU I REYCO 
YAESU 

9-5 P.M. ( Q T )  
MONDAY thm FRIDAY 

OPEN SATURDAYS 
from 9-1 P.M. (CST) 

CLOSED 
SUNDAYSIHOLIDAYS 

P.O. Box 73 

"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 

New & Reconditioned 

Call or Write Us Today For a Quote! 
You'll Find Us to be Courteous, Knowledgeable 

and Honest 

AEA AMT-1. REGULARLY $479.95 
NOW ONLY $299.95 

THE AMTOR TERMINAL UNIT!! ! Works w i th  any 
ASCII terminal or personal computer wi th a terminal 

208 East Kemp program. Also works RTTY, CW, ASCII. 
Watertown, SD 57201 ORDER YOURS TODAY I Limited quantities. 

FCC chanqes niake obta~~itng a H~gh-level 
Rad~o Telephone Llcense much easler now 
Eltmlnate unnecessary study w~th our short- 
cuts and easj to lollow study mater~al Obtaln- 
Ing the General Rad~o Telephone Ltcense can 
be a snap1 Sample exams, also sect~on cover- 
Ing Radar Endorsement. 

A small lnvestment for a h~gh-pay~ng career In 
electrontcs. 

$1 9.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonv~lle. N. C .  28793 H 202 

We now accept MC and VISA 
Olve card #, exp dale, and signature 

SAY YOU SAW IT 
IN 

HAM RADIO 

p l m l l l l l l l l l l l m m m m m m l m m m m m m m m  
NEW! AZIMUTH 

1 
I ! UNIVEMAL,GMT 2CHOUR CLOCK WORLD TIME DUAL-ZONE CLOCK . 

Oumndlng 24-Hour Clockrl Great for DX'en, FCld'Day. 
emergency or dally opcrarlng. Stateof-rhe-an quallty. 

Spcclally deslgned for dlscernlng radlo amateurs world-wldel 
14-Day TRIAL SAnSFAACnON OR V W R  MON- M C K l  

I 
I NEW! 

- 
.LARGL L A S Y  TO R IXD S / I  LCD READ-OUTS NO Iqulntlnq TO S l 3  wllh r r t r r w l l y  .acc~l%lble blTlonl I .UNlVERSAL/GMT DISPLAY Show t l m  4" 24 Hour .SIZESWOALD TIME DUAL ZONE CLOCK m a ~ u r n  4 1/4 I 1 5/8- 

ZULU nourlon mkr ,  loqqlng r l ry  6 rrrurltr UNNERIAL GMT 24 HOUR CLOCK mrasurn I 7/16 . 2 1/8- 

( .LOCAL TlME DISPLA* I D u l  Zone Clmk 0 N L I ) F b S M  TIm L .OUARTI ACCURACY In rnaqnlncml arsnop t h r - m t ~ n  
Date (AM PMJ Hrlpl kCCp pu on tlm No 24 Hour M I X  UP BATTERY OPERATED rmh modulr mnl on I t s  o m  MlcHnl 

( .MODERN DESIGN RUGGED BRUSHED BLACK 
METAL CONSOLE 

%wndrrd watch bancry ( I n ~ l ~ r a l  f l  119 

PRICE BREAMROUGH. SAM wlm mls SPECIAL WON- SAVING ORERI I M.311 ro AZIMUTH CLOCK. 11030 Santa Mon~ca Blvd , Su~te 200". Lor Anq~1~5 CA 90025 I YES, Please rush me _ Azl- Unhrrt%aI/GMI 24-Han Ckk(s1 al 114 95 each Azlmulh Our1 

I Zone World Tlme Clock(sJ al $24 95 each lnchde S I  95 shlppkq 6 Mmdllng lor r a n  r k k  lCIlnDrnIa mMrm please rda 
bI/Z%b~rsra.l Enr lovdkmyrhr rbwnmyordm O r C f f A R G E m y L I A m M I D ~ V I U r r c a n ( ~ -  

-- Inmhnnk Wins -- ORDER 2 or Mom md SAM1 AzlmUth 

I each plm S3 SO P6H ORDER TObAVI Forelgn orden f I e m  Include S4 95 lor Postaqe & Handllnq (USS Only1 

I cot, 2utr 1 1 1 ,  (.,I1 I For Qulck 
I 

Acav allow 3 4  weeks for delhrcry. 1 
T O U - ~ E E  m o m  CARD ORDERS-UII TODAYI N ~ O W I  1600dZ1-2,ln -In 1 - ~ 0 4 ~ 1 - 1 0 6 1  

L I m CUSTOMER SERVICE ONLY (213) 478-5048 1 m" m 

More Details? CHECK-OFF Page 152 October 1984 85 



"AFfm ALL YOU W-E O W  [ WARAWEED FhP 10 Y i R g "  I 

Don't you wish every crystal manufac- 
turer had a guarantee like ICM? At In- 
ternational we guarantee every crystal 
forever when used In Ihe equipment 
for whlch 11 was designed. 

Our computer database contalns cor- 
relation lnforrnation on over 15.000 dif- 
ferent types of crystals. No other crystal 
manufacturer oflers this valuable ser- 
vrce. 

When you think of crystals, channel ele- 

ments, or oscillators, call ICM flrst. 
When 11 comes to lrequoncy control, we 
want to be your ONE SOURCE. 

lntematlonal Crystal Mfg. Co., Inc. 
1 I N L ,*+ I ' t  I ~ I Y  ,'b i {O  

Oklahomn L ' v  OV 7,3126 0 130 
(405) 236 374 1 

RTTY TODAY 
MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 
Thrs brand new book is Me only RTPl handhk avatlable that coven 
all facets of RTTY ooeratton from the "green key" generation to ~e r -  I 
sonal computers Author Dave Ingram. K ~ T W J ,  notedRTTY enthustast. 
wrltes In a personable, easy-to-understand style that will appeal to all 
levels of RTTY Interest RTTY TODAY IS fully illustrated wlth photos. 
d~agrams. RllY statton set ups and equipment to help ensure full under- 
stand~ng of the rnater~al 11 chapters cover an overvlew of RTTY opera- 
tlon, operatlnq parameters, home computers, equlprnent you can bulld. 
dedicated systems and complete chapters on RTTY SWLlng wlth 
frequencies, codes and other helpful hints and nps Old hme RTTY users 
and novtces al~kp wll flnd MIS book extremely useful 1984 

UNIVERSAL ELECTRONICS 
4555 Groves Rd. Suite 3 Columbus, OH 43232 

(614) 866-4605 
Dealer lnqu~r~es lnvrted 1/ 2aa 

1 , , ~ * ro r71  b , !<J ! ' , , l  J L I , , ~ ~  011 L , l t l ~ ~ l < '  

Amateur Radio Operator NAMES 
I WEATHER MAPS PRESS' 

I 
. . . .  , 

Geographrc by ZIP andlor State 
By Llcense Issue or Explrat~on Dale 

Sell sllrk 113 Int?Pls 
Total List 453.000 Price: S2SIThousand 

Buckmaster Publishing 
i ' . f > ,~~h . t~ t  ~r 126 ' I 

fl  179 
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I No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 in capability and features. That's words in any languages Or dialect and your Own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and commercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message  master^^ real speech voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
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applied Yagi antenna design 
part 6: 

the model and 
special teaching tool 

Understanding 

and using 

the FORTRAN 
program 

In this concluding article, the FORTRAN code 
used in the model is discussed on terms of its organiza- 
tion and logic flow, and an interesting teaching ex- 
ample also presented. 

A copy of the program is available from ham radio 
(send an SASE with 37C postage). Please note that 
the program, designed to run on a mainframe com- 
puter, requires a FORTRAN 77 compiler or its 
equivalent. While a knowledgeable programmer can 
convert this program to BASIC, an understanding of 
the "architectural" differences between FORTRAN 
and BASIC is essential, as is familiarity with the use 
of both radians and degrees, as well as the rules of 
complex (vector quantity) arithmetic. A careful re- 
reading of the first two articles in Cawson's 
is also recommended. 

FORTRAN program structure 
The program consists of seven logical parts, as 

depicted in fig. 1. The Driver contains array defini- 
tions, constant declarations, and the control logic for 
the five main subroutines. Each subroutine's name is 
an accurate description of what it does. The 
mathematics library contains the functions used in 
computing impedance components. The model's code 
has been carefullv written to minimize execution time. 

*We regret that neither the author nor the staff of ham radio can provide 
software assistance or consultation. 

This is especially true for the reactance calculations 
because they can be executed tens of thousands of 
times in a single session of Yagi iterations. 

1 The Driver contains the Poynting vectors necessary 
for pattern calculations. These vectors are listed as 
constants in an extended DATA statement. As the 
vector values for the second 90 degrees follow from 
those of the first 90 degrees, a DO loop makes this 
assignment. This same loop adjusts the vector values 

I slightly so a dipole has a calculated gain of 2.14 dBi. 
Further manipulation of the 0.997 multiplier leads to 

I 

I degraded pattern calculations. This is followed by 
1 calculation of the dipole pattern constants for each of 

180 degrees. All of the Driver code to this point is ex- 
ecuted only once - at the start of the initial run. Now 
the five subroutines can be called to calculate Yagi per- 
formance parameters. If a series of iterations similar 
to those in the first five parts of this series is desired, 
the nested DO loops begin at this point. 

For those articles a primary loop was used to iterate 
reflector length. A secondary loop iterated director 
length within each discrete reflector measurement. For 
tapered directors a tertiary loop was used to apply the 
tapering constant to the second and subsequent direc- 
tors. By definition, the first director cannot be tapered. 
If spacing is to be iterated, the loops for spacing can 
also be placed here, either in place of the length loops, 
or within them. When a frequency scan of a specific 
Yagi design is desired, element length, spacing and 
diameter are set as constants, and a frequency DO 
loop is coded. Element diameter (ELDIAM) is usually 
a constant, but this parameter can also be iterated. 

GETDATA originally served to prompt for and accept 
the individual Yagi design approach parameters. After 
obtaining calculations for the Yagis in use at 
WB3BGU, the decision was made to write this six-part 

By Stanley Jaffin, WBSBGU, 800 Stonington 
Road, Silver Spring, Maryland 20902 
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fig. 1. Internal organization of the Yagi analysis program. 
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/ fig. 2. E-plane plot of the NBS 4.2 wavelength Yagi. / 

series of articles. Hence the need arose for either 
massive amounts of data input or the nested DO loops 
described above. This routine then became the place 
where ELDIAM, frequency (FREQ), and element spac- 
ing (ELSPACE) from the reflector were defined at each 
run's start. In the version provided, this routine sets 
the design parameters for the NBS family of Yagis. 
Experience indicates that most of the errors leading 
to erroneous output from the iterations can be traced 
to typos made in this routine. The importance of "sani- 
ty checks" on how a Yagi's design approach is 
described to the model cannot be overstated. Until ex- 

perience is gained in working with the model, the user 
should consider printing the design parameters before 
the iterations begin. 

IMPEDANCE calculates the self and mutual imped- 
ances among the Yagi's elements. The self-resistance 
of all elements is assumed to be 73 ohms, and the self- 
reactances are calculated from Lawson's approxima- 
tions. The self-impedance of the driven element needs 
to be 73+ jO for best results. While the third article 
in this series was being prepared, it became obvious 
that this constant could be assigned to the driven ele- 
ment, eliminating the need for calculating its zero reac- 
tance length to 0.000001 inch. Hence the second ele- 
ment's self-impedance is set to 73 + jO ohms. If another 
element is to serve as the driven element, the user has 
to change the test made on index J. Mutual im- 
pedances are calculated in the manner stated by 
Lawson, using the Kraus  formula^.^ Instead of Kraus' 
power series or Lawson's less-than accurate approxi- 
mations, the Sine and Cosine integral routines from 
the IONCAP program are used. They are also three 
orders of magnitude faster than either of the other 
methods. IMPEDANCE also makes good use of the 
fact that the mutual impedance between elements i 
and j is the same as between elements j and i, and 
calculates this value only once while storing it in both 
matrix locations. DO loop indices I and J have an 
unusual implicit relationship that allows for reducing 
the number of calculations in a manner proportional 
to the number of Yagi elements. 

SOLVE provides the complex current solutions for 
each Yagi element. It is basically a routine that solves 
simultaneous linear equations. An array with one more 
column than number of rows is necessav because this 
extra column contains the solved complex current 
values. The second element is assumed to be the 
driven element and is driven with 10 + jO volts. If as 
was described before, a different element is to be the 
driven element (or in the case of multiple driven 
elements), the user has to make the appropriate 
modifications. It is also possible to obtain exactly the 
same gain and F I B  results with any other driven ele- 
ment voltage value, provided that zero phase is used. 
Because a digital computer is being used, an assump- 
tion has to be made for the value of "digital zero;" 
this is the value used to test the complex matrix 
members for being equal to zero. This routine uses 
0.00001 for this value. Smaller values may increase the 
number of iterations necessary for solving the matrix 
and not add anything measurable to the calculated 
gain and FIB. Up to this point the FORTRAN routines 
can be assumed to execute instantaneously. This was 
found to be true for Yagis with up to 20 elements. The 
two subroutines that follow consume the vast majori- 
ty of the time necessary for a given Yagi's iterations. 
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fig. 3. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.424 wavelength-long director spaced 0.37 
wavelengths from the reflector. 

They contain multiple sets of nested loops that iterate 
each of 180 degrees within each Yagi element, or vice 
versa. 

GAlN converts the complex current solutions in the 
matrix to complex voltages whose phase is in radians. 
A test is made for elements with zero current because 
they cause ATAN2 to fail. They also represent Yagis 
whose performance levels are undesirable. These 
Yagis are labelled as such and no further processing 
takes place. Yagi gain is calculated as a summation 
of each element's contribution in the forward (zero 
degree) direction as well as through the Poynting vec- 
tors. These values are saved for use during pattern 
generation and F IB calculation. 

CARTPLOT calculates the FIB and either the E-plane 
or H-plane pattern. These patterns are then printed 
as normalized Cartesian plots. While coded to print 
only the E-plane pattern, the H-plane parameters are 
still computed. The user can adjust this routine to print 
either plane. The 180-degree intermediate values from 
the gain calculations are used with the dipole pattern 
to produce the E or H-plane plots, and to calculate 
FIB. If only the gain and FIB values are wanted 
(PLOTKEY =0.0), a single line of output results. If a 
plot is wanted with full information on the Yagi (see 

L 
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fig. 4. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.430 wavelength-long director spaced 0.36 
wavelengths from the reflector. 

the plots in any of the previous parts of this series), 
PLOTKEY is set to any non-zero value before calling 
CARTPLOT. Every second degree is plotted, and dB 
values are from zero to 60 dB. Values in excess of 60 
dB are shown as 60 dB. To reliably print this many 
lines per page, hands-on control of the printer is almost 
a necessity. The user may want to change the code 
so the maximum dB value is 55 dB. Nulls of this 
magnitude are rarely achieved in practice, and are of 
informational value at best. To signify "off-page" 
values, the user may also want to change the code 
to print asterisks, periods, or some other symbol when 
these values are calculated. Because a line printer is 
a discrete device in terms of being able to print only 
in (many) fixed positions on the page, calculated dB 
values are rounded to the nearest integer value. The 
use of a pen plotter would circumvent this problem. 
It is also possible to use some sort of periodicity to 
emphasize small changes between predetermined dB 
values. 

The MATH LIBRARY'S four functions are used by 
IMPEDANCE to calculate the mutual impedances. The 
resistive component is calculated by RMUT, and the 
reactive component by XMUT. SI and CI are the sine 
integral and cosine integral routines, respectively, from 
IONCAP. An IF statement has been added to CI to 
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fig. 5. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.436 wavelength-long director spaced 0.36 
wavelengths from the reflector. 
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protect against an attempt to compute the LOG of 
zero. This will cause a software failure, and a small 
value is substituted for the zero. In actual practice a 
zero value cannot occur, but a simple precaution is 
easily taken. As with any program of this complexity, 
an example is in order. The 4.2 wavelength (15 ele- 
ment) NBS Yagi will serve as the teaching tool. In this 
example the model will be used to apply a long Yagi 
technique to this Yagi in an attempt to increase the 
calculated gain. 

further optimizing the NBS 4.2 
wavelength Yagi 

Long Yagi techniques include placing one or more 
directors between the driven element and the first of 
the wide spaced directors. Up to this point the first 
of the wide spaced directors was the first director. 
Depending on the design approach used to implement 
long Yagi techniques, this same director may become 
the second, third, or even the fourth director. The 
TiltonIGreenblum Yagis, and to a greater extent the 
Knadle and Kmosko-Johnson Yagis that were examin- 
ed earlier in this series, typify what is meant by long 
Yagi techniques. This new director (or directors) is 
generally believed to increase the Yagi's gain on what 

fig. 6. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.440 wavelength-long director spaced 0.35 
wavelengths from the reflector. 

is substantially the same boomlength as before. This 
belief was shown to be true as a result of comparing 
computer-iterated Yagis that employed long Yagi 
techniques with the equal director spaced NBS Yagis 
of similar boom length.4,5,6.7 

To accommodate an extra director and the spacing 
iterations to be done only for this director, the 
DRIVER code has to be slightly modified. The DO 
statement before the calls to the five subroutines is 
eliminated, but the associated CONTINUE is kept. 
GETDATA is called as before, but the NBS parameter 
is replaced with the integer constant 15. Code is now 
inserted to read the new director's length in 
wavelengths, and this is converted to a physical meas- 
urement at 400.0 MHz. A DO statement is now in- 
serted to control the execution of the remaining 
subroutines. Its indices will serve to move the new 
director (element 16) between the driven element and 
element 3, the old first director. The driven element 
is 0.2 wavelengths from the reflector, and the old first 
director is 0.508 wavelengths from the reflector. A 
range of 0.21 to 0.45 wavelengths from the reflector 
for the extra director was selected and coded as 
follows: 

DO 97 N = 21,45 
ELSPACEIIG) = FLOAT(N)/100.0 
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table 1. A comparison between the original NBS 4.2 wavelength Yagi's calculated performance parameters and the gain 
maximas for a series of similar Yagis with a director added as indicated. 

length of additional 
director ( A )  

- 

0.424 
0.430 
0.435 
0.440 
0.445 
0.450 
0.455 
0.460 

spacing of additional 
director from reflector (A) 

-- 
0.37 
0.36 
0.36 
0.35 
0.35 
0.34 
0.34 
0.33 

Gain F IB  
IdBi) (dB) 

15.70 19.26 
16.14 18.87 
16.15 19.52 
16.16 19.01 
16.16 19.70 
16.16 18.95 
16.15 19.44 
16.14 18.28 
16.10 18.29 
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DEGREES 
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EL NUM : 16 F B  = 18 9 5  

EL OlAM : 0 2 5 0 0 0  

fig. 7. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.445 wavelength-long director spaced 0.35 
wavelengths from the reflector. 

The remaining subroutines are called as before, but 
their NBS parameters are all replaced with the integer 
constant 16. The DO loop index should be printed dur- 
ing each iteration so as to identify the particulars for 
each line of gain and FIB calculations. 

A summary of the test results of selected iterations 
is presented in table 1. Up to 0.46 dB of additional 
calculated gain is available by applying long Yagi 
techniques to this NBS Yagi. This is a significant part 
of the claimed 0.75 dB gain from the use of the NBS 
trigonal reflector, and without the additional elements 

DEGREES 

FREQUENCY 4 0 0  0 0 0  F GAlN ' 16 I 5  

EL NUM : 16 F B  - 19 4 4  

EL DlAM 0  2 5 0 0 0  

fig. 8. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.450 wavelength-long director spaced 0.34 
wavelengths from the reflector. 

on each side of the boom's plane and the attendant 
extra ha rd~a re .~  Figs. 2 through 10 contain E-plane 
plots for each Yagi summarized in table 1. While the 
increased forward gain is difficult to detect in the width 
of the main lobe, the main lobe's sharper definition 
through a deeper null and the reduction of many side 
lobe amplitudes, are visible. The calculated F I B  ratios 
are more or less similar to that of the original Yagi and 
to each other. Table 1 also indicates that as directors 
are moved closer to the driven element, they tend to 
become longer for optimal results. The new director 
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DEGREES 

FREQUENCY - 4 0 0  0 0 0  F  GAIN : 16 14 

E L  NUM - 16 F B  = 1 8  2 8  

EL 0 1 4 M  = 0  2 5 0 0 0  

fig. 9. E-plane plot of the NBS 4.2 wavelength Yagi with 
an additional 0.455 wavelength-long director spacd 0.34 
wavelengths from the reflector. 

lengths used in these iterations begin with the length 
for the first director specified by NBS, and proceed 
in regular increments. Beyond 0.46 wavelength, Yagi 
performance deteriorates rapidly. With only one ex- 
ception, the application of this long Yagi technique 
to the other NBS Yagis resulted in reduced gain. That 
exception produced an increase of 0.02 dB. The more 
experimentally inclined reader may want to iterate the 
model for the 4.2 wavelength Yagi with a second or 
even a third additional director. 

conclusion 
This six-part series has applied and made available 

a computer model for Yagi antenna design and 
analysis. Various Yagi design approaches were ex- 
plored in terms of gain, F/B, and overall pattern, with 
preferable designs being selected for each band from 
50 MHz to 432 MHz. The antenna is the most impor- 
tant part of a VHF/UHF station, and the careful selec- 
tion of an antenna that is also well matched to a low- 
loss feedline is the single greatest step a Radio 
Amateur can take toward effective VHF/UHF 
communications. The Yagi antenna remains the most 
effective antenna in terms of achievable gain and 
minimum size. While the cost of transceivers, 
transverters, amplifiers, and pre-amplifiers continues 

0  10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0  110 1 2 0  1 3 0  1 4 0  1 5 0  1 6 0  1 7 0  I 8 0  

DEGREES 

F R E Q U E N C Y  ' 4 0 0  0 0 0  F G A l N  ' 16 1 0  

E L  N U M  : 16 F B  = I 8  2 9  

E L  O l A M  : 0 2 5 0 0 0  

fig. 10. E-plane plot of the NBS4.2 wavelength Yagi with 
an additional 0.460 wavelength-long director spaced 0.34 
wavelengths from the reflector. 

to  increase, very effective long Yagis can be con- 
structed for comparatively little. This series has serv- 
ed to enable the VHFIUHF Radio Amateur to design 
that antenna with reasonable precision and with an 
accurate indication of how well that antenna will per- 
form. VHF/UHF weak signal operators are basically 
experimenters, and it is with great interest that I look 
forward to future issues of ham radio to read the 
results of the experimental Yagi designs that other 
Amateurs produce with this model. 
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P . 0 . Bow 280298 Dallas. Tewas 75228 /Be 6 . M IC RO 271-5546 

. . . . . . . . . .  
-DMA . . . . .  

LS51 . 24 LS251 . 50 10 . . . . . .  1 
LS54 . 25 LS253 . 55 Z8OA-4MHZ CPU . . . . . . .  4.00 
LS55 . 27 LS257 . 55 
LS73 . 35 LS258 . 55 
LS74 . 45 LS259 2.50 
LS85 . 75 LS260 . 50 
LS86 . 39 LS266 . 50 
LS90 . 50 LS273 1.25 
LS93 . 55 LS279 . 45 
LS97 2.00 LS280 1.50 . . . . . . . . . . .  
LS107 . 37 LS283 . 60 

1.8432 2. 49 
. . . . . . . . . . . . .  

LS109 . 39 LS290 . 85 
2.000000 2.49 

. . . . . . . . . . . . . . . . . . . . .  
LS112 . 39 LS293 . 85 

2.560 1.49 
. . . . . . . . . . . . . . . . . .  . . . . .  LS122 . 45 LS298 . 89 5. 3.000 1.15 

. . . . . . . . . . . . . . . . . . . .  
LS123 . 75 LS299 1.60 

3.120 1.20 
. . . . . . . . . . . . . . . . . .  

LS124 2.75 LS323 2.60 
3.2 1.49 

. . . . . . . . . . . . . .  
LS125 . 50 LS348 . 75 . . . . . . . . . . . . .  3.20 

3.4560 1.49 
- -. 

LS126 . 49 LS366 . 45 . . . . . . . . . . . . . . . .  
LS132 . 50 LS367 . 50 Compare at up to 86.85. 

4.000 2.49 
. . . . . . . . . . .  4.1 94304 1.50 
. . . . . . . . . . . . .  4.433618 75 

4444.000 . . . . . . .  1.25 
. . . . . . . . . . . . .  4.9152 2.49 
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LS155 . 50 LS390 1.19 5.616 . . . . . . . . . . . . . . . .  1.59 
LS156 . 55 LS393 1.19 . . . . . . . . . . . . . . . . . . . .  
LS157 . 60 LS399 1.25 

6.000 2.49 
. . . . . . . . . . . . . . . . . .  6.176 1.49 

LS160 . 65 LS670 1.50 . . . . . . . . . . . . . . . . . .  7.164112 1.49 
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10.69425 . . . . . . . . . . . . . .  3.75 
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. . . . . . . . . . . . . . . .  11.088 1.59 

. . . . . . . . . . . . . .  12.000 2.75 
. . . . . . . . . . . . . . . . .  13.440 1.00 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  14.31818 2.49 . . . . . . . . . . . . . . . .  

2125A-2 1KX1 70 n.s. . . . .  2.20 
. . . . .  2142-3 1KX4 300 n.s. 1.50 

TMS4044 (MCM6641 (2-25) 
4KX1 250 n.s. . . . . . . . . . .  816.00 

. . . . . .  5101 - 256x4 - CMOS $1.00 
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r A f. 0. @ox 280298 oallas, Texas 75228 

Big Computer Mfg. Makes $900,000 Goof!! 

COMPUTER/DISK DRIVE 
SWITCHING POWER SUPPLY 

ORIGINALLY DESIGNED TO RUN A 2-80 
BASED SINGLE BOARD COMPUTER 

WITH TWO 5-1/4 IN. DISK DRIVES AND 
CRT MONITOR. 

BRAND NEW: UNUSED! $ ~ ~ = O E A  

h% ADD $1.50 PER UNIT FOR UPS 

#1 + 12 VDC 2.8 AMPS MAX 
#2 + 12 VDC 2.0 AMPS MAX 

- 12 VDC .5 AMPS MAX 

MALL SIZE: 6-118 x 7-318 In. 
HIGH EFFICIENCY SWITCHER MFG. 
BY CAL. DC IN USA! 

The poor Purchasing Agent bought about 10 times as many of these DC 
switchers as his company would ever use! We were told that even in 
10,000 piece lots they paid over $72 each for these multi-output 
switchers. When this large computer manufacturer discontinued their 
2-80 Computer, guess what the Big Boss found in the back warehouse; 
several truckloads of unused $72.00 power supplies. Fortunately we 
heard about the deal and made the surplus buy of the decade. Even 
though we bought a huge quantity, please order early to avoid 
disappointment. Please do not confuse these high quality American 
made power supplies with the cheap import units sold by others. 

f l  123 
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P. 0. Box 280298 Dallas, Telras 75228 8. 6. MICRO (2141171-5546- r] - l ~ i l ~  

280" SINGLE BOARD COMPUTER! I 64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 
RUNS CP/M* 2.2! I 

TO GET PARTS! 

$29.95 piim_] (BLANK BOARD WITH 
DATA AND ROM'S.) 

BASIS! ORDER EARLY! 

GIANT COMPUTER MANUFACTURER'S SURPLUS! 
UNBELIEVABLE LOW PRICE!!! 

Recently Xerox Corp. changed designs on 
their popular 820' computer. These prime. 
new, 820-1 PC boards were declared as 
surplus and sold. Their loss is your gain! These WE'VE GOT EM! 
boards are 4 layers for lower noise. are solder 
masked. and have a silk screened component 
legend. They are absolutely some of the best 
quality PC boards we have seen, and all have 

HALF SIZE DRIVES 
passed final vendor OC. Please note, however. 40 Track per side 
these surplus boards were sold by Xerox to us Double-sided. 
on an AS IS basis and they will not warranty double density 

nor support this part. Same as SA455 
We provide complete schematics. ROM'S. Latest head 6 

and parts lists. If you are an EXPERIENCED drive lechnology 

computer hacker, this board is for you! Fasl access time 

Remember, these are prime, unused PC 
Two of There Half Slze Drlves wlll 

boards! But since we have no  control over the FIt In the Same Space as 1 Full Slze Drlwl 
quality of parts used to populate the blank 
board, we must sell these boards as is, without 
warranty. You will have todoany debugging. if 
necessary, yourself!. ADD 53 00 UPS PER DRIVE 

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada) 

'CP/M TM OF DIGITAL RESEARCH INC (CALIF ) 820 TM OF XEROX CORP 280 TM OF ZlLOG 

TERMS: Orders over 550 add 850 insurance. No COD. T ex. Res. Add 6% Sales Tax. Subject to prior sale. Foreign orders: US funds only. Wecannot ship I . . -  

to Mexico. Foreign countries other than Canada add $6 per board shipping. 
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last-minute update 

solar cycle reviewlpreview 
A review of the past six months and 

a preview of the next few months of 
the I 1-year sunspot cycle (SSN) of 
solar activity should be useful in fore- 
casting propagation conditions. 

The earth's geomagentic field is af- 
fected by particle influx from the sun, 
which in turn depends on the level of 
solar activity. The sun's output, ex- 
pressed in flux or SSN, affects both 
the amount of signal absorption (and 
consequently the LUF, or lowest 
usable frequency) and the highest 
band we can use (the MUF or maxi- 
mum usable frequency). There is a re- 
lationship between variations in signal 
levels (QSB) and this particle influx. 

