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Explore the  World of 1. ZGHz! 
Explore the world of 

1.2GHz wlth ICOM's new 
IC-1271A base station trans- 
celver. ICOM has a complete 
llne of 1.2GHz gear to meet 
your operating requln- 
ments...the IC-1271A base 
statlon, IC-120 mobile and 
RP-1210 repeater. 
IC-1271~.' ICOM intro- 

duces the first full-featured 
1240 to 1300MHz basestation 
transceiver, the IC-1271A. 
With 10 watts of RF output 
power. 32 memories, mnning 
and multi-mode operation 
including An/ (amateur N), 
the IC-1271A is a pioneer in 
1.2GHz technology. 

Whether your interest is in 
mobile, DX, repeater, satellite 
or moonbounce operation, 
the IC-1271A has exceptional 
receiver sensitivity because of 
front end GaAs FETS. 

A variety of options are 
available for the IC-1271A 
including the IC-EX310 voice 
synthesizer, UT-15s CTCSS 
encoder/decoder, IC-PS25 
internal AC power supply and , 

the TV-1200 interface unit. 

TV-1200. The interface 
unit allows amateur television 
( A N )  operation when used in 
conjunction with a video 
recorder or a video camera for 
transmission, and a television 
monitor for reception. Explore 
the new facet of amateur radio, 

m 
RP-1210. Complete your 

I.2GHz system with the 
RP-1210 repeater. The RP-1210 
features P U  frequency selec- 
tion (198 channel, DIPMlitchJ, 
high stability PU, repeater 
access to CTCSS, three digit 
DTMF decoder for control of 
special functions, 10 watts, 
selectable hang time and 
ID'er. 

IC-120. The 1.2GHz mobi 
tranxeiwr features six 
memory channels, scanning 
an HM-14 up/down scannrr 
rnic, RIT, LED readout and 
three tuning rates. Accessori~ 
include the ML-I2 10 watt 
amplifier and the PS-45 slim 
line power supply. 

- 

See ICOM's full llne of 
1.ZGHz gear at your local 
ICOM dealer. 

-... 

First in ~om~67unicatior 
ICOM America, Inc.. 2380-116th Aw NE. Bellme. WA 98004 / 3331 Towermod Drive. Suite 307, Dallas. TX 75; 

All rard rc m n u ( r  md mbfm m dUnQe wlthDul rale ac otilgrtton. All lCOM ndla S l Q n I l k m V y  a& FCC RpuIaUorn Umltlnp Iprtaa mh~lon. 127W 



What To 
Look For In A 
Phone Patch 
The Iw*st wav to decide 
what patch is right b r  you 
is to first deride what a 
patch should do. A patch 
should: 

Give complete conhol to 
the mohile, allnwing full 
hreak in operation. 

9 Not interfere wlth the 
normal operation of your 
base station. It should 
not reqllirv ye111 to con. 
nect and disconnect cab- 
IPS (or flip switches!) 
everv time you wish to 
use your radio as a nor- 
mal hase station. 

Not depend on volume or 
sque1c.h wttings of your 
radio. It should work the 
same regardless of what 
you do with these con- 
trols. 

* Y w  should he able to 
hear your hase station 
speaker with the patch 
installed. Remember. you 
have a base station he- 
cam~se there are mobiles. 
ONE OF THEM MIGHT 
NEFD HELP. 

The patch should h a w  
standard features at 
no extra cmt. These 
shoi~ld include program- 
mahlc~ toll restrict (dip 
witrhes). tone or rotary 
dialing. programmable 
pa tch  and ac t i v i t y  
timeri. and front panel 
indicators of channel and 
patrh status. 

ONLY SMART PATCH 
HAS ALL OF THE 
ABOVE. 

Vow Mobile 
Dperators Can 
Enjoy An 
\ffordable 
?ersonal Phone 
?atch. . . 

\ ~ l t  an expensive 
rcq>v,jter. 
[king any FM tmnceiver 
as d haw' station. 
The scsrret is a SIMPLFX 
autupiltrh. Thr SMART 
PATCH. 

;MART PATCH 
s Easy To Install 
i~ in\tnll SMART PATCH. 
onnrrt thv rnultir~rlored 
on~puter style nhl~on cahle 
1 niic- a~tdic,. receiver 
isrriniinator. PTT, and 
ower A r r ~ c d ~ ~ l a r  phone 
ord is providrd for con. 
ertic~n 10 VOII~ phnne sys- 
?m. Sound sin~ple? . . . 
r IS! 

How To U s e  
SMART PATCH 
I'lncing n call is simple. 
S c ~ d  your access r i d e  
from your mobile (exam- 
ple: '73). This hrings up 
the Patch and you will 
hear dial tone transmitted 
from your hase station. 
Since SMART PATCH is 
checking about oncp per 
serond to see if vou want 
to dial. all you have to do 
is key your transmitter, 
then dial the phone num- 
ber. YOU will now hear 
the phone ring and some- 
one answer. Since the m- 
hancd  control system of 
SMART PATCH is con- 
stantly cherking to see i f  
ynu wish to talk. you nepd 
11) simply key your trans- 
mitter and then talk. 
That's right. you simply 
key your transmitter to 
interrupt the phc~ne line. 
The hase statinn auto. 
matically stnps hansnlit- 
ling aher you key ynur 
mic. SMART PATCH drws 
nrrt require any sperial 
tone equipment to rontrctl 
your haw station. I t  sam- 
ples very high frequency 
noise present at your 
receiven discriminator to 
determine if a mohile is 
present. No wnrds or sylla- 
hles are wer lost. 

SMAft7' PATCH 
I s  All You Need 
To Automatically . 
Patch Your Base 
Station To Your 
Phone Line. 
l iw* SMART PATCH br :  

Mr~hile (or remote base) 
t ~ >  phone line via Simplex 
base. ( w r  fig 1 .) 

Mobile to Mobile via in- 
terrcmnerted hasp sta- 
tions for extended rang.. 
(we fig. 2.) 

Telephone line 111 mohiie 
(or remote base). 

SMART PATCH uws 
SIMPIIX RASI-: STA- 
TION EQOIPMENT. l lr  
your ordinan, base sta. 
lion. SMART PATCH 
dcws this u,ithout inter- 
fering with the ne~rmal 
use of your radin. 

W A R R A N M  
Yl:S. 180 days of warran- 
ty protection. You sinlply 
ran't go wnlng. 
An FCC t y p ~  accepted 
n~upler is available for 
SMART PATCH. 

Communications Electronics Specialties, Inc. 
1'0. RIBX 29:10. Wintrr Park. Flonda 32790 
Telephone: (305) 645-0474 Or u U  toll-free (800)327-9956 



Reach Higher.. . I 
As the Amateur bands .Offset ~evrrsc? swltch 
become more and more RIT 
.crowded, hams seek higher * Repe;iter offset sw~ l t l l  
and higher frequencies t o  (-20 MHz1 
"get away from it all:' Here's 
a chance to  experience 
"something differentw- 
1200 MHz! 

LC11 fri~cl~lency readout w~th SI 
RF!hntti:ry check bar rneter . Battery 5171 and charger 
External poiver cnblp for base 
or rric~tille opernt~on 
I wnlt nutjn~l 
5 nir,nlcl!y channels 
Odd~spl~ l  oix=r;lllon on 
nleniory channel 5 
Pro~lra~nmal)le scnnrllng 
I 6  hcy DTMi Iinnrl 
ni~\-rnphnnrv 

* 114-wave slerve nntcnm on 
nn 8-1-)ns1l1cln adl~1~13tiIe l l l ~ l l n ~  

.\ 

.. VB-50 Power clrnpllf~er pnone wllh tlme-out tlrner I 
(10 ~ a t t s l  SWC-4 1.2 GHz d~~ect~onal  

4 M B 3  Mobile rnounllng bracket coupler for SW-200Ai:)00F: . PB-16 N I C ~  battery set and SW 2000 rnelers I 
- TU 5 Sub-lone unit - sc 10 so11 c a w  I 

Ultra-Compact 

The Kenwood TM-2OIA r,.AC r,,5 1 8 ~ ~ x r i 1  IIILI~III, n11i I' I 
2-meter transceiver is the [ , t l .  v11tt1 t11111- .011t  Ilrllvl 
smallest and lightest FM 1 0 ,  <,IIII>;I~ t III~,IIII,, c,p~~,:~k~~,r 
unit available! !,W~III(I All3 ~-;WRI~)~IW~~I r~iol(lr 
:"I m,,ill \ > i ~ Ip~ l t ,  >,~11ll1 l l l i l  0 !;\!g :'I)O n!l{ iWli1pi)wi.l n i ~ t f l r  
lxnh!+>r ,<WII, 1 1  W t  1 :' 111 ,111lt~111i;f lllll('i 

l)ir;~l i l ~ ~ l ~ l ~ ~ l  VFOc.  : 1 (: 111 ~ ~ ~ ~ I ~ , I G ~ ! I (  v ~ .~I~I IoI I I * I  

.> ' , ,  , , ~ , : ( :  ( , I ,  !I,,," l",>r,.,l,.,5 

1970's: 
TR-7400A 1.. . , I  ' 8  IN, ' , " A  

I ,  . : I  ,I,, I,. 1 ...... I, ,I, I . '  
, . , I  I . I . ! ,  . ,v.. , 

1980's: 
TM.PO1A li. . : $ 8 ;  1, ,I. !,rm, I 

TRIO-KENWOOD COMMUNICATIONS 
1 1 1 1  Wt..,I W llntll L,llq,l,I 

(:,,,,,181<#,, r.,llll,~r~>, I 1fl:':'Il 
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it can happen to anyone 
One of the more pleasurable obligations of working in the Amateur Radio industry is keeping up- 
to-date on all the latest equipment, accessories, and doo-dads that come along. 