How will the signal parameters LUF, 
MUF, and QSB change in relation to 
the solar cycle by next spring? The 
solar flux decreased from a maximum 
last spring to a minimum value in 
August - not an unusual solar trend 
for most years. This year's maximum, 
however, was larger than most annual 
increases that normally occur in the 
winter-spring period. In addition, this 
spring an inflection point (increase) oc- 
curred in the recorded values of SSN 
two thirds of the way down from the 
maximum. The coincidence of the two 
produced an SSN level of 80 (flux 128) 
for the period, (February through May, 
1984) about 20 SSN's above normal. 
This meant that MUF's were about 6 
to 7 MHz higher than usual on mid- 
latitude propagation paths over the 
four-month period. Now at approxi- 
mately SSN 32 we should be edging 

FOR ECASTER 
Garth Stonehocker, K0RYW 

up so that next spring another slight 
maximum of about 8 to 10 SSNs 
above the average base value of 36 
(flux 87) will be realized. We will check 
on our SSN cycle status next spring. 

What does this mean in terms of 
working DX over the next few 
months? The signal strength is ex- 
pected to increase because of the sea- 
sonal affect during winter as the "sun 
moves south," and the Northern hem- 
isphere turns away from the sun. Not 
all of the signal increase is due to sea- 
sonal changes but also from the annual 
solar flux increase (the sun is closer to 
the earth) as well. At the same time, 
higher MUFs should provide more and 
longer openings on the higher frequen- 
cy bands (10 and 15 meters) than at 
the present time. Particle influx into 
the polar regions are expected to be 
small from the minor solar flares, but 
may be significant from coronal hole 
activity, though these geomagnet- 
ic-ionospheric disturbance effects from 
the latter source are not intense, they 
are long - as long as 3 to 5 days. DX 
signals will probably exhibit fading 
(QSB) during these disturbed times. 
On the positive side the clouds of 
ionization moving around during the 
disturbance often focuses a weak DX 
signal from a new location right to you. 
These enhanced signals are usually 
from off-great-circle propagation paths 
and are short-lived in time. Be ready 
to take advantage of them and work 
them rapidly before the propagation 
mode quits. 

Equinox DX conditions should pre- 
vail for October. Expect conditions to 
rapidly change during this month. As 
a result of fewer hours of daylight, air- 
mass thunderstorms changing to fron- 
tal passage types, midday higher fre- 
quency band long-skip replacing short- 
skip, and some geomagnetic distur- 
bances will all have their effects on the 
ionosphere. This month the higher fre- 
quency bands, 10 to 30 meters, will be 
best the first and last weeks of the 
month during high solar flux periods. 
The two weeks in between will favor 
the lower frequencies and nighttime 
DXing. Geomagnetic-ionospheric dis- 
turbances may further affect operation 
on October 3, 8, 13, 18, 22, and 31. 

The Orionid meteor shower will be 
visible from the 15th to 24th of Octo- 
ber, with a maximum rate of between 
ten to twenty per hour on the 20th to 
21st of the month. The moon is full on 
the 9th and perigee occurs on the 23rd. 

band-by-band summary 
Ten meters will be open to the south- 
east for a short period before noon, to 
the south at noon, and to the south- 
west in the afternoon in local time. The 
openings will be longer and more fre- 
quent when the solar flux is at its 
27-day cycle maximum. Even better 
transequatorial one-long-hop propaga- 
tion will occur during disturbed 
periods. Tune in WWV at 18 minutes 
after the hour and note the geomag- 
netic field status announcement. 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty should stay open on long 
southern paths into the night, while 15 
will drop out in the late afternoon. 
Operate 15 first and move down to 20 
meters. DX is 5000 to 7000 miles (8000 
to 1 1,200 km) on these bands and one- 
long-hop transequatorial propagation 
is also possible, even more often than 
on 10 meters. 

Thirty and forty meters are both day 
and night bands. Intermediate dis- 
tances (1000 to 1500 miles or 1500 to 
2200 km) in any direction represents 
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daytime DX. Nighttime DX on these 
bands may be expected to offer great- 
er distance than on 80 meters and, like 
80, follow the darkness path across the 
sky. Reduced midday signal strengths 
and distances may occur on days of 
high solar flux values, with 30-meter 
openings disappearing in the pre-dawn 
hours on the morning after the high 
radio-flux value has occurred. 

Eighfy and one-sixty meters will exhibit 
short skip propagation during daylight 
hours and lengthen for DX at dusk. 
These bands follow darkness, opening 
to the east just before your sunset, 
swinging more to the south near mid- 
night, and ending up in the Pacific 
areas during the hour or so before 
dawn. The 160-meter band opens later 
and ends earlier. Coastal stations and 
those with good low-angle radiating 
systems (good, long ground radials 
under a high vertical antenna) will 
usually have the edge for working rare 
DX. Some nights, QRN will be as low 
as during the wintertime DX season 
except when a frontal thunderstorm 
moves by your QTH. 

ham radio 

I I TOWERS R I  
by ALUMA 

11 ALUMINUM CRnk up 
80 f I Alum. MWI r 140 
cnnk.up TELESCOPING (CRANK-UP1 
Mods1 T BOH GUYED i51AL.K-UP) 

Ill TILT-OVER MODELS 

I r Easy to install. Low Prices. /:ljl 
Crank-ups to 100 ft. 11 

EXCELLENT FOR 
AMATEUR COMMUNlCATlONSl ~ i \  

.L Y, 

Four Sectlon 50 FI. 

,/ 110 
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Reader Service 

For literature or more information, locate 
the Reader Service number at the bottom of 
the ad, circle the appropriate number on 
this card, affix postage and send to us. 
We'll hustle your name and address to the 
companies you're interested in. 

Limit 15 inquiries per request. 

NAME CALL- 

ADDRESS 

CITY STAT; ZIP 

Please use before November 30, 1884 Octokr 1964 





Uncle Ben says ... 

"I give you 
much more than 
just the lowest price ... 
When you get that exciting new piece of 
equipment from me, you know you are 
golng to be completely happy ... 
I see to it, personally1 I also give 
you earliest delivery, greatest trade-~n 
allowances, my frlendly assstance 
In every possible way. 

Just ask any of the many thousands of " Y A M  HEADQUARTERS,  
hams all over the world who have been U S A u "  S ~ n c e  7925' 
enjoying my friendly good service 
for over a half a century 73, Uncle Ben, W2SOH 

CALL ME ... WRITE ME ... SEE ME ... 
(51 6) 293-7995 At one of the world's largest 

Ham Supply Centers' 

KENWOOD TS-711A 

HAS THEM ALL! 

KENWOOD TS-930 

KENWOOD TS-830 
- 

KENWOOD TS-430s 

More Details? CHECK-OFF Page 152 ,/ 155 October 1984 105 



the beverage antenna 
As old as the spark-gap and the 
Alexanderson alternator is the 
Beverage antenna. Even today it re- 
tains its popularity as a good, low- 
noise receiving antenna for 160 
meters. Basically, the Beverage is a 
long wire (one to three wavelengths) 
suspended 10 to 15 feet above ground. 

Its maximum received signal level is 
from stations collinear with the wire 
(fig. 1). The Beverage can be made 
unidirectional by placing a resistive ter- 
mination at the far end of the wire 
toward the direction of interest. Front- 
to-back ratios as high as 20 dB can be 
achieved. The value of the resistor falls 
between 200 and 500 ohms, depen- 

10 TO 15 FEET "" 3 ( 1 3  TO 4 5 METERS, 

fig. 1. Single-wire, terminated Beverage antenna provides good results on 160 meters. 
Resistor R is adjusted for best front-to-back ratio. 

BEVERAGE 
ANTENNA 

-1 
SO0 OHM CARBON 
POWNTIOMETER ONE HOUR 

KITCHEN T IMER 

CARBON 

\ 

BENT ALUMINUM PLATE COUPLES 
TO TIMER V I A L  

/ 'c 1/4 GROUNO RADIAL SYSTEM 

fig. 2. Simple U-plate of bent aluminum couples potentiometer to kitchen timer. Start 
timer and check value of front-to-back ratio of Beverage antenna over a period of 
an hour. 

ding upon the ground conductivity and 
the height of the wire above ground. 

How does one determine the op- 
timum value for this resistor? Bill Pfaff, 
K2GNC, has solved this problem with 
the device shown in fig. 2. His ar- 
rangement consists of a 500-ohm car- 
bon potentiometer attached to a 
1-hour kitchen timer by means of a 
bent aluminum coupling plate. The 
receiver is tuned to a broadcast station 
at the high end of the band and 
located off the back of the Beverage 
antenna. The experimenter now plots 
received signal strength against time, 
as measured on the timer. All that's 
necessary is to coordinate timer 
readings with the position of the 
potentiometer when the S-meter 
reading is lowest. This indicates the 
proper resistance (as measured on an 
ohmmeter) for best front-to-back ratio. 
The potentiometer is then replaced 
with a fixed resistor of the proper 
value. 

Bill recommends that this test be run 
during the season of the year in which 
the antenna is to be used the most 
(probably winter), because the value 
of optimum resistance changes with 
the condition of the soil. 

the K2GNC rotary ground 
plane antenna 

Would I fool you? That's right - Bill 
also has a rotary ground plane. And if 
you don't believe me, just look at fig. 
3. (Well, it's not exactly a ground 
plane, but I sure got your attention!) 
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The antenna is a modified 2-element 
Yagi beam working against a quarter- 
wave radial system. Quarter-wave 
elements are used as a radiator and a 
reflector, an idea developed by 
VK2ABQ. In this design, both ele- 
ments are grounded to the center of 
the radial system and the radiator is 
shunt-fed by a gamma matching sys- 
tem. The elements are mounted in the 
vertical plane at an angle of about 70 
degrees to each other. 

Bill has made 40, 20, 15, and 10- 
meter versions of this simple beam. He 
reports it has good directivity but adds, 
of course, that he has no means of 
checking signal gain but says he gets 
good reports with it. The ground- 
mounted 40-meter version uses buried 
radials instead of ground-plane wires. 

Standard 2-element beam dimen- 
sions, cut in half, are used in all anten- 
nas tested. 

the KZGNC 160-meter top- 
loaded vertical 

Still another interesting antenna 
concept from K2GNC is a 160-meter 
antenna that uses the top loading 
system popularized by the British Mar- 
coni Company (fig. 4). 

The vertical antenna consists of 
three sections of aluminum irrigation 
pipe, 4, 3, and 2 inches in diameter. 
Its averall height is 88 feet (26.8 
meters). 

Bill uses 130 radials, with an average 
length of 100 feet (30.4 meters), and 
a simple matching netwgrk to feed the 
antenna. The antenna works, as Bill's 
record of WAC and 115 countries to 
date on the "top band" proves! 

(It's always a pleasure to hear about 
interesting antennas; I'll be looking for- 
ward to receiving more information 
from readers of this column.) 

the world according to JA 
We're all familiar with the Great Cir- 

cle Maps centered on the United 
States. But have you ever seen a Great 
Circle map with Japan as the center 
point? Look at f ig. 5. Most of the 
countries that we consider "real DX" 
are within a single ionospheric hop of 
Japan. Such prefixes as UJ8, AP, XZ 

ROPE 

L D R I V E N  ELEMENT 

- 7 
CENTER 

G A I N  ---D 

GAMMA ABOUT 16 FEET 
15 METERS) 

fig. 3. The KZGNC "rotary ground plane." This interesting vertically polarized array 
consists of a 114-wave driven element and reflector working against four 114-wave 
radial ground wires. The driven element is fed with a gamma match. All elements are 
connected to the tower lor mast) at center point, as are the radial wires. 

k RADIALS 

fig. 4. The K2GNC top-loaded vertical antenna for 160 meters. Flat-top currents essen- 
tially cancel and majority of radiation comes from 88-foot vertical element. Antenna 
is base-fed at point A via coaxial line and simple L-network. Spacing between wires 
is about a foot. 

and other goodies are right in the back 
yard of the JA hams. On the other 
hand, their "tough" DX spots (on an 
over-the-pole shot) are such common- 
place locations as VP2, HH, KV4, FY7 
and the eastern tip of Brazil. Note, too, 
that South America runs from about 
10 degrees west of North to 150 de- 
grees south of North. And Africa is 
stretched out in a similar manner to the 
West of Japan. In Japan, as in the 
United States, "DX is where you find 
it". 

SSB voice quality 
I've written in the past about the 

poor audio quality that seems to 
abound in SSB communication. Must 
this be so? Improved response in new 
microphones and auxiliary speakers 
tend to make voices sound a bit more 
realistic, but some sideband signals still 
seem very hard to tune for good voice 
quality. 

Maybe there's more to this than 
meets the eye. Intrigued by what he 
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heard on the bands, Willie Sayer, 
WAGBAN, decided to run audio 
measurements on some of his SSB 
equipment. He did this by feeding the 
transmitter with an audio, signal 
generator and sweeping the audio 
spectrum as he measured the power 
output of the transmitter into a dum- 
my load. The results of this simple test 
may show why some rigs sound dif- 
ferent than others. 

Fig. 6 shows the microphone-to- 
antenna audio characteristics of an 
ICOM-730 run on upper sideband. 
Audio response is smooth with a pass- 
band of 2128 Hz between the -6 dB 
points of response. The audio oscilla- 
tor is swept through the range and 
readings logged at the points indicated 
on the graph. 

Fig. 7 shows an old Collins KWM-1 
transceiver with a Collins F-455N-20 
filter in it. The curve is run on upper 
sideband. The response shows a char- 
acteristic filter ripple of about plus or 
minus 1 dB, except for a dip in the 
curve at about 1500 Hz. Audio pass- 
band is 1842 Hz between the -6 dB 
points. 

Fig. 8 shows a TS-830 with a Fox- 
Tango filter installed. The curve is run 
on upper sideband. The response 
shows a characteristic filter ripple of 
about plus or minus IdB. Audio pass- 
band is 1992 Hz between the -6dB 
points. 

The interesting fact is that all of 
these transmitters sound pretty good 
on the air, even though the passband 
filters have several decibels of ripple in 
the audio passband. Does the IC-730 
sound better on the air than the 
TS-830? It's hard to tell, unless exac- 
ting tests are run with the same voice, 
microphone, etc. 

But I do know that a true audiophile 
would frown at a passband with even 
a fraction of a decibel of ripple in it! 

It remains to be seen when pass- 
band filters having smoother in-band 
responses become available whether 
voice transmissions on the Amateur 
bands will sound more lifelike and 
realistic. 

fig. 5. The DX world as viewed from Japan - Great Circle map centered on Tokyo. 
(Courtesy CQ-ham radio magazine.) 

REFERENCE I OdB 

HZ 4 

fig. 6. Passband of ICOM-730. Note smooth response with little or no cusps. Audio 
oscillator was swept over range of 200-2500 Hz. 

It's easy to examine the audio pass- power). This lets the equipment run 
band of your transmitter. The test cooler during testing and prevents the 
setup of fig. 9 will do the job. Reduce introduction of signal distortion that 
transmitter power by 3 dB (half would invalidate the test results. 
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PROTECT YOUR H O M E  
AND FAMILY 
Unexpectedly, you could be with 
out power ... from natural causes, 
such as snowstorms, tornados, 
re, floods or hurncanes; or from 

&. electrical system failures. Today, 
power outages are becoming all 

Sommer Emergency Home Generators too frequent. Not only does a 
2250W to 7500 watts-as low as $395.00* M O ~ ~ I  CA~SZE-A power hlure cause inconvenience 
These compact, lightweight, portable power z;yiyaRs but it can result in costly damage 
generators provide dependable emergency ,, HP to your home. It doesn't take long 
electricity at a very economical price. All ,,,h 

a for pipes to freeze, basements to 
Sommer power generators feature airzooled 1 flood or food to spoil. Be prepared. 
gasoline dnven, Bnggs & Stratton engines, and I By having your own Sommer 
field-tested, rugged alternators. Performance 1' emergency power generator, 
a backed by a One Year Engine Warranty and P you'll never have to worry about 
a Two Year Alternator Warranty. damaging your valuable belong- 

ings or equipment. 

ORDER YOURS TODAY 
Call. 1-31 2-956-1 222 - Built and rated for continuous service, llllnols resldent5 

1 superior performance and mlnlmum - add 7% salrs t a x  

maintenance, Sommer power gener- C h a r g e  ~t to your V l s a  

m-' 
ators are available in a variety of sizes o r  Master Card 

Model GA502M-A del~vers 5,000 watts 
Model 

for $795 OO*, and Model GA4O2M-A, 
2,250 w a t t s  4000 watts for $675.00 *. 

ELECTRIC CO.. INC 
14 $0 Lou15 

Elk Grove Village IL 60007 
(312) 950 1222 

Use Your Wireless 
Control 

FROM ANY ROOM!!! 
Works w l t h  most I n f r a r e d  

remote c o n t r o l  receivers 

LIKE HAVENG A SATELLITE RECEIVER, VCR, 
CABLE TV, AND VIDEO DISC IN EVERY 
ROOM! 

? e m o t e  c@nt r@I  $ < > t r l l ~ l e  

1,ecetver VC I? r,ot IIP I V  
and 'Jtc' l~o 1 hsc cori n o w  t3c MODEL ,70 >(L 
u s e d  In t  c) d l s l a n r p  
I nz ta l l  o r  i l n y  I V  Ir, nccc'5, a l l  

o r  1 t t t t c  I \Y,-l r-s 
: o rnpo r i r r i l ,  
M o k p s  non r p m o l r  IV'. 
r e m o t e  c n r ~ l r o l l o b l i ~  w ~ l h  
r e m o t e  c o r r t f o l  VCI? Cahle 
y e l e c t o r  or Sn te l l t t e  I ?c - c r l ve r  $7gg5 - - 

I NO f a n c y  w l r r ~ g  r~eeded 
115e5 e x 1 s t l n ~ 1  SOOXIOI w l r t r m  PIUS $3.00 
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I 'he hand held r e r n o t p  
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HOBBY KITSB 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR OWN AM.FM. CW. 
OR SSB RECEIVERS,TRANSMITTERS AND ETC. 

WlTH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete With Etched and Drilled Circuit Boards 

and All Pans Needed To Function As Described 

AFA-1 AUDIO AMP. LM 5% 7 wanr4 16 i l r . h 8 i  .g;i, $4.95 
AFP-1 AUDIO PREAMP. r;,a A U ~ . L  ~ ~ e a r n r  - c . ,  M he t:. $3.95 

BMD-1 BAL. MIX. L M  1496 M~xer - s B MW~talor ~ ~ r e c  ;,*uvuii~ $9.95 

DET-1 AM DET. AV Envelope Detectov W,I~ AGC GLID..~ $3.95 
DET-2 FM DET. LM 3065 FM Delector ins5 K I ~ Z  or 4 . : w t i z ,  $7.95 

DET-3 SSB DET. L M  149RS~BDeleclor~NeeOsOSC I or 0 5 C  41 

DET-4 DETECTOR CW/SSB uslnR a dual gale fET trans~stor 

IFA-1 IF AMP. CA 302R 30DRGamr) Optonai AGC ,455 +nZor 9 1 .  M H ~ I  

FLS-9 SSB FILTER 9 MHZ,2 I KHZ BW ~8 th  USLI K A i  tr,r osc I 
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OSC-2 CRYSTAL OSC. ov !a 200 Mnz Twec ,3i.tput 

PSV-1 POWER SUPPLY L M  723 wltri pass ~ransstor 3ampsrr.a~ $7.95 
PLL-2 TONE DETECTOR LM56' PLL lone Derec.or $5.95 
RFIMIX-1 RF-AMPIMIXER cnao7a - Tuned RF AMP Miser 1 IW MHz $7.95 
RFIMIX-2 RF-AMPIMIXER 3N20d Tuned RF AM,Miier 1 - 2MMHZ $7.95 
VCO-3 VARIABLE HI STAB-OSC. varartor tuned 400 to 600 ~hroutput $7.95 
VCO-4 VARIABLE HI  STAB OSC. vatactor tuned 3to?OMhroufput $7.95 

Add $2.00 For Shipping & Handling - Send For FREE Brochure 
SENDS2 00 FOR FULL MANUAL  WlTH  CIRCUIT DIAGRAMS AND 

TYPICAL RECEIVER AND TRANSMITTER HOOK.UPS 

MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
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keying a linear amplifier with 
the TS-930 

Ron Nail, K5HUI, ran into some 
problems when he tried to key a linear 
with his TS-930 Kenwood transceiver. 
Here's his story: 

"When I bought my Kenwood 
TS-930 transceiver a few years ago, I 
was disappointed to find that it would 
not operate the antenna changeover 
relay in my linear amplifier. Kenwood's 
solution was to send me a reed relay, 
which I installed. However, using the 
relay produced annoying relay clicks 
and also introduced a slight time lag 
in an otherwise excellent full break-in 
system incorporated in the transceiver. 
In addition, arcing of the antenna relay 
contacts was observed. 

"The solution to the keying problem 
(shown in fig. 10) was to install a solid- 
state relay that switches in micro- 
seconds instead of milliseconds, as 
does the reed relay. In addition, this 
scheme is absolutely quiet. 

"The diode bridge eliminates polari- 
ty problems on the keying line and, 
with the optical isolation, the circuit 
performs in a normal fashion, with the 
ability to switch up to 120 VAC or 125 
VDC without regard to polarity or 
ground. 

"A pre-packaged diode bridge (or 
individual diodes) can be soldered 
directly to the solid-state relay pins. 
With double-sided tape, the little unit 
can be attached to the chassis side 
panel of the TS-930, underneath the 
autotuner. Keying for the amplifier is 
pin no. 7 of the remote connector and 
ground." 

VTR-RFI 
"If you go into a contest for 48 

hours and run an appreciable amount 
of power, you're going to meet your 
neighbors." That's the unhappy 
prediction of "Bip," WGBIP, after a de- 
TVI session with a video tape recorder 
(VTR 1. 

Bip has spent countless hours work- 
ing on his (and his neighbors') VTRs, 
trying to prevent his signal from enter- 
ing the units. He's almost succeeded. 

Because of the nature of the beast, 
and the lack of internal shielding, the 

C + ,dB 

REFERENCE 

fig. 7. Passband of Collins KWM-1 transceiver with F-456N-20 filter. Note the "notch" 
at about 1500 Hz. 

REFERENCE t 
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fig. 8. Passband of TS-830 with Fox-Tango filter installed. 

I 

fig. 9. Test set-up used to run audio response curves of SSB transmitter. Audio signal ' is inserted in microphone jack. 

K I  = OPTO 2 2  MODEL DC-2OOP 

T O P I N P O N  3 r - - - - - - -  1 1  - 
1 

" 
I CR3 CR4 

CONNECTOR 

CRI-  CR4 I AMPERE. I k V .  OIOOE /h 

fig. 10. The TS-930 keyer of K5HUI. (The solid-state relay K1 is made by OPTO 22,15461 
Springdale Street, Huntington Beach, California 92649.) 
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I ATV TRANSMlTTER/CONVERTER I 
ALL YOU NEED IN ONE BOX I 

OVER 1 0  WATTS PEP OUTPUT. Crystal controlled continuous 
duty transm~tter. Speclfy 439.25.434.0.426.25 standard or other 
70 cm frequency. 2 freq. op t~on  add $26 

BASE. MOBILE. or PORTABLE. Use the b u ~ l l ~ n  AC supply or 
external 13 8 vdc. Do parades. Marathons. CAP searches, etc. 

TWO VIDEO AND AUDIO INPUTS for camera. WRO. VCR. or 
computer. W ~ d e  bandw~dth for broadcast Quality color v~deo  and 
computer graphics. Standard broadcast subcarr~er sound w h ~ c h  1s 
heard thru the TV speaker 

RECEIVE O N  YOUR STANDARDNSETtuned  to channel 3 or 4 
Seqsltlve varlcap tuned TVC-2L downconverter covers s~mplex and 
repeater freq. over the whole 420-450 mHz 70  cm amateur band 

I ATTRACTIVE 10.5 x 3 x 9 CABINET. I 
CALL OR WRITE FOR OUR CATALOG or more ~nformat~on on 
ATV antennas. transmot modules, cameras. etc or who 15 on In your arm 
See chapter 14 1984 ARRL Handbook 

TERMS. Vlsa. Mastercard. or cash only UPS CODs by telephone or Inall 
Postal money ordersand telephoneordersusually sh~pped w~thln 2 days All 
other checksmustclear before sh~pment Transm~tt~nq equipment sold only 
to llcensed amateurs. verlflable In the 1984 call book 

(81 8) 447-4565 m-f 8am-6pm pst. @ IW P.C. ELECTRONICS ,,,, ,,,, ,,, 
Tom W6ORG Maryann WBBYSS Arcadla CA 91 0 0 6  

NEW DESIGN Model P 
W meter for line level and null readins 
Separate receiver. transmitter, & null controls 
Either PTT or Vox operation 
Pi-filters to eliminate RF feedback 
Simple phone line hook up 
Attractive blue panel, woodgrain cabinet 

1 Dimensions 8" wide x 53h" deep x 2'h" high 

DD!CE $95 00 PIUS I2 LO Shipping 
and Handling 

L L M  
cts Since 19. 
or call 

19007 

A LIMITED INTRODUCTORY 

FOR HAMS ONLY 
DURING NOVEMBER 1984 

For only $12 (one-third off our 
regular price) we'll send you one 
year (4 issues) of Audio Amateur 
and a free gift-a pair of self-powered 
speaker overload indicator kits 
worth $10. Just for trying Audio 
Amateur! And we guarantee your 
satisfaction. Money back if you're 
not satisfied for any reason. Keep 
the kits, keep the magazines. You 
can't lose. 

At Audio Amateur 
we're just as serious 
aboui high quality 

sound as you are about 
clean transmissions. 

For 15 years now we've been pub- 
lishing very high quality audio sys- 
tem circuits that are fun to build, 
outstanding in performance and low 
cost. Plus lots of mod articles on up- 
dating old gear for superior perfor- 
mance. If you like building ham proj- 
ects, you'll like Audio Amateur 
magazine. 
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Send one year of Audio Amateur at $1 2 and 
my free kits. I enclose Ocheck OMC Visa. 

NAME 

ADDRESS 

CITY STATE ZIP 

CAKI) NUMBER 

CARD11OI.UEK SIGNATURE EXPIRE DATE 

Outside USA add S4.W per year for postage. 



9 " P W " P  ANTENNA F ILTER F I L T E R  

AC AC 
L I N E  LINE 

fig. 11. The W B I P  solution to VTR-RFI: wrap coaxial line to antenna and power cords 
to VTR and TV set around 1IZinch diameter ferrite rods. A suitable rod is the Amidon 
R33-050400 or R33-050-750. Rods have a permeability of 800 (No. 33 material). 

VTR provides serious RFI (radio fre- 
quency interference) problems, par- 
ticularly during playback of a tape. In- 
terference can be expected from 
transmitting equipment operating on 
any frequency, says Bip, but the prob- 
lem is worst at the low end of 80 
meters, which corresponds to video 
processing frequencies of the unit. 
Transmitter power as low as 3 watts 
can raise havoc in the 3.5 MHz region, 
although it takes upward of 100 watts 
to cause the same picture degradation 
when the transmitter is operated at 3.8 
MHz." 

Bip sees the challenge and rues the 
fact that his transmitting antenna is 
quite near to the TV reception anten- 
na. But what can you do when you live 
on a narrow city lot? 

Bip solved his RFI problem on all 
bands except 80 meters; on that band 
he has to run reduced power. But he 
can now run full power on all other 
bands up to 30 MHz using the modifi- 
cation of his VTR installation shown in 
fig. 11. 

In this modification the TV antenna 
feed is RG-59lU and the line is wrap- 
ped around a ferrite rod just before it 
enters a highpass filter and the VTR. 
The power cable to the VTR is wrap- 
ped around a second ferrite rod. 

The same procedures are used at 
the TV receiver end. The coaxial lead 
between the VTR and TV set is wrap- 
ped around a ferrite rod and a second 
highpass filter is installed at the TV set, 
as close to the tuner as possible. The 
power lead of the TV receiver is wrap- 
ped around a ferrite rod, too. 

The combination of highpass filter 
and ferrite-wrapped coaxial lines 
isolates both the inner and outer con- 

ductors of the line from the strong RF 
field of the local transmitter. The 
ferrite-wrapped line cords reduce RF 
pickup from the power line. 

That's about all you can do without 
digging into the VTR or otherwise 
modifying it to reduce RF pickup - a 
formidable task. 

Bip points out a possible solution to 
RFI problems that may be available in 
the near future. Many problems with 
stereo, N receivers, ham gear, and 
computers arise because the plastic 
cases in which the units are enclosed 
are "transparent" as far as RF is con- 
cerned. The equipment is completely 
vulnerable to any strong, nearby RF 
field. And in the case of the TV re- 
ceiver and the computer, these devices 
can radiate RF "hash" that will cause 
problems on nearby communications 
receivers. Under test now is an aerosol 
EMIIRFI coating that can be sprayed 
on the inside surface of a cabinet and, 
when properly applied and grounded, 
will provide up to 75 dB of shielding 
effectiveness at 100 MHz. The spray 
adheres to any plastic, glass, or metal 
surface and dries to about 2 mils thick- 
ness, providing a highly conductive 
coating that restricts radiation through 
the case. This product should be 
available before the end of the year. 
While it won't solve all RFI problems, 
it will help the experimenter combat 
direct radiation and unwanted pickup 
by highly sensitive electronic equip- 
ment mounted within a "dust cover" 
that masquerades as a cabinet. t 

18 and 24 MHz revisited 
The Radio Society of Great Britain 

reports that as of January 1, 1984,42 

countries had authorized Amateur 
operation in the 18-MHz Amateur 
band. Some countries have excluded 
small portions of the assignment to 
protect local communication circuits. 
The main countries holding up 
Amateur operation in this band by their 
citizens are the United States and the 
Soviet Union. 

As for the 24-MHz band, the RSGB 
reports that as of January 1, 1984,42 
countries had authorized Amateur 
operation in this band. Only Australia 
restricts a small segment of the band 
to protect a local communication cir- 
cuit. Again, the main countries holding 
up Amateur operation in this band by 
their citizens are the United States and 
the Soviet Union. 

Hello, Ivan! We have something in 
common at last! 

'Once again this is the case of a "clean" transmitting 
signal being received by the VTR . . . Ed. 

tshielding can be enhanced by salection of appropriate 
cabinet materials and use of special EMIIRFI-resistant 
materials. See "Electromagnetic Interference and the 
Digital Era," KJPUR. September, 1984, and "EMIIRFI 
Shielding: New Techniques," by Vaughn Martin, 
January and February. 1984. 

ham radio 
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John J Meshna Jr, Im. 8- 
19 Allerton Street I.vnn. MA 01904 Tel: (617) 595-2275 

19" HI-RESOLUTION - - *  

COLOR X-Y DISPLAY 

I Thru a special purchase we got hold of 50 brand new 1 9  " 
color displays. They were made by Wells Gardner for one 
of the largest arcade video game manufacturers in the world. 
The displays feature built in red, green and blue amplifiers, 

I 
19 " color tube made by Wells Gardner. User supplied 
external horizontal and vertical scan oscillators which allows 
precise user control over screen resolution. A real plus! 
Requires 25V - 0 - 25 V input for amps, available separately. 
Some spec's for you technical people: signal inputs "X" 
horizontal 16 V P-P +_8 V, "Y" vertical 12 V P-P +6 V: 
"Z" beam drive, 4 V max brightness, 1.0 volt black level. 
Writing rates "X" amp is .O 5 inchlusec, "Y" amp is 
.0 3 7 5 inchlusec. Great for making your own video games, 5 oscilloscope monitors, or adapting for home computer use. 

I Supplied with schematic. 1199.00 ea. 
Shpg. Wt. 45 Lbs. MOT-1 9 C 2lS375.00 

Mul ti-Voltage 
MICRO- 
PROCESSOR 
POWER 

This regulated multi-voltage sw~tc*li~ng power supply board 
is made by KEPCO (their part no. hlltM 174 KF) and is still 
in production (. . . regular price % 12 4.9 5 ). It was originally 
part of the Zorba portable PC. The four outputs are as 
follows: & +5 VDC 4 5 A, +12 VDC 4 2.8 A, +12 VDC @2 A, 
and -1 2 VDC @I' .5 A. The +12 VDC 4 2 A is very heavily 
filtered so it could be used on a glitch free monitor. The 
- 12 VDC @ .5 A can be changed to -+I VDC just by changing 
the onboard 79 12 regulator chip to  a 7 90 5. The board's 
lightweight and small size should make it perfect for many 
projects. All new and provided with a schematic. The 
input is jumper selectable 110 1220. New, unused. 
Quanity prices available. $49.95 
Shpg. Wt. 2 Lbs. ea. SPL-4 71 -33 B 21 $90.00 

EPSON 
PRINTERS 

Two surplus printers 
made for the 
computer industry 
by Shimshu Seikil 
Epson. One prints 
alpha-numeric 
characters and the 
other prints numer- 
ic characters ~ l u s  

114 October 1984 Tell 'em you saw it in HAM RADIO! 

Supplied with schematic. Quantity pricing available. other symbois. These 

shpg. wt. 4 5 ~ b ~ .   MOT-^ c $ 9 9  .OO ea, $37 .0 /2 may have been intended for use in cash registers but other 
uses come to mind. Good enough to print program listings, 

TRANSFORMER FOR ABOVE wt. 15 ~ b ~ .  $12.00 using hard copy verification on timing devices o r  just for 
parts. Heck, the price is right. Runs on +5 V end 12 V. 
With pinout data. Shpg. Wt. 8 Lbs. (either printer). 

CAD C M l  KEYBOARD Alpha numeric type SPL-465-33A $17.50 
Numeric only SPL-466-33A $15.00 

* I .  '---- .--rll7--t.t+-7r*tr~.-.-.-. . , . , & . . . . 
k; .- .+-. 

' *":* 

We O I I I V  have a verv l ~ r n ~ t e d  quiln 
beaut~fully layed out 8 blt, ser~al outpht keyboards. These 
were made by Keytronics for use in a Cad-Cam system. The 

LOGIC and c= 
board is made up  of 3 sections. The typewriter format 

DISC DRIVE 
section has 2 control keys plus full upper and lower case POWER SUPPLIES '= 

alpha-numerics. The 42 keyswitch pad, when used with 
appropriate logic, allows extensive, precise manipulations 
of displayed data such as close up, moving information, 
sketching, etc. The third section consists of 2 7 keys 
which include a numeric scratch pad, 4 way cursor control 
plus some command keys. On board are 3 LSI's including 
an Intersit IM64 0 2, INS8 04 8 ,  and NS2 7 16 UV PROM 
which contains the programs for man~pulating data, plus 
other circuitry and an alert beeper. The keyboard requrres 

2 New, surplus power supplies made b N. J. El . Both feature 1 15 /230 
50/60 Hz. 1nput.s. fully regulatPd and lltered d. c. outputs, built-in a d  
justable wervoltage protecbon, and built-in adjustable current limiting 
The supplies are e n c l d  and come wth data- 2 models listed below. 
~ u d  outputs: +12 or +15 vdc 3 amps and - 12 or - 15 vdc 3 amps 
shpg. we~ght 6 Ib. Model no. PS-5 A $3 0 .OO 
Tnple Outputs: 5 vdc 6 +12 or+15 vdcl ampand-12 or 
-15 vdc 1 amp. Sh& wt.%. Model no. PSGA 535.00 

+5 V and -1 2 V. Each one will come with schematics. New . 
and unused. Shpg. Wt. 4 Lbs. KYBRD NO. 6 $45.00 Send for our free 72 page catalogue jam packed with Wodim. 

Less than 100 on hand - Order Now! 

PHONE ORDERS for FASTEST SERVICE! 
call (617) 595-2275 and Charge It! 

Surplus Computer and 



John J Meshna Jr, Inc. 
19 AIIerton Street 1,vnn. h1A 01904 -7'rl: (617) 31!ni-.'.'7.5 

DUAL FLOPPY DISC DRIVES 
BRA'ND NEW, single sided, dual floppy disc drives made for  Digital Equip- 
ment Corp. (DEC). This beautiful piece of computer hardware consists of 2 
Shugart compatible TEAC 4 0  track, double density, 5%;' mini-floppy disc 
drives brand new in the case with their own regulated, switching power sup- 
ply, cooling fan & onloff switch. Each unit also comes with a line cord & 
documentation. These were made for DEC, hut  are alsocompatible with 
other personal computers such as IBM, TRS 8 0  models I ,  I I ,  & the Color 
Computer, and other Snugart compatible interfaces. Naturally, you supply 
the cables and disc controller card t o  suit your particular system. The RX- 
180 AB runs off of 1151230 VAC 50160 Hz. wlout any modifications t o  
the drives. Each system comes in the  original factory box and are guaran- 
teed functional. A blockbuster of a buy !! 
Shpg. wt. 21 Ib. stock no. RX 180AB $250.00 
RX 180  AB modified to run w/ the TI 9914A $285.00 
Disc drive cable for Radio Shack Model l $15.00 

HIGH SPEED KSR PRINTER TERMINAL 
C - , , 

World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are - - "rl" - 1" 
now in stock ready for  shipment t o  you. This has to be one  of t he  finest letter qual- 
ity printers ever offered a t  a bargain price. These terminals can be  used as an RS 232 
asynchronous communications terminal or used in the local m o d e  as a typewriter. 
The  terminals were removed from service for upgrading. Highlights of these machines 
are: Standard RS 232, full duplex, asynchronous data comm., fully formed upper and 
lower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or  1200 
BPS, 80 columns on pin feed paper, and less weight & size than an  ASR 35 teletype I) 

with far less racket. They are virtually electronically foolproof as every pc board is 
1 

Pico fuse protected. Should  your machine not  work, just check the  on board fuses & r 

9 o u t  of 10 times tha t  is where the  problem lies. Schematics are provided wl  each ma- 
chine sold. Current price of this machine new is over $2000.00 ! Our meager price for 

. 

this fantastic printer is only 10% of this: $200.00 each!!! Visually inspected prior to  
-1 . 

shipment t o  insure completeness. Shpd. truck freight collect. $200.00 

IBhl745 SELECTRlC BASED 
TYPEWRITER PRINTERS 

These rugged, handsome printers were made for one of the giants 
of the computer industry. They can be used as a standard type- 
writer or as a printer in a worcl processing system for true 
letter quality printing. Solenoids were added t o  the selectric mechanism 
which disabled the manual repeat function but still allows electronic 
repeat functions. It uses standard I B M  typing balls. The voltage 
requirements are standard 11 5 VAC, 5 VDC a t  100 ma, and 2 4 VDC a t  
4 amps. All are new in factory boxes, but may require adjustments. 
We provide literature and schematics with 1 rlbbon and cleaning tools. 
With the addition of our Centronics t o  Selectric I/O adapter. you could 
easily interface this printer to  almost any micro computer system. 
Typewriter Printer stock no. RE 1000 A $375.00, 745 manual $30.00 
Shpg wt  approx. 8 0 Lbs, shpd by truck, collect. 

CENTRONICS TO SELECTPIC INTERFACE 
This interface will adapt a Redactron Selectric I/O typewriter mechanism 
to  be used as a parallel ASCII compatible printer. The parallel input 
port provides compatibility t o  Centronics standards for both "busy" 
and "acknowledge" protocols. The interface requires only +5 VDC a t  
350 ma. This interface is fully built, less power supply, is guarenteed Send S.A.S.E. for free data sheet operational. and comes with data. Shpg wt. 15 Ibs DE 201 A ,5245.00 

(s The.w comeact. liehtweipht switching power supply boards - .- 
were* origin'ally 'made for the Texas Instrument 9 9 14 A 
micro computer. It measures onlv 4 -3 14 x 4 -1 I8 x 1-1 14 " 
and puts our +5 VDC a 1.2 A, --5 VDC @0.12 0 A, and 
+12 \rDC @ .3 50 A. Input is 14.4 VAC t o  2 1.6 VAC. A simple 
transformer or plug in the wall adapter will do. Our 
SPL 46 1-33 supply listed below is perfect for this board. 
Each one is new, individually packaged with data. For 
short money, you can get a nice little power supply or 
spare parts for your TI 9 9 14 A. Shpg. Wt. 1 Lb. 
Power Supply Board SP-53A $10.00 

AC Adapter for same, Slipg. Wt. 2 Lbs. 
SP-461-33 56.50 

REGULATED 
LOGIC 
POWER 
SUPPLY 
BOARD 
for 
TI 99/4A 

Phone Orders  accepted  o n  MC, VISA, o r  AMEX SurplLls Electronic Material Send  fo r  o u r  free 72 page catalogue jam 
N o  COD'S. Tel. 1-617-595-2275 H 171 packed with goodies. 



DENTRON CLIPPERTON QRO 

I 

I - 7-7 
- .  . - -I# 

I - 
SPECIFICATIONS 

2KWl 415728 Tubes end bullt-In supply wltuned Input. 
Frequency Coverage Outpul Impedanct. M Ohms nominal 

160 meler band 1 8  lo 2 3 Mhz 
60 meler band 3 45 lo 4 6 Mhz Antenna Load VSWR 2 0 to I marlmum 
40 mcler band 6 0 lo 9 0 Mhz 
M melpr hand 110 lo 160 Mhz ALC Oulpul Neqattve polartly level 
15 meter band 20 0 lo 230 Mhz 4s r ~ a f  panel ad~uslable 

Modes of Operallon SSB CW RTTY SSTV Spurlous Oulpuls 
lnlermodulallon X d h o r  more below peak oulpul 

Power Requhremenls 1M or 240 VAC YlIW Hz Harmonrc oulpul 4Odbor more below peak oulpul 

RF &we Requtremenls 65 walls mtn#mum l M  walls Sue 14 T wlde 6W hlqh 166'deec 
nomlnal 1% walls mar lor 
1 k~lowal l  DC lnaul Wetqhl 48 pounds nel 

ampl~t!er 54 pounds gross 
OC Rate Vollag~ 26M volls In SSB mode luhr carlon 5 pounds gross 

l7W volls In TW mode 

0uly Cycle IW. ln normal amateur servnce 

lnpul Impedance SO Ohms nomlnal 

Input VSWR 1 5  10 1 1ypncaI 

DENTRON 
Dlv. of Coilco Electronics, Inc. 

223 North M~ch~gan Avenue - P.0. Box #a48 
Edgerton. Ohlo 43517 

4 19-298-2346 

ORDER TODAY - FACTORY DIRECT 
CALL TOLL FREE (800) 922-6898 
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I .D.  BADGES 
No h a m  st ioul t i  be w l l h o u l  a n  I D badge  
I t  s l u s l  l h e  l l i lnr ]  l o r  c l u b  mee l lngs ,  con-  
v e n l ~ o n s  a n d  g e l  togelhers,  a n d  y o u  have  
a w ~ d e  c h o ~ c e  01 colors Have your  n a m e  
a n d  ca l l  engraved  I n  e l lhe r  s tandard  o r  
scr lpt  t ype  o n  one  of lhese p l a s l ~ c  laml- 
nated I D badqes  Wear 11 w ~ l h  p r ~ d e '  
Ava~ lab le  I n  I h e  l o l l o w ~ n g  color c o m b ~ n a  
l l o n s  ( b a d g e / l e l l e r ~ n g )  w h l t e f r e d  w o o d g r a t n / w h ~ l e  b l u e f w h t t e  
w h ~ l e / b l a c k  ~ e l l o w / b l u e  r e d f w h l l e  g r e e n / w h ~ l e  m e t a l l ~ c  go ld /b lack  
melal l lc  s l l ve r fb lack  

UUlD Engraved I D Badge $2.50 

HERE'S A GIFT IDEA! 
H o w  a b o u l  an a l l rac l l ve  BASE- 
BALL s ly le  c a p  lhal has n a m e  
a n d  cal l  o n  11 II s the  p e t l e ~ l  
w a y  l o  k e e p  eyes  shaded  d u r l n g  
F ~ e l d  Day I! g l ves  a laun ly  alr  
w h e n  w o r n  a t  H a m l e s l s  a n d  11 1s 
a a rea l  helD lor l r ~ e n d s  who have 
n&er met  l o  spo t  names a n d  
cal ls lor easy recognl t lon Greal  
for b ~ r t h d a v s  ann~versar les ,  spe- I 

cia1 days ,  whatever occaslon you w a n t  ~t to be. ~a ls ' come ~n Ihe following 
colors:  GOLD. BLUE. RED. KELLY GREEN. Please send  cal l  and n a m e  ( m a x -  
mum 6 lel ters per l l ne l  

UUFBC-81 $5.00 

REGULAR PRICE HAT AND BADGE $8.50 ($7.50 + $1.00 shipping) 

SPECIAL $7.50 
SA VE $7.00 

HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

(603) 878-1441 

WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SATELLITE 
TELEVISION 

M A G A Z I N E  STV 
A monthly of 100-plus pages, has all you 
need to know about where to find equip- 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

$24.95 per yr. (1 2 monthly issues) 
$ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 

If you already have a dish, then you need 

I f  
-the best in satellite TV programming. 

* Weekly Updated Listings * All Scheduled Channels * Complete Movie Listing * All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visa@ MastercardB accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STVTM /Onsat '" 
P.0 Box 2384 - Dept. PS 
Shelby, NC 281 51 -2384 
Subscription calls only 

Toll Free 1-800-438-2020 
fl 196 HR 



L and C measurements 
Simple circuit 

determines values 
with ease, accuracy 

The typical method of measuring small value 
capacitors and inductors using a grid dip meter and 
a known value of L or C is effective, but because of 
circuit loading and dip meter calibration errors the re- 
sults are not very accurate. 

Hams who own a frequency counter can take ad- 
vantage of the accuracy of this instrument to deter- 
mine the value of junk box unmarked components. 
The technique involves measuring the frequency of an 
LC oscillator and then adding the unknown compo- 
nent to the resonant circuit, again noting the output 
frequency. The value of the unknown component is 
easily calculated using these two frequencies. 

differential amplifier used as oscillator 
The oscillator circuit shown in fig. 1 uses 01  and 

Q2 as a positive feedback differential amplifier. This 
minimizes the loading on L IC I .  03, a buffer stage, 
isolates the counter and prevents loading down the 
oscillator. S1 places the unknown component in par- 
allel with the resonant circuit L l C l  for capacitance 
measurements and in series with L l  for inductance 
measurements. In both modes the output frequency 
decreases in proportion to the value of the external 
component. 

Once the effective values of L I  and C l  are known, 
the unknown values can be calculated from: 

where fI is the original frequency in MHz 
fi is the new frequency 
C is in picofarads (pF) 
L is in microhenries (pH) 

I calculated a number of values and made up a series 
of graphs for inductance and capacitance values from 
0.1 to 350 pH and for 3 to 700 pF. Agreement with 
known values is well within normal tolerance levels. 
My graphs are based on the initial frequency fl set to 
9.00 MHz. Since this frequency is slightly altered by 
the position of S1, the core adjustment screw of L l  
protrudes from the front panel so that fi can be 
trimmed to 9.00 MHz before checking an unknown. 

As mentioned earlier, the effective value of L l  and 
C l  must be determined as the stray capacitance and 
inductance in wiring needs to be accounted for. This 
is easily accomplished with a known value of capacitor 
and inductor. Set S1 to parallel with the test probes 
open, adjust L I  to 9.00 MHz on the counter, clip on 
the known capacitor C2, and note the new frequen- 
cy. The value of C l  is: 

To determine the effective value of L1, set S1 in series 
with the test probes shorted and adjust L1 until the 
oscillator is at 9.00 MHz. Attach the known inductor, 
L2, to the test probes and note the new frequency, 
L l  is: 

Use these values for C l  and L I  in formulas 1 and 2 
for calculating the unknowns. 

Construction is not critical; I used an L-shaped piece 
of aluminum to form the panel and base, and a scored 
piece of PC board for the oscillator circuit. A 12 inch 
or so length of small coax with mini-alligator clips was 
used to connect the unknown components. 

I find I'm using this unit on every construction pro- 
ject. It certainly is convenient for checking the 
minimum and maximum capacity of small trimmers 
and useful in making it possible to wind a coil to a 
specified value - a real help when building bandpass 
and other types of filters. 

By Larry Duthie, WBGZLN, 1305 Lubich Drive, 
Mountain View, California 94040 
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fig. 1. Oscillator circuit uses 01 and Q2 as a positive feed- 
back differential amplifier. 

My thanks to Jim Loring, KAGVVE, for the oscillator 
circuit; it produces stable output over a very wide 
range of LC ratios. 

ham radio 

Electronics 

AMID N 
AMPHENOL J@(*& DAIWA 

J. W Miller 
RiBCnCHeR 

m-] 
M F J L%lo!X.Rit# 

THE ANTENNACOMPPNV Bash 

The Elect rn Electronrcs 

500 LEDYARD STREET 
HARTFORD, CONN. 06114 , . . 

Phone 203-527-1 881 r in '@@ 



(continued from page 7) 
1,- 

Performarrc-e 
asks that the 32-MHz land mobile reserved sea- 

also necessary to Amateur Radio, in order to 
handle the overflow of all types of operations 
from 2 meters, which would not be as well 
served by 70 crn; Packet Radio will also occupy 
some of the lower frequency regions. The gaps 
at the bottom are there for a purpose: to elimi- 
nate the possibility of overload that frequently 
hampers weak-signal operation. Weak-signal 
operators need this valuable portion of the spec- 
trum as a bridge between 2 meters and 70 cm. 
which is vastly different in radio propagation. 

- Joe Reisert, WlJR 

'For a thorough description of all the propagallon modes et- 

fective on 220 see the July and Septemher. 1984. VHFlUHF 
World columns by WlJR - Ed~tor 

It po's'slble lt?t u i  knc~w toor l ( i  ,IF i $ r f , k  
be 'ore  y o u  move and w e  w ~ l l  mdkr wrr 
your  H A M  RADIO Magaz ine  ar r lves  on 
schedu le  Just  r e m o v e  the  rnal l lng label 
f r o m  thls magaz lne  and a f f ~ x  b e l o w  
T h e n  comp le te  your  n e w  address (or any  
o the r  c o r r e c t ~ o n s )  In the  s p a c e  p r o v ~ d e d  
and we II t ake  c a r e  o f  t he  res t  

ham 
A l l ow  4-6 w e e k s  for 

c o r r e c t ~ o n  
M a q a r ~ n e  

Thanks for helping us to serve you better. 
r--\ r - -  

3 
Q) LABEL 

I 
I 
I 

V) 

I 
"3 I 

b, a, 
E G x  I 
m u .r 
z a o  I 

HERE 

r - l  

SAY YOU SAW IT 
IN 

HAM RADIO 

Fnq. I d~ 
R u e l w  Range N.F. Oeln Comp. Device 
Only (MHz) (dB) (dB) (dBm) TYPO Pr lw 
P28VD 28-30 <1.1 15 0 DGFET $29.95 
P50VD 50.54 < 1.3 15 0 DGFET $29.95 
P50VDG 50.54 <0.5 24 + 12 GaAsFET $79.95 
P144VD 144-148 <1.5 15 0 DGFET $29.95 
P144VDA 144-148 ~ 1 . 0  15 0 OGFET $37.95 
P144VDG 144-148 <0.5 24 + 12 GaAsFET $79.95 
P220VD 220-225 <1.8 15 0 DGFET $29.95 
P220VDA 220-225 <1.2 15 0 DGFET $3795 
P220VDG 220-225 ~ 0 . 5  20 + 12 GaAsFET $79.95 
P432VD 420-450 <1.8 15 -20 Bipolar $32.95 
P432VDA 420-450 <1.1 17 - 20 Elpolar $49.95 
P432VDG 420.450 ~ 0 . 5  16 +12 GaAsFET $7995 

lnllne (ti 8wltch.d) 

SP28VD 28-30 1 . 2  15 0 DGFET $59.95 
SPWVD 50.54 <1.4 15 0 DGFET $59.95 
SPWVDG 50.54 c0.55 24 + 12 GaAsFET $109.95 
SP144VD 144.148 <1.6 15 0 DGFET $59.95 
SP144VDA 144.148 <1.1 15 0 DGFET $67.95 
SP144VDG 144.148 <0.55 24 + 12 GaAsFET $109.95 
s ~ 7 7 0 v n  290.295 c l . 9  1s o DGFET 259 95 --. --. . .. - - .  ~. 
S P ~ ~ O V D A  220-225 <1.3 15 0 DGFET $67.95 
3P220VDG 220-225 <0.55 20 +12 GaAsFET $109.95 
SP432VD 420-450 <1.9 15 -20 Blpolar $62.95 
SP432VOA 420-450 <1.2 17 -20 B~polar $79.95 
SP432VOG 420-450 <0.55 16 +12 GaAsFET $109.95 

Every pmempllthr Ie pnclelon e l lgnd on ARR's H e m  Peckrrd HP11070WPW3A et.t.of.Meart nol r  (Igwm 
meter RX only proem Illlers ere lor ncelve r p  llcetlons only. lnllne pmempll f l~rs em rl swllched (lor use 
w ~ t h  iransce~vers) an8hand1e 25 watts tranemlter Dower. Mount lnllne oream~llflers between trsnscelver 
and power a m p ~ ~ ~ ~ b r  for hlgh power appllcalions. ~the;amaleur, commsrcla(and s' clal mampllllem available 

In the 1-1000 MHz range. Eesernclude $2 shlpplng In 

Rdvanced U.S. and Canada. Connecticut realdents add 7.'/1% 
sales tax. C.O.D. orders add $2. Alr mall l o  foreign coun- 
tries add 10%. Order your ARR Fix only or lnllne 

Receiver preamplifier lodey and start hearlng llke never beforel 

Research 
Box 1242 Burlington, CT 06013 203 582-9409 l!3%!el 

11 EN11 OF SUMMER CLEARANCE 1c-745 ~ ~ ~ e s c  S U P F R S A V I N G S ! ! !  1 )  

915 North Main Street W ' h J b . l r l * u f  -.-&LLs.I I Jarnestown, . New - York - - 14701r -- ms PH. (716)664-6345 -- - A - -- 1 
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Smith Chart impedance matching 
on your Commodore 64 

Crunch the numbers, 
plot results 

with this handy 
200-line program 

If you have ever tried impedance matching, 
you've probably been introduced to the Smith Chart. 
Although it's fashionable to turn to computers to per- 
form a variety of tasks, many RF types prefer to use 
the slower "graphic approach" because the Smith 
Chart provides a visual means of analysis not obvious 
in long columns of numbers. 

But using the Smith Chart can be frustrating: let's 
see - do I rotate clockwise or counterclockwise? I 
want a shunt element; do 1 follow impedance or ad- 
mittance curves? Do I multiply or divide by ZO? Using 
this program fig. 1, the computer will do all the num- 
ber crunching for you, and display your impedances 
on the screen within a few seconds. It will even han- 
dle errors; if you come up with an incorrect value, just 
press a key - your last trial disappears. If you like the 
answer, just press another key: the computer then 
stores that value and you can add another section. 

This article assumes that you understand Smith 
Charts. (If you don't, see the references listed at the 
end of this article for an explanation.) But even if you 
don't understand the plot, you can still use this pro- 
gram because all impedances are first printed in tabular 
form; the plot is an option you can ignore. 

program description 
This program is written for a Commodore 64 using 

and add your own printinglplotting commands. A 
summary of the major program sections is listed in 
table 1, and a detailed description follows. 

Lines 1 through 44 are used for program initializa- 
tion. In lines 10-11 you select a smooth or discrete 
plot. Later, when impedances are plotted on the 
screen, either selection will print a " +"  on the Smith 
Chart at each frequency; if you select a smooth plot, 
a line will connect the plots to form a continuous 

1 SF$= ' :FOfiJ=:'OZ:CLQ= C L W  SFQiiNEXr 
' F F ' Y T '  CLF, DWN DWZ-=HLL: : i : tP\TFE PflF FPObFAP F[lF IYFEDA 
NLE ~ ~ T C H : Y G  : ~ K I N T  DWN OWN 
5 LENTFE Ft lF  LJBING : ? F I N T  
t ,  FF IY' DWN DWN LED, : CENT5E 5GF "SMITI I  CHAKT' 
0 FPIN'  A ? (  FCIF L'2.20) Cr-4 BY ,YYN G E F : G  DWN L F T  L F T  LFT 

L F T  ,CT L F T  J- L F T  L F T  LC? WA?r,FK 3WN L F T  L F T  L F  
LFT L F T  LF' NAF[:H. l f ? 8 4  :FAIJBE F[IF 4 

111 TK:?: ' tifi DISCKETE FFETUENCIEEI 13)  0 6  SMOOTY": INFLIT '=LOT 
, P \  :;>, .A,* 

I F  D'1 "DVANDD% "C'"' J .HENIS:' ., It4FC""DWN PLOT WHAT VALUE VSWF: ::IRCLEU:VB:IF VS 1 THEN 1 
2 :  l,JK=ll:r~:!X iVS--:) ,' ( V S t l )  
11  VF;-lO(!I ('dB-: : ?  ! 'JS+1) 
1 4  INP1.IT"WHAT CHARACTCL:STIC IHPEDANC:E" ' -'-I 
1: :NF-.:!Tm' DWN HOW MANY FEEOIJEN[:IES (1.- l h  7': N 
16 C3?,,(;/: TC! '1 
1 0  F S . , i  3WPI' INFLIT FXEUUENCY":: : :NFL!T":N *t i :" :F(2) 
3 OF.INT"INPL!T r.8, XS [IF LOAD li? F I,!) "ME?": :NF'L!T F; ( L : !  . 1 ( J I  
2 X [ J ) = f i l i )  : v 1 J ) = I f J )  :NEXT 
X $T.F::?" ,.LC, THEBE WEKE YOLJF; L[lP~!il: INFEDANCE INPLITS DWPI'," 
2b F K I N T "  DWN. FREO KS XS" : FHI?IT 
,;' FOF, ;:=I TC PI: FS-BTF:$ (F1. l ) )  
2 8  Ksi=STR%,!K ( J )  ) : XS$=STiiSs 11 1 2 )  ) 
2 Q  ;!SE .ROF #####. X Y # ' ,  F $ :  :J9E Ri)F " # # I $ # # .  # # " .  E!1%: l.!!jE R 
OF ##%I##. # # " ,  XS*:F'F.!NT:FlEXT 
3 0  F E I N T  & T i  F : O F ' O , l B ) " "  
3 2  I N F ! . T " A K , , O  SATISF:ED :Y=YESl " :A% 
, 4  I F  AS THEN GOTO 1 4  
38 ?NFUT"C.R:NT LOAD \VALUES !Y=YES) " : 6% 
511 :F k S = " Y "  TliEN PF.INT A T (  F:[lF O.IH?,::LI:HRD::PY F3;IF'. 
4 Y N F ' U T " F L O T  LOAD,, IHF'EDQNCE !'!=YES) : F I '  
4 4  %MI=: . 4 :  I F  P5="V THEN GLISUE 8Ol:~O 
511 ?FIN?:: YLFi CHOOSE T'IPE OF MATCHING SECTION DWN." 
Z Y F  F I T  A SEF :ES C 
5 4  F R I V T "  Z SEKIES L 
Cb "K:INT1' Z BEF.IES TLJNED (SEF:IEB L--C) 
58 c;,:NT" 4 SEFIES TUNED (FQRALLEL L - C l  
60 c'F,:X?" Z 5CF.IES TF.ANSI?IS!iICIN L I N E  
62 7R;PIT" b SHUNT C 
64 F E I N T "  7 SHUNT L 
b6 F'SINT" 0 SHUNT TUNED I S E S I E S  i- C) 
( ~ 8  F'F,INTM ? SHUNT TLINED (FHEIILLEL L-Cl  
?I:! F'F IN:" :':I SHUNT TRANSMISSION L I N E  
72 $F, INT"  1 1  TEANBF[IF:MER 
7 4  FF,INT"!Z S E k I E S  S 
76  FF:7NT":? SHllNT F. DWN 
7 8  F F . I N T " I 4  STTF ADDJNG SECTIONE; 
OI:! INFIJT"  L E D '  DWN DWN 'OWN DWN [:H[lICE ~ l - I 5 ) " : M : F F ~ I N T "  (:= 
4 ' 
81  IC I 1 OK M 14 THEh 81) 
e:: [:[,[ITo FOF  :oat (M+:) 

fig. 1A. Computer aided Smith Chart design program listing, 
lines 1-82. 