One night not too long ago I took one of the newest radios home to do a little informal testing. 
Like most radios on the market today, this one is loaded with just about every feature you'd want 
to have. In fact, if it had legs, I guess it would walk the dog in the morning - if I remembered to 
set the timer the night before. After making up all the cables and installing the radio, I sit down to 
make its acquaintance. All goes well for the first few minutes . . . signals are strong and the radio 
operates flawlessly. Until, that is, I decide to QSY to the broadcast band to listen to the local news. 

The radio goes dead. 
My first reaction is to assume I'd either turned the wrong knob or pushed the wrong button, so 

I run through the standard drill of trouble-shooting: punch every knob and turn every button to see 
if that solves the problem. Five minutes of this pass, and the problem is still there . . . the radio is dead. 

Now what? "Back to the manufacturer," I sigh, and off I go to bed. It's late, and I'm completely 
discouraged. "Why can't they build something that works?" I complain to my sleeping XYL. I am 
utterly discouraged. 

After I turn out the light, and I'm lying there waiting to fall asleep, I ask myself, "Did I try the 
squelch?" I'm not sure, so I throw on a robe and head for the door. My wife stirs in her sleep, pulls 
the covers to her side, and murmurs something good-naturedly unintelligible. I run downstairs, turn 
on the radio, set it to the broadcast band, and wait for the problem to reappear. It does, I turn off 
the squelch. 

BINGO. 
The bottom line, I guess, is that problems like this can strike us all. From Novice to Extra, no one 

is immune. The increasing complexity of our world - and of Amateur Radio - makes it hard to 
be fully expert on the many different pieces of equipment and in the varied technologies we use. 
So when a problem occurs, all we can do is walk through a step-by-step check of each and every 
control to determine whether it's really an equipment problem or just another embarrassing incidence 
of "cockpit error." If the malfunction escapes this scrutiny, then we can consult the owner's manual 
to see if the problem is one that the manufacturer has already anticipated. If this step fails, we can 
check with the dealer to see what he has to say. (Most likely, he'll be thoroughly equipped to handle 
the problem. 

My point is that sending equipment back to the manufacturer is always the action of last resort. 
Yes, the manufacturer has a skilled service staff to troubleshoot and repair equipment. But as Joe 
Carr, K41PV, points out in his new ham radio column (see page 671, as much as 40 percent of the 
equipment that lands on the benches of professional service technicians has absolutely nothing wrong 
with it! By not taking time to really check things out first, its owners are inconvenienced, off the 
air, and out the cost of packing and postage. 

These newfangled radios sure are nice. But they're a whole different world from the Hammarlund 
HO-129 and Johnson Ranger 1 started out with. 

Craig Clark, NIACH 
Assistant Publisher 
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MFJ ACCESSORIES 
300 WATT ANTENNA TUNER HAS SWWWATTMETER, ANTENNA SWITCH, BALUN. 
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz. 

- 1  . MFJ'S fa tast  salllng tunar packs In  plenty of new faaluns! 
New Styling! Brushed aluminum front. All metal cabinet. 
New SWRIWanmetsr! More accurate. Swltch selectable 

300/30 watt ranges Read torwardlreflected power. 
New Antenna Swltch! Front panel mounted Select 2 coax 

lines, direct or through tuner. random wlrelbaianced line or 
tuner bypass lor dummy load 

( 
Naw airwound inductor! Larger more efficient 12 position air- 

wound Inductor glves lower losses and more watts out. Run up 
to 3W watts RF power output. Matches everything from 1.8 to 
30 MHz: d~poles, Inverted vee, random wlres, vertlcais, mobile 

NEW wh~ps, beams, balanced and coax llnes. Bulll-in 4 : l  balun for 

$99.95 M F J - W I D  F E A ~ R E S  balanced l~nes. lWOV capacitor spaclng. Black, 11~3x7 inches. 
Works with ail 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-64. Send and receive mm- 
puterized RTTY/ASCII/CW with nearly any per- 
sonal mmputer (VIC-20. Apple, TRS-WC. 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 s p e d  (5-1W WPM RTTY/CW. 3W baud 
ASCII). Sharp 8 pole active filter for CW and 170 
Hz shift. Sends 170. 850 Hz shift. Normallreverse 
switch eliminatesretuning. Automatic nolse ilmiter. 
Kantronics compatible socket plus exclusive general 
purpose socket. Bxl'/rx6 in. 12-15 VDC or 110 VAC 
with adapter. MFJ-1312. $9.95. 

RX NOISE 
BRIDGE 
Maxlmlza 
your antenna 
psrformancel 
Tells whether to shorren or lenathen antenna for 
m~nimum SWR. Measure resonant frequency. 
radlatlon resistance and reactance. 
New F w t u m r  individually calibrated resistance 
scale, expanded capacitance range ( i t 50  pf). 
Bu~lt- in range extender for measurements be- 
yond scale readings 1-100 MHz. Comprehensive' 
manual. Use 9 V battery. 2 ~ 4 x 4  in. 

INDOOR TUNED ACTIVE 
NEW! , M P ~ o ~ E D !  ANTENNA 

higher gain"World Crabber" rivals 
or exceeds reception 1 

ol wtr ida long w l m l  Un~que tuned Act~ve 
Antenna minimizes intermode, Improves Select- 
ivity, reduces noise outslde tuned band. even 
functions as oreselector with external antennas. I 
covers 0.3-36 MHz. Teie 
smping antelma. Tune. 
Band. Gain. On-off 
bypass controls.6~2~6 in. 
Uses 9V battery.% 
18 VDC or 110 VAC with 
adapter. MFJ-1312. $9.95. MFJ-l&?OA $79.95 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your syntheslmd scanning $39.95 
2 meter handheld into a hot Police/ - = MFJ 
Flre/Waather band scanner1 
144 148 MHz handhelds 
recelve Pol~ceIFire on 154- 
158 MHz wlth dlrect fre- 
quency readout Hear 
NOAA marlllme coastal 
plus more on 1M)-164 MHz 
Converter mounts between 
handheld and rubber ducky 
Feedthru allows s~muitaneous 
Scannlng of both 2 meters 
and Pol~ceIF~re bands No 

OBUOATION. IF NOT DELIOHTED. RETURN WITH- 
IN30OAYS FORPROMPTREFUND (LESSSHIPPING). 

One year u m d l t l w l  guarantee Made in USA. 
Add 54.W each sh~ppinglhandling C8II W W ~ M  

missed calls. Crystal controlled. Rypass/Oft 
switch allows transmitting (up to 5 walls). Use 
AAA battery. 2'/rx1'/2x11/2 ln BNC connectors. 

MFJ/BENCHER KEYER 
COMBO 

$%i:& 
Tha best o l  !I 
all CW worlds- 
a deluxe MFJ Keyer In a cornoac~onl~gurat~on 
that Il ls rlaht on the Bencher larnblc oaddlel 
MFJ  eye; -small in sue, blg In lealures Curtis 
8044-0 IC. adjustable weight and tone.front panel 
volume and speed controls (8-50 WPM). Built- 
in dot-dash memories. Speaker, sidetone, and 
push button selectIan of semi-automatic/tune 
or automatic modes. Solid state key~ng. 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 SWR/WATTMETER 
Law CMt MFJ-812 $29.95 
VHF SWR/ 
Waltmeterl 
Read SWR 

and torwardl # 
reflected power I 
at 2 meters. Has 30 and 300 watts scales Also 
read relative field strength. 4 x 2 ~ 3  In. 

MFJ ENTERPRISES. iNC. . 
Bm 441, Mlsslsslppi Slats. MS 39762 

1 KW DUMMY LOAD 
Tuna up fad, axtend 

MFJ-250 $39.95 - - 
Ill0 of finals, reduce *-- 
QRM! Rated l K W  CW - mr m8..8,,.,,. - 

*,,A 

or 2KW PEP for 10mln- 
Utes Halt ratlng tor 20 
mlnutes contlnuJus at 
ZOO W CW, 4W W PEP .- 

I 
VSWR under 1 2 to 30 
MHz. 1 5 to 300 MHz 
ld 011 contalns no PCB < - / 

50 ohm non-lnduct~ve reststor Safety vent 
Carrylng handle 7'/zx63/. ~ n .  

24/12 HOUR CLOCK/ ID TIMER 

maintains time during power outage. ID llmer 
' 

alerts every 9 minutes after reset. Red LED 6 inch 
d~gits. Synchronizable wlth WWV. Alarm with 
snwze function. Minute set, hour Set switches. 
Time set swltch prevents mis-setting. Power out. 
alarm on indicators. Gray and black cabinet. 5 x 2 ~  
3 inches. 110 VAC. 60 Hz. 

DUALTUNABLE SSB/CW/RTTY 
FILTER MFJ-7528 s99.95 

8 I 
Dual fllters glve unmatched performance! 
The prlmary f~ l ter  lets  yo^ oeah -3::- 9:. 
pass or h ~ g h  pass w ~ t h  exva s:eec srsr:s 
Auxil~ary tllter glves 70 63 ?o:ih :t -: 2ea. 
Both f~l ters tune !'om 300 ': 3!CC -z A':- 

variable bandwldrh 'rc- :C * z  ': -?a- . * a: 
Constant out~u:  as aa-::,c" s . a7  F: -ea7 
frequency conl~oi Sn ::-as e -: re - :e. ':- 
Impulse w s e  S - L  a'ec r'eqe: if.-: ':- CLZ. 
lets ears an0 mtnc -e e:' ::'! -:".r ':. 2 . ;r 
Plugs I?!C Dhs(re !2:. -c.: .:a':: ':' 2ea.e' 
Off aypdsses ' :e- 5 . 5  . 1: :- '.: . :: 68:- 

optlcna aczc:e7 '.'=.-'1': $4 i 

TO ORDER OR FOR YOUR NEAREST 
DEALER. CALL TOLL-FREE 
800-647-1800. Call 601-323-5869 
In MISS and outslde continental USA - 
Telex 53-4590 MFJ STKV 
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THE COMPLETE RESOURCE FOR YOUR HAM RADIO NEED5 

HAND-HELDS SIMPLEX-REPEATER-SATELLITE 

TR-2600A Oeserves~ra 
well earned repu!a!aon 
as Ihe lead19 HT 

TH-ZlAT'41AT MA-40 40' TUBULAR H D MAST 

Only24 W 4 7 2 H  11 0 

MA-550 55'TUBULAR H D MAST 

.Why You Should Buy. 
SUPER-COMPACT 
2 METER MOBILE 

2. Pleases neighbors with W-51 SALE.$899 
tubular strearnlrned look 

3. In stock for qurck delrvery LM-354 SALE $1599 

ALSO 'IC-27H HIGH POWER VERSION 
IMMEDIATE DELIVERY 

AND IC-37A. 220MHz 
IC- 4 7 ~ .  ~ O C M  SAVEr 

FALL SPECIAL LOW LOW PRICE 

THE VERY BEST DEAL ON EVERY COUNT! 