Sirnons' BASIC for efficient utilization of graphics 
commands. If you have a different computer system By Lynn A. Gerig, WASGFR, RR # I ,  Monroe- 
you can use the equations in lines 1000 through 7504 ville, Indiana 46773 
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F R I N T  C H R b ( l 4 7 ) " A D D  SERIES CAPACITOR 
INELJT"WHiIT I S  VALLJE ( I N  P F )  :C 
FG'R J = l T 3  Y 
X ! , ' ! = G ~ J l  
Y i j ) = ' i i j 1 - 1 / 1 2 *  ~ F ( J ) : c ~ ~ E - o ~ )  
NEXT: GOT0 9 0 0 0  
P R I N T  CHRS ( 1 4 7 1  "ADD SEKIES :NDLICTOR 
INPLJTUWHAT I S  VALUE ( I N  U H ) " : L  
FOR J = 1  TO N : X I J ) = R ( J )  
Y ! J !  =I;,') +3 $ F ! J )  #L:NEXT: GOT09(100 
PE:F;T ,HE$!!47!"ApO SERIES TUNED,,(SERIES L - C l  
IN?UTNWHAT I S  'VALJE OF C ( I N  F F )  :C 
1NPUTvWHAT :S VALUE OF L ( I N  U H ) " : L  
FOR J = l  TO N: X I J ) = R ( J )  
Y ( J l = I  ( J ) + 3  , t F ( J ) $ L - l / ( 2 t ,  # F ( J ) t C # l E - 0 6 1  :NEXT:GOTO?Ol:IO 
?F::NT C H E I  ( !47)  "ADD SEEIES TUNED,, (PARALLEL L - C l  
INPUTMWHAT I S  VALUE OF C ( I N  P F I  : C  
1NF'LJT"WHAT I S  VALUE OF L ( I N  UH) " : L  
FOR J = l  TO N: X ( J ) = R ( J )  
Y! , I l= I !Y ' )+(28 , t F ( J I  t L ) / ( 1 - I  (2l: , i F ! J l  1 ~ ~ 2 1 t L # C 8 1 E - 0 6 1 : N E X  

r o 9 o o o  
PRINT C H R B l 1 4 7 )  "ADD SERIES TRANSMISSION L I N E  
1NFLJT"WHAT I S  L I N E  IMPEDANCE :OHMS) "; Z 1  
1NPUT"WHAT I S  VELOCITY FACTOR 
INPUT~WHAT IS LENGTH (IN INCHEBY-; L L  
FOR J = i  TO N 
T=l.::LLtF(J1/39.:7/V 
D = ( R l J I + Z 1 1 ' 2 + I l J ) " 2  
R= ( R f Z I " 1 - Z l A 2 + I  I J l " 2 1  /D 
I= :XZl t I  ( J l / D  
Z = S O R ( R l R + I # I )  
T=180/  ! t A T N (  I/ ( R + l E - 3 0 1 )  - 2 # T + 1 8 0 #  (R.:(ll 
R = Z I C O S ( T I  / l B O )  
I = Z I S I N ( T #  I / I 8 0 1  
D=( l -R)* :+ I "Z  
X l J ) = Z 1 1 ( 1 - K ' ? - 1 ' ~ )  /D 
Y(:)=:tZlXIID 
NEXT: GCT09C:OO 
P R I N T  CHFiS ( 1 4 7 )  "ADD SHUNT CAPA[:IT;OR 
1NFLiT"WHFIT I S  L'ALUE CF C ( I N  P F )  ;C 
FOR J = 1  TO N: W=2t I C L l E - 1 3 6  
D = ( 1 - W # F ( J ) X I  1 : ) ) * 2 + I R ( J ) X W l F l J ) ) " ?  
X ( J l = R ! J ) / D  
Y l J l = l I  (J)tll-WtF(J)LI(J)!-RlJ)"2XW#F(Jl)/D:NEXT:GOT0?~~ 

END 

fig. 18. Program listing, lines 1000-801 4. 

CHAR':ROF:. 158-. 6 7 t X f .  9 7  4:, Al, i 
TEXTCROF 15:-. ~ ~ X X R ,  104,  .A .l, 1,B 
P H A R r q O F  !58-.SZtXR 9 7  4' 1 1 
? E X T , ~ O F  1::-.331x~: 10h,':5~', 1 . 1 . ~  
CHAR.ROF' 1 5 6 +  ;;rXR 9 7  4?,a.: 
TEXT:ROF: ~S~+:.:JIXR:~O~. .1 ,1 .8  
CHAR,"ROF: 1 j6+ b 7 t X R  9 7  4 3  1 1 
TEXT,ROF. l d b + : h 7 t ~ R :  104.  5 " : l .  1 .8  
CSETc'ROF: 1 
TEXT:ROF' i O  1 9 9  "F7=RETUdNU 1 1 8 
T E X T  .ROF - 4 b ,  1%. ,~F~=PBINT~:  1: 1 : ~  
FOR J = l  TO N- 
D = ( X ( J ) + Z O l  -+Y ( J 1 * 2  
FX~JI=~(X(J)-ZO)I(X(J)+ZO)+Y!JI"~)/DX~~:~OLXN 
P Y ( J l = - 2 t Y ( J ) # Z O / D # l 0 0  
CHAR<ROF' 157+PX ( J )  97+PY ( J )  4 3 , l  i 
I F  D$="SW AND J:! T ~ N  LINE:~OF> ~ ~ O + F X C - ~ I  

:I+PX ( J ) .  1 0 0 + P Y ( J l .  1 
NFXT 

XS" : PRINT 

lYCh l 

FR:NT AT(.ROF I:]. 181 "F l=PLOT ON CLEAN SCREEN FOR 
PEINT"F2=PLOT ON CLEAN SCREEN FOR PKINTEH 
F'RINT"F3=FLCT ON LAST SCREEN 
PF~:NTMF4=SCREEN DUMP TO PRINTER 
W I N T " F S = B A D  VALUE: DISCARD T H I S  TRY 
F'EINT"F:=GODD VALLJE: \:EE? C PROCEED 
GET 4%: :F At=""THENYlQO 
IFAJ=CHRS(131.)THEN XMa1.4:GOSLJB 8000:GOT09050 
IFA4;-CHRI ( 1 3 7 )  THEN XM=. 8::: GOSUB 8OllCI: GOT09050 
IFAS=CHF:S ( I  J 4 1  THEN GOSUB 0 1 0 0 :  GOTC9050 
IFA$=CHRC(178)THEN PRINT AT!'ROF!O, 1 8 I C L C :  :HRDCF 
or-lcfi 

9151:1 :?4S=CHR$ i : - 5 )  THEN 50 
9160 IFAS=CHRI  ( 1 -6)  THEN 9 2 0 0  
9171:) GUT0 9 1 0 0  
T O 0  FOE J=! TO N : R I . l ) = X I J )  
9 x 0  I ( J l = Y l J l : N E X T  
c?215 F L I N T  R T I  :F:OF C!, !8 lC&S:  
9 2 2 0  P K I N T  1 7 1  ROF'I.., .8: " BLUZYOL; NOW MUST MATCH THE 
[:E5 LISTEDABOVE. :C=4', " 

92'SC; FAUSE ROF'. 4:GOTCSO 

fig. 1C. Program listing, lines 8016-9230. 

R S I :  USE 

VIEWING 

'Y KOF : 

IMPEDAN 

curve. The goal of most impedance matching is to find 
a result which is within a particular VSWR. In lines 
12-13 you select the value of a VSWR circle to appear 
on the plot. This makes it easy to check your results; 
either your plots are within the circle, or you need to 
refine your circuit. In line 14 you select the charac- 
teristic impedance. This does not affect any calcula- 
tions or tabular results: it is the value which is at the 
center of your Smith Chart plot. All impedances are 
normalized to this before being plotted (lines 
8120-8130). 

You are next asked how many frequencies you wish 
to work with (line 15); you then must input each fre- 
quency and the resistive and reactive series com- 
ponents of the starting (load) impedance at each 
frequency. 

After you input all frequencies and load impedances, 
you are given a chance to start over if you made an 
error. Then you can choose to print the tabulated load 
impedances on your printer, plot them on a Smith 
Chart, or begin matching. 

Lines 50-82 present a menu for the type of matching 
element to select. The program next branches to the 
correct set of equations for that choice (lines 
1000-75041, and you are then asked to input those 
component values. For a detailed explanation of each 
matching section, see the section on matching net- 
work equations in the appendix. -'wkb 
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THESE WERE YOUR LOAD IMPEDANCE INPUTS 

FREU FiS X S 

1.8 -7 
I .  .-. 4 Q (1) . 

ADD SERI CIS T I\IDI.ICTOR 
WHnT IS VALUE (IN UH)? 36.9 

FREU F? S X S 

1.8 7 .  17 .32  

ADD SHUNT CAF'ACITOR 
WHOT IS VALUE OF: C ( IN F'F) ? 4.1400 

FREQ H 5 XS 

1.8 49.89 .- • 7'7 

fig. 2. The addition of t w o  components converts an 
80-meter vertical t o  160 meters. 

table 1. Major program sections. 

line numbers program content 

Format, select discrete or smooth plot. 
Select VSWR circle to plot. 
Select characteristic impedance. 
Input resistive Et reactive parts of load 
impedance at each frequency. Print or 
plot result if desired. 
Select type of matching section to try. 
Calculation of impedances according to 
type of matching section chosen. 
Subroutine for graphics plotting of 
Smith Chart. 
Print new impedances in tabular form, 
then choose whether to print, plot, 
discard, or keep trial value. 
"Good" trial value becomes new impe- 
dance to match with next section. 

THESE WERE YOUR LOAD IMPEDANCE INPUTS 

FREQ RS X S 

7. C C) 
.I&. -1 10. 

7.1 57. - 1 0 12 . 
7.2 65. -90. 
7.3 70. -80. 

6DD SERIES TRANSMISSION LINE 
WHAT IS LINE IMPEDANCE (OHMS)? 50 
WHAT IS VELOCITY FACTOR? .67 
WHAT IS LENGTH (IN INCHES)? 190 

FRED US X S 

7. 9.74 - ?C &..I. 46 
7.1 11.60 -23.89 
7.2 14.15 -22.96 
7.5 16.49 -21.89 

ADD SHUNT TRANSMISSION LINE 
WHAT IS LINE IMPEDANCE (OHMS)? 50 
WHAT IS LINE VELOCITY FACTOR? -67 
WHAT IS LENGTH (IN INCHES)? 100 
OPEN (0) OR SHORTED (S) STUB? S 

FREQ R S X S 

7. 74.46 -11.64 
7.1 59. 70 -8.10 
7.2 51.99 -1.24 
7. 9 45.36 2.91 

....... 8 ,..... .. ........... I - 
..... 

'I ... ...... I' 

.I.' 
{' ' , _  ........... -. , I, 

/ ,;:la:-'-. 
.. 1. 

'I 

,I-.. , , 
.,) 1. 

I ,..- .. 
I 

. . 
I 1 (I!, 

.I \ ...... -- .... ............. :!<b ................ ir . ......+, .- :; 1 ., -. :... . f: i.-...,. -:s.. ' 
I< , - .. ' 

I 
'.I. .... l1 ...... (.?.... 

. .  -. i 
(I' 

.............. ..'!" . i I' 

i'al, ' 4- . "  . ' i ,I 

1, .. ........ ... 
I., I' .- !* 1 

I 

,I' 
--- 

. - ......... 1 .-.-..-.- 

fig. 3. compensating for tower effect on &meter sbpers 
(example 21. 

J 

Lines 80008196 contain the graphics commands for 
plotting a Smith Chart on the screen. Most of these 
lines use graphics commands peculiar to Simons' 
BASIC: you may choose to write your own plotting 
subroutine if you have another system. A new chart 
is drawn in lines 8000-8023. If you choose to plot on 
an old screen, you enter at line 8100, which recalls 
the last graphics screen from memory. The impedance 
plotting is performed in lines 8115-8160. The equa- ted chart will stay on the screen until either function 
tions in 8120-8130 convert the impedances to a point key f7 or f8 is pressed. Pressing f8 will copy your plot 
on the chart normalized to the previously selected Zo. to your printer, and f7 will return you to the tabular 
The chart y-radius is 100 bits, and the x-radius depends listing of frequencies and impedances with another 
on the value of "XM" (see section on printer interfaces menu. 
below). Line 8150 will connect the " +"  plots with a No matter what type of matching section is chosen, 
line if "smooth plot" was previously selected. The plot- after the appropriate impedance calculations are per- 
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IC-02A for 2 meters $ 319.00 
..... IC-02AT w/DTMF 349.00 

IC-04A for 440 MHz TBA 
..... IC-04AT w/DTMF 379.00 339" 

Standard models Regular SALE 
IC-2A for 2 meters $ 239.50 21495 

...... IC-2AT with TTP 269.50 21g9' 
... IC-3A for 220 MHz 269.95 23495 

...... IC-3AT with TTP 299.95 239" 
... IC-4A for 440 MHz 269.95 234" 

...... IC-4AT wlth TTP 299.95 23gg5 

*EX-242 FM unit ................... 39.00 
*EX-243 Electronic keyer unit ...... 50.00 

FL-45 500 Hz CW fllter ............. 59.50 
EX-195 Mai ker unit ................ 39.00 
EX-202 LDA Interface: 730/2KL/AH-I 27.50 

..... EX-203 150 Hz CW audio Illter 39.00 
EX-205 Transverter switching unlt 29.00 
SM-5 8-pin electret desk mtcrophone 39.00 
HM-10 Scann~ng moblle mlcrophone 39 50 

PS-25 Internal power supply ....... 99.00 89" 
.......... EX-310 Volce synthes~zer 39.95 

HM-12 Hand microphone .......... 39.50 

ne .......... 

... RC-11 Wireless remote controller 59.95 
CR-64 Hlgh stability oscillator xtal 56.00 

R-70 100 Khz-30 Mhz dig~tal receiver 749.00 599's 
.................... EX-257 FM un~ t  38.00 

IC-7072 Transce~ve interface . 720A 112.50 
.......... FL-44A SSB fllter (2nd IF) 159.00 144'' 

..... FL-63 250 Hz CW fllter (1st IF) 48.50 
............. SP-3 External speaker 49.50 

..... CK-70 (EX-299) 1 2 ~  DC 0pt10fl 9.95 
............... ME-12 Mob~le mount 19.50 
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formed the program branches to line 9000 and the 
new impedances at each frequency are printed on the 
screen below the values of the network components 
you chose. A menu appears at the bottom of the 
screen. You must then press a function key to con- 
tinue. Pressing f l  or f2 will cause the impedances listed 
to be plotted on a new "clean" screen (see section 
on printer interfaces below). Pressing f3 will add the 
new plot to a previous chart. If you press f4, the tab- 
ulated data at the top of the screen is printed on your 
printer. Pressing f5 causes the computer to erase the 
bad value you just tried, and f7 causes the trial value 
to become the next load impedance to be matched 
(lines 9200-9230): you then branch back to the master 
menu at line 50. 

THESE WERE YOUR LOAD IMPEDANCE I N P U T S  ADD S E R I E S  CAF'ACITOH 
WHAT I S  VALUE ( I N  PI.'-')'' 60 

FREA RS X S FKEA RS X S 

110. 45. -70. 110. 17.66 Z6.40 
120. 50. -= JU. - 1 "CI . 4~1.56 26.99 
130. 70. 0. 1 ::;I::I . 2 :: . 0 2 12.48 
146. 81:) . 60 . :L46. :12. IT4 19.12 
1 60. 140. 90. 1 6t:I. 1:. 1:)7 _I:, . 77 

ADD SHUNT CAPACITOR 
WtiAT I S  VALUE OF C: ( I N  F'F) R 71:) 

It., " ,  FRED RS XS 
I. :- 

I. , 'I. 

11.0. 90.94 1. :? . b 2 
120. 4.0. 83 ,-26.88 
1 7.; I:) . 20.77 .-.5. 40 
146. 36. 'ZT 14. :?ti 

I 160. 87.67 --15.80 
'(.(I 

; \  -- ! 

(I1. 

- .  -- . .J. . . .. ---- -- - 

ADD SHUNT INDlJCTOR 
WHAT I S  VALUE O F  L ( I N  U H ) ?  .06 

FRED R S  XS 

110. 17.66 60.52 
1 2 1:) . 40. 56 49. 11:) 
1,'Jcl . 2:, . 02 Z 2 . 8 0  
146. 12.34 :57.29 I) 
1 (>[:I . I. 2. .:I 7 47.35 

- 
...----- 

fig. 4. Broadbanding a 2-meter whip (example 31. 

examples 
The three examples given below demonstrate some 

of the possibilities available in the program. 

Example 1. My 80-meter vertical antenna is electrically 
"short" at 160 meters and exhibits an impedance of 
about 7-j400 ohms. What values of L and C do I need 
to match it to 50 ohms? I know I should start with a 

series inductor with a reactance of greater than 400 
ohms (about 35 pH) then add a shunt capacitor. After 
experimenting with several values, I ended up with 
those in fig. 2. 1 only printed tabular results without 
graphics plot. 

Example 2. When 1 erected my 60-foot tower, I fed 
the top set of guy wires as 40-meter dopers. Probably 
because of coupling to the tower, they were not reso- 
nant, as was to be expected. The impedances as 
measured at the shack end of the coax feedline are 
listed and plotted in fig. 3. Although I could have ob- 
tained a good match with a series inductor, I wanted 
to use leftover lengths of coaxial cable for the experi- 
ence of matching with lines/stubs. The resulting im- 
pedances, shown in fig. 3, are an example of superim- 
posing several plots on the same chart (using func- 
tion key f3). I am presently using this network built 
from RG-58 cables, and the measured results are with- 
in 5 percent of those calculated. 

Example 3. My 2-meter whip antenna looks like 70 
ohms at resonance, including ground losses, with an 
increasing impedance off resonance. I wish to "broad- 
band" match it and have less than 2:1 VSWR from 
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110 to 160 MHz for reception of aircraft and public ser- 
vice bands in addition to the 2-meter ham band. The 
results are shown in fig. 4. In this case I printed inter- 
mediate tabular results with each new element, but 
I plotted only the original and final impedances (on 
separate plots). 

entering the program 
Enter the program as shown taking the normal pre- 

cautions to SAVE it before you RUN it, so that if you 
make a typing error that could cause a lock-up, you'll 
be able to go back to the saved version without hav- 
ing to retype the entire program. The following is an 
explanation of the mnemonics printed by my interface: 

<CLR> = SHIFT-CLR 
<DWN>= cursor down 
<LFT> = cursor left 
<BLU> = CTRL-7 (blue) 
-==RED> = CTRL-3 (red) 
<:C = 4> = Commodore4 (gray 1) 

In addition, my interface sometimes prints<ROF> 
directly following unique Simons' BASIC commands. 
Ignore this when you type the program. Using Simons' 
BASlC on the Commodore 64, high-resolution graph- 
ics commands permit a BASIC program of only 200 
lines, using about 6K of RAM. However, the equa- 
tions listed are valid for any computer or calculator. 

If you don't want to type the program yourself, I'll 
make two verified copies for you. (Just send me a 
blank tape or formatted disk with a stamped, self- 
addressed mailer, and a check or money order for 
$5.00. Use the address shown at the beginning of this 
article.) Without Simons' BASIC, bank switching for 
the high-resolution screen and point-by-point plotting 
needs to be done with additional programming. I also 
have a version for the Commodore 64 that does not 
require Simons' BASIC, but it is over 500 lines long 
and therefore not practical for listing here. I will supply 
a copy of it, or a similar version specifically for the 
VIC-20, requiring 32K expansion, under the terms de- 
scribed above. 

appendix 
The convention I used for the various matching elements and im- 

pedances is shown in fig. Al.  The equations used for each type 

SRlES M4TCHIW 1 
COMPONENTS h 

INPUT M P W A N f f  
_f ZL = R t  il 
Z e X + J Y  

fig. Al .  Matching network configurations. 

of reactive matching element (used in program lines 1000-7504) 
follow in fig. A2. These equations can be used on any computer 
or calculator. 

impedance value to Smith Chart plot 
Although the Smith Chart looks complicated, it's nothing more 

than a plot of the reflection coefficient, e ,  defined as 

where Zo = the characteristic impedance you are working with and 
Z = X + j Y  (your complex impedance). When plotting an impe- 
dance, the following two equations apply: 

X2 - 22 + Y2 
x - axis value = (X  + Zo,2 + y2 

2 Y  zo 
y - axls value = (x-+ za)2 + Y2 

The value obtained will range from 0 (center of chart for VSWR = 

I )  to 1 (outside edge of chart for VSWR = m). They can be scaled 
by any value you desire. I multiplied by 100 for a circle with a radius 
of 100 dots. Equations are found in lines 8120 - 8130. 

series L-C components 

series inductor L - 
X = R  
Y = I + 2nfL t---------. 

series capacitor 

X = R  , 
Y  = 1 - -&fc - 
series L-C in  series 

X = R  I 
Y  = 2nfL - 2~ + I 

series L-C in  parallel 

= 2 n f ~  
Y = l +  1 - (2nf)ZLC . 
fig. A2. Equations and type of matching section used i n  pro- 
gram lines 1000-7504. 

shunt inductor 

W = 2nfL 

RW2 
= R T + T ~  

W (R2 + 12 + WI)  y = -- - 
R2 + (I + W)2 

shunt capacitor 

- 1 w = - -  2nfC 

!I!!!_ 
= R2 + (I + W)2 

W (R2 + 12 + WI)  y =  - - - -  
R2 + ( I  + W)T 
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shunt L-C in series 

1 
W = 2nfL - 2~ printer interface 

This 
pedanc 
form o 

program was de: 
ces and display tht 

signed to 
?m in tab1 
3u can us 

I calculat~ 
ular or gri 
e the pro 

e im- 
sphic 
gram Y = W (R2 + 12 + WI) 

. ~2 +(I +W)2  
n the screen, so yc 

~ ' t  have a even il 
spond 
you W' 

, I .  .- 

: you don 
with a " 
ant to pr 
..A_,- 

I printer. 
yuestions 

Just don 
i such as yes" to ( 

int?" 
- - --!-AA. 

shunt L-C in parallel T 
I T  yo 

the twc 
40, 914 
data\ 

u oo nave a prlnrer, you may wanr ro 

3 printer commands used; HRDCPY ( 
lo) gives a normal screen dump (ta 
and COPY line 8195 copies a 

tion (320 by 200 bits) graphics screl 
inter. Although the commands are 
specifically for a Commodore printe 
m should run successfully with any pri 
ce combination that emulates the Cor 
I use a Star Gemini-1OX printer (an E 
~ d s  the same way) with a Tymac Cor 
r an interface, and reproduction of t t  
?solution plot takes less than a minu 
with a Prowriter and Cardco interface 

results. Using a Cardcol + G w 
i or Epson printer produces the same 

nore 

lines 
bular 
hinh- W (R2 + 12 + WI) y = - -- -- - 

R2 + (1 + W)2 
uuru,, 

resolul 
the pr 
mized 

, .'y" 

en to 
opti- 
r, the 

series transmission llne 

progra 
interfa 
dore. I 

inter1 
nmo- 
:pson 

respor 
tion fo 
high-rt 
.. . 

inec- 
le full 
te. A 

trlend 
similar 
Gemin 
L a . +  .. L 

? gets 
ith a 
plot, 

h.. ..A L ENGTHQ L (INCHES) 
CHARA CTERIS TIC 
IMPEDANCE = 21 

+-L 4 ~igh-res d u m ~  takes about 45 minute 
ient. If yc 
o experin 

UUL. a I 

be pati 
need t8 
combi~ 

;a, 3u 

may 
f any 

nother br 
I am not 
work. 

.and, you 
: aware o 

bu have a 
nent, but 
_* . _ . - - t *  

VELOCITY FACTOR= V 

Note: If calculator gives only first and fourth quadrant for 
tan - 1 answers I -  90" < W< 90"). add 180' to T if D 

nation thar won r . . _ ~. 

2: the aspect ratio (relative distancc e be- 
ween 
inter. 

was negative. dots on a line versus distance ben 
s different for the screen than the pri 

I o draw a circle on the screen, use an XIY 
of 1.4 (value of XM in lines 44,9110). Thi 
copy as an oval on the printer. .If you wi 

ratio 
s will 
3nt a 

shunt transmission line (open or shorted stubs) printec 
0.833; 
a circle 

5, 91201, 
~ v a l  on tl 
mother b 

:es ovaa, experiment with the value a 

ines 905 
luces an c 

rinter. If: 

use the 
ie  screen 
rand of PI 

., - .  

ratio 
I, but 
rinter 
t \I.. 

if open stub: T = 20 tan(W + 90") 
if shorted stub: T = Zo tan(W) 

length = L (inches) 
characteristic impedance = Z1 
velocity factor = V references 
length = L (inches) 

%\ 
1 .  The ARRL Antenna Book, 14th edition, American Radio Relay League, 

characteristic impedance = 21 
velocity factor = V Newington, Connecticut. 1982. 

2. James R. Fisk, WlHR. "How To Use The Smith Chart," ham radio, March. 
RT2 - - 1978. page 92. 

= RT + (1 + T)2 \ " (OPEN OR 3. Phillip ti. Smith. Electronic Applications of the Smith Char?, McGraw-Hill, 
W (R2 + 12 + TI) SHORTED) New York. 1969. 

Y = 
a 2  + ( 1  + rj2 ham radio 

transformer 

ideal transformer 

N = turns ratio 

X = NR 

Y = NI IDEAL TRANSFORMER 
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NAMPA 
SATELLITE SYSTEMS 

312 12th Ave. So. 
Nampa, Idaho 83651 

(208) 466-6727 
1-800-654-0795 

IN HOUSTON, TEXAS 
(713) 957-5140 
1-800-521-8300 

NSS PB3 
1 MOTORDRIVE 

CONTROL 
CONSOLE ONLY 

$150.00 
CONTROL CONSOLE 
ONLY (In klt farm) 

$99.00 

l PLUG-IN CONTROL BOARD 
3 DIGIT LED READOUT 
l MANUAL EAST-WEST CONTROL 
l RESET TO -000 
l 36 VOLT DC MOTOR 
l 125' CONTROL CABLE 
l ZINC PLATED FINISH 

COMPLETE UNIT 

$250.00 
Control your dish from your 
living room . . . rain or shine. 

COMMODORE 
-USER WRITI'EN SO-ARE- 

SuppoRlng all COMMODORF computers 
Wrltten by users. for users * GAMES * UTILITIES * EDUCATIONAL * 

BTC so- 
Vlr 20 coIlv< l o ~ ~ >  U l thru 10 

64 toll, r ! ,n$>\ rr 1 lhru 1 0  

25 +programs per cc>lI!,rllon TapelOtsk I 1 0 0 0  each 
PI?r/CIIM ' Software Avsllsble 

Other products avs~labla are 

P.D.I. PROGRAM MANUAL - $6.00 
Each Vlc 20 and Commodore 64 program wl l l  have 
tnstructlons opersrlon usa commends end other 
lnlolmetlon to make ualng tt ms easy as poas~bls 

DINSET : Reset SaiCclr 
SEHMI, CXRI,ES 

Lm-I,I%'" Oparatlon Status Ind~cator I ------------ ------------ I 
Prtces include U S s h ~ p p ~ n g  and hsndllng only. 

CHECK MONEVORDERS. VISAMdMASTERCARD 
sccspted NO C 0 D s 

Wrtts For A Free F l y e r  Or Senrl60C In Coon Or Stamps 
For A Complete Catalog 

'PI'RLIC DOMAIAVm. INC, 
5025 S R.angelane RII  W Milton. OH 45383 
1 0 0 0  a m 5 00 p rn EST - Mon thru Frs 

(51 31 69R 5638 or (51 31 339.1 725 / 189 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get s t a t e - o f - t h e - a r t  p e r f o r m a n c e .  

Most types available 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
l Audio Bandpass Filter 
l Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR $7 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 fl 195 

TUNE IN THE WORLD 
OF HAM-TV! 

Atnacur Ka<l~o < v p c ~ ~ ! v v  t r ~  ~ h c  I,!!IO'~ zrc cIm<avcrrne oh< 
Irunnattn)! WI,,III 111 Amzlrur Irln8vnn' Rc 8 1  FA,, (ran TV 
II\.~VI \I,,w \<," TV ,\\IYI I~~,,R,,IC I ~ A X I  <,, q,,,lcst,crr 
III I > r f w r r n .  Vjlln, ca~rnrnun~arot,n< rna~ln rrr )!ro*ong re an 
< . , ~ , ~ " R  p c '  

Ncr r<lvrn<rrnrn!\ rrr ~rkanp plrtr 10 l l ~ y h  Rcu~lu~onni( <oltsr 
\ \ IY rntl thr uu <,I l x ru ,nr l  ~ompuvrrr A1V praphsa,. 
\\.n' t A X  H 17Y .,an,rnunlaatutn\ Intrrra I,  rvcn grnx~ne 
t n  MI1 ROWAVI anal IYHII rpplo<r!#vn* 

A >  A n '  MA(,AIINFIW I,,, ~ u l ~ v s ~ t c d  ,I,C~C rncvc~ct ,!I 
Arnalrtrf \ ~ w t ~ r l ~ r r d  ( can,nrun,trtlt>tlr vntr 1'10- cvrrr 1- 
*rm' Anrl nqou lunrlrr pu,rlamr 131 thc L'NITII) STATPS A1Y 
V l l  Il.1Y IIAM I\ - 8 1 1  ~ ~ ~ ~ I ~ D c ~ u c  M L  grcm rap,tilv ln rc re$r rd '  

, , ,  , ,  , I 1 ;: - e 1 
"-+?- 

A5 ATV MAGAZINE'" ;$: . - ?+?- .:,. 1 LOWJL)EN, IOWA 5 2 2 5 5  /a 
,,,,,,\I,,, , , I  4 "  , 7  ,sl'",,< , , I ,>,< I,, 
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RF TRANSISTORS, MICROWAVE DIODES 
TYPE PHICE - -- '~-IT>; PRICE lYPE PRICE l W E  PRICE - - - 
2N1561 $ 25.00 2x1678 $ 2.00 M113.3 $ 16.90 hEC1821-3 $125.00 
2N1.562 25.00 2SC1729 20.00 M9579 7.95 MSC1821-10 225.00 
2N1692 25.00 2x1760 1 .50  M95W 7.50 MSC2001 40.00 
2N2957 1.55 2x1909 4.03 M9622 7 .95  MSC2223-10 200.00 
2N2857JPNPX 4.10 2x1946 36.00 h1962 3 9 .95  KC3000 50.00 
2N2857JANIXV 4.10 2SC1946A 40.00 KG624 11.95 hW33001 50.00 
2Ee876 13.50 2x1970 2.50 M9625 17.95 MSC73001 50.00 
2N2947 18.35 2x1974 4.00 M:K) 18.00 MSC82001 40.00 
2YZ948 13.00 2SCL166 5.50 M9740 29.90 MSC82014 40.00 
2N2949 15.50 2SC2237 32.00 W741 29.90 MSC82020 40.00 
2N3375 17.10 2SCL695 47.00 M9755 19.50 MSC82030 40.00 
2N3553 1.55 U s 1 2  25.00 M98.18 37.00 llS(83001 50.00 
2N3632 15.50 A209 10.00 M9850 16.90 USC83005 100.00 
2N3733 11.00 A283 5.00 M9851 20.00 Mr4 150 14.40 
2N3818 5.00 A283B 6.00 M9887 5.25 126 POR 
2N3866 1.30 AF102 2 .  .50 MEL80091 25.00 MT5596/2N55% 99.00 
Zh'38lXJrZh' 2.20 AFYU 2.50  MM1550 10.00 bT576812N5768 95.00 
2N'3924 3.35 Bn72A 2.50 W 5 5 2  50.00 1m762 POR 
2N3927 17.25 EFT121 2.50 bM1553 50.00 -136 2.50 
2N3950 25.00 BFlWO 1.00 W 6 1 4  10.00 NE13783 FOR 
2N1012 11.00 BFR91 1 .65  MM1943/2N4072 1.80 XF21889 POR 
2MM1 14.00 BFR99 2.50 MI2608 5.00 NE57835 5.70 
2N4072 1.80 Em12 2.50 MM3375A 17.10 NE73.336 2.50 
2N4080 4.53 BFWltiA 2.50 MW.129 10.00 - ?RW 
2131 127 21.00 BRYI 7 2.50 MM8000 1.15 ~ ~ ~ 3 6 3 7  HXL 
2N4427 1.30 BFW92 1.50 Woo6 2.30 !T3 193 POR 
2N4428 1.85 ~ 3 ~ x 4 4  2.50 W 0 1 1  25.00 FT3194 KIR 
2N1430 11.80 m.18 2.50 MPFlO2 .45 IT3195 FOR 
2N4957 3.45 BFX65 2.50 MPSL'31 1.01 m.537 7.80 
2N4959 2.30 m B 4  2.50 MRA2023-1.5 Y2.50 PT4 166E WR 
2N5090 13.80 DFXR5 2.60 MRF208 16.10 Pr4176D FCR 
2N5108 3.45 Em% 2.50 MRF212 16.10 PT4 186B POR 
255109 1.70 BFXR9 1.00 -23 13.25 PT4209 POR 
2N5160 3.45 Wll 2.50 MRF224 15.50 IT42%/5645 FCR 
2x5177 21.62 BFYI 8 2 .50  m 3 1  10.92 ~ ~ 4 5 %  24.60 
2N5179 1.lW W 1 9  2.50 MRF232 12.07 ~ ~ 4 5 7 0  7.50 
2H52 16 !6.00 1 3 ~ ~ 3 9  2.50 .MRF233 12.65 PT4577 HX1 
2N5583 3.45 DEY!Kl 1.00 ~ ~ ~ 2 3 7  3.15 IT4590 POR 
2N5589 9.77 BW((i7 15.24 MRF238 13.80 PT4612 POR 
2N5590 10.9'2 BLX68C3 15.24 MRF239 17.25 PT4628 POR 
2N5591 13.80 BWi93C3 22.21 m 4 5  35.65 IT4640 FTX 
2N5Cj37 15.50 BLY87A 8.94 MRF247 35.65 PI4642 HIR 
2N564 1 U.42  U L ~ ~ C J  13.08 W 3 0 4  40.45 ITS632 # I .  70 
2N-2 14.03 BLY 94 C 21. :K) W309 33.81 m749 WR 
2Y56.13 15.50 FLY351 10.00 MFE314 28.52 YE629 FCR 
2N5645 13.80 %Y568C/CF 30.00 MRF315 28.86 m 7 0 9  FCR 
2K564fi 20.70 C458-617 25. (Kt W 3 1 6  TUR m6720 WR 
2N5651 11.05 C4005 20.00 W 3 1 7  63.94 IT8510 FOR 
2N5691 18.00 CD1899 20.00 MRF420 20.00 IT8524 POA 
2N5764 27 . 00 GEL188 18.00 MRF'421 Jj. 80 lT8609 WR 
2N583B 3.45 GEL 54 5 25.00 MRF422A 41.40 ~ 3 3  POR 
2?15842/bMl607 8.45 CTC:3005 100.00 W 4 2 7  17.25 PIX639 WR 
2 ~ 5 8 4 ~  20.00 k x c e l  FE'~ W 4 2 8  46.00 PT8659 POR 
2N5913 3.25 D X L ~ ~ ~ I A - P I ~  49.30 m 4  33 12.07 PI8679  OR 
2N5916i :16.00 FUJl tSU GaAss~ W449/A 12.65 IT8708 POR 
235922 10.00 FSX52WF 58.W MW4jO/A 14.37 PIX703 S X X  
2N5923 25.00 cM72SOA 2.50 MW453/A 18.40 IT8727 29.00 
2N594 1 23.00 HEmG 4.95 MRF4M/A 20.12 PI8731 IOR 
2N5942 40.00 tEPS3002 11.40 MRF455jA 16.00 ~ 1 8 7 4 2  19.10 
2NSW 10.35 WrS3003 30.00 MRF458 20.70 1 ~ 8 7 8 7  lOR 
2N5945 11.50 ~ ~ ' ~ 3 0 0 5  10.00 MRF463 25.00 PI9783 16. 50 
2N594B 14.40 HEl'S3006 19.90 w 4 7 2  1.00 m97&3 32.70 
2N6080 10.35 HEI'S3007 25.00 ~ ~ 4 7 5  3.10 PI9790 rfi . 00 
2N6081 L2.07 tWS3010 11.34 W 4  76 2.00 m31962 POR 
2N6082 U.65  Hewlet t Packard m 4 7 7  14.92 PI31963 WR 
2N608:J 13.25 I(R.T22M 112.00 W 4 9 2  23.00 Pl31083 TOR 
2 W W  15.00 3582 1E 38.00 W 5 0 2  1.04 PI7(6680 I'OR 
2hM)% 11.00 35826B 32.00 MRF50:l 6 . 0 0  RCA 
2N6095 12. 00 35826E 32.00 MlmO4 7.00 m 8  1 5.00 
2N60% 16.10 35831E-H31 30.00 Yff509 5 .a )  40279 10.00 
2N60L17 20.70 358316 30.00 MRF511 10.69 40280 4.62 
2% 105 21.00 35832E 50.00 W 5 1 5  2.00 40281 10.00 
2N6136 21.85 35833E 50.00 MID517 2.00 40282 20.00 
2N6 1iiG 40.24 :15853E 71.W MIG-559 2 . 0 s  40290 2.80 
2 ~ ~ 2 0 1  50.00 35854E 75.00 %05 20.00 40292 13.05 
2N63UI I . C C  35HGGE 44.00 %I8 25.00 40294 2.50 
25Cd5'3 18.00 lIXl7U101 7.00 hIKF628 8.65 40341 21.00 
2N6Yi7 10. (N3 m[R3 102 8.75 MRFF29 3.45 4&08 2.48 
a . ~ x o  80. LK t n m l o 4  30. MJ ~"~KFM-I 27.60 40894 1.00 
2SC703 3 .W 1K1W 104 68.00 .KiE46 29.90 40977 10.00 
2SC756A 7.50 tCCIlE105 31.00 MRMlfi 15.00 6'2800A 60.00 
2x781 2.80 1KlR6 106 33. IN MRF823 20. 00 RF3754 25.00 
ZXlIJlX 1 .00 ,1310 70 MRFSOl ( 3 )  k a d  1.00 RE3789 25.00 
ZSClC).12 12.00 'IRJ ~ 3 0 1  ( 4 )  k.ad 2.00 Wl10 25.00 
2XlIY70 2. 50 .I02000 10.00 MRFS(M 2.30 S50-12 25.00 
%XU39 2.  t~ lJ  .JOL001 25.00 MHFYll 11.00 S:l(XWi 5.00 
2SC1251 I2 . 00 .J(Yl045 25.00 MW%l 2.30 S3031 5.03 
2SCl3lXi 2 .  $10 Wturula (m. MRM004 2.10 X'A3522 5.00 
2SC13117 5.50 MI131 8 .50  W261F IilR SCAR523 5.00 
2x1424 2.80 ~ 1 1 3 2  11.95 ~ 9 ~ 1 7 2 0 - 1 2  ZS.(KI PRIO ON RI~ETT = mu 

Toll Free Numbr ' .A,,  parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus,  and par ts  may be 
Substituted with comparable parts 

(For orders only) if we are out of stock of an !tern.'' 

For information call: (602) 242-3037 
gMGyIZ electroq,,~~ 
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GaAs, TUNNEL DIODES, ETC. 

mi520-2 IR.W 
SD15224 3:l.O 
SD1528-1 24.00 
SD1528-3 :M.OO 
SD1530-2 :18.(XJ 
SD1536-1 41.00 
SD15l5 34. 

79.00 911561 
SF4557 L l t .  25.00 
SK3048 RCA 5.00 
SK3177 RCA 15.(X) 

We Can C r o s s  Refert'nce Most RF P a n s l s t o r s ,  Diodes, t lybrld b d u l r s  And Any m h e r  Typv Ot Smuu~nducLor .  
................................................................................................................... 

* UICOES (IIUi" C C A R R I ~ , M I ~ A V E , P I N , S L ~ , ~ . , V A R A C I C R , G U N N )  * 
lN21 $ 3.40 N2 LB $ 3.40 WZ 1BR $ 3.40 1N21C 
1NZU) 4.00 l N 2 l D R  4.00 WZ 1EH 6.00 lN21RF 

- ~ 

lN4785 
lN514lA/B 
lN5145AlB 
lN5167 
lN5711 JAN lN5711 

lN6263 
8B1087/48K8695: 
BBlOS(i 
W E 0  Alpha 
U195iJ ALnha 

BU61 L l m c  5 MI 
LH233n Alpha L W 
EM7L Alpha IllR 
Irm3lSH-L!8 A l n h  IW 

D I N  Alpha 
lE147C Alpa 
LhG022 A1~h; t  

ffi50:I ~ l p h a  
IXUXABOA Alpha 
rL1607-40 (;Hi! 

(LN .vU;I; (TDW(;fi,'s fiI\ILy (.AM, I F  '"& pmj. Ym NEU) 1 s  I,I:,TU) ~ * ~ * * * * * l * ~ ~ * ~ L * ~ * * * * * t f f f f I I * t t * t I * t t * I * * * * * * * * * *  

For information call: (602) 242-3037 

ToII Free Number - A I I  parts may be new or 

800-528-01 80 
surplus, and parts may be 
substituted w~th  comparable parts 

( F ~ ~  orders only) i t  we are out of stock ot an item." 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

I I 
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1 :Jlz l  X 1 ;L I ,-I< I<! !AY S h''L<;I F>>l'!~lI 
E l e c t r o n i c  S p e c i a l t y  Co./Raven E l e c t r o n i c s  FSN 5985-556-9683 $49.00  
P a r t  11 25N28 P a r t  11 SU-01 

A m p l ~ m o l  FXR FXR 
P a r t  11 316-10102-8 I 'n r t  11 300-11182 P a r t  /I 300-11 173 
115Vac Type BNC DC t o  3 CHz. l2OVac Type BNC DC t o  4 GHz. l2OVac Type BNC Same 

FSN 5985-543-1225 FSN 5985-543- 1850 

1 .  LIP 

i 

HNC To Ranunn P l u g  Coax C a b l e  KG-58 36 i n c h  o r  RNC t o  N Coax C a b l e  KC-58 36 i n c h .  

$7 .99  o r  2 F o r  $ 1 3 . 9 9  o r  I 0  F o r  $ 5 0 . 0 0  $8.99 o r  2 F o r  $15.99  o r  10 For  $ 6 0 . 0 0  

SOLID STATE RELAYS I 
P6B Model ECTlDH72 

PRICE EACH $5.00  

5vdc t u r n  on 120vac  c o n t a c t  a t  7amps o r  20amps on a 
10"x I0"x . I 2 4  aluminum. H e a t s i n k  w i t h  
s i l i r o n  g r e a s e .  

D i g i s i g ,  I n c .  Model ECS-215 5vdc t u r n  o n  240vac  c o n t a c t  Illamps o r  l0ixmps on a 
1O"x 10"x . 124 aluminum. H c n t s t n k  w i t h  

PRICE EACH $7.50  s i l i c o n  g r e a s e .  

C r i g s b y / B a r t o n  Model CB7400 5vdc t u r n  o n  240vac  c o n t a c t  a t  15amps o r  40amps o n  a 
I0"x IO"x . 124 aluminum. l i e a t s i n k  w i t h  

PRICE EACH $7.50  s i l i c o n  g r e a s e .  

NOTE: *** I t e m s  may b e  s u h s t i t u t t d  w i t h  o t h e r  b r a n d s  o r  e q u i v a l e n t  model numbers.  *** 
For information call: 1602) 242-3037 I 

" A l l  parts may be new or 
surpIus,  and parls may be 1011 Free Number 
subsllluted wtlh comparable parts 
11 we are out of slock of an Item " 800-528.01 80 

elect rorl~c#j (For orders only) 
.P 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE I 
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TUBES 
TYPE 

2C3917289 1 
2K28 
3- 5002 
3-10002/8164 
3B281866A 
3CX4OOU7/8961 
3CX1000A7/8283 
3CX3OOOF1/8239 
3CW30000H7 
3X2500A3 
3X3000F1 
4-65Ali i165 
4-125Al4021 
4-250A/5022 
4-400Al8438 
4-4OOB/7527 
4-4OOCl6775 
4-1000Al8166 
4CX25OB/7203 
4CX250FG/8621 
4CX250K18245 
4CX250R/7580W 
4CX300A/8167 
4CX350Al8321 
4CX350F/8322 
4CX350FJ/8904 
4CX6OOJ/8809 
4CX1000A/b168 
4CXlOOOA/8168 
4CX1500B/8660 
4CX5000A/8170 
4CX100000/8171 
4CX15000A/8281 
4CW8OOF 
4032 
4E27A/5-125U 
4PR60A 
4PR60B 
4PR65A/8187 
4PR1000Al8189 
4X150A/7034 
4X1500/7609 
4x2508 
4X250F 
4X500A 
5CX1500A 
KT88 
4168 
416C 
572BlT160L 
59213-200A3 
807 
811A 
812A 
8 13 

NOTE * = USED 

PRICE ---- 

140.00 
835.00 
242.50* 
485.00 
555.00 

1100.00 
1255.00 
1500.00 
710.00 
240.00 
240.00 
200.00 
345.00 
175.00 
590.00 

60.00 
95.00 
45.00 
45.00 

412.00 
660.00 

27.50 
45.00 
62.50 
49.95 

211.00 
8.50 

15.00 
29.00 
50.00 

TUBE NOTE P.O.R. = PRICE 

PRICE. 
$500.00 

500.00 
310.00 

84.00 
100.00 
500.00 
P.O.R. 

42.00 
250.00 
125.00 
119.00 
232.50 
232.50 
140.00 
185.00 
270.00 

42.00 
8.00 

60.00 
54.00 
54.00 

395.00 
95.00 

8.50 
10.50 
17.95 

110.00 
13.85 
23.50 

325.00 
42.50 

180.00 
24.00 

P.O.R. 
5.75 

540.00 
10.00 
10.00 

160.00 
79.00 

5.00 
22.00 

250.00 
38.50 

P.O.R. 
100.00 
300.00* 
300.00* 
135.00 
34.00 

P.O.R. 
13.50 
85.00 

2.50 
95.00 
36.00 

ON REQUEST 

TYPE -- 

ML7815AL 
7843 
7854 
ML7855KAL 
7 984 
8072 
8106 
8117A 
8121 
8122 
8134 
8156 
8233 
8236 
82951PL172 
8458 
8462 
8505A 
85331.1 
8560IA 
8560AS 
8608 
8624 
8637 
8643 
8647 
8683 
8877 
8908 
8950 
8930 
6L6 Metal  
6L6GC 
6CA7/EL34 
6CL6 
6DJ8 
6DQ5 
6GF5 
6GJ5A 
6GK6 
6HB5 
6HF5 
6JG6A 
6JM6 
6JN6 
6JS6C 
6KN6 
6KD6 
6LF6 
6106 G.E. 
6LQ6/6MJ6 Sy lvan ia  
6ME 6 
12AT7 
12AX7 
12BY7 
12JB6A 

PRICE 

$ 60.00 
107.00 
130.00 
125.00 

14.95 
84.00 

5.00 
225.00 
110.00 
110.00 
470.00 

12.00 
60.00 
35.00 

500.00 
35.00 

130.00 
95.00 

136.00 
75.00 

100.00 
38.00 

100.00 
70.00 
83.00 

168.00 
95.00 

465.00 
13.00 
13.00 

137.00 
25.00 

5.03 
5.38 
3.50 
2.50 
6.58 
5.85 
6.20 
6.00 
6.00 
8.73 
6.28 
6.00 
6.00 
7.25 
5.05 
8.25 
7.00 
7.00 
9.00 
8.90 
3.50 
3.00 
5.00 
6.50 

"ALL PARTS MAY BE NEW, USED, OR SURPILUS. PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

For information call: (602) 242-3037 

Toll Free Number , < A I I  parts may be new or 

800-528-01 80 
surplus, and par ls  may be 
subst~tuted w~ th  comparable parts 
~t we are out of stock of an Item " 

JVlqz electroqncgj 
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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IHEWLETT PACKARD SIGNAL GENERATORSI 
6061 ~OKHZ to  65MHz I n  b bands *-lX,Outout leve l  ad~us too le  O.luV o16H Some as above but l u t r r  fllodrl . s hi~tr. Ir i  

to 3V l n to  '50 ohms.8ul l t- In c r ys ta l  cal lbrotor.400 -100DH: 
modulotlon. 1 650.00 6188 3.8 t o  7.bGHz ran9e.wlth co l lb ro tea o u t ~ u t  and selection of 

~u lse-FM o r  sauare wave modulation. S 600.00 
6068 Sane os above but has freauencv cont ro l  feature t o  al low 

o ~ e r o t  Ion wl th  HP 8708A S~nchron lzer .  $1100.00 618C Same as above but l a t e r  model. 12200. 00 

608C loMHz to  480MH2,O-1uV-1V In10 50 ohms.AM.CW.or D U ~ S ~  mod- 
1 500.00 

620A 7 to llGHz ronqe.wlth co l lb ro ted OutDut and selectIan of 
u l o t  lon, COI  lb ro ted attenuotor. DuI~e-Ff i  o r  sauore move m0dulot1on. I 750.00 

l0Mnz t o  420nHz. 0.luV-O.5V l n to  50 ohms,+-0.5: occuracv. 
b u l l  [ - I n  c r vs ta l  ca l  lb ra tor .  AM-CW o r  ~ u l s e  OutDut. $ 375.00 

Imroved version o f  Daoulor 6 0 e c . u ~  t o  1v o u t ~ u t . l m r 0 v e d  
s ~ o b ~ l ~ t v , l o w  reslduol Ffl. 11450.00 

IOMHL to  455MHZ I n  5 bands '-1% freauency accuracy w ~ t h  
b u l l ( - ~ n  c r vs ta l  col lbrotor.Con be used wi th  HP 87081 
Synchronlzer. Outout contlnuouslv adtustable from .IUV t o  . ,V tnto 5n ohn~s. s1100.00 

900-2100M~z wl th  m n v  features Includln(l calibrated OUtDlJt 
and a l l  mdu lo t l on  c l la rocter ls t lcs .  1 500.00 

S m  os obave but l a t e r  model. s2200.00 

10 t o  15GHz.lOnu o u t ~ u l  Dower wl th  ca l l b ra l ed  outout and 
pulse-sauore wave or FM m d u l o t ~ o n .  14200.0U 

Svnchronlzer used W I  t h  606B.608F.The SvnChrOnlZer I S  a 
phase-lock freauencv stab1 l lzer whlch Drovldes c r ys to l -  
o s c l l l o t o r  frequenc s t a b l l l t y  to 430MHz 111 tlie 608F s l  nal 
QeneratOr.PhaSe ~ o c t l ~ n s  c~ minotes mlcropl lonl is on() cir i?t 
resu l t tng I n  excel lent freauency s t a b l l l t y . l h e  87084 Includes 
a vernier which con tune the refererice osc i l l a t o r  over a range 
of  +-0.25% o e r m l t t ~ n q  freauency s e t t o b l l l t Y  to 2 Darts I n  10 
t o  the Seventh.ProvldeS o very Stable slonol that sa t i s f i es  
mnv  c r l t l c a l  aDDllcat lons. 

IWlth HP 6068 or 608F1 1 350.00 
(WltllOut) 1 450.00 

ELECTRWlETRlCS EMC-10 RFI/EMI RECEIVER 
LOW freauency analyzer covering 20HZ to  50KHz freauencv 
range.€xtendable t o  500 K~IZ i n  wlaebond mode. 12500.00 

E m l r e  Devlces F le l d  I n tens l t  W t e r .  
Has N F - ~ ~ ~ / T A , N F - ~ ~ ~ I T X . N F - ~ ~ ~ / ~ ~ , N F - ~ ~ ~ / I Z , N F - ~ O ~ / T ~ .  
covers 14Knz t o  1 0 0 0 ~ ~ ~ .  12100.00 

ALL EQUIPMENT CARRY A 30 DAY GUARANTEE. 

EQUIPMENT IS llOT CALIBRATED 

TERMS- DOMESTIC. RP.ld. C 0 0  or Cmll Cad 
FOREIGN. ~rarwidm~y. U S  FV-. ~nqhdv, aU.hws Quch h l v  

ca.0: ~ccan*ole by la- or mait p a w  I- s u l m  d l 1  a by cash. urn, m, a cahir'a Chsh man urn 
hl l  wa canno1 ~ ~ 4 1 1  W~$M.I m s h s  la C 0 D 's C 0 0's are s h 8 W  W alr onlv am lnrv unllm Pama4 Sar(ce 

CREDll C A R W  Wa am M.* acwllng MASTERCARD. VISA. AN0 AMERICAN UPlKSS 
DATA SHEETS Wn r a  M r  &I. . M a  In ston m Mcr r dl! lupplv thm dlh IM orh 
DEf'Ednv~ UATERuu A l l  claim. lo, wlslrtin m.lerlal~ m u t  b *~twn 32 DAIS .nw M p l  ol  t h  rum1 All eldm 
must rncluda ~ h s  daleclm rnaler~al no, lesling  pull^... cow01 our Inoice aw a return .~tm#z.tlm nM(*r m1ch musl b 

UtM UW)R4TORIES THS-2 fWlClM tWLI. on~afned orlor to snmpomno I" ms?sh.ndlas b . c h  lour R I ~  can *laenad w cmmw non zr2sa3e or .smiw us a w t c a r a  
o u  10 ~ ~ n u ~ a c ~ u g e t  warr.nt+m we ara unable to rs01- a < m u  crsdlt on ~ m m a  whcn ham men ~&m~a( l o w  ham hem 
a~~srm tn anv AII r-tmn atema mus, m p a c ~  praartvn  t t  WII! man a11 warrantla w e m  rn! a r s m  rarmtbillw fa rnmv 

these tWsets core wlt l i  cbta t o  I m k  w to  o ICUI roOtOS oW rmly ot ter  a u l n w l t .  ~ ~ ~ o a m n a m ~ ~ n p c h ~ r p s ~ ~ n c u n d  

I PerfeCt for A l rD lo r s  . *el lrrn:rr5 . FWJlle Wnalos . or .'..st thp l e l m .  OELMRI m r r  .re ~ ~ W I I V  s h o r n  I" ~ n *  tm a n  p m  a ma mt MO-s a r .  m r .  r a n  an d stock on an 
18em lhn c u . l m #  w I #  D. rnl1.m 4 ml cam 11 w .r. p w  lo  M c l o r h  IM lm Our mm.1 ~hawq nWMd IS UPS or US 
US onmrn.w on =.re of vna *soh, al IM a r l a a a  1-8 ~o~o-8 m shl- omk ov .,I am a, ltsmant colmcl unla .  w-a 

l l ~ s e  Are Foctorv NFW In  Seolecl Poxes. ~ l m l l e d  Slrnlv a l l y  S9.5 . . ~ . ~ p s r n ~ ~ ~ .  L o r  Dssn m.da a"d;oprarsd - - ' . 
FOREION ORDERS: AII Io,amn a4eu rnmt D. -Id rrllh WhWs Ctweh. o, Mrm hdv nub. M In U 8 FUNDS ONLY 
wc arc sorw but c 0 0  88 ml .r.~~abla TO lo,dw counlnes am M t t m  ol cra(tl am urussa(*.bh as a 1- a( m l  F w n *  
Inf"rmdllon I, *rall.blson rwusa, 

orEN A- W. t ~ t  w m rm i m u  opn 

ORDER FORM. Nn, orh I-. .n irrlubd -4th u c h  wdm la r-lwca MIS-I Om* 1- mrs a-1- (n 

Irnus,l 

PARTS: We reserve the rlphl to substitute w replace any Item wllh a pan of equal or comparable 
specil8callon. 

POSTAGE: Msnlmum shlppln and handllnp In the U S . Canada. and Mbxlco Is1300 Iw Qrwnd ship 
ments. all other countries !s 85 50 Aar rates are arallabls a1 the tlme ol your order A1 lorelpn orders 
p ea9e nclude 25% of the orOered arno~nt 101 sh ppmg and hand ng C 0 D s are shlppW AIR 
ONLY 

PREPAID ORDERS: Orders must be accompanied by a check. 

PRICES: Prices are subject to c h a w  wtlhoul notlce. 

PURCHASE ORDERS: We accept purchese o r d m  only when lhey are accomwnled by a check 

RESTOCK CHARGES: It pafls are returned to MHZ ELECTRONICS, INC due l o  customer mor. Ihe 
customer will be held responsible for all lees tncurred and wlll be charped a 15% RESTOCK 
CHARGE wcth the remalnder In CREDITONLY The following musl accompany any return. A cwy  of 
our onvo~ce return authorlzallon number which must be oblalned rior lo  shlpplnp the machandlse 
back ~etu;ns must be done wllhln 10 DAYS of receipt of parcel gelurn aulhorlzat~or~ number* Can 
be obtatned bv calltna 1602) 2428916 or notlfvlno us bv oosl card Return authorizallons wlll not be 

SALES T m  ARIZONA resldenls must add 6% aalea lax, unless a sl ned ARUONA resale lu card 
13 current1 on file with us All orders placed by persons outs~de of ]IRIZONA. but delivered to Per 
sons in A ~ Z O N A  are sublect l o  theB% sales tax 

SHORTAGE OR DAMAOE: All clalms for ahmapea or damages must bs made wlthln 5 DAYS of 
recelpl 01 parcel Clalms must Include a copy of w r  invo~ce along wllh a return aulhorlzallon 
number whtch can be obtalned by conlactlng us at (602) 24289i6 or sendm a post card. AuthorIra. 
tlons cannol be on our 800 number. All Items musl be properly packed. IPltsms ere nol properly 
packed make sure to contact the carrler so that they can corns out and Inspect the packape befwe 
11 1s returned lous. Cuslamers whlchdonol nollly us wlthirt 1111s Imm period will be held respons~ble 
lor Ihe enllre order as we vl l l  conslder the order complete. 

I OUR BM) NUMBER IS STRICTLY FOR ORDERS ONLY (8W) 5280180. INFORMATION CALLS ARE 
TAKEN ON (602) 2424916 or (602) 242-3037 I 

Toll F m  Numbor 
"A l l  p a r t s  m a y  b e  n e w  o r  

s u r p l u s ,  a n d  p a r t s  may b e  
substi tuted wi th  cornoarable DaRs 

800.528-01 80 
(For ordon only) 1 

~ - 

2111 W. CAMELBACK ROAD i f  w e  are out  o f  H o c k  o f  an 11'em:' For information call: (602) 242-3037 
PHOENIX, ARIZONA 65015 

PRICES SU W ECT TO CHANGE WITHOUT NOTICE. 

134 October 1984 H 167 Tell 'em you saw it in HAM RADIO! 



Ham Radioys 
BOOK STORE 

BUILDERSy SPECIAL 
CMOS COOKBOOK IC OP AMP COOKBOOK 

by Don Lancaster by Walter Jung 
today's state-of-the-art! It's low cost, This second edition is broadly updated in terms of 
ailable and uses an absolute mlnimum of device coverage. It includes the latest in state-of- 
's also fun to work with and very easy to the-art developments such as J Fet and MosFet in 

both single and multiple formats. This cookbook is 
edited into three basic parts. Part I introduces the 
IC op amp and discusses general considerations. 
Part II covers practical circuit applications. Part Ill 
IS an appendix consisting of manufacturers and 

TV typewriter, digital instruments, music synthe- data sheets and other pertinent information.,With 
slzers, video games and more. 81977, 1st edi- the same clear, easy-to-read format of the flrst 
tion, 414 pages. edition, you'll find the wealth of information, as 
021398 well as over 200 practical circuit applications, to $13.95 be invaluable. 01980.  2nd edition. 480 pages. 