TOP-OFTHE-LINE H F  TRANSCEIVER 

PAY REGULAR PRICE $1 799 95 

TRANSCEIVER 

6 September 1985 Tell 'em you saw it in HAM RADIO! 



I "The Key lo Worldwide 1 

THE TOLL FREE NUMBER IS NOT IN EFFECT IN THE STATES OF 
CALIF ANDARIZONA 

CALIF. AND ARIZONA CUSTOMERS CALL OR VISIT NEAREST STORE 

STORE HOURS: 10 AM to 530 PM Mon. through Sat. 
ANAHEIM. CA 92801 OAKLAND. CA 94609 SAN DIEGO. CA 92123 
2620 W. La Palrna. 2811 Telegraph Ave . 5375 Kearny Villa Road. 

(714) 761.3033. (213) 860-2040. (415) 451-5757. (619) 560.4900. 
Between Dfsneyland B Knolls Berry Farm Hlghway 24 Downlown Lell 27th ofl-tamp. Hlghway 163 and Clatrernonl Mesa Blvd 

BURLINGAME. CA 94010 PHOENIX. AZ 85M5 VAN NUYS. CA 91401 
990 Howard Ave.. 1702 W. Camelback Road. 6265 Sepulveda Blvd.. 

: % &. ,  . > , . . ' .  .,,. . ,:.. A i , .  . I.,. I .. . , ., ,, , , .  . .... .. ., . ,.,> .., . . . , j / . . . ~ / " / .  . . / I . . /  

bUl.lli% , ......I,. w1. i .  . 1 ) . ' 1 . * ~ 1  . Ul i ,A  . 4,' . .., 8 i . i  . .. V . , . i ( - , + % .  I . A I 1 . I , /  ,.' . .. L :ti $,. . , . I .  , I. I,... . I . . -  .. , 1 . . rl,l, . . .,* .% . I.,,,. . ' &.\A . "..' . . , . , I  . . ," . . Y'  . Y ' 8  8 . . *,I,  w a r  - - - . .,,.:, . . .  . .,?, , . .1 .,. ,..... 1 

.,. I l... ' , , V l  .,, r . .p , , ,  . *  . - , i > *  . . , . ! a ,  11-,1. ... 8 . r 1 4 . 1 . .  , A I . . .  iU. ","I , I  ...I I .i..: U . i i . i . . b . I . .  _HI I,, . 



ElMAC celebrates its 50th Anniversary 
with an extensive line of 
FM Broadcast Cavity Amplifiers. 
Varian ElMAC celebrates 50 
years of service to the broad- 
cast industry with a spectrum of 
FM from a powerful 60 kW to a 
mini power150 W solid state IPA. 

The cost-effective path 
to a modem FM transmitter. 
No one knows more about 
broadcast tubes and cavities 
than EIMAC. Our strong cavity 
development capability reduces 
R F  engineering problems. 
ElMAC cavities are inexpensive 
and simple to use. 

For more information call or Varian ElMAC 
write Varian EIMAC or contact 301 Industrial Way 

any Varian Electron Device San Carlos, California 94070 

Group sales office worldwide. Telephone: 415.592-1221 
Varian AG 

POWER CAVITY EIMAC TUBE 

60 kW CV-2230 4CX30,OOOG 
30 kW CV-2202 4CX20,OM)C 
25 kW CV.22M) 4CX20.000A 
15 kW CV-2210 4CX12,OOOA 
10 kW CV-2228 4CX7500A 

1.5 kW CV-2220 3CX1500A7 
150 W AM-2215A Solid State 

ElMAC FM BROADCAST CAVITY Steinhauserstrasse 
PRODUCT LINE CH-6300 Zug, Switzerland 

Telephone: 042.23 25 75 

- 

varian 
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Dean 1.eMon. KRPV sure is! Dean 
got active i n  Amatcur Radio when he 
was 16 years old and earncd his Extra 
Class license i n  less than four years! 
It 's a fascinating hobby and a great 
way to meet al l  kinds of new people 
from al l  over t he world." 

Dean has cerebral palsy and  got 
started i n  Amateur Radio wi th help 
fmm the Courage HANDI-HAM Sys- 
tem. The HANDI-HAM System is an 
international organization of able- 
bodied and disabled hams who help 
people wi th physical disabilities ex- 
pand their world through Amateur 
Radio. The System matches st i~dents 
with one-to-one helpers, provides in- 
struction material and support, and 
loans radio equipment. 

Isn't i t  time you got radioACTlVE 
w i t h  the Courage H A N D I - H A M  
System? 

Call o r  wr i te the Courage 
H A N D I - H A M  S y s t e m  
WPZSW at Courage Center, 
3915 Golden Valley Road, 
Golden Valley, Minnesota 
55422. phone (612) 588-0811. 

Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to  ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 

so 
tect the copper from cor- 

ergy, but the dissipation is performance. 
so rapid you can't feel the I ' 1 So whether, you're calling 
heat. That's why it's impor- ( 1  for fun. or calling for help. 
tant to know the cold facts you can depend on Larsen 
about Larsen antennas. ' I '  

;I 
antennas and our no- 

Our exclusive KGlrod@ #! nonsense warranty to de- 
whip minimizes RF loss / liver a strong, clear signal.. . 
regardless of the watts 

I 
li instead of a lot of hot air. 

applied, so you can talk (( farther. It stays cool to the 
touch even at high power. 

The stainless steel rod 
is first plated with nickel. ickcl over stainless 
then with copper for high 

@ crrsen nntennas 
The Amateur's Professional'" 

See your favorite amateur dealer or wrlte for a free amateur catalog. 
IN LISA Larsen t.leclron~cs Inr IN LANADA Canaosan Larsr~o t ltbclrm#cs Lla 

I I61  1 N C 50th Ave PO Box 179'3 149 Rest 6th AVPFYP 
Vancouver WA 98668 Vancouver R C VSY I K3 
2% 5913-2127 6114 817 851 1 

LARSENWULROD' AND KULDUCUIF" ARE REGISTERFD TRADEMARKS OF I.ARSFY ELECTRONICS INC 
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AMATEUR USE OF A GEOSTATIONARY SATELLITE has been proposed by NASA. One of NASA's 
Advanced Communications Technology S a t e m e s  (ACTS) is to be made available for use by 
experimenters for a two-year period starting in 1989; Amateur Radio is one of the groups 
that NASA expects to be interested in using it. Uplink band will be 27.5-30 GHz; downlink, 
17.7-20.2 GHz. As these are outside the Amateur bands, it's likely either an STA or 
experimental license will be required for them. The satellite will use highly directive 
antennas aimed at some major population centers, but NASA even suggests Amateurs might use 
repeater techniques to permit others outside the bird's antenna "footprint" access to it. 
Interested Amateurs should request NASA's November 1984 "Notice of Intent" from Ron 
Schertler, ACTS Projects Experiment Manager, MS-54-6, NASA, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. 

BROADCASTERS MAY DO ANYTHING THEY WISH WITH AMATEUR TRANSMISSIONS, but Amateurs are 
strictly forbidden to use Amateur Radio in any way that might be construed to benefit any 
"broadcaster." The FCC's Report and Order on BC Docket 79-47 now appears to almost forbid 
such well established Amateur Radio "public service" activities as, for example, any direct 
tie between an Amateur Radio weather net and the U.S. Weather Bureau, since Weather Bureau 
information is "broadcast" on NOAA's 1.62-MHz weather stations. 

The Redefinition Of "Emer enc " in Part 97 Is At The Heart of the problem. Verified 
emergency communications sue: asY"The dam has E ~ k e n "  or "A tornado just crossed the 
river" would still be permitted, of course. What appears to be against the new rules is 
letting an Amateur station in a weather net tell the Weather Bureau "The dam looks shaky" 
or "The sky's getting very dark." Under the new rules, however, nothing would prevent the 
Weather Bureau. broadcasters. or anvone else from monitorina an Amateur Radio weather net 
and using the reports heard in any &ay they wished. 

- 
A Petition For Reconsideration Has Been Filed B ARRL, asking the Commission to go back 

to the former less stringent definition of " ~ m e r b o r  to temper the new one so it 
won't preclude public se;vice ties between weather nets and the ~kather Bureau. 

AUXILIARY OPERATION ON ALL AMATEURFRE UENCIES except 431-433 MHz and 435-438 MHz has 
been proposed by the Commission in P R b ~ l 5 .  The present rules restrict auxiliary 
operation (principally control links) to above 220.5 MHz. However, the FCC feels that 
there is no reason, given the present state of the art, that such auxiliary operation 
shouldn't be ~ermitted on the other Amateur bands, as well. 

Comments 0; PR Docket 85-215 Are Due At The commission September 24, and Reply 
Comments by October 25. 

NEVADA HAS JOINED THE SHIFT TO 20 KHZ 2-METER SPACING, except for the Las Vegas area, 
which has traditionally gone along with Southern California. Eastern Nevada will be 
coordinated by the Utah coordinator, and the western part by NARC'S northern California 
coordinator. Iowa's council, however, has voted to remain at 15 kHz and the ARRL band- 
plan though with a voluntary state-wide tone access system. They also intend shifting 
the 145-MHz repeater subband to 15 kHz spacing in order to pick up additional channels. 