021695 Softbound $15.95 

DESIGN OF OP AMP CIRCUITS 
by Howard Berlin, W3HB 

Op amps are a versatile and inexpensive integrated 
RF CIRCUIT DESIGN 

circuit. They can be used for linear amplifiers, dif. by Chris B o w ~ c ~ ,  WB4UHY 
ferentiators, integrators, voltage and current con- This book has been wrilten for those who desire a 
verters, comparators, rectifiers, oscillators and practical approach to the design of r l  amplifiers. 
more. The text includes 37 different uses and ap- ~mpedance measuring devices and filters. Plenty of 
plications for op-amps. Ten complete chapters rojects and design ideas. 7 chapters cover from 
detail just about every facet of the op-amp in an 1 aslcs to advanced design concepts. You get a 
easy-to-read format. Beg~nners will find thls book complete design run down for multiple pole Butter- 
helpful in understanding exactly how an op-amp worth. Chebyshev and Bessel filters. RF Circuit 
works. 1st ed~tion. 01977.  221 pages. Design also includes a bibliography of books and 
021537 technical papers to help further your knowledge of Sonbound $11.95 circuit design. 01983, 176 pages. 1st edition. 

MODERN DICTIONARY OF 021868 Softbound $22.95 
ELECTRONICS - 6th Edition 

by ~ u d o ~ f  Graf DESIGN OF ACTIVE FILTERS 
This book should be in every ham's library. I t  has 
over 20,000 terms unique to electronics and other 

WITH EXPERIMENTS MICROPROCESSOR CIRCUITS 
closely related fields. 3000 additions to the 5th 

by Howard Berlin, W3HB by Ed Noll, W3FQJ 
edition and twice the size of the 1st edition! From Here's an excellent introduction to the theory, im- Volume 1 presents basic concepts and fundamen- 
A or angstrom to zoom lens, you'll find i t  in this plementation and design of active fllters using the tal circuits of microprocessor systems. Volume 2 
updated dictionary. 6th edition, 01984,  1152 741 op-amp. This book starts the reader with an presents microprocessor 110 circuits and program- 
pages. introduction to the 741 op-amp and then pro- mable controllers. Each volume is written and 
022041 gresses to filter design basics..Aiso covered are 539'95 first order low and high pass filters, second order 

edited in an uncomplicated manner. By using the 
experience gained from these books, the reader 

voltage controlled voltage source hlters, second can progress to higher levels of computer com- 

TTL COOKBOOK order multiple feedback filters and more. Through- plexity with a minimum of problems. Every at- 
out the book, experiments are jiiven to enable you tempt is made to keep costs down so that experi- 

by Don Lancaster to gain first hand experience on lust how each fil- mentation is facilitated. Both books, 1st edition, 
ter operates. Great for all levels of electronic inter- 

Despite the advent of CMOS, there is still plenty of 
01983.  

design ,work being done with TTL circuitry. This est. 1st edition, Q1977, 239 pages. 
021539 Softbound $10.95 

Vol. 1 Fundamentals & Microcontrollers 
book glves you a broad ovefvlew of exactly what 
TTL is, how it works and is full of design ideas 

a21877 $9.95 
Vol. 2 110 Interfacing and Programmable 

and practical circuits. Some areas that receive at- 
tention are, flip-flops, clocked logic, counters and Controllers 021977 $9.95 
counting techniques, noise generators and much 
more. You also get a complete discussion of prac- 

DESIGN OF PHASE LOCKED 
tical TTL applications including digital counter. 
events counter, stopwatch and voltmeter to name 

LOOP CIRCUITS WITH 
EXPERIMENTS ELECTRONIC PROTOTYPE 

just a few. lcj1974. 1st edit~on. 333 pages. 
1121035 Softbound $12.95 by Howard Berlin, W3HB CONSTRUCTION 

Due to prohibitive costs, the, phase loop circuit did by Stephen D. Kasten 
not become w~dely used unttl the development of Here's a great book for either the beg~nner looking 

ACTIVE FILTER COOKBOOK the monol~thic IC and the incorporation of corn- to try electronic prototyping for the first time or 

by Don Lancaster plete PLL c~rcuitry ~nside these solid state devices. the expert looking for a handy reference guide. 
This book serves as an introduction to the theory, Areas covered include wire wrap and related tech- 

Active filters are unique combinations of integrated design and ~mplementat~on of PLL using a variety iques such as solder pad and perf. board asembly. 
circuits, resistors and capacitors. They give excel- of TTL and CMOS devices. Opening with an intro- When rough schematics are converted to PC 
lent performance from sub-audible to ultrasonic duction of PLL, this book covers in a basic build- boards, this book will help you through all the pit- 
frequencies. And they are relatively low in cost, ing block approach, the phase detector, voltage fails of PC board design. It will also grve, you 
simple to design and construct. This, book is writ- controlled osc~llator and the loop filter, Appendices handy tips on how to make PC boards slmply, 
ten for the user and will help you tallor f~lters to include manufacturers design lnformatlon and de- wlth a mlnimum of fuss. Finally, when the project 
spec~fic needs or applications. Ten, chapters are script~on of breadboarding techn~ques. Experiments is nearing completion, you must consider packag- 
full of helpful informat~on and are ~llustrated w ~ t h  are ~ncluded to ensure the reader fully understands ing or how to put it all together in an attractive 
plenty of drawings and circuits (Q1975, 1st edi- PLL design nuances. 1st edit~on, 01978,  255 but functional package Great reference book! 1st 
tlon, 240 pages. pages. edition, @1983, 399 pages. 
r321168 Softbound $14.95 021545 Softbound $10.95 021895 Softbound $17.95 

PLEASE ADD $2.50 FOR SHIPPING AND HANDLING / 152 
FOREIGN ORDERS FOB GREENVILLE 
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"AauI SD t i a b l ~  Espanol" 

Ulrnll*, rr,,a, " A  U lo 6 wl P r 

IRTILEX."Splng St Sl.llon ' UEILER INOUlHlCSlNvlTEO PHONE IN VOUHOROERL BE REIMBURSED 
SUb**V8: 0MT:'Prlnc. St Stmllon" 

IND-"F" Train 8 w y  Stallon" 
C O I I I R C I & L  RADIOS mtook.4 n.nlo.. .n prmml".. 

BUS: Broadway L6 10 Spf~ng St 
Amateur Radio 4 Computer Courses Olven On Our Promlsem, Call 

P,(h-Wl) Std lh  --- Am. S t a t l a  
ExpOn 0rdo.a Sh1pp.d 1mm.dl.t.lv. TELEX 12-7070 

- - - -  

r 
Office Hours: Mon-Thurs 8-5 MST. 

STAINLESSSTEEL WHIP - FIBERGLASS LOADINGCOIL 
- I'ATENTAPPLIED NO COILS TO CHANGE 
- LESS THAN 1 5 VSWR (ENTIRE TUNING RANGE) . '. 

TUNE 3 2 TO 30 MHz FROM THE OPERATORS POSITION 
- FAST AND SLOW SCAN RATES 

1.a 
The Model MT 1RT mob~le anlenna tunes 3 2 to 30 MHz lncluslve 750 watts CW 1500 watts PEP lor hams mll~lary 
MARS CAP and commercial servlce Center loaded lor hlgh e l l~c~ency Enables tunlng to exact resonance to wanted 
treauency Allows lull output lforn solld slate f~nals No worry about reduced outpul from shul down clrculls Output IS un 
alfecled by molsture and the elpmenls Tuned by a control box a! the operator s posllton Masl Fectlon conlalns a double 
actlon hvdraullc cyllnder arlven by two mlnlature hydraulic pumps and 12 voll DC motors lor poslttve conlrol No creeptng 
durlng owratlon or rnobtle mollon Can be remoted up to 500 11 lrom antenna 

MT 1RT iremote tuned) $279 95 11 00 UPS ShlDD~ng 
MT 1RTRiretrok1t lor MT 1)$129 95 6 00 UPS shtpplng 
MT 1 (manual tuned) $149 95 9 00 UPS sh~pplng 
MT tA(mar~ne manual tuned)$199 95 9 00 UPS sh~ppnnq 

ANTECK, INC. Route 1, Box 415 
Hansen, Idaho 83334 208-423-4100 

H 115 DEALER INQUIRIES INVITED 

DIGITAL - -  - 

fl 188 
More Details? CHECK-OFF Page 152 October 1984 137 



YOU GET MORE "BANG FOR YOUR BUCK" 
AT TNT RADIO SALES! 

I Kenwood I Mirage I MFJ I Welz 
I lcom I KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphalDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 
I Kantronics I Larsen I Regency I Ameritron 

SALES AND SERVICE AT PRICES YOU CAN AFFORD! 
I CALL OUR WATS LINE FOR LOW LOW PRICES! 

VISAIMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING "BENCH-TESTED" M O N D A Y  - SATURDAY 
ON MOST RIGS FOR CASH! USED EQUIPMENT LISTING 9 A M  t o  6 P M  C E N T R A L  T I M E  

AZOTIC INDUSTRIES 
2 0 2 6  W .  B E L M O N T  

C H I C A G O .  IL 60618 
31 2-975-  1 2 9 0  

ELECTRONIC COMPONENTS 6 SUPPLIES 
RF CONNECTORS IDC CONNECTORS 

UG CONNECTORS D-SUBMINIATURE 

AUDIO CONNECTORS TEST EOUIP  

LINEAR IC  S TRANSISTORS 

DIGITAL l C  S DIODES 

TRANSFORMERS TRIM CAPS 

METERS RELAYS 

COMPUTER CABLES SWITCHES 

DISKETTES TOOLS 

W R I T E  F O R  F R E E  C A T A L O G  
V I S I T  O U R  R E T A I L  S T O R E  

H R S .  M O N - F R I  10-5 S A T  10-2 
P H O N E  O R D E R S  W E L C O M E D  

M O D E L  
SG lOOE 

MADE IN 5399 95 
USA 1-1 PIUS shlpplng 

Covers 100 MHz to 185 MHz in 1 kHz 
steps with thumbwheel dial Accuracy 
+/-  1 part per 10 million at all frequen- 
cies Internal FM adjustable from 0 to 100 
kHz at a 1 kHz rate External FM input ac- 
cepts tones or voice Spurs and noise at 
least 60 dB below carrier Output adjust- 
able from 5-500 mV at 50 Ohms . Oper- 
ates on 12 Vdc @ l/2 Amp a Available for 
immediate delivery $399.95 plus ship- 
ping . Add-on accessories available to ex- 
tend freq range, add infinite resolution. AM, 
and a precision 120 dB attenuator Call 
or write for details Phone in your order 
for fast COD shipment. 

VANGUARDLABS 
196-23 Jamaica Ave., Hollis, NY 11423 

Phone: (212) 468-2720 lc 210 

--- 
DTMF Receiver K i t  a Cornolete DTMF 

~ e c e ~ v e r  [SS I 201) 
' Recelve all 16 Stan 

BCD format  
CMOS low power (29rna @ 1 2  V D C 1 
E x c ~ l l e n t  speech trnrnunlty 
Includes3 58Mhz crystal.22 pln I C socket, reststor 
and capac~tors. data sheet, schernat~cs 
"D~g t t  Va ld  'dr tect lon 'DV  goes hlgh a l ter  a vat4 
tone p a r  1s sf:nsed 
Make your own "SELLCALL". reoeater decoder.etc 
Quantnty discounts avallable fl 146 

p 2,s 5 tnb::;;. s h l . .  
USA 

CA , : , I #  ess] 

h 

ham YOU S A W r a d i o  
IT IN n = w z i n e m  -- 
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A m ' s  "Doctor DX" 
Morse-code contest 
trainer 

When I visited the A M  booth at Dayton 
several years ago, I sat down with Mike Lamb, 
AEA 's president, to look at a new "mini-trans- 
ceiver" they had on display. I was quite im- 
pressed with its credentials: i t  had all the bands 
I would want to work, and the sensitivity and 
selectivity numbers were good. 

At Mike's urging I put the headphones on and 
tuned around the bands to see what was going 
on. Twenty and 15 were hopping with DX and 
i t  seemed as if a contest were going on. Mike 
nudged me in the ribs. "Go ahead," he said, 
"give one a call. " I tuned in a G3 station who 
was calling CQ. I dumped my call and got an 
immediate response: "NIACH de G3XXX UR 
599 14 BK. " I went back, "G3XXX de NlACH 
TNX UR 599 05 73 BK. " A  bell should have gone 
off in the back of my mind that something was 
amiss; there are no contests scheduled for the 
Dayton weekend. Oblivious to Mike's snickers, 
I blithely went on. After a few minutes, Mike let 
me in on his little secret: I was talking to a 
microcomputer. Needless to say I felt a little 
foolish. But I knew I was in good company. 
They'd been able to foolalmost everyone who'd 
stopped by their booth so far. In fact, in their 
dozens of demonstrations, only two people fig- 
ured i t  out. 

Mike then explained what they were up to and 
gave me additional background on the unit. After 
that, I really didn't hear much about the simulator 
until the other day when Mike called to tell me 
about his newest product. 

Doctor DX 
Doctor DX is a cleverly designed module made 

up of two custom programmed EPROMs and 
several AEA designed integrated circuits. It fits 
into the cartridge port of the Commodore C-64 
computer and lets you simulate chasing DX with- 
out actually being on the air. You can program 
Doctor DX to put your QTH anywhere around 
the world from Albania to Zambia. Other variable 
parameters are time of day, power output, and 
frequency of operation. 

use 
After installing the board into the computer 

and hooking up a keyer, you have to set a cou- 
ple of variables before you can begin. The first 
is to locate your station by longitude and latitude. 
The second is setting the internal clock for the 
tirne of day at which you'd like to be operating. 
You then set your power output to one of three 
levels: 2,20, or 200 watts. Finally, you select the 
band on which you want to operate. 

Propagation is programmed to simulate what 
you'd hear on a given band at that time of day. 
For instance during the daylight hours, 10 and 
15 meters will be open to DX; 160 and 80 will 
be dead. At night the opposite will be true: 160, 
80, and 40 will be open, with the two higher 
bands closed. Twenty meters will be open to 
various parts of the world most all the time. 

Another interesting aspect is that AEA has 
programmed the EPROMs to simulate the prop- 
agation conditions that existed during 
September 1979. At that time the three higher 
bands (20, 15, and 101 were much better than 
they are now. (Gee, if you get depressed listen- 
ing to 10 meters nowadays, listening to the com- 
puter will restore your faith in the band!) This 
also means that propagation of the three lower 
bands 160,80, and 40 is not as good as we are 
now experiencing but . . . you can't have every- 
thing, can you? 

Callsigns are all randomly generated by the 
computer, with prefixes weighted by Amateur 
population density in that country. AEA guar- 
antees that at least one station will be on from 
each of the 304 DXCC countries programmed 
into the computer. In an effort to replicate con- 
ditions as much as possible, stations on the lower 
end of each band are found working at high- 
speed CW (30-40 WPM). The higher you go on 
each band, the slower the stations are. Contacts 
consist of a signal report followed by CQ WW 
zones. If you miss an exchange, you can ask the 
station for a repeat. You can also request that 
the station speed up (QRQI or slow down (QRS). 

There are four frequency tuning rates with 
Doctor DX. The function keys on the right of 
the Commodore keyboard are used to "tune" 
the receiver up and down frequency. F-1 is FAST 
UP, to 20 kHz per second, F3 up 2 kHz per sec- 

ond, F5 is FAST DOWN - 20 kHz per second 
and F7 is down - 2 kHz per second. 

So that you can follow your progress with the 
test, the computer is programmed to constant- 
ly display your score and QSO rate. Contest 
lengths can be varied from a one-hour sprint to 
a test of several hours' duration. 

operation 
Now that everything is all hooked up and loca- 

tion, time of day, power, and frequency (160 
meters, of course) are all programmed in, it's 
time to get this mock contest started. The first 
station worked was a K2, and I even got a 599! 
Hey, I'm off and running! 

The first thing to decide is whether I'm going 
to find a clear frequency and call CQ or do a 
"hunt andpounce"contest. Since I want to try 
both, Istart by calling CQ. After two calls, a VE3 
comes back with a 589 in zone 5.1 quickly work 
another 10 stations before a VE2 starts calling 
CQ up a few kHz from mine. However, I hear 
a weak call, and ask QRZ? By golly, it's my first 
OX, an Hl7. He gives me a 589 and zone 8. 1 
shoot back his report only to have him ask twice 
for a repeat. Repeat? I am talking to a computer 
aren't I? After a couple of minutes, I'm not so 
sure. (Mike's done it again. I actually can believe 
I'm in the midst of a CQ W ! I  

Now it's tirne to do some looking to see what 
I can find. I change bands and start at the bot- 
tom, looking up frequency. The first station I 
tune by is running at least 40 WPM. I call him 
twice only to have him go back to two other 
computer calls. Finally he calls me and I put 
another into the log. 

After about an hour's worth of operation it's 
time to see how I've done. I have 28 contacts 
on three bands, with the majority (221 on 160 
meters, 4 on 40 meters, ahd one Ti3 on 80 
meters. I'm sure I would have done better dur- 
ing my one-hour sprint if there'd been no phone 
calls or other interruptions. 

My QSO rate varied from 35 to 45 QSOs per 
hour while I was able to dedicate full time and 
attention to the test. I feel quite strongly that 
with a little practice my rate during actual con- 
tests would improve dramatically. 

There's the real beauty of Doctor DX. No mat- 
ter where your interest in Amateur Radio lies, 
using Doctor DX will help improve your CW 
operating skills. After a couple of hours of use, 
you'll find that code copy comes much more 
easily. One of our own Novices stopped by and 
watched while I was running the test and com- 
mented that the real-life simulation offered by 
Doctor DX would be a tremendous help in im- 
proving CW skills and operating confidence in 
a way that wouldn't be embarrassing to the be- 
ginner. Experienced contesters will find operating 
a contest from EP2 to be quite a change from 
their normal QTH. I think that many will find the 
added insight of having worked portable EP2 to 
give them a tactical edge during actual contests. 
Doctor DX can be many things to different peo- 
ple. I think that those who use it will find it to 
be very rewarding and plenry of fun. 

October 1984 139 



1. It's BRAND NEW 
2. It's BIGGER. Over 350 pages. 
3. It's EXPANDED. Covers everything from basic electronics 

to esorteric radio gear. 
4. It's chockfull of NEW PROJECTS. 
5. It's the MOST COMPLETE reference text available. 
6. Reserve your copy TODAY. Handbooks will be shipped as 

soon as they are received from the printer. (Scheduled for 
early November) 

PRE-PUBLICA TION SPECIAL 
1985 HANDBOOK Reg. Price $15.00 (plus $2.50 shipping) 

N 0 W $ 1 2 rn 9 5 (plus $2 50 shtppmng) 

SAVE $2 
OFFER EXPIRES NOV. 1, 1984 

4 ham 
r a d i o ~ ~ B O O K S r O R E  
GREENVILLE NH 03048 (603) 878 1441 

-RECEIVE# GUARD 2000,-1 
TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS I 
lnstalls easily between the antenna and receiver input. When RF voltage to the receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the 
resistance in the receiver line. If over voltage exceeds design parameters, an internal fuse lamp 
opens (easy to replace). Perfect for contest stations, field day operations, areas saturated with 

broadcast services and those who use separate transmit and receive 
nnas. Less than .3  dB ~nsertion loss between 1.8 and 30 MHz. 

3 Models available 
P l w ~ l h  phone pluqs) 529.95 
U (~11th SO 239) 329.95 
CTT 1 ~ 1 t h  SO 239 and Alpha Delta 

Trans~lfap lor RF and Transient 
UHF CONNECTORS protec.t~on) 

t'kasr slrt 5.1 lo! ,.~IIII~>I,I~ ,$~~il t ~ , ~ r ~ ~ I l ~ c ~ ~ ~  11 5 ofily Frrfelqn OrftPlr 1 Ol! G l ~ v r l ~ o l l  

549.95 IC)]I%rjJ p'g 
-ION CL-m 0- 

(:an ,+I.,O I,,, ~ ls r~r i  rvbl~i ,IIO'.I I~,U~,.,$*IVPI', ~ 8 t h  nilrlor ~nod~ l ! f .d l~~~ l l '~  4925 S. HAMILTON RD 
./ $34 nEBUN m ~ ~ s ~ o r u ~ c a  ow0 GROVEPORT. OHIO 43125 

awards 
AEA has gone whole hog here and is offer- 

ing the following awards: 

AEA-CC: for working 100 different 
countries 

AEA-AZ: for working all CQ zones 
AEA-DC: for working 100 countries on 

five bands 
AEA-HR: AEA's honor roll for working 

250 countries 

Handsome certificates will be awarded for each 
level reached. These awards are endorsable or 
you add to your totals. AEA will also be keep- 
ing a running tally of high claimed scores and 
will periodically publish the current top five 
scores in two categories: Marathon (24 hours) 
and Sprint (8 hours). There is a minimal charge 
for these awards. 

The price of Doctor DX will be $149.95 from 
AEA dealers and the unit should be available by 
the time you read this review. It is a perfect Holi- 
day gift for that hard to buy for ham friend. Clubs 
will also find it quite useful for training in sprint 
contests or in any number of other applications. 

For information, contact AEA, P.O. Box 
C2160. Lynnwood, Washington 98036. 

Circle ljOl on Reader Service Card. 
de NlACH 

Two Elements $235.00 
Extra Elements $164.00 

Price is F.O.B. Transcona 
INCLUDES U.S. Customs 
Duty 

KIT COMPLETE WITH 
*SPIDER 
*ARMS 
*WIRE 
+BALUN KIT 
*BOOM WHERE 

NEEDED 
WINNER OF hIANITOBA 

DESIGN INSTITUTE 
AWARD OF EXCELLENCE 

Buv two elements now - a third and fourth 
ma,v beadded later with littk eJJort. 
Enjov up to 8 dh Jorward ~ a i n  on DX, with a 
25 dh hack to Jront ratro and excellent s~de 
drscrrmrnation. 
Ask Jor our new 2m Quad Kit when you order 
vour Gem Quad. Ir 's FREE for theaskint! 
Get maxrmum structural strengrh wrth low 
weight, usrnR our "Tridetic" arms. P1ea.s~ rn- 
qurre direct/! to: 

GEM QUAD PRODUCTS LTD. 
Box 53 

Transcona Manitoba 
Canada R2C 225 

Tel. (204) 866-3338 
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The transmitter is VFO tuned across the re- 
quired 435.0 to 435.5 MHz segment and features 
selections of CW or SSB modes and of upper 

products 

Remote control of an HF or VHF station is now 
possible using the "Remote-A-Pad" from Engi- 
neering Consulting. It incorporates the radio's 
own digital frequency control inputs (keypad) 
and a simple eight wire connection to the con- 
trol pad of the radio. The audio from, for exam- 
ple, a two meter rig is decoded and turned into 
rows and column switches which provide the 
necessary logic to work in parallel with an ex- 
isting keypad. 

The "tough tones" from your handheld's key- 
pad are transmitted to another receiver which 
provides the audio link into the "Remote-A- 
Pad." The tone selected then activates the key- 
pad. If you hit a #1 on the portable then a #1 
on the radio to be controlled is activated. When 
controlling radios like the ICOM-701 and using 
the RM-2 controller the power of the microproc- 
essor already built into the rig is unleashed. Many 
other radios can also be used with the "Re- 
mote-A-Pad," in fact any radio or rotator (Pro 
Search for example) having a 3 x 4 or 4 x 4 key- 
pad may be controlled since the rows and col- 
umns are found on all keypads which are used 
to control computerized devices. 

Find yourself a radio which is now controlled 
with a keypad and install a "Remote-A-Pad." 
Add a phone patch for audio link, and the 
"Remote-A-Pad" will also turn on and off your 
link with two on board 4 digit DTMF (touch tone) 
programmable decoders. You set the code to 
any series of the 16 DTMF tones. LEDs on the 
board will tell you the status of the controlled 
device (on or off). 4 momentary pulse is also 
provided and may be used directly into logic to 
control on-off devices. Relays may be added by 
using a transistor driver. 

The "Remote-A-Pad" is shipped with a 
22-(gold) pin card edge connector as well as a 
16-pin dip socket ribbon cable for easy installa- 
tion. Detailed installation instructions and 
schematics are provided for $149.00. 

For further information, contact Engineering 
Consulting, 583 Candlewood Street, Brea, Cal- 
ifornia 92621. 

Circle IJ)2 on Reader Service Card. 

satellite converter 
The Ten-Tec Model 2510 Mode B satellite 

statiort incorporates a complete 435 MHz, 
10-watt output, single sideband or CW transmit- 
ter and a 2-meter to 10-meter receiving con- 
verter, both tuned with a common frequency- 
adjusting knob. 

or lower sideband. The output power level is 
automatically maintained at a present level (ALCI 
so that overdrive is not possible. The preset level 
can be reduced from the factory-set 10-watt level 
if a linear power amplifier with drive requirements 
below this level is used. 

The receiving converter employs a GaAs FET 
preamplifier for lowest noise figure and an out- 
put frequency of approximately 29.0 MHz. The 
10-meter band of any Amateur HF transceiver 
or receiver, or a high-quality general coverage 
receiver, can be used in conjunction with the 
converter. Once the HF receiver is set to the cor- 
rect frequency, all satellite tuning is performed 
with the tuning knob. (Transmitter and receiv- 
ing converter are automatically tracked, thus pro- 
ducing a pseudo-transceiver.) 

Provisions are made to allow duplex operation 
so your transmitted signal can be received 
simultaneously for system and frequency checks. 
A front panel SPOT pushbunon switch places 
the transmitter in operation with carrier inserted. 

Priced at $489, the unit simplifies station 
assembly, reduces the number of separate items 
and interconnections, eliminates the need to buy 
separate converters, and converts your HF sta- 
tion into a transceiver type OSCAR station. 

For additional information, contact Ten-Tec. 
Inc., Sevierville, Tennessee 37862. 

Thrulinem wattmeter 
elements 

A new series of five plug-in elements, each 
of which offers bi-directional RF power measure- 
ment from 20 milliwatts to 100 watts at + 5 per- 
cent accuracy of reading, in frequency bands 
from 25 MHz to 1000 MHz, is available for the 
Bird Thrulinem Wattmeter. Full rated accuracy 
is maintained over this 5000 to 1 power range, 
with temperature extremes between 0 and 50 de- 
grees C. 

The entire complement of Model 4410 ele- 
ments - each with seven full-scale power levels 
instead of one - enables the new wattmeter to 
service CW and FM systems from 200 kHz to 
1000 MHz and from 20 m i l l i t t s  (on the 100 mW 
scale) to 10,000 watts. The desired range is se- 
lected instantly by a front-mounted rotary 
switch. A choice of over 18 quick-change con- 
nectors mate with any common RF type. 

This sensitive instrument is appropriate for any 
application where accurate in-line measurements 
at milliwatts, watts, or kilowatts need to be per- 
formed fast, economically, and simply at any skill 
level, independent of AC line power, in indoor 
our outdoor environments at freezing or tropical 
temperatures. 

The new low power plug-in elements are 
priced at $125; the Model 4410 ThrulineR Watt- 

1985 
CALLBOOKS 

NEW 1985  
R A D I O  A M A T E U R  CALLBOOKS 
R E A D Y  DECEMBER Ist! 

Known throuqhout ttic world for accuracy. 
the 1985 Callbooks list the names and 
addresses you need for your QSL's. Arranged 
for easy reference. the U.S. Callbook con- 
tains over 433.000 listings; the Foretgn 
Callbook has over 413.000. More than 
100.000 changes have been made in each 
edition stnce last year. Spectal features 
Include call changes. Stlent Keys, census of 
amateur locenses, world-wide QSL bureaus. 
onternational postal rates, preftxes of the 
world, and much more. Why settle for less 
than the very best' Order your 1985 
Callbooks now for earllest deltvery. 

Each Shipp~ng Tolal 

0U.S. Callbook $21.95 $3.05 $25.00 

0 Foreign Callbook 20.95 3.05 24.00 
Order both books at the same time for 
$45.00 oncluding sh~pplng wlthln the USA. 

Order from your dealer or directly from the 
publlsher. Foreogn restdents add $4.55 for 
shtpptng. lllonoos resodents add 6% sales tax. 

Keep your 1985 Callbooks up t o  date. 
The U.S. and 1 oreiqn Supplements contaln 
all act~voty for the prevlous three months 
including new licenses. Avaliable from the 
publlsher in sets of three (March 1. June 1. 
and September 1) for only $15.00 per Set 
including shtpp~ng. Spec~fy U.S. or Foreign 
Supplements when ordering. llltno~s res- 
idents add 696 sales tax. Offer vold after 
November 1. 1985. 

RADIO AMATEUR 

I t  I ac a' Lake !  luff. br~yb.,'::x IL 60044. USA 247 

/ 192 

Tcl (312) 2346600 . B2 
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-I ings You trol of the transmit-receive switching of the base 
transceiver. Window length is automatically ad- 
justed to compensate for the characteristics of 
the transceiver for minimal disruption of mobile products 
reception by the window in the base transmis- 
sions. The new AP-2 module along with the 
basic Autopatch and DTMF Tone Decoder mod- 
ules are priced at $200. The system is also avail- 

I kthrough ! meter (with Quick-Change female N connectors) 
is $495; other elements are priced from $125 to 
$175. 

For additional information, contact Bird Elec- 
tronic Corporation, 30303 Aurora Road, Cleve- 
land (Solon), Ohio 44139-2794. 

Circle t3M on Reader Service Card. 

PACKET RADIO lets you 
share a ex cha 
error-fre up tc 
simultanevus 11snr.c 
1 : 

able wired and tested. 
For more information, contact Hamtronics, 

Inc., 65 Moul Road, Hilton, New York 14468- 
9535. 

Circle 1305 on Reader Service Card. 