800-MHZ SCANNERS WOULD BE OUTLAWED IN C A L I F O E  under a proposal, SB 1431, presently 
being considered in the state legislature. The proposal, apparently the result of phone 
company concern over the security of cellular communications, has California Amateurs 
worried over possible negative impact on Amateurs. Los Angeles attorney Joe Merdler, 
N6AHU, has been instrumental in delaying the bill's approval, though scanner manufacturers 
haven't seemed very concerned about it. If it becomes law a court challenge seems likely. 

AN 800 NUMBER FOR QUESTIONS ABOUT ITS VEC PR-, including its own or any other 
VEC1s exam schedule, has been installed by DeVry. The number, which is presently access- 
ible only in the greater Midwest area, is 1-800-327-2444; A DeVry WATS line covering the 
entire Continental U.S. will be announced in the near future. 

"The Volunteer Examiner," A VE Newsletter created and edited by DeVry VE KI9R, is now 
being distributed by DeVry. An SASE to Jim Georgius, W9JUG, DeVry ARS, 3300 N. Campbell, 
Chicago, Illinois 60618 will bring a sample copy. 

W9JUG's Sunday VE Net Now Meets On 7173 kHz, 14002, with a second session at 18002. 

"12-12 WORLDWIDE" IS A NEWLY FORMED ORGANIZA= to promote activities on the new 24 
MHz (12 meter) WARC band. For details send an SASE to Steve Walz, WA5UT0, Box 222, 318 S. 
Massachusetts Avenue, Cherokee, Oklahoma 73728, or call him at (405) 596-3487. 

AN FCC CITATION FOR "BROADCASTING" HAS COST K6KPS $2000. K6KPS, James Brantley, has 
been a problem to 20-meter phone band user; for decades, calling CQ but ignoring responses 
and carrying on imaginary QSOS on top of various nets, DX pileups, phone patches, and 
ordinary rag chews with a big signal from the 1-0s Angeles area. Though he's done this for 
years (K6KPS often broke up a 14295 "commuter's net"-in which Pressto editor W9JUV par- 
ticipated in the mid-60s) and has been the subject of previous F d s t i g a t i o n s ,  the 
fine was levied for his operating tactics observed during last December. 
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THE LUXOR 9900 KNOWS 

Where all the satellites are 

Up to 36 satellite locations can be programmed for instant re 
The antenna controller is integrated into the satellite receiver. 
hand-held remote control activates a 3-speed actuator ac 
which precisely locates the satellite and fine tunes the ant€ 
position for maximum signal reception. 

Where all the channels are 
Every channel on every satellite is individ 
prior to delivery. All audio and video information IS reaay tor rc 
automatically. As new channels are added they can be added tc 
program. The 9900 is ready to receive individual channel selec 
information for up to 864 separate selec 

The 
:tion 
?nna 

ned . . 

All about stereo Hi-Fi sound 
indivic 

L:--,,. . . 
lual tra 
..I--- - nsponc 

-L---- 

5 audio modes, factory programmed tc 
deliver the right sound system automal~r;ally wnen a cnannel IS 

selected. Dozens of audio subcarriers can be added to the 
program for audio only hi-fi enjoyment (including Dolby@ Noise 
Reduction) in addition to television. 

ALL YOU NEED TO KNOW IS 
WHAT SHOW YOU WANT TO WATCH r /  I&I 



LUXOR HAS UNIFIED SATELLITEI 
IIDEOI AUDIO AND COMPUTER 
OGY IN A SINGLE INTEGRATED 

LfOME SATELLITE TV SYSTEM 

So advanced it's as easy 
to operate as an ordinar 

*- 

The front panel 

----.-------a- --*. --- 
Simple, 
clear and 
color-coded 
The Luxor hand-held 
remote is clearly organized 
to make life easy. Distinctive 
color sections present satellite 

LED display tells you what and channel selection functions, tuning functions 
satellite you're on, what channel you're watching, what and switching functions. For most viewing however, 
sound system you're receiving and a signal bar graph video and audio delivery will be automatic. When a 
indicates signal strength. All functions are cc channel is selected, the exclusive Luxor Micro-Step" 
from the hand-held wireless remote. Tuning System (LMS) automatically seeks out the right 

signal within that channel's frequency. The rec 

The sky is alive moth the 
sound of music 

a&omatically compensates for any form of fre 
drift due to climate or trans~onder variances. 

:eiver 
quency 

An internal TI filter can be assigned to individual 
channels to minimize terrestrial interference. 

. . . . . - . - 
igle 

Luxor loudspeakers bring new life to TV 
audio, mono or stereo, and much more. And a discrete parental lock-out can eliminate 

Satellite audio,sub-carriers broadcast a one or more individual channel! 

wide range of music for audio only. satellite, as desired. 

These optional high quality 6-speaker That's it. Advanced Luxor technology nas pro- 
sets (3 per side) are available in passive duced a system so simple to operate, yet com- 
or active models with sound power up plete enough to satisfy the most fanatic video- 
to 40 W per channel. They are specially phile and audiophile. For the technician, the 
magnetic shielded for close location to Luxor 9900 even has its own diagnostic system 
your TV set. built-in and ready at the touch of a button. 
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the com~anv is able to combine The Luxor Model 9995 Block Satellite Receiver is desiqnea and built to . . 
these technologies in the advanced function as an add-on receiver to Luxor 9900 multiple n/'s installations. 

I 9900 series. After all, Luxor has been This low cost manually operated receiver offers independent channel 
a leader in radio, television and elec- selection for W s  located throughoutthe house. The9995 can also be used 
tronic technology since 1923. as a stand-alone receiver for both C-Band and Ku-Band reception. 



LUXOR HAS ADVANCED THE 
STATE-OF-THE-ART TO THE POINT 
OF ELEGANT SIMPLICITY FOR THE 
CONSUMER AND THE TECHNICIAN 

Each electronic innovation is incorporated to aid ease of operation, assure high performance reliability, and maintain outstanding quality of both picture and sound. 

9900 Block Receiver 9995 Block Satellite 

Control Functions + Full-lunct~on, color-coded 
Receiver 

+ lntegratedsatellitereceiwandantennamtroller. 
C-band (4 GHz) and Ku-band (12 GHz) capable. 
Remote control switchable. 
Satellite direct access. 
Transponder direct a c m .  

+ Built-in A10 switch. 
+ "Normal" button return to factwy preset values. 

Built-in polamtor drive. 
Built-in RF modulator. 
Non-vdatilememory unaffected by powerwtages. 
Remote sensor interlace. 

Programs 
t Factory programmed l w  individual transponderson 

each satellite. 
t Automatic correct audio system lactory pmgram- 

med lor each satellite and each tramponder. 
t Prognm capacity up to 864 individual selections. 

aud~o video matched and fine tmed. 
+ Sell-diagnostic micr~processw~ 
+ LED display of satellite, channel, audiosystemand 

signal strength 
Video Functions 
+ Luxor Micro-Step" tuning system (LMS). 

Baseband audio and video outplt for VCR w m i t w .  
+ Baseband Input for other video sources. 

Bullt-in polarity contml. 
+ Built-in programmable TI filter. 

Raw video (unliltered, unclamped) for desaambler 
connection. 

Audio Functions 
+ Audio subcarrier frequency read-out. 

WidelNarrow Bandwidth selection. 
+ Remote audio volume contml. 
+ Remote stereo balance control. 
+ Remote Dolbp onloff 
+ 5 audio modes-2 mono. 2 matrix, and discrete 

stereo. Automatic multiplex selection. 
Bu~lt-in stereo omcemr. 

9902 Remote Sensor 
Controls satellite system Iran any room. 
Low-cost add-on for other Ws. 
Comes c m ~ l e t e  with hand-hdd IR m o t e  mtro l .  

IR wireless m o t e  control. 
+ Remte ONIOFF 
+ Discrete parental lockaut fw individual channels. 
+ Remote mute. 
+ Volume control. 
+ Stereo balance. 

Channel UPlDown. 
+ Video line tune. 
+ Aud~o fine tune 

Antenna fine tune. 
Satellite selection. 
Channel selection. 

+ Dlvided into 4 easy-to-read segments: Satellite 
selection, channel selection, tuning functions. 
switching lunctions. 

5904 Actuator Interface 
+ 36V power supply to antenna &we. 
+ Surge protected. 
+ Voltage spikes protected. 
+ Design coordinated with 9900. 
+ Can be wall-mounted w t  of simt. 

9906/9907 Stereo 
Loudspeakers 

+ Passive or active models. 
+ Up to 40 W per channel. 
+ 3 elements per side; tweeter, mid-range and woofer. 
+ Magnetic shielded. 
+ Automatic ONIOFF. 
+ LED indicators; standby and active. 
+ Complete with line cable feed. 

J 180 

+ Add-on "slave" to 9900 multiple N's installations. 
+Can function as a stand-alone block receiver: 

C-band and Ku-band reception. 
+ Manually operated channel selection. 
+ Video line tune. AH: defeat. 
+ Built-in VIH switch. 
+ Built-in antenna switch for satellite or local 

reception. 
+ Reprogramnedaudiofrequencw 6.2and6.8 MHz. 
+ Aud~o lrequency selection 5.0 to 8.0 MHz. 
+ Widelnarrow audio bandwidth selection. 
+ Raw video output (unclamped, unfiltered) fw de- 

scrambler connection. 
+ External TI tiller inwt. 
+ Skew control. 
+ Polamtor One contrci output. 

+ Denotes new features available 
only on 9900 series pmducts. 

Luxor High-Performance 
Microwave Block 
Downconverten 
Designed and constructed lor continuom reliable per- 
lormance, each Luxor unit is individually inspected 
and tested against all specification requirements. The 
Block Downconverter (30 dB gain min.) is used in 
conjunction with an LNA. The LNB Block Down- 
converter (60 dB gain min.) is an LNA and a Block 
Downconverter in one compact package. Each unit is 
weather-tight, nat-pmol and lully warranted. 

Canada: Evolutton Technology (416) 335 4422 
Mexlco: Klan SA 52 83 789 015 

Luxor (North America) Gorp. 
600 108th Ave. N.E. Bellevue. WA 98004 
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allowing phone on 10 meters. I might 
go even a step further and suggest not 
only the use of SSB, but even FM for 
both license grades. 

''!I I do not believe for a minute that this 
rule change would degrade the bands 
with "glorified CB operators" because 
the license elements are still sufficiently 
difficult to discourage such abuse. Be- 
sides, that era was just a passing fancy 
for many. 

With today's increasing use of digi- comments tal communications, the new rules 
would also allow Novices to utilize the 
state-of-the-art computer systems to 
further their knowledge of present-day 
communications. 

new band 
for Novice 

privileges 
operators 

Dear HR: 
I was amazed and very pleased to 

see your July Presstop item about the 
proposed upgrading of Novice privi- 
leges. I have been a Novice ham oper- 
ator since 1979 and am pleased to see 
the prospect of a reward in the form 
of more privileges being considered for 
the Novice class license. 

I would like to encourage all Novice 
operators who read ham radio to speak 
out and let their feelings on this sub- 
ject be known to the ARRL and the 
FCC. This may be our only chance to 
assist in changing the long-time rules 
and regulations regarding our hobby. 
It may very well be a turning point that 
will create the interest to save the 
hobby as we know it. 

Allowing the Novice use of phone 
on 10 meters, 220 MHz, and 23 cm can 
only help to encourage us to strive for 
the privileges of the higher grade 
licenses. CW is an entertaining and 
rewarding mode of communication, 
but I believe the Novice license should 
give more to encourage us to seek out 
our full potential as operators. A sim- 
ple pat-on-the-back in the form of a 
reward would be all it would take for 
many of us. 

Technicians would, of course, bene- 
fit from these new privileges also by 

All in all, I think it would be foolish 
to not allow us the opportunity to take 
part in this ever growing advancement 
in technology. 

T. Dillingham, KABDOE 
Aspen, Colorado 

used equipment 
for new hams 
Dear HR: 

Much has been said recently about 
bringing new blood into the Amateur 
Radio hobby, and several articles have 
focused on the wonderful services 
being provided in the public interest, 
convenience, or necessity. All of these 
remarks are laudable, and the two situ- 
ations can easily go hand-in-hand. 
Additionally, a few other problems we 
must each face someday can easily be 
solved now, while helping with the first 
two I mentioned: what will become of 
our equipment when we tire of it, or 
leave for the land of the silent key? 
And how can we find replacements for 
the tax loopholes about the run out of 
town on the Amtrak rails? (These re- 
marks are addressed to dealers as well 
as the average ham.) 

I suppose we have all seen on the 
"used" shelf at the few remaining 
Amateur Radio stores some piece of 
equipment that could be put to better 
use in a shack somewhere. Perhaps 
we have a piece or two in our attic or 

garage that we haven't really been 
using in the recent past, but hesitate 
to just throw away. Maybe one of our 
senior citizens has some neat stuff that 
his or her surviving spouse will have 
some problem with disposing of in 
some coming period of distress. One 
cure would be to put that gear to good 
use now, getting the tax advantage 
now, providing a service now, and per- 
haps helping out some youngster get- 
ting started down that primrose path 
we have each delighted in following. 

There are literally thousandsof appli- 
cations for used equipment in each of 
our hometown areas, and many of 
them are equally deserving of atten- 
tion; there is simply no room here to 
list them all, but a few will get your 
minds moving in the right direction. 
Rigs and associated equipment of 
appurtenances are sorely needed by 
schools, camps, Courage Handi-hams, 
Civil Defense, FEMA, DSA, National 
Weather Service, Fire and Police De- 
partments, and our many clubs with 
active Novice classes, among count- 
less others. Perhaps your donation of 
usable and serviceable equipment now 
will be just what is needed to get new 
hams on line or to provide that equip- 
ment needed by present-day hams to 
provide that vital service to the public 
that will keep this hobby active and 
thriving. 

Think about it now, while you can 
still do something about it, and before 
the spouse cleans house for you, or a 
good piece of equipment self-destructs 
on your shelf! 

Jerry Murphy, K8YUW 
Lakewood. Ohio 

off and on 
I recently saw a 12 VDC to 110 VAC 

' 

power inverter that was switched on 
and off on demand by the load, 
without extra switches or wires. 

Do any of your readers have infor- 
mation on how this is done? 

Sam Popkin, K2DNRl7 
Mesa, Arizona 
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passive audio filter design 
part 1: development and analysis 

Circuits using miniature 
preferred-value components 

are adaptable 
to printed-circuit boards 

A recent article in ham radio1 was the latest of a long 
series by W3NQN on the subject of elliptic lowpass 
audio filters suitable for Amateur constructors. It is 
mainly through the efforts of W3NQN that these filters 
have remained in the Amateur literature despite the 
proliferation of designs for active audio filters using 
operational  amplifier^.^-^ 

It is surprising that active filters have become so 
popular considering the complexity required to equal 
the performance of passive designs and the disadvan- 
tages associated with active elements. They require 
power, produce noise, have a limited ability to handle 
large signals and have a limited upper operating fre- 
quency unless expensive, high-frequency devices are 
used. These disadvantages usually don't apply when 
using a passive circuit containing inductors. 

Probably the main reasons for the decline of passive 
filters are the misunderstandings surrounding the 
selection of components for them. Some of these 
misunderstandings can be explained by: 

The lack of published designs using preferred-value 
inductors and capacitors. 

The belief that highly accurate inductance and 
capacitance values must be used to obtain acceptable 
results. 

The belief that only high-Q inductors are suitable 
for use in filters. 

Ignorance of the fact that ready-wound, standard- 
value inductors are available easily and inexpensively. 

A general phobia of winding inductors, especially 
ones with several hundred turns of wire. 

1 W3NQN has avoided these problems by using tele- 
phone-line loading coils in his designs. These loading 
coils are relatively high-Q components. Specialized 
designs have been developed which make use of the 
inductance values included in these coils, or by slight 
modifications to the inductors by removing turns.= 

In general, the capacitance values required in a 
passive filter are non-preferred and are obtained either 
by connecting several preferred value capacitors in 
parallel or by measuring capacitors and selecting the 
required value. Designs have been published in which 

or aIl9,l0 of the capacitors are preferred value, 
but these are intended for RF applications in which 
the non-preferred value inductors are not too difficult ~ to wind and will have a relatively high Q value. 

The question of what effect the inductor Q has on a 
filter response does not seem to have been addressed 
in the United States Amateur literature. Only two I references that consider this question could be 
found,ii,iiA but non-preferred values of capacitance 
and inductance were used. The resultsfrom this investi- 
gation were encouraging, with only a slight degradation 
in the flatness of the passband and rounding in the cut 
off region of the Butterworth, Chebyshev, and Bessel 
filters considered. 

objectives 
One aim of this series of articles is to describe my 

investigations into the use of miniature preferred value 
inductors and capacitors in several types of audio fil- 
ter. My goal was to use a single, unselected, inexpen- 
sive component for each inductance and capacitance 
value so that passive filter construction (and design, 
if the reader so wishes) can be simple for even the 
most inexperienced Amateur. Filters using these com- 
ponents are extremely compact and suitable for con- 
struction on printed circuit boards in modern equip- 
ment - which, unfortunately, designs using the tele- 
phone line loading coils are not. 

The investigations were carried out using computer 

By Stefan Niewiadomski, 29 MacKinley Ave- 
nue, Stapleford, Nottingham, NG9 8HU, England 



fig. 1. The Toko inductors used in the author's filter studies. 
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fig. 2. Plot of Q versus frequency for (a) 22-mH Toko lORB 
inductor; (61 ideal 27-mH inductor and 22 ohm resistor; 
and (c) Siemens O.P-pF capacitor. 

simulations and practical tests. The simulations were 
performed on an Apple II microcomputer, using a 
BASIC circuit analysis program.lz Circuit simulation 
programs that run on several home computers are now 
available." 

The major advantage of using circuit simulation in 
this field is that the effects of altering component 
values and using low-Q inductors can be isolated from 
each other and investigated separately. This contrasts 
with an experimental approach, in which the combined 

effects of non-exact component values and low-Q in- 
ductors would have to be accepted unless a large num- 
ber of inductors of various values and Qs could be 
wound - which is obviously impractical for the 
Amateur. 

I will also discuss attenuation equalizers and show 
how these comparatively simple circuits can improve 
the responses of filters made from low-Q inductors. 
I believe this is the first time these networks have been 
described in a practical way in the Amateur literature. 

Also discussed in this series of articles are some 
methods of incorporating an audio filter into an audio 
path to ensure correct matching of the filter. Other 
topics tackled are the question of how much passband 
ripple is acceptable in an audio filter used in an 
Amateur receiver, and how passband ripple and stop- 
band attenuation can be traded off to produce im- 
proved overall performance. 

components 
The inductors used in this study are the Toko 10RB 

range, manufactured from 1 mH to 120 mH with 5 per- 
cent tolerance. Another range, the IORBH, is available 
from 150 mH to 1500 mH with 10 percent tolerance. t 
These two inductor types have identical case styles. 
They are cylindrical with a diameter of 10.5 mm and 
a height of 14 mm (see fig. 1). Leads are radial with 
a 5 m m  pitch, enabling an extremely compact PCB 
layout. 

Examination of a 47-mH inductor after removing its 
outer ferrite casing revealed a wire size of approxi- 
mately No. 40 AWG. For most of the lORB range, the 
Q quotedt3 is a minimum of 100 at a test frequency 
of 50 kHz. The recommended operatirig frequency 
range for these coils is from 100 kHz to approximately 
170 kHz1. over which they have a sufficiently high Q to 
be considered as almost ideal inductances. 