. .. 

simplc 
e with 
- - - - . -  

HF antenna accessories 
catalog 

Microwave Filter's Catalog PC184 describes 
baluns, multiband traps, and remote antenna 
switching relays for the 2 to 1000 MHz commu- 
nications bands. 

The catalog illustrates the construction of 
single and multiband dipoles in the 1.8 to 30 MHz 
Amateur and HF communication bands and 
offers other construction accessories such as end 
insulators, weatherized center-feed insulators, 
wire, cable, and connectors. 

The system of remote, voltage-controlled an- 
tenna switching relays allows selection of up to 
nine separate antennas through a single coaxial 
cable as well as direction changing of antenna 
arrays and automatic pairing of antennaltrans- 
miner sets. 

For a copy, contact Microwave Filter Com- 
pany, Inc., 6743 Kinne Street, East Syracuse, 
New York 13057. ' 

Circle 1308 on Reader Service Card. 

.A luces the 
P n ~ n t ~  20NTRO--- . irougn 
a1 ment with TAPR (Tuscon 
P 50, Inc.), AEA brings you 
t h n performance of the 
TAPR k ~ t  board and software in a 
rugged metal package, fully wired 
and tested with a full year's war- 
ranty and with all the free appli- 
cations assistance you can stand. 

MODEL 
LLER. TI 

terminal interface 
Terminal Interface sends messages around the 

n arrange 
acket Rac 
le prove 

. .  . 

world using any personal or home computer. 
Compatible with any home computer, such as 
Heath's H-8 or H-89, Commodore, Atari, Radio 
Shack, Apple, or IBM, it sends or receives 
ASCIIlBaudot R r P l  and Morse Code messages 
at up to 300 Baud using any standard trans- 
ceiver, TTY terminal or monitor, and a computer 
with the appropriate software. 

Optional six-pole filters for the HD-3030 in- 
clude a preselect filter that delivers strong, read- 
able tones in the standard 170 Hz shift and print 
clearly even in a crowded band, as well as filters 
for 425 and 850 Hz audio shifts. Features include 
a crystal-controlled AFSK generator, capability 
for full FSK with equipped transmitters, true 
marklspace detection, oscilloscope tuning out- 
puts, front panel LED bargraph tuning, and data 
and status indicators. TTL and RS-232C I t 0  
compatibility and a built-in loop supply are also 

Using only your existing radio and 
RS232 terminal (or computer), you 
can join the rapidly expanding 
packet radio community. Operate 
on VHF. HF or satellite and 
more than 1000 existing I 
users. Store messages addl 
to you automatically and reaa r r i e r r i  
frc printer or monitor 
Ei ok-up!! Easy to US 

included. A row of flag-type pushbunons per- 
mits full up-front control of send and receive (in- 
cluding reverse shift) configurations. A conven- 
ient autostart relay energizes the rear panel AC 
receptacle for unattended start of the computer 

simplex autopatch system 
Hamtronics, Inc., has offered a Repeater 

Autopatch in kit form, including the DTMF Tone 
Decoder/Controller module for several years. 
They now have a new module that can be used 
with the Autopatch to allow operation on sim- 
plex transceivers. When an autopatch is used 
on a repeater, the duplex operation of the re- 
peater allows the mobile operator tu break into 
the telephone conversation anytime; when oper- 
ating simplex - that is, transmitting and receiv- 
ing on the same frequency - it is necessary to 
have a method to allow the mobile operator to 
access the base station receiver even though the 
base transmitter is on the same frequency. 

The new AP-2 Simplex Autopatch Timing 
Module kit provides the required timing and logic 
circuits to allow the mobile operator to bring up 
the autopatch through touch-tone control, and 
it keys the base station transmitter with an auto- 
matic window generator circuit, which breaks 
periodically to allow the receiver to listen for the 
mobile station. If the mobile station is on the air, 
the window generator stops the base transmit- 
ter for the duration of the mobile transmission 
so the mobile operator maintains complete con- 

talk to 
sacket 
.essed 
I .L-- 

andlor printer, while an internal thershold ad- 
justment sets the desired recognition level. 

The Terminal lnterface kit includes a mate for 
the DB-25 socket and a step-by-step assembly 
manual that supplies a pin-out and criss-cross 

, later. 
e!! 

3m your 
asy to h08 

Call roaay for the rest of the 
206-775-7: 

Bt 
d c 

story: interconnection chart. 
Heath also offers Super CW and Super RlTY 

Terminal lnterface software for use with their H a  
and H-89 computers. 

For further details, contact Heath Company, 
Benton Harbor, Michigan 49022. 

373!! 

see you cltter yet. 
?aler. 

Ir favoritr ? AEA 

Electronic 
-21 60 
WA 980: 

Applicati 

I6 

Advanced I 
P.O. Box C 
Lynnwood, 

ons 
Circle 1306 on Reader Service Card. 
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' ~ l l  right. AEA, send me info fast! 1 I 
ITo: AEA, P.O. Box C-2160. I 
I Lynnwood, WA 98036 I 
I I 

self-contained, transportable 
HF antenna system 

A self-contained, transportable log-periodic 
HF antenna system has been announced by 
TelexlHy-Gain. The system, Model 5025, con- 
sists of the antenna, rotator, 60 foot 118.3 meter) 
telescoping tower, generatv, and installation 
tools and hardware, all stowed on one tandem- 
axle trailer. The compact design permits all 

I 

I -- I 

I Name 
I 
I 

I ,,,----- - 
I 

I 
I 

I ~ r t y .  state. ZIP I 
I - -- I 
L P h o n e  Dale ------------ $ 
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DUCK 
- SOUP! 

There are a lot of com- 
panies cl;~iming t o  have 
the hest ruhher duck antennas, 
hut when :all the c l ; ~ ~ m s  ;Ire - 
hoile~i  down. one  rises to  the top, (:tNTLIRION. 
Resides having the advant;tge of pe;~k pertornl:~nce ; ~ n d  reliahle qualitv 
assurance m;lnagement hacked hv the most sophistic;~reJ RF testing 
equipment, Centurion gives vc>rl the quality visual appc.ar;lnce so Import;lnt 
in the sale o t  your r :~~i io .  

Centilricm is the most popular original equipment antenn;l ;Inlong le;~~iin): 
manuhcturers n t  hand- held radios, and \r;lrlerv o t  srvles is another rc.;istIn. 

Centurion has created many different models with nine s ran~i ;~rd  styles to  
choose trom, inclu~iing 1 /4 w;tve models Lies~gneci tor high and low h a n ~ l  
VHF and UHF, I / 2  w;lve gain models tor UHF ;tnd 5;s w;\ve telescopln): 
models tor VHF. Fe;~tured in the standard I ~ n e  ;\re mini;~tr~rc mo~ie l \  tor 
U H F  and VHF and pagers. Twentv-five difiercnt connectors ;Ire now 
available. And in the event the connector vou need has not  vet heen 
invented, Centurion will ~iesign ;lnJ m;~nut ;~c ture  it to meet your 
speciticatic>ns. 

Every antenna is tactory-rilned. F~eld-tunahle models ;Ire also ;~vail;~hle. 
When you want the hest looklng, hest periorm~ng ;Inrenn;l t ; ~ r  vour ra~iios. 
it's [)U(:K S O U P  when you speciti C e n t u r ~ o n .  

V Wh< CENTURION 'qj(l !:\ 4>63 

4 131 I ' ( )  I%<>\ HLH46 L~ncoln,  NF 68501 -2846 

WANTED 
1 ~ 3  1 1 0  79 100 UH, ,,, 1 0  *H, s , ~ ~ ,  10" LHI RIP*.ICI 5~111 o r o ~ ~ ~ r n  

I - I I 1W AF Oul  0 I . .V  lor I 2  dB Slnnd c w Mac. rnoblir r f s O l 0  cl r  I 

ANTENNA DESIGN 
ENGINEER 

VISA CARD 
Y I S T E R  CBAD 

Must have BSEE and experience 
working below 1 GHz. Reply to: 

BOX 0 
/ 199 

H A M  RADIO MAGAZINE 
GREENVILLE, NH 03048 
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1 THIS MONTH'S FEATURES: I 
SANTEC ST-142 - $279.00 HIGH-W IN DISCO F'ERER 7-2 - $312.00 
HIGH-GAIN DISCOI'ERER 7-1 - 51.19.00 KDK FM-2033 - $279.00 

HIGH-GAIN DIRECTOR 7-3 - $195..00 

:I 3 5205.00 
A 4 264.95 
A743 67.95 
A744 67.95 
R3 254.95 
AV3 49.95 
AV4 87.95 
AVS 95.00 

TH7DXS 5419.95 
THSMk2S .W.% 
Explorer-I4 295.00 
QK-710 add-nn 82.150 
3925 Con\ KII 142.95 
204RAS t15.00 
205RAS 333.95 

IRAVT/WRS 599.95 
I4AVQ/WRS 64.95 
l2AVQ-S 47.95 
I4RMQ .16.95 
IRH'IS 399.95 
VZS 41.95 

7 , CD4511 136.95 

HAM-IV 217.00 
n x  259.95 
HDR-300 475.00 

I W R E  & CABL_E (Coax qualit" guaranteed. 95- us shielding) I 
RG-2131U S0.29/H. Rotor cahle+randard 450 ohm line S0.09/R. 
RG-R/U O.tR/ft. (6-22. 2-1 8) S0.19/ft. 14 ga. Coppenveld 
RG-R'U 0.27/ft. Rotor cahle-hvy. duty (solid) 0.10/h. 
RG-RX 0.16/11. (6-1 8. 2-16) 0.33/ft. 12 pa. Copprweld 

0.12/ft. 6 unarm-~ohn 
W e M  2%. 45G. HBX. & HDBX towers. 

l?sam 
Let LK h ~ d  t h ~  u.11-\upporting 

All acceswrics ava~lahle. FOLD-OVER crank-up tower of vur  choice with 
to&r rhlpped freight pre-p~d to "our QTH! , the acceswnes you select. 

2% 546./urt. HRX4R SLW.00 I HG-37SS 5700.00 
4% 109/sect. HRX.56 320.00 HG-52SS 1000.00 

FOLD-OVERS: HDRX40 2.10.00 rn .- HG-S4HD IM5.00 
Gel our quote HDRX48 315.00 HG-7OHD 2540.00 

& rave! Shlppcd freight pid. Order lower with Hv-(;am 
antenna, rotor & aher acarsones. Recieve free 

sh~pping on all. 

I rf enterprises I MUU I N  ohl~imlm M l n M n U  

mndcnr ~ d d  01 ur Shtplrn~ nol I -- St. Cloud, Minnesota 56301 
(61 2 )  255-0855 

Case: 2x4"; shaft %"x3" 
Model TC2: Skirt 2-118"; 

Knob 1-518" 
Model TC3: Skirt 3"; Spinner Handle 

Add .... $1.50 Knob 2-318" 

HLUIII-lYm6 
Amateur Rad~o 

standard lor mobllesl 

SAY YOU SAW IT 
IN 

HAM RADIO 

modes of transportation from towing with a pick- 
up truck to airlifting on a C-130 aircraft. 

The antenna covers the frequency range of 
4 to 30 MHz, with a gain of 9 dBi from 4 to 6 
MHz, and 12 dBi from 6 to 30 MHz. The elec- 
tric antenna rotator can be controlled from the 
base of the tower or remotely with a two-wire 
remote control unit which is provided. The re- 
mote control features a digital display of the 
antenna azimuth in 10-degree increments. 

Maximum use of color coding, captive hard- 
ware, and modular construction makes the 5025 
the fastest erectable rotating towerlantenna sp-  
tern in its class. The system can be assembled 
and erected by as few as two persons; a team 
of four can complete the task in less than two 
hours. The self-contained 5 kW generator set 
provides all power necessary for erection and 
operation of the antenna. A hydraulic tilt-up 
trolley provides positive control during erection. 
This feature is said to yield a high level of safety 
and eliminate the complexity and hazard asso- 
ciated with the manual erection of towers. 

For additional information, contact Telex 
Communications, Inc., Hy-Gain CIM Depart- 
ment. 8601 N.E. Highway Six, Lincoln, Nebraska 
68505. 

microprocessor controlled 
repeater 

The new SCRMOOX microprocessor-controlled 
repeater from Spectrum Communications in- 
cludes full autopatch and touch-tone repeater re- 
mote control capability and patch AGC for con- 
stant levels, as well as phone line and "over-the- 
air" command modes. 

Able to store up to 13 "auto dial" phone num- 
bers, the unit includes a touch-tone to dial pulse 
converter and offers full 16-digit decoding with 
crystal controlled decoder IC, allows the use of 
"A, B, C, and D" characters in control codes. 
This expands the number of possible codes and 
increases security. 

Touch-tone control of all important repeater 
functions includes timeout, hang time, patch 
timeout, transmitter inhibitlreset, patch and re- 
verse patch inhibitlreset, and "PL" ONIOFF 
(with optional PC board). A built-in battery back- 
up saves microprocessor memory in case of 
power failure. 

The following transmitter options are available: 
2 meters: 30 or 75 watts; 220 MHz: 30 or 65 
watts; 440 MHz: 40 watts. High power rack 
mount repeater power amps and power supplies 
are available to 150 watts. 

A high-performance receiver is included, with 
high sensitivity, selectivity and wide-dynamic 
range. An 8-pole front end filter is standard as 
well as a 12-pole IF filter. "Super Sharp" filter 
options are also available. 

For further details, contact Spectrum Commu- 
nications Corp., 1055 W. Germantown Parkway, 
Norristown, Pennsylvania 19401-9616. 

Circle lJlO on Reader Service Card. 



ANTINNA SALE G P ~  

HY-GAIN HY-GAIN TOWERS CUSHCRAFT 59 &'* I 

8~p' %G\'\ 

TH3RJS s169 HG37SS CALL A-3 $209 BC 350 
THSMK2S $355 HG50MT2 A-4 $279 BC 300 

FOR TH7BX3S $410 HG52SS 40-2CD $279 BC 20120 5279.00 
:::::: 1 1  

EXPLORER 14 $269 HG54HD R-3 $265 BC 210XL 1219.00 1 
14AVOB $59 HG7OHD PRICING AV5 $98 BC 200 S 169.00 
18AVTMlBS $95 32-19 $91 BC 180 1159.00 1 
V2S S37 KLM 214B-FB $77 BC 260 $249.00 I 

v 3 
s40 KT34A $329 ARX-2B 537 BC 100 5279.00 

v4  
s49 KT34XA $479 A1 44-1 1 $46 BC WA 534.95 

66BS $log 40M-2 $290 'CP2100 5279.00 CD45 II 
s125 2M-13LBA $77 LARSEN C A L L m  ALL SOFTWARE $39.95 HAM IV 

T2X 
$lg9 2M-14C S85 
s245 435.18C ALLIANCE ~ ~ 7 3  $99 432-16LB :" HUSTLER CALL 

65 
I 
I .  

BUTTERNUT AEA U L L  rr 1n I 
HRV S1O9 Call "TOLL FREE" For All Antennas 8 Accessories I I i 

CODE PRACTICE TAPES FROM 
HRPG - Practice copying Morse 

Code anytime, anywhere. Whether 
you're upgrading your present license or 
just trying to up your code speed, a large 

assortment allows you to choose exactly the 
klnd of practice you need. 

each tape 54.95 2/$8.95 3/$12.95 

CODE PRACTICE TAPES 
Here are Ihree'd~llerent slra~ght code tapes conslstlng of randomly 
generaled SIX character groups sen1 at d~lferent speeds These tapes 
are excellent lor butld~ng bolh the speed and copylng accuracy needed 
for contesllng. 0X1ng and trafltc handllng 
OHR-STC1 - 54.95 HR-STC3 - $4.95 

7 5 wpm code lor 25 m~nutes 25 wpm code lor 20 minutes 
10 wpm code lor 25 m~nutes 30 wpm code tor 20 minutes 
15 wpm code tor 25 mtnutes 35 wpm code lor 20 mlnutes 

OHR-STC2 - 54.95 40 wpm code for 20 minutes 

15 wpm code lor 50 mlnutes 
22 5 wpm code lor 35 m~nutes 

HI/LO SERIES - Code Study Tapes 
In  t h ~ s  unlque serles, characters are sent at hlgh speeds wlth long 
pauses belween each character For example. HLC4 ( 1  5 /2  5 wpm) 
conslsts of characters sent at a 15 wpm rate. but w ~ t h  2 5 wpm spac. 
Ing between each character These tapes are excellent for the beglnner 
who wants to practtce copylng hlgher speed code wlthout the frustra. 
tlon 01 constantly getttng beh~nd 

UHR-HLC1 - $4.95 OHR-HLC3 - 34.95 
22 512 5 wpm code tor 80 mlnutes 15/5 wpm code lor 28 mlnutes 

OHR-HLC2 - $4.95 15/7 5 wpm code for 28 m~nutes 

22 515 wpm code lor 20 mlnutes 15/10 wpm 'Ode lor minutes 

22 5 /7  5 wpm code for 20 mlnutes OHReHLC4 - 54.95 
22 5/10 wpm code lor 20 mlnutes 15/2 5 wpm code lor 80  mlnutes 
22 5/13 wpm code lor 20 mlnutes 

Please a d d  $1 for shipping. 

Ham Radio's Bookstore 
Greenville, NH 03048 

Now you can get 
in on the fun on 

packet radio! 
Reacy to operale-w re0 R lesled 
-LOW COST 
€a\, lo  PaGn. easy lo use 
R.III n pdrret Modem 
LSP w lh iompuIers. lermlnals. 
leletype machlnes 
RS232 serial ~ntertace- 45 to 9600 baud MODEL PK1 
Uses both ASCII and Baudol (shown wlth 1 4 K  RAM 
Proorammed lor bolh AX.25 6 VADC al 1200 or 600 baud and 8K ROMl . Automal~cally recognizes protocol of incomlng messages 
Over 60 commands 
Custom call slgn option 
Slores recetved messages unl~l requesled at a laler l~me 
' Block' mode lor lransterrlng computer data 
Operates as an unattended repeater 
Acltvales lelelype motor lo prlnt messages 
Board accepts up 10 14K ot RAM 
Can be customized lor U N S  and up lo 56K RAM 

MODEL PK-1 wired & tested w/4K RAM $149.95 
Additional memory (up to 14K total) 10.00/2K 
Manual only-credited with purchase 9.95 

#dd $2.00 for shipping) 
R Y adapter board 17.95 
Custom cabinet kit - includes onloff switch, LED 
power indicator, reset button & power jack 34.95 
Dimensions: 4.5 x 9.5 x 1.5 inches 
Pwr required: + 12 VOC, approx. 200 ma. 
C o n t a c t  GLB for a d d i t i o n a l  i n f o  and a v a i l a b l e  o p t i o n s .  

We otler a complete line of transmitters and receivers, strips. 
preselector preamps. CWID'ers 8 synthesrzers for amateur 8 commercial use. 

Request our FREE catalog. MC 8 Vlsa welcome. 
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Even Further 
i WAS $39.95 retail 
\ NOW $9.95 

SAVE 75% off the \ regular retail price 
SUPER deal with the publisher allows us to drop the price of the Bill 
Orr RADIO HANDBOOK to the low, low price of just $9.95! 

RADIO HANDBOOK by William Orr, W6SAI 
Some selected subjects covered include: 
Electronic Fundamentals FM and Repeaters 
Semiconductor Devices RFI 
Vacuum Tube Principles Equipment Design 
Special Microwave Tubes Transmitter Keying and Control 
Radio Frequency Power Amplifiers Power Supplies 
SSB Transmission and Reception Radiation and Propagation 
Amplification of RF Energy The Transmission Line 
Frequency Synthesis Antenna Matching Systems 

HF General Purpose Antennas 
Fixed Directive Arrays 
Rotary Beam Antennas 
VHF & UHF Antennas 
Test Equipment 
The Oscilloscope 
Construction Practices 
Electronics Math and Calculations , 

This book certainly is one of the finest reference sources available today. The 
22nd edition reflects the very latest in state-of-the-art techniques in a compre- 
hensive single source reference book. Invaluable for hams, electronics techni- 
cians, design engineers, and hobbyists alike. Over 1,000 pages of information 
found in earlier editions plus more on antennas, amplifiers, theory, and semi- 
conductors to name just a few of the updated sections. The Radio Handbook is 
chock-full of practical, tested projects that run from high powered RF amplifiers 
and state-of-the-art equipment to "Weekender" type projects to upgrade overall 
station performance. This book will be of interest to all levels of electronic ex- 
pertise. At this special price, you can't afford to pass up a value like this. Order 
yours today. 1 136 pages. 0 1  981. 22nd edition. 

021874 Hardbound Limited quantities are available. Order now. $9.95 
Please add $3.00 to cover shipping & handling. 

This is the very latest edition. No new edition is about to be issued. This is not a close out. 

ham 
~ ~ ~ ~ O - ~ ~ ~ ~ B O O K S T O R E  
GREENVILLE, NH 03048 (603) 878-1 441 
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Ham Radio's guide to help you find your local b 
California 

C &A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

- - 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-530, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

I Hawaii 
I 

1 HONOLULU ELECTRONICS 
1 819 KEEAUMOKU STREET 

HONOLULU, HI 96814 
1 (808) 949-5564 
1 Serving Hawaii & Pacific area for 51 

years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO. IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

p p p p p  - 

Indiana 
THE HAM SHACK 
808 NORTH MAlN STREET 
EVANSLILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. I19 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
- - 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 

ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

M rn 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Amateur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 

* REYNOLDSBURG (COLUMBUS), OH 
43068 

61 4-866-4267 
Featuring Kenwood. Yaesu, Icorn. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for 30 Years. , 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird. Cushcraft, Beckman, 
Larsen. Hustler, Astron. Belden, 
Antenna Specialists, W2AUIW2VS, 
AEA, B&W, Amphenol. Saxton. J.W. 
MillerIDaiwa. Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules. ARCOS. 
Astron. KLM, Tama. Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron. Mirage, 
Amphenol, Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

- 
Free 59.95 Mob. ~ u i c k  charqe Cable 

ST-222 H/T (220 mHz) . . . . '289 
ST-442 H I T  (440 mHz) . . . . '299 

FM-4033 (220 mHz). . . . . . . 3 3 9  
FM-6033 (6-Meters). . . . . . '289 
FM-7033 (440 mHz . . . . . . . '339 

FREE UPS Brown Shippinq-Add $1.65 for COD 
N.C. R e r .  Add 4 '  Soles Tax. Sorry No Cards. 

The Notion's Loroest Moil Order Sontec D ~ o / ~ ~  

600 LAKEDALE ROAD, DEPT. H 
COLFAX, N.C. 27235 / 218 

(919) 993-5881 Noon to  10 P.M. EST 

New CMOS DTMF Chip Kit 
Teltone's TRK-957 K I ~  makes ~t easler and 
less expensive to breadboard a low-power, 
central office quality DTMF detection system 
All you need is a power source from 5 to 12 
VDC. The sensltlvlty, wide dynamic range. 
noise immunity, and low-power consumption 
make the TRK-957 ideal for telephone 
switching, computer, and remote control 
applications. The TRK-957 DTMF Klt IS only 
$24.75 To order call: 

(800) 227-3800, ext. 1130. 

MULTI-MODE AUDIO FILTER 

WITH AUTO-NOTCH 

4 COMPLETE FILTERS 

SPECIAL  TUNING F O R  RTTY 6 C W  

I S A S E  FOR DATA SHEET 1 

-- 

5717 NE 56TH SEATTLE. WA 98105 
(206) 641.7461 / 107 

I 114 WAVELENGTH I 
Modal No. Freq. MHz Osscrlptlon Rice 
196-200 144-148 5/16-32 stud w/sprlng $5.95 
196-204 " BNC connector wlsprlng 7.95 
196-214 " BNC connsctor 6.95 
196-224 144-UP BNC conn. adJ. angb 7.95 
196-814 220-225 BNC connector 6.95 

I 518 WAVELENGTH I 
5/16-32 for old TEMPO 
BNC connector 
PL-259 w/M-359 adpt. 
5/16-32 tor old TEMPO 
BNC connsctor 
5/16-32 101 HT-220 
1/4-32 stud 
BNC connsclor 

Largest Selectton of Telescopic 
Antennas. Wrlte for Info. Prlce are 
postpald vla UPS to 48 States. For alr 
dellvery via UPS Blue add $1.50. 
Florlda add 5% sales tax. Payment by 
M.O. or Cashlers Check only. y 191 





ILLINOIS: Third annual CCRL Hamlest. Sunday. October 21. 
7 AM to 2 PM. Amencan Legion Post 121.6040 N. Clark St.. 
Chlcago. Admission $1 00 advance. $1 .SO at door. $2 00 per 
table Talk In on 145 030 simplex. For inlormation: Norman 
Geuder. KA9UA. John Ibes, KASFUI or Frank Bonnell. 
WBSOHN - 
MASSICHUSETTS: The Framingham Amateur Radb A g o c C  
tlon's annual Fall llea market. Sunday. October 28. Framing 
ham Clvic League Bldg.. 214 Concord Street. Framingham. 
Doors open 10 AM. Sellers setup 8:30. Admission $2.00. 
Tables $10.00 pre-reg~stral~on only. Bargalns galore. Talk In 
On 75/15 and 52. Contact. Jon Welner. KlVVC. 52 Overlook 
Drlve. Framlngham. MA 01701 (617) 877-7166. 

NEW ENGLAND: Hosstraders' Fall Tailgate Swsptesl. Satur- 
day. October 6, sunrlse to sunset at DeeWetd. NH Fair- 
grounds Admissbn $2 ~nduding tailgaten. Friday night camp 
ing at nomlnai lee alter 4 PM. No reservations Profits benefit 
Boston Burns Unit ol Shrlners Hospital. Last Sprlng's dona- 
tlon 55,813.00 For map to northeast's biggest ham llea mar- 
ket SASE lo Norm. WAt IVB. RFD Box 57. West Baldwtn. ME 
04091 

OPERATING EVENTS 
"Things to do ..." 

OCTOBER 514: Speclat event stations K5MHZ and KN5D 
will operate during the 13th annual International Hot Air Bal- 
loon Fmta in Albuquerque. New Mexico. Most opefalions SSB 
wlth some RTTY. CW and SSTV Variable hours. Frequen- 
cles: 3900.7230. 14250.21350 and 28550 and 147.510 slm- 
piex FM For a speclal OSL send OSL to PO Box 997. Cor- 
rales. NM 87048. include SASE wlth suflic~ant postage. 

-. .- 

OCTOBER (I: Southeastern Michigan ARA wlll sponsor Mi& 
igan All Saints Day. 15002 lo 21002 with stations In all 9 c i l i  
named alter Satnts. Phone only. General portions of 20. 40 
and 80 meters plus 147.480 and/or nearest repeater. Look 
lor St. Joseph, KCBJX. St. Helen N8BAR. St. Johns NI8L. St. 
Clair W8GV. St. Charles WBBTTA. St. lgnace KDBCW. St. 
LOUIS WABAEG. St James KD8CG and Sault Salnte Marla 
WABDLO OSL once wllh N10 SASE and log lo NBCOY. 161 
Lolhrop. Grosse Pointe. MI 46236 lor cerlificale with err 
dorsements - 
OCTOBER 16. 17. 18: Colquilt County Ham Radii Socimly 
will operate club station WMKOW lrom the site of the 7th an- 
nual Sunbell Agricultural Expositm. 0900 to 1700 EDST each 
dav. Ooeratlons. General wnlon of HF bands. Members wlll 
llsien tor vgsltlng hams on I46 I91 79 For a speoal OSL card 
send SASE lo CC Ham Rad~o Socmty. PO Box 813. Mwnrte. 

OCTOBER 27 AND 28: Members of the Ruthedord Appleton 
Laboratorv ARC IG3RRSI w~l l  be actlve from VP2MF durina 
lhls year; contest Operators G3SJK. G3UKS. GM~YO< 
G4BGH GQIVG. G4XRI. G4XW An award lor DX statlons 
worklng VP2MF on 101 M)m durlng the contest will be ~ssued 
OSL vla bureau or to G3RRS, c/o Jean Mills. R20. Rutherford 
Appleton Laboratory ARC. Chllton. D~dcol. Oxon, UK 

OCTOBER 20 AND 21: The Armadillo Gang will operale 
WDSHOR to commemorate the Arkansas Peps "Shrimporee". 
Operat~on wilt be on 10. 15.20.40.80 meters 15kc lrom lower 
General band edges. OSL card avallable via SASE to the 
Armadlllo Gang. WBSYPE. David Stephens. 5709 Bobalo. 
Corpus Chrlsti. TX T8412. 

NOVEMBER 25 AND 26: The BOMB Squad ( k t  of MI. 
Baldy) will operate W6HCP (Hollywood Christmas Parade) 
lrom 16002. November 25 to 04002. November 26. Frequen- 
cues: 7 284. 14.284. and 21.284 MHz SSB SASE lo W6GVR 
lor soec~al commemoratlve OSL. 

OCTOBER 14: LARC will operate special even1 station 
WA30GA from 13002 to 24002 to commemorate the Bollman 
Truss RR Bridge - Ihe only one of its klnd in the world. Fre  
quencies. 7237. 14285.21385. 144.2M USB and 147.540 sim- 
plex. Certifeate avallable tor 1110 SASE to LARC. PO Box 
3039. Laurel. MD 20708. 

OCTOBER 21. 22: JOTA - Scouts 27th annual Jamboree 
on the Alr. Look lor K2BSA. the BSA headquarters slalion in 
Dallas. Texas and HB9S. the World Scout Headquarters in 
Sw~tzertand and other spec~al call stgns lrom many countrm 
Calllna lfeauenc~es CW - 3590.7030. 14070.21 140.28190 
~ k e l & .  7290. 14290.2l360.28990. RTW. SSTV. ATV 
on usual frequencies. Check Novlce Irequench. Do a good 
turn lor Scoutlng and Ham Radlo. 

NOVEMBER 3: K4MJN will operate a special events station 
In Blylhewood, SC, to commemorate the birthplaa, of J. 
Gordon Coogler, acclaimed by literary crltics as the "worst 
practlclng poet in U.S. literary history!". All stations working 
K4MJN durlng this second annual festival will receive a hand- 

Master code or upgrade In a matter of days 
Code Q u l c k  IS a unlque breakthrough 
whlch slrnpl~f~es learnlng Morse Code 
Instead of a confusing maze of d ~ t s  and 
dahs, each letter w l l  rnag~cally beg~n  to  call 
out 11s own name1 Stop torturtng yourself1 
Your amazlng k ~ t  contalnlng 5 power 
packed cassettes. vlsual breakthrough 
cards and or~glnal  manual IS only $39.95! 
Send check or money order today to  
WHEELER APPLIED RESEARCH LAB. 
P 0 Box 3261. C ~ t y  of Industry. CA91744 
Ask for Code Quick * l W .  Callforn~a 
res~dents add 6% sales tax 

One User Comments: 
"First new Idea In  code study and the darn 
thtng works! So much fun you don't realize 
how much you're learnlng." 

M.S. Greneda. MISS. 

Hundreds of satisfied c~stomers!  
You  can't lose! Follow each s~mole steo. You 
m & t ~ u c c & d  or return the k'lt for a total 
~mrned~ate  refund! 

ECHO- DISKETTES 

Ewh recordlnp autiace la lndlvldually ceRHIwJ 
and guaranteed to be 10Oqbsrror free with 0 

LIFETIME WARRANW 1 

Echo head cleanlng kit no hanh abrasives no 
llulds to apply (30 sppllcationsl 5%" . 56 95. 

All dlshenes are In bores of 10 w~th label% 
envelopes and relnlorced hub. 

DISK STOR hold8 50 5Va" Dlakettea St 2.85 + 
52 00 shlpplng 

SHIPPING: 5%" DISKETTES - Add 53.00 Per 
100 or lesr PAYMENT VlSh MIC or 
checkwlthorder CODordemaddS2 00. 51.50 
credlt on long dlstanca phone orders TAXES: 
tlllnols customers add 8% H 197 

2-way contact with K4TF during the 2dhour GMT period. 
Operations will be 10 kHz inside the General portion 01 each 
band. For cert~liiate send OSL card and 9 x I 2  SASE to K4TF. 
1630 Venus Street. Merritt Island. Flor~da 32953. 

AMSAT Technfcal Symposium and General Membership 
Meeting, Sunday. November 10. Amlac Hotel, 8601 Llncoln 
Btvd . Lcs Angeles. CA 90045 Tech presentations on pres- 
enVluture Amaleur satetl~te propcts General membersh~p 
meetlng follow~ng a banquet dlnner For conference reglstra- 
llon ~nlormat~on SASE to Dennls Dlnga. N6DD. PO Box 41 11. 
D~amond Bar. CA 91765 - 
OCTOBER 13 AND 14: Oregon OSO pa* sponsored by the 
Hermlston ARC, 17002 Oct 13 lo OBOOZ and from 1 SOOZ Oct 
14 to OOOOZ Oct 15 Exchange' OR stalms, sgnal report and 
county Otherr signal r e p l  and statelprw~ncelcount Mlxed 
mode or CW only You may obta~n log sheets from HARC 
(please SASE) Log sheets must be recelved by November 
12 Mall enlrles and request log sheets lrom Hermlston ARC. 
PO Box 962. Hermlston. OR 97838 

r NOW 
I THERE ARE 

THE ARRL AMATEUR 
RADIO CALL DIRECTORY 
Whether you are DXCC' Honor RoR 
bound or just beginning to collect QSL 
cards forthe WAS award, youll find the 
addresses you need quickly and easily. 
There are over 453,000 listings of U.S. 
Amateur Radio licensees listed alpha- 
betically in callsign order. The section 
covering club stations is the most accu- 
rate to be found. Only $15.75 in the U.S. 
and $19.75 in Canada and elsewhere. 

NAME INDEX 
Have the name but need the Call? This 
handy book lists licensees alphabetically 
by last name, then gives their call, you 
can refer to the Call Directory for 
address information. $25.00 in the U.S., 
$28.50 in Canada and elsewhere. U.S. 
Listing. 

GEOGRAPHICAL INDEX 
Handy listing by State, C~ty, Street and 
Call. Perfect for the travelling amateur. 
$25.00 in the U.S.. 528.50 in Canada and 
elsewhere. U.S. Listings. 

COMBINATION PRICES 
ARRL AMATEUR RADIO CALL 
DIRECTORY AND NAME INDEX 
OR GEOGRAPHICAL INDEX 
$36.50 U.S., $44 in Canada or else- 
where. ALL THREE: CALL DIREC- 
TORY, NAME AND GEOGRAPHI- 
CALINDICES:$50in the U.S.,$6l.00 
in Canada and elsewhere. 

1984-85 EDITIONS 
HOT OFF THE PRESS 

Enclosed 1s m y  check o r  mone) order for 
S or charge m y  HR 
( ) V I S A  ( ) Mastercard  ( ) Am. Express 

Signature 

Acct. No. 
Good from - Expires - 
Name 

Address 

C i t y  State Zip 
Payment in U. S. fundsonly. Pricessubject t o  

chanee without notice. 

.. .-- -~ 

SpOnSor a special event station K~TF ,  to commemorate the output. Logs r&st be r&eived'by November i2 .  Send all J 1l.i 

40th annlvsrsary of the landing in the Philippines. A special materlal to ORP ARC1 Contest Chalrman. Gene Sm~th. 
commernorat~ve cenltlcate to any Amateur station making KA5NLY. 8201 Chatham Dr~ve. Little Rock. AR 72207. October 1984 151 



Adver'sers v' 
check-off 

. ...  for literature. in a hurry we'll 
rush your name to the companies 
whose names you "check-off" 

Place your check mark in the space 
name and number . Ex: Ham Radio -J"2'iyn 

Ac csrswv Spec 101 
Ac? r ~ m m  102 
ARR 103 
AEA 104 . 105 . 301 
All Camm 106 . 107 
All El- l f f l  
All*. a Dnltil 109 
A4mo 110 
AES 111 
Amat* W h w l e  112 
ARRL 113 
Analm Tech 114 
r , , ~ @ . ~ i  115 
A!lnr!~lc Sumlur 116 
ATV Maq 117 
AudaoAmarour 118 
A. ~mat l l  119 
A. u t c  120 
8 h W '  
8.lrry ' 

Iiulfrrnul ' 
< h A Roberts 128 
CPCO 129 
CES 14) 
Cen!uroon 131 
Cn?mal Dvnam?ca 132 

r)rnkr ' 
UVQMIIC Syltems 142 
61. ~ 1 . o  Corn 143 
Enromm . I44 
Fng Cons 145 . 146 . 302 
Falcon ' 

Knt+tronrr . - 163 . 164 
Kmpro . 185 
Kc"& . 
M I J  1 6 8  
MHz E k  167 
Madom 168 
Mdrlm Eng - 189 
Murrmac Sat 110 
Meshnn 171 
Msrm System. I72 
Mtr, o Con.. 01 S w  In 
Mtrrnwavc Fdta 174 . JX1 
M r l w t  175 

. . . .  
N(.(i 183 
Ndmm 181 . 222 
Nnluta l  Salell~le 223 
Nemsl I82 
N k V  la3 
Orb#! 184 
P.,,.ll, " 185 
P C  E k c  1 8 6  
Pvucesyx C m q n s  - I87 
Pro SenrEh '- 188 
Puhla Domau, - 189 
RF Ent~rpra- - 19J 
RF Pralucls - 191 
Calllmk 192 
Rdmrev - 193 

Snrrurt - 195 
Sal TV M q  - 1% 
Scamp S v r t n m  - 197 
Sommsr Elecr.#c - 1% 
S M C  199 . . 

Spectrum C m m  . - 310 
Spectrum In1 - XIJ 
S ~ ~ ~ l r u m  W-1 - 201 
SIN Ro On! - 202 
TNT Radto - 203 

Grm O u ~ d  ' 
GLR Elpc 148 
Hal Crmm 149 . . 

Hal T rn l l l  . 150 
Hdm MBSIEIT~WS 151 
HRR I52 
HR Mnq 153 
Ham ShRCL . 
Hrmtrrnc. . N Y A 154 . 
Harrison . . 155 
Hawry 1% 
~ll!try 157 , 
Hcwh 306 
ICOM 158 . 159 
I C M  1 m  
JbJ  ~nll?lt<le 161 
KLM 162 

Ten Tec ' 
Texas T o w n  . - . 206 
Tvandeter~ae _- 207 
llNR Rohn ' . ~ 

Unwersa E k  . 208 
Unvar.wrv Mrrafiinn ' 
VHF C m  . 209 
Vanguard 210 
Varban A 21 1 
Vcclar Radm . 212 

a5 Walfsr T m  Equv 213 
Wvl, star C m m  . 214 
W~:,t,.un, 215 
Wcr!orn E k  - 216 
Wertcrn Satallile - 217 
Wh~Wler . 
Wllllam . - 218 
World V w  219 
Y...... m 

'Plearc contact thts ndv#?rtnsp! dsrectlv 

Limit 15 inquiries per request . 

October 1984 
Please use before November 30. 1984 

Tear of f  and mai l  to 
HAM R A D I O  M A G A Z I N E  . "check o f y  
G r e e n v i l l e  . N . H . Om-0498 

N A M E  ......................... .. ........................................ 

CALL ............................... 

.................................................................. S T R E E T  

............................... S T A T E  .................. .............ZIP 

house If you evec sow the warehouse you would 
understandl Thls month's "FINDS" are: 

................................. AEA MI-I Morse Tralner 25 00 
...... AEA MT-IP as above wlth n M  banery 50 00 

AEA KT-I Keyedlralner ................... .. .......... 25 00 
DRAKE P75 W r  Supply ............................ 100 0'3 
DRAKE 550 Code Readw ............................ 300 00 
DRAKE TR7R7 RX Cable .................. .. ........ 20 00 
HAL SI-5000H TU ...................... .... ........ 185 00 
HAL 0-2100 ............. .................... ................. 609 00 
HAL DS3100 .......................... .. ................. 1593 00 
NOTE - QUAMmES AAE VEW UMmD 
USED GEAR - YOU Bm CALL FOR UP TO THE MINUTE 
ITEMS AND PRICES . 90 DAY WARRANTY . 
REFUNDED WITHIN MIO WEEKS SIX MONTH FULL 
TRADE IN TOWARDS NEW GEAR . 

SPECIALIIII SPEClALllll SPEClALllll 
CALRAD 65.287 WlblXLATIVE POWER METER 

....... DAWlA CN6208 PMW METER 
SOhrEiHING NLW FROM AEA 

Bv the tlme this od hlts the stands AEA wlll hove 
&mething new d the store: 
MM.TOR now for the VIC-20 ......................... W 95 
SWLTEXl tor the C-64 and VIC-20 ................. W 95 
Tl.1 tunlng Indlcdor .................................... 99.95 
M-I Fbcket unlt .............. 499.95 ............................ 
Watch the rnogazlmn br detolls In the AEA a d s  
PACKAGFSPECIALISmeh lyoc&$medCPfw(th 
the new Mw-DR s o d t  a hl h pectomwnce 
package tor the more serlous o&fdor. 
AEA CPI T retall 2399: 
AEA MBA-d~ somuore tor C+I retail 149 95 
AEA 11-1 Tuning lndlcator retall 110 0: 
One Mlc Connector 4 or 8 pln retoll 4 9: 
5 ft Belden Mlc Cable retall 5 0C 

$483 8C 
PACKAGE SPEClALl $389.95 YC>II SAVE $$$ 

EQUIPMENT 
As you haw. M o d l m  Is a n  outhadred dealer 
for all the popular equipment llnes such as: 
DRAKE. KENWOOD. YAESU. ICOM. KDK TENTEC 
SANTEC etc BE SURE TO CALL US FOR A PRICE 
BEFORE YOU MAKE ANY EQUIPMENT PURCHASE . 
WE WOULD LIKE YOU TO BE OUR CUSTOMER jC 
KDK FM4033 ... NEW 220mhz .................. :): . 9E 

........... ........................... KDK FM2033 .. 
SANTFC ST142 ...++ FREE GOODS++ ... 2''.q9f 
SANTEC ST4401~p ................... ........ ........ 2% OC 

TR26M) ..................... GI- us a rl 
TENTEC 2591 ........................................... 260?? 
ICoM IC-02AT ................................. Talk to US 
TOKYO HI amps ...................... l e u  15% 
MIRAGE amps .................................... less 42% 
VOCOMM ................................. Less 10% 
TOKYO HI tiCHC2000 tunec ............ EL .. 
TOKYO HI POWER HCqOOL tuner ............ $ 2 ~  ';? 
TOKYO HI POWER HC200 tuner .............. BV ($5 
DRAKE MN75 ........................................ 125 OC 
WM . NYE MB-V 3KW tuner & ant ~ w l t c h 4 8 9 0 ~  
WM NYE 46-6 phone Patch 

............................... for ICOM (8 wlre) 82.0C 
BEARCAT DX-4000 ........... 499.9: 

6295 OC SIGNAL ONE MILSPEC Id36':::::::::::::::" 
CALL ........................... 

DON5 CORNER 
wbn . I lu$l coma b a c k  horn me Shmapcfi h . Manlm? . 
(~uport 31 h 42) . I watched (w me r a u m  d me volunw 
e m m s  ghmn dur lng  me Homkn t  84 me wsn Kh war lo* . 
Probably me wont I h o v e  ever men The p r w m  oppeon 
to be m e  l a c k  01 n u d y  rnoterlals for me f en lng  b m e r n b e r  
m o t  me mu BOOKS a r e  g o o d  (or me FCC exoms b u l  no1 
(or m e  VE Proorom  or m e  V E  tests u w d  m e  ARRL study 
g u l d e  or me A m e c o  L l c e n w  g u l d a  Good luck on m e  

. . . . . . . . . . . . . .  Accessw S p m d l r n  . 1- 
Ace Canmunlcartons ........................................... 102 

................................................. Advanced Racs~va R n s u c h  119 
AEA . .............................................. 10 . 11 . 142 
All C a m  .......................................................... 147 . 149 
All EIectrm l ~ .  ............................................................... 122 
Alpha Dells Communka!hns ............................................ 10 
Alum a 1- c o  ............................................................. 102 
Amateur E k n ~ k  SupOll .......................................... 124 
Amateu , .WhoM E b c i r m i n  ........................................... 12 
A m R r m  Rlldlo Rd.y Laqua  ........................................... 151 

....................................... Analog Technology 147 
Antrrk . Inc ................................................ 137 
Atlantnc Surplus S l n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
ATV M w z m e  .......................................................... 128 
Audl0 *mataut .............................................................. 112 
A18mufh C w ~ n k m m s  Corp ............................... .. ........ 85 
AIOIDC Indunrm .................................................. 138 
Barker b W l l o a m ~  ..................................................... 112 
Barn Eleclror~~cr 137 
Baaman Saks ................................................... 144 
B G Mcro  . . . .  .............................. 97.911.99 
BHCo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
Buckrnnra P u b l h h i i  ......................................... 86 
Burghard! Amatcur C a m  ............................................ R5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fluttnnul E k t t o n m  M 
C b A R o b M s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
CeCo ................................................... 70 
CES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Centunm 1.1-tm.l ....................................... IU 
Coaxvl D w a m r s  . Im . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 153 
C m m u n r s l m r  C a r s p l s  . Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
C m m u n r a t m s  Syactdnls . . . . . . . . . . . . . . . . . . . . . . .  1 Y  
Compulu T r d m  Magsrna .................................... 118 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C u ~ h o a l t  Corp 47 
Denlron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DEO m 1.0 

................................................. Dlrcarnl D iY... 147 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D W D ~  Syl tenn 102 
R L Dmke Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
D m s l r  S m -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
Electro C a n  24 
E n ~ a n m  Inc W 
E#lgmmmg C m H n p  113 138 
Falcon C a n m ~ n l ~ a l m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
John Fluke Msnulactunng Co .. Inc . . . . . . . . . . . . . . . . . . . . . . . .  17 
For Tango CWD ........................................ 153 

................................................ Gem Ouad Produc~s 1.0 
GLB Electronrr ............................................ 145 
Hal Commun!cnluns C a p  ........................................ €4 
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y L - 1  T - For S I I ~ P ~ I O ~  oerforrnancf~ at Iowc~r cos l  ~1st. [OD- 
rated 'FOX Tango crystal filters to flll the 
opt~onal spots In your rlg For example. our 1800 Hz 
FT2808 equ~valent of the YK88SN has 60/6dB shape 

I I  I -The- I I factor of 1 7 compared with 2.0, a pr~ceof $55 vs $63. 
and squarer shoulders at the top with steeper sk~rts / / all the way down to more than -BOdB! 

808 N. Main Street Evansville. IN 47711 I I For more pleasant audio use our 2100Hz for SSB I I 4 N EW I C-OPAIT and~orour6OOOHzforAM. ForCW.our4~Hzun1l IS 

better than the YK88C, whlle our 250Hz IS sharper 

ICOM's new 
IC-02AlT represents 
the latest I n  s t a t e - o f -  

t h e - a r t  handheld r a -  

d ~ o s .  The IC-O2AIT 
uses a m l c r o p r o c e s -  

ser to control th~s ra- 
d~o. The IC-O2An w~l l  
s c a n ,  has 10 memor- 
i e s ,  stores offset fre- 
quency I n  memory. 

has keyb~ard  selectable PL tones 
and an ~nternal l~th~um battery 1 I 

than the YKBBCN. 

BIGGER IS B m E a f  

Fox Tango filters are better because of their discrete 
crystal (not monolith~c) construction This makes 
them slightly larger than YK filters so they are 
patched into the circuit with short lengths of coax 
Installation is easy-no drilling or circuit changes. 
Order with confidence. 

COMPLETE FILTER KITS - $80 EACH 

Kits includeall needed cables, parts, detailed instruc- 
tions. Speclfy the type(r) desired: 

NEW! FILTER CASCADING KIT $85 
Extra tall end I-F filter improves 

memory back u p .  SSB/CW selectivity and dynamic 

Uses I C - 2  s e r l e s  accessories. range while reducing RX nolse. No 

Standard 3 watts or 5 watts w~ th  
effects on TX. AM/FM. Price in- 

optional h~gh power battery pack. ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ :  
etc. Shipping: $3, Air. $5 (if COD 



A fresh idea! 
Our new crop of  tone equipment is the freshest thing growing in the encoderldecoder 
field today. All tones are instantly programmable by setting a dip switch; no  counter 
is required. Frequency accuracy is astonishing ?Z . I  Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoderldecoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones.And, of course, there's no 
need to mention our one day delivery and one year warranty. 

.F k-, - COMMUNICATIONS SPEClALlS7S 
426 \\ 'cjl Tafl /\\'cnuc, Orange, California 92667 
(800) 853-047/C'alifornia: (714) 998-3021 

B m  r, 134 SS-32 $29.95, TS-32 $59.95 



5watts that your 
batteries can' live wit1 
Have thc power you r i e ~ i i  when ynu r-it~c~l t WI tt 
Yaesu's new 5-watt 2-metc.1 ti,lndhc Id Pow<-r to 
get out In sltuntions whet12 r\l-d~n,i~i( Hl: I [ l < i  WOI- t 
make ~t 

We des~gned our- HT wlttl ;I unlclw uier-- 
prognmmnble Power- 5avr.r- that pots tile !-I< to 
"sleep" wh~le you're mc)nltol-ln~ <ind ''w<lk..s It ~ i p  
when the squelch brr,>ks 50 yc?cr ccin I~jtc. for 
hours and st111 have plenty of  power- to h ~ t  those 
hard-to-reach I-epeaterr when you nt,ed to 

W ~ t h  the FT-209RH thcr-6s no need to fiddlr 
w ~ t h  knobs when you ct:.ln::e from one filemoly 
channel to anothel-Thafi tif~c;luse vou !<in 1ridt:- 
pendently store everythlrp you nc~t.d ir: r ich of 
the ten memories. rrtelvt. it-t!quency stcirldG1l-d 
or non-standard offset. wen tone cncotie decodc 
w ~ t h  an opt~onal modulc And then ~-rrr,ill any 
channel at the touch of button 

It's easy to hear whats tiapp~nlnq or1 your- 
favorite repeaters or simplex frequenc~es lust 
touch a button and scan -111 memoly ch,innels. 
or selected ones 01- all frr~cluencr.s betwf:~n 
any two adjacent memc~r-les Use thi. pr-lor-ltv 
feature to return autom,it~cally to your- spec~ai 
frequency when ~t becomes actlvc 

Bring up contt-olled-access m,ictilr~cs with 
the opt~onal plug-~n sub,iuc!lble tone encoder 
decoder Independently pr-ognmmed ft-om the 
keyboard for each channel Llsten for- rone- 
encoded s~gnals on selected channels-wlthout 
havlng to hear a bunch of chatter- by en,iblrni: 
the decode funct~on 

The FT-209RH. which covpr: 10 MHz iol- 
CAP and MARS use, comes cornplctii wlth i ! 
503-mAh battery ch,~rger- ,ind soft c;isi: 

For those who want a b,3s1c r;~drn w~tho i~ t  
the bells and whistles, cc~n,lder thr ci?nipcic: 
lightweight FT-203R Tli~', r-conom~c~!l HT fwturi'i 
2.5 watts of power ;~nd ,In optlonnl DTMF key- 
pad. Most all the accessot-lc-s lor thr. 203 wol-k 
wlth the 203, ~nclud~ng ar; opt~onal VOX neadset 
that glves you hands-fr-f-.c ODPI-ation [hais perfect 
for publ~c servlce events 

So when you VISII your- de(+ler; let hlm 
know you won't settle for. anything but the best. 
A radio bullt by 'fzsu. 

Yaesu ElecbPnics Corporation 
6851 W~IIIIJII Vd~y PII-I~~I(~IJ,I~, L i t  ~ 0 ~ 2 . ?  
(213) 633-4007 
h e w  Cincinnati Service Center 
5~170 Goid F 5 r - k  Lit vc., i i,:nlrr,r~ Lil I diilll 
(513) 874-31K 

T-209RH shc 3wn actual size. Prices and specifications sublect to change without notlce. 



Diaifal Code aauelcn .. . 

:~ne t l  by Kc?rl\~ooc-I. [ICS :lllows 
?ach stntlon to havr? I?:; o ~ m i  
'pr~\~;i?l:' ciill" c i ? d ~  (71 to rr?sl)c-)nrI 
,o 3 ' 'yro~11) c;all" ~II "c;or??~i~ori r~~ll" 
::3clc.. Tti~rc! nrr? 100.000 different 
5-d ic~~t  ASCII code ( ;orr i t ,~~i ; ! t~~~is 
-i,~:::;it~lc. YOIJ can program ~n call 
.;!Ins up l o  6 rilclii:; In t l i t t  /" 
:::!di.. \4lh(:1i ol)~r:itinc] I ~ I  !I1 
71~7dci. thit; ~ n f o l ~ ~ i a t ~ n n  call  
)r! iiiltonliitlc:ally l r n n s ~ ~ i i t t r i ~  
2nch tinirl thc tr:~nsrni! key I<; 

~~ (~p rc : ; : ;~~ l .  Thi:; r t ; vo l~~ t~c l r~ : i r~  
r ~ n t i ~ r i ?  1s orily lhc t)c?g~nr~~ncjl T'lir! 
TR .?t500A :1I:;o :;potl.'; ;I III>I/-I 
r.n!:!ac.:t [)l;~r;!ic: (:;IS(:, tli:~t i:; c'xtra 
. i~ggcr l  ;ind :;cuff-rc:;ist;ilit. 7 h r  
?l~ol(i?c~-lrl l:,ol(>r :li-lcls to tI1e ;lttrclct- 
b f ?  <3[)[)oiiriirl(:c. 1 ll(! I:ircjP L 
 splay IS c;isy l o  rr',;~tl in (11 
; I I ~ I I I ~ I ~ ~  01 It>[> i ! ;~ rk  I~JIIII 
~ . ~ l l v ~ ~ l l l ~ ' r l t  l:lrll[) ~\fi!lti?l>. l i  ( 
)!;lys : r : i nsn~~ t i r?c : r~ \~~~  frecl~ 
:,<?:;, ~ n c ! ~ l ~ o r v  r,h:inn~~l:;, ; i r ~  

i8rr)w inrlicntc~rs for "F LOCI 
~(.?(JLI?~I[:~ loc;k, ' 'RE\/" rr)r!cl; 
r:vl::rsc?. "PRO(;.Sm procjr:~nii 
;(;:ill, ''bqs'' rll[>rI!OrV :;C:iirl, 
r\l.ERT.S: !:lrrt , ! S C ~ I I ~ .  A star 
: I:<:> "t\b:il DCK-CIUT" 15 

lb:tl\/;l!~?(-l, ~ ~ : l i i ~ r  c)ff!;rll 
I t-iir:atc?rl , I; ;inl:l Mi' T t l ~  
[ I ?  -?fjClO,A, li:~:; 1 0  ITI~!I~I(~~I(::; ,  r!irii: 

r: t r  :;~rriplru (31 irnnsrnl! w ~ I h  frc- 
(1 Ir?rlr:y !-,ffc;i!t +(iOO kt i ;  :irlci orit? 
(rr~cniory 13) for nn~i-st:lnti;irtI s;)lil 
'r?c!!rc?!lc.l(::;. M o ~ i l r ) ! ~  ~ ~ i 3 1 i  ; 

-1 oc~ r ;~n i~m;~ t~ l t~  t,;~ntJ !,(';In h 
I -  e nrif.lccl c:c?rlvi:nlor)c:l> of ' 

);xr::tc?c! Rcsurnr:" lhi i l  r:!ol 
!I i:;y c;ii::nn~:l ;ini-i holcl.; for 
~ ! l ~ ~ ~ ) l O ~ l l ~ ' ; ~ t ~ : ~ v  5 <;t-~c;o~i(j:;, I! 
; :;tlrn<:L; sc:jiirl ir-~~i, ilr "C:irr~ 
');)c:r;itt.ci Hr?t;!irr~c," ill;-:t slo 
:III!;~ c:h;:1111f;l ~ 3 1 1 c i  

V,II:~:~I $;~rir~:jI (;(?;I:;c: 
\ I~~~~Y~oIY ~i;;i11. 

:it?rrj(:)llr: ; In wh~c t l  c ~ ~ i r ; ~  I:; :;1orcci. 
.;)ot ;~Ili>bv:; y c ~ ~  
:1110ry i..li;lrlri~'Is 

~ r v  lo(:k-I 
c?i.tecl rnc 

!~::~\srr i~t (:.~/);iilllil:' 111 ' i ~ l , t  l , ;  : . t ~ [ ) : ;  
to1 : ,~ i l l [ i l i '~  :)I I('L)'I:I~,,I I /p,r:!!iori 
on r~i(?st  P!f\R:; ;!rl!: (;\I' frr!r?i~(:r:- 
(:Ic!:;. F< r i~ , -~ i v~ ,  ~ I I ~ , !  III::I;~;!J 

~n(:I~lrl(?s l ~ l O . ( l Q O -  15?1,!4! 
Tlir!c;c i:!::!iirc+:; O ~ I V  t r  

tho slorv. ;hr TR-7ciOC)A o,.,,., , ,,,., 
k t?y l~o:~r ( l  f r f ! ( t i r ( > r ~ ~ .  v :;(!I( t:!ior~, 
b ~ l ~ l t - i r l  l(i-kc:v <>LI~~L:;II(;II vrc;o(ji3r, 
" T X  STOP" :;wil(\l-1. kll (?.' j)/LC)\,V 
(300 lllV!'I ;)owl:\r !>\'\lll~-ll, 
S W I I C ~ .  " sL . i [ ) r -~  OC- h;lt 
pack, /ligll f'ffic-:i(?~i(.v :;!I( 
BNC nr-ilr>::rl.1 I r~rn in :~ l .  :?111i all oi 
this rn :in r)~!rc>nl(:ly (.or) 
I~u t i ! \ f i ~~~ iq !~ t  ~-~;>::haqc!: 

Kcn\r.tr>-!ri's TH-; l iC)(jA, 
D.C.S., I(\.I(I:: t l~i: \,v:I\! 111 , ,  :;, 

tt?ctiric~l!-,;iv l i : i~ l r l l i~ l r i  lr:t~~~~;(,c>ive>r:;~ 
Optional accessories: 

I L l - 3 W  tioil! i r l  : I ~ O C ; ~ ; I I T ~ ~ I I ; I ! ~ ~ ~ ~  ~ SL . I~ -~LJ~ I ; !  ~ ' I Ic .o(~o~ 
ST-? Hat;(. S!; i~ l i j  

~ kf?:;-1 b,l, i ! I l l~ - ,  st:!rlcl 
PH-?I> Pkll-Cti f?:ilti.!ry 
DC :':i :)C L?C C<,r-)v(\; 
HMC-1 t-Il~~:i(lsf,l ~ ~ ! i l l i  \! . SMC-30 Sl~r::~l\c:r t\ l~r:rc 
Lk1-3 Dc,l~iur, I.c~:!tt.~c:r (: . SC-9 !;(:!I C;lsi-, 
BT-3 i l A  hl;lncl:~ri:~.;r'/A 
R;-ttit7rv C;I:;O 

Al l< : i l~ r i~~ I - ~ ~ ! ! t ~ ~ r v  L ' ; i : ~ l 2  . R A - 3 .  5. l i ~ l r ~ s ( ; o l ~ i n ( ~  A . CD-10 C:!li Sipn DIC:~:~:! 
h,lorc ~,lf,:~rn-i;~t~rlrl 19-j 
r r j -  ;'ij(70r,, i t ,  :I\,I;;II:!!!I~; i r !  
i ? \ ~ t h ~ r ~ , , i ~ ~ :  ( !~?OI(> I '~  ~ " f  
Tr~ci-Kc:rl\v,)otl C o r i i ~ l i ! ~ ? ~ ~  

!1t S! l~\( ! t ,  
o?:'o. 
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