The Q at audio frequencies is much lower and was 
measured for a 27-mH coil from 100 Hz to over 100 kHz 
using a Hewlett Packard 4192A LF Impedance Ana- 
lyzer. Figure 2 shows the results obtained. At 100 Hz, 
the Q is 1 .I, rising to  about 9 at 1 kHz, 24 at 3 kHz, and 
more than 50 at 7 kHz. At  frequencies above 80 kHz, 
the Q begins to tail off, as the maximum operating fre- 
quency of the ferrite is approached and skin effects 
in the wire become appreciable. 

Also shown in fig. 2 is a plot of the Q of an ideal 
inductor of 27 mH with a 22-ohm resistor in series, 
which is the quoted DC resistance of the 27-mH Toko 
inductor. This model seems to be accurate at about 

-- - 

'One available in the UK is sold by Number One Systems. 9A Crown Street. 
St. Ives, Huntingdon. Cambs. England. Versions are available for the BBC 
model B and Sinclair Spectrum 48K computers. 

tTo order, contan Toko Americs. Inc., 1250 Feehanville Drive, Mt. Prospect. 
Illinois 60056 I312 297-00701. 
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fig. 3. Elliptic 5-branch low-pass filter. [A)  Schematic of filter with ideal inductors, and (B)  schematic of filter with real 
inductors. 

4.0 (a) Theomma1 rsluer, Ideal Inducton 
(b) Rounded valuer. ideal InduetoR } sirnulatlonr 
(c) Rwnded valuer. real lnducton 
(d) Pmtka l  results 
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fig. 4. Passband response'of 1-dB150-dB 5-branch %kHz 
elliptic low-pass filter, showing simulation and practical 
results. 
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6 kHz, giving worse results below 6 kHz and better 
results above 6 kHz. 

Ideally, to accurately model these inductors, a plot 
of Q versus frequency should be obtained for each 
value of inductor and the series resistance determined 
which most closely follows this plot. For the simula- 
tions presented here, the inductors were modeled with 
a series resistor equal to the manufacturer's quoted 
DC resistance, considering that this will give slightly 
worse results than in practice. 

The DC current flowing through these coils, particu- 
larly in the IORBH range, should be kept to a minimum 
to avoid heating and core saturation. In fact, to be 
completely safe, it is better to keep the DC current at 
zero. In most applications, this is achieved by insert- 
ing a DC blocking capacitor in series with the input 
of the filter in which the inductors are used when there 
is a direct DC path to a potential different from the 
input source. This also has the advantage of obviating 
the danger of interaction between the DC conditions 
of the driving and terminating circuits. In most appli- 
cations a capacitor of 100 pF will avoid modifying the 
response of a filter, but the value can be chosen to 
have beneficial effects, which will be discussed later. 

There are many types of capacitors suitable for use 
in audio filters. The ones I prefer are the Siemens 
83256011 12 metalized polyester layer type, which are 
available in a wide range of values and are very COm- 
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frequency of a 0.22cLF 832560 capacitor is also shown 
in fig. 2. This capacitor maintains a Q of more than 
100 at frequencies up to 10 kHz and can be accurately 
modeled as a pure capacitance at audio frequencies. 
These capacitors can be obtained with a 5-percent tol- 
erance and 7.5-mm lead pitch. These are used here. 

low-pass filters 
The most popular filter for audio low-pass applica- 

tions is the elliptic or Cauer filter, named for the Ger- 
man network theorist who developed the mathematics 
associated with its characteristics. An excellent intro- 
duction to elliptic filters is given in reference 15, but 
many of W3NQN's articles include descriptions of the 
terminology of these filters and their fundamental char- 
acteristics. A brief resume of these points is given in 
the Appendix. 

The first design considered here is the five-branch 
low-pass whose circuit is shown in fig. 3. Figure 3A 
shows ideal inductors and fig. 3B shows a resistor in 
series with each inductor to simulate their losses. The 
specification for this filter is: 

passband ripple (A,) I d B  

stopband min imum attenuation (A,) 50 dB 

ripple cutof f  frequency (fAD) 3000 Hz 

The~rstlcal values, Ideal Inductors 
Rounded values, Ideal lnduslors 
Rounded ralu@8. real lnducloo 

start o f  stopband frequency (fAs) 4221 Hz 

source impedance 500 ohms 

load impedance 500 ohms 

From now on, I will refer to this filter as the 1-dB/%- 
dB filter, indicating its passband ripple and minimum 
stopband attenuation; this terminology will also be 
used for the other low-pass filters described later. 

Table 1 shows the component values for the I -ohm, 
1-radlsec prototype,16 the exact values for the filter 
scaled to 500 ohms and 3 kHz, and the rounded values 
both with and without resistors to simulate the lossy 
real inductors. Each capacitor and inductor has simply 
been rounded to its nearest E l 2  series preferred 
value.* 

The simulation and practical results for this filter are 
shown in figs. 4, 5, and 6. Three sets of graphs have 
been plotted so that the axes for each set can be 
chosen to show the maximum detail in the passband, 

"Capacitors are commercially available in several series of preferred values, 
two of which have designations of €12 (with a 10 percent tolerance) and €24 
(with a 5 percent tolerance), (16A). The reciprocal of the E-number is the 
power to which 10 is raised to give the step multiplier for that particular series. 
For example, for the El2 series, the step multiplier is 10A11/121 or 
lfl0.083333 = 1.2115. The sequence of the series is therefore 10, 10 
1.2115 = 12, 12. 1.2115 = 15, 15 1.2115 = 18, 18. 1.2115 = 22. 
22 + 1.2115 = 27. etc. - Ed. 

I c l  4 3 4 0  
l b l  4 3 3 0  
101 4 2 2 1  

- : : ; I : f 
3 0  3 1  3 2  3 3  3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  4 3  4 4  4 5  4 6  4 7  4 8  4 9  5 0  

FREOUENCY I I H I I  

f ig .  5. T rans i t i on  band ( a n d  part of s topband)  response  o f  1-dBI50-dB 5-branch 3-kHz elliptic low-pass filter, showing sirnu- 

l a t i o n  a n d  p r a c t i c a l  resul ts .  
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fig. 6. 

8 0  

75 

0 1  l b )  lcl  ( d l  

12 6480 6 5 3 0  6500 6530 

14 4378 4 5 5 0  4550 4670 

70 (a) Theomllcal valuer, idasl inductors 
(b) Rounded Mluar. Ideal inducton ) Slm~lalionr 
fcl Roundd r4Iuea. m l  Inducton 
(d)  PmclI~aI  ~ I U I I I  

65 

6 0  

55 

50 

4  5  

4 0 __t I 
4 5 6 7 9 

FREOUENCY 1 k H I I  

Stopband response of 1-dBl50-dB 5-branch 3-kHz elliptic low-pass filter, showing simulation and practical results. 

transition band and stopband. I have used the term 
"transition band" to describe the response between 
the ripple cutoff frequency (fAp) and the start of stop- 
band frequency (fA,). Many authors include this 
region in the stopband, but it was convenient for me 
to divide the total response into three regions, and the 
middle region seems most appropriately to be de- 
scribed as the transition band. 

Curve a on figs. 4, 5, and 6 is the simulated 
response of the filter with theoretical values and ideal 
inductors (table 1, column 2). The response meets the 
1-dB passband ripple (Ap), 3-kHz ripple cutoff fre- 
quency (fAs), 4221-Hz start of stopband frequency 

(f~,) and 50-dB minimum stopband attenuation (A,) 
specifications. The calculations carried out to scale the 
1-ohm, 1-radlsec values (table 1, column 1) to 500 
ohms, 3 kHz (table 1, column 2) are therefore correct. 
The frequencies of infinite attenuation in the stopband, 
f2 and f4, are 6480 Hz and 4378 Hz. These are the reso- 
nant frequencies of the parallel tuned circuits L2lC2 
and L4lC4 respectively. 

Curve b in figs. 4.5. and 6 is the simulated response 
of the filter with rounded values (table 1, column 3). 
The passband ripple has increased, but by less than 

OUTPUT INPUT 

1.81" 

Component* tor lQB/MdB Nve-branch eIIlpNc lev-pass tllter: 
C l  0.22 PF SIem*nt m.la1Iz.d po1yesl.r 5 persen1 
C2 0.022 ,F SI.mons m.taI1z.d po1v.st.r 5 p.rcent 
C3 0.27 C SIemans m.mllnd p o l w s C  5 prcont  
C4 0.088 PF SI.m*na mehl1z.d polyeslw 5 p.rs.nt 
C5 0.78 SF Skmana metaIIzM polyeslor 5 percent 
L2 27 mH laho 1018 
L4 I8 mH To*o 7ORB 

fig. 7. PCB foil pattern and component placement for 
5-branch elliptic low-pass filter. 
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table 1. Component values of 1-dBl50-dB five-branch elliptic low-pass filter. 500 ohm, 3-kHz values obtained by multiply- 
ing 1 ohm, 1 radlsec values by 1.061 x 10" for capacitors and 2.653 x l o - '  for inductors. 

column 1 column 2 column 3 column 4 
1 ohm. 500 ohm, 3 kHz 500 ohm, 3 kHz 500 ohm, 3 kHz 

1 radlsec theoretical value, rounded value, rounded value. 
component value ideal inductors ideal inductors real inductors 

C1 1.933 F 0.2051 pF 0.22 pF 0.22 ,IF 
C2 0.223 F 0.0237 pF 0.022 pF 0.022 pF 
C3 2.392 F 0.2538 pF 0.27 pF 0.27 pF 
C4 0.626 F 0.0664 pF 0.068 pF 0.068 pF 
C5 1.635 F 0.1735 pF 0.18 pF 0.18 pF 
L2 0.963 H 25.5 mH 27 mH 27 mH 
L4 0.750 H 19.9 mH 18 mH 18 mH 
R2 - 0 ohms 0 ohms 22 ohms 
R4 - 0 ohms 0 ohms 17 ohms 

0.5 dB; there has also been a slight decrease in the 
ripple cutoff frequency. In the transition band, close 
agreement with the unrounded value response is 
found. The frequency at which the stopband minimum 
attenuation is first achieved (fA,) is now 4330 Hz 
rather than the original 4221 Hz. The frequencies of 
infinite attenuation are now 6530 Hz and 4550 Hz, re- 
flecting the change in resonant frequencies of L2/C2 
and L4lC4 because of their value changes. One inter- 
esting result of the component changes is that the - 

minimum stopband attenuation is now approximately 
53 dB, rather than 50 dB. Though not shown in fig. 
6, this value is maintained beyond 10 kHz. This in- 
crease in stopband attenuation seems to be a result 
of the increase in passband ripple, since these two 
parameters can be traded off at the design stage. 

Curve c in figs. 4.5. and 6 is the simulated response 
of the filter with rounded values and real inductors 
(table 1, column 4). The filter now exhibits non-zero 
insertionloss at all frequencies (having a value of about 
0.3 dB at 100 Hz) and increased passband ripple. Other 
effects of the low-Q inductors are the smoothing of 
the final passband ripple and a gradual, rather than 
a sharp, transition from the passband into the trans- 
ition band. The frequencies of high attenuation in the 
stopband are the same as those of the rounded values, 
ideal inductors' response (curve b),  but the attenua- 
tions are no longer infinite. They are approximately 63 
dB at 4550 Hz and 78 dB at 6530 Hz. The minimum 
stopband attenuation is similar to that shown by curve 
b, being approximately 53 dB. 

Curve d in figs. 4, 5, and 6 shows the measured 
response obtained from the real filter constructed with 
the values of table 1, column 4. These results were 
obtained using a Hewlett Packard 3585A Spectrum 
Analyzer, which enables filter response measurements 
to be made very easily. Curve d shows close agree- 
ment with curve c, indicating that the simulation 

fig. 8. Experimental five-branch elliptic low-pass filter. 

method was largely valid. The passband response is 
slightly better than simulations indicated, probably 
because the inductors have a higher Q than the simple 
simulation model produces. (Remember, this was seen 
from the measured Q values plotted in fig. 2.) Differ- 
ences in the transition band and stopband response 
are probably because of the real components having 
values slightly different from their nominal values. The 
value of high attenuation attained by the practical filter 
at 4670 Hz is similar to that of the simulated filter (ap- 
proximately 63 dB), but is approximately 5 dB less than 
the simulated filter at 6530 Hz. Minimum attenuation 
in the stopband is still a healthy 53 dB. This attenua- 
tion has been measured beyond 10 kHz, and remains 
at greater than 50 dB to  more than 30 MHz. 

Before I comment on the significance of the 
changes in performance between the theoretical and 
the final, practical filter, I would like to show the 
method used to construct this filter and the results ob- 
tained from a more complex low-pass design. 

Figure 7 shows the PCB foil pattern and compo- 
nent layout used for this practical filter. The layout 
follows the schematic of the filter, with the output as 
far from the input as possible. A good ground plane 
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is maintained by etching away only the minimum 
amount of copper possible. The small amount of ex- 
tra capacitance between each circuit node and ground 
is insignificant when compared with the capacitors. 
The ground plane gives low-impedance ground return 
paths and helps isolate the output from the input. If 
required, the filter can be made even more compact 
than my layout indicates. The ferrite caps over the 
Toko coils are such that they can be positioned very 
close to each other without any coupling effects. Strip- 
board can also be used for construction without any 
drastic effects on performance. Figure 8 shows a 
photograph of this filter. 

Figure 9 shows the schematics for a seven-branch 
elliptic low-pass filter, with and without the resistors 
to simulate the real inductors. The specification for this 
filter is: 

L 2  L 4 L 6 

passband ripple (A,) 0.18 dB 

stopband minimum attenuation (A,) 50.1 dB 

0 

ripple cutoff frequency (fA 3000 Hz 

-3t--- 

;R 

C l  C 2  I C 3  C 4  C 5  C 6  C 7  

- - , - - - , - - 
1 

- - T4 - - -R 4- -- 
1 

- - ,s - - - 

I 2  1 4  1 6  

, C 5  C 6  C 7  , R- 

0 

fig. 9. Elliptic Fbranch low-pass filter. (A) schematic of filter with ideal inductors, (6) schematic of filter with real inductors. 

L i 

1 4  

\ I  

start of stopband frequency (fAS) 3500 Hz 

I 2  

\ I  

source impedance 500 ohms 

0 16  

load impedance 500 ohms 

1, 0 0 

Table 2 shows the component values for the 1- 
ohm, l-radlsec prototype;" the exact values scaled 
to 500 ohms, 3 kHz; and the rounded values both with 
and without resistors to simulate the lossy real induc- 
tors. Again, each component has been rounded to the should expect a larger than average shift in the f4 fre- 
nearest El2  preferred value. Note that in the case of quency. If the peaks in stopband attenuation are being 
C4 and L4, both have been rounded downward, so we used in a particular application to obtain more than 

(a) Th0onlk.l valuer, Ideal lnduclorr 
(b) Rounded valves. ideal Inductors } Sirnulalions 

0 0 .5  1.0 1.5 2 . 0  2.5 3.0 

FREOUENCY 1LH.I 

fig. 10. Passband response of 0.18-dt3150.1-dB 7-branch 
3-kHz elliptic low-pass filter, showing simulation and 
practical results. 
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the minimum stopband attenuation at particular fre- or paralleling capacitors to obtain the desired 
quencies, then it is best to round the tuned circuit resonances. 
elements in the filter in opposite directions. The fre- The simulation and practical results for this filter are 
quencies of these peaks can be placed accurately by shown in figs. 10, 11, and 12. I will not describe the 
rounding only the inductor values and then selecting responses in as much detail as for the 1-dBl50-dB low- 

table 2. Component values of 0.18-dBl50.1-dB seven-branch elliptic low-pass filter. 500 ohm, 3-kHz values obtained by 
multiplying 1 ohm, 1 radlsec values by 1.061 x lo- '  for capacitors and 2.663 x l o - '  for inductors. 

component 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
L2 
L4 
L6 
R2 
R4 
R6 

column 1 
1 ohm. 

1 radtsec 
value 

column 2 
500 ohm, 3 kHz 

theoretical value, 
ideal inductors 

0.1255 pF 
0.0197 pF 
0.1629 pF 
0.1016 pF 
0.1387 pF 
0.0717 pF 
0.0906 pF 
31.92 mH 
19.85 mH 
21.80 mH 
0 ohms 
0 ohms 
0 ohms 

column 3 
500 ohm, 3 kHz 
rounded value, 
ideal inductors 

0.12 pF 
0.018 pF 
0.15 pF 
0.1 pF 
0.15 pF 
0.068 pF 
0.082 pF 
33 mH 
18 mH 
22 mH 
0 ohms 
0 ohms 
0 ohms 

column 4 
!WO ohm, 3 kHz 
rounded value, 
real inductors 

0.12 pF 
0.018 lrF 
0.15 pF 
0.1 pF 
0.15 pF 
0.068 pF 
0.082 pF 
33 mH 
18 mH 
22 mH 

26 ohms 
17 ohms 
19 ohms 
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fig. 11. Transition band (and part of stopband) response of 0.1SdB/50.1-dB Fbranch $kHz elliptic low-pass filter, showing 
simulation and practical results. 
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pass filter; the graphs speak for themselves. The band ripple (especially close to the cutoff frequency), 
scaled, theoretical value response meets the filter a shift in the f2 frequency from 3500 Hz to 3751 Hz, 
specification exactly. As before, the rounded values, and a corresponding shift in the initial 50.1-dB attenua- 
ideal inductor response is very similar to that of the tion frequency (fAs). The minimum stopband attenua- 
the theoretical values apart from an increase in pass- tion is approximately 52 dB. 

table 3. Component values of 0.18-dBl81-dB seven-branch elliptic low-pass filter. 500-ohm, 3-kHz values obtained by 
multiplying 1 ohm. 1 radlsec values by 1.061 x lo - '  for capacitors and 2.653 x lo - '  for inductors. 

column 1 
1 ohm 

1 radlsec 

column 2 
500 ohm, 3 kHz 

theoretical value, 

column 3 
500 ohm, 3 kHz 
rounded value, 

component value ideal inductors real inductors 

0.1358 pF 
0.0690 pF 
0.2062 /IF 
0.0327 fiF 
0.1949 pF 
0.0232 pF 
0.1215 pF 
35.05 mH 
31.38 mH 
30.70 mH 
0 ohms 
0 ohms 
0 ohms 

0.15 pF 
0.0068 pF 
0.22 pF 
0.033 pF 
0.18 pF 
0.022 pF 
0.12 pF 

33 mH 
33 mH 
33 mH 

26 ohms 
26 ohms 
26 ohms 
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fig. 12. Stopband response of 0.18-dBl50.1-dB 7-branch %kHz elliptic low-pass filter, showing simulation and practical results. 
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normalized start of stopband angular frequency of 
1.624 radianslsecond. 

Detailed simulation results for this filter are not given 
here and I have only shown the practical results when 
the layout of fig. 13 was used. These results are 
shown in fig. 15. 

As we expected, the actual passband response has 
greater ripple (exceeds the 0.18 dB theoretical value) 
and has rounded corners. The insertion loss at 100 Hz 
is approximately 0.4 dB. Stopband attenuation shows 
a minimum of approximately 80 dB above the meas- 
ured (fAs) of 4900 Hz. The two maxima of stopband 
attenuation below 10 kHz occur at approximately 5000 
Hz and 6060 Hz, with values of 86 and 92 dB respec- 
tively. A further maximum of 93 dB occurs at 10,760 
Hz. 

This example shows that despite the use of low-Q 
inductors, high stopband attenuation can still be 
obtained if required in a particular application. 
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appendix 
elliptic low-pass filter terminology 

The schematic of a five-branch elliptic low-pass filter is shown in 
fig. Al(A1. The ideal response of this filter is shown in fig. A1 (61. 
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Some of the terms used in describing elliptic filters are explained 
below. 

0 

Passband ripple. A variation in the passband attenuation be- 
tween zero and some maximum value, A,. The number of half 
cycles of ripple is equal to the number of branches of the filter. 

0 

Minimum stopband attenuation. The value of stopband attenu- 
ation, designated A,, below which the attenuation never falls having 
once achieved this value. 

Maxima i n  s t o ~ b a n d  attenuation. Freauencies within the stop- 

m 

fig. Al(A).  Schematic diagram of a 5-branch elliptic low- 
pass filter. 

band region, designated f2 and f4, at which the attenuation is infinite 
due to the resonances of U / C 2  and L4/C4 respectively. 

Ripple cutoff frequency. The frequency, designated fAp, at 

which the attenuation first exceeds the A, value. 

Start o f  stopband frequency. The frequency, designated fAs, 

at which the attenuation first exceeds the As value. 

Tables of component values for filter designs usually give normal- 
ized values; that is, values which produce a filter with source and load 
impedance values of 1 ohm and a cutoff frequency (angular) of 1 rad/ 
sec. To obtain practical component values for impedance of R ohms 

R 
and a cutoff frequency of f Hz, multiply all inductor values by 

I 
and all capacitor values by 2a. 
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COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CUT 

This is a great beginning for a computer terminal. I t  is a brand new, Panasonic. 9 "  
TTL input monitor complete with its own self-contained, switching power supply, 

runs o n  115 1230 V, 50160 Hz. Now for some specifics: 9 " green phosphor, T T L  
and a removeable (four screws) triple output  power supply. The whole assembly 12 

input monitor, attached regulated 12 VDC, 1.5 A power supply used exclusively t o  
run the monitor and an attached triple output  switching power supply wit,h outputs  
of 5 VDC @ 3.5A, +12 VDC O 500 ma, and -12 VDC @ 500ma. The assemhly has 
mounting feet and should be a snap t o  make a case for. Comes with hook up  data. 
New, factory boxed. We are offering this to  you 4 ways: 

COMPLETE SET-UP AS SHOWN, including monitor, low voltage supply and 
triple output  supply. SPL-116-38, 14 Lbs.. $50.00, 5lS225.00 

TRIPLE OUTPUT SUPPLY ONLY, SPL-117-38, 3 L b s .  $15.00 
r 9 "MONITOR ONLY, (you supply low voltage input) SPL-114-38, 10 Lbs. $ 25.00 

9 " MONITOR WlLOW VOLTAGE SUPPLY ONLY, SPL-115-38, 12 Lbs. $40.00 w1Dirplay Board 

SEAGATE TECHNOLOGY ST 506 5%" HARD DRIVES 
The Seagate Technology ST 506 hard disc drive utilizes proven Winchester teacnology for 

.reliable storage of up to 5 megabytes o f  formatted data. Some features o f  this very popu- 
lar drive are: 5 megabitlsecond data transfer rate, simple floppy like interface, high speed 
band actuator & stepper head positioning, requires only +5 & +I2 vdc, and same physical 
size and mountingparamters as a mini floppy drive. This Shugart compatible drive is the 
same as used on many home personal computers. Each drive is checked out prior to ship 
ment. Comes with data. Only a few on hand, so order early. 

,' S h ~ g .  wt. 8 1b. ST-506 .&Xi&% REDUCED! now only $1 75.00 
'c- 

TI 9914.A Owners: We are in the process o f  developing a Winchester Hard Drive 
subsystem for the Texas Instruments 9914A. Please call or send SASE for further info. 

112 Height 1 MEGabyte Disc Drives 
Here we go with another blockbuster buy o n  disc drives which should 
make the competion's head spin! We are offering brand new, Mitsubishi 
no. 4853, 1 12 height, 1 megabyte, mini floppy disc drives. These drives 
are beautiful. They are fully Sliugart 34 pin compatible. All are double 
side, double density, 80 tracks per side units. Each runs o n  +5vdc, .5 A 
and +12vdc, .7 A. Just the drives t o  use with your IBM, Sanyo or  other 
computer.  Each order will come with schematics and pin ou t  data. 
SPL-8 5 C-3 5 $175.00 each $175.00 each. 2lS325.00, 5lS725.00 
New, 75 wait po r supply. +5vdc 5.5arnpr. +12vdc 4 s r n p ~  -12vdc .3smp 
115,230 input x& by GI, fully enclosed, withachematic. 
Shpg w t  4 Ib. E l 0  $50.00 
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HIGH YOWER SURVEILLANCE IR SCOPE - This Infra-Red scope was designed specifically for long range surveillance 
use. The builpin, totally invisible. 50 watt halogen lamp IR source is 
coupled with a premium grade type 6032 image converter tube, 265 mm 
f4.2 lens, and 16  power military spec., color corrected eyepiece make 
this an ideal unit for viewing of clandestine activities or animals. The 
scope is capable of detection a t  more than 300 feet, recognition a t  
300 feet and positive facial identification a t  150 feet. I t  runs o n  
12 VDC which makes it ideal for mobile use. It comes with a remove- 
able hand grip which allows for tripod mounting, 2 power cords for 
cigarette lighter or battery terminals, instructions and a 90 day 
warranty. Listed below are accessories which make this a very 
versatile instrument. The scope and accessories are new and guaran- 
teed functional. Net wt. 5-1 14 Lbs. 
IR Scope part no. ELD Shpg. Wt .  7 Lbs. $735.00 ea. 

ACCESSORIES: 
12  VDC GELL BATTERY for above. Shpg. Wt. 6 Lbs. $35.00 MALE "T" f1.6 CAMERA DAPTE R for SLR camera 
BIOCULAR EYEPIECE which can be used in place of the standard Shpp W t  1 Lb. $1 29.00 
eyepiece. This allows the scene being produced by the I R vlewer MALE "C" to FEMALE "T" ADAPTER for CCTV. requires use 
to be seen by the operator up to 4 ft away. 2 Lbs. $89.95 of above male "T" f1.6 adapter. Shpq Wt. 1 Lb. $29.95 

Free 72 page catalogue avatlable or +end $1.00 for I n  Phone I6171 5952275 to place your order by phone. 
classewtce to P 0. Box 62 I. Lynn, Ma. 01901. MC, VISA, or A n n c a n  Expresscharge cards accepted. [-- - 
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adjusting SSB amplifiers 

Use a tuning pulser 
for added safety 

and linearity 

How many times have you had your on-the-air con- 
versations interrupted by someone who's more than 
5 kHz from the frequency you're using? I can't 
remember how many times this has happened to me. 

Splatter is rude and unnecessary. It ought to be 
against FCC rules - but it isn't. Part 97 of the Amateur 
Radio Rules states, in 97.73, (under "purity of emis- 
sions," paragraph d) that spurious radiation causing 
harmful interference to the reception of another radio 
station is against the rules, and that the licensee 
responsible for it may be required to eliminate the inter- 
ference. At first this sounds good, but there's a note 
that explains that they're only talking about the gar- 
bage that slips outside of the Amateur band. In other 
words, if an operator on 14,275 kHz splatters + 50 
kHz, he's in compliance with Part 97 because his spur- 
ious emissions inside the Amateur Radio bands are 
specifically exempted by the note that follows para- 
graph d. If the same splattering station were to move 
up to 14,310 kHz, the splatter would extend beyond 
the Amateur band and a violation of the rules would 
occur. 

It seems, then, that the only way to avoid stations 
who splatter would be to operate near the band edge 
with a clean signal. Dim/ stations operating in this area 
are likely to spill over the band edge and receive FCC 
citations. 

The most common cause of splatter is a mis-ad- 
justed "linear" amplifier. Linear amplifiers are far from 
foolproof; in fact, they're easy to operate non-linearly. 

There are many different settings of the tune and load 
controls, and only one combination will represent the 
best compromise between linearity and power output. 

Without a doubt, the two-tone test, used in con- 
junction with an oscilloscope, is the best method of 
adjusting a linear amplifier. Unfortunately, the two- 
tone generator and a good oscilloscope cost more than 
many linear amplifiers. 

A second method is the single-tone test. This in- 
volves inserting a single frequency - usually with the 
CW mode on the transmitter, or transceiver - at the 
maximum carrier level, and adjusting the linear ampli- 
fier for maximum power output by alternately adjusting 
the plate-tune and load controls. This method can be 
improved if the loading control is increased (for less 
capacitance) slightly beyond the point where the 
power peaks. At this point the linearity will be im- 
proved and the power output drops, just perceptibly. 
But this method places a terrible strain on the amplifier 
tubes and power supply. If the operator makes an error 
during this procedure, the tubes are likely to be dam- 
aged because the duty cycle is 100 percent. 

Another problem with the single-tone test is that the 
average amplifier power supply is not designed to 
supply the 2500 watts of key-down power needed for 
the legal output of 1000 watts, assuming a typical effi- 
ciency of 60 percent. The average table-top 1000 watt 
output linear amplifier appears to have a 600 watt CCS 
plate transformer. This is completely satisfactory in 
SSB service, but it is not intended for full throttle 
single-tone tune-up. 

Reducing the carrier level on tune-up would reduce 
the strain, but reduced carrier level results in reduced 
peak plate current in the amplifier tubes. Because peak 
plate current and peak AC plate voltage determine the 
plate load impedance, altering one would upset the 

By Richard Measures, AGGK, 6455 La Cumbre 
Road, Somis, California 93066 
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Notes 
1 R1 = 160K or faOK. lncreaarng R l  lengthens pulse 
2. A11 diodes (CR) are r l lbon with 80 volfr or gresler P I V 

/;6-(j7+ : : 2 2 2 2  O R  E Q U I V A L E N T  

0 2  2 N 2 2 2 2  

1 OR E O U I V A L E N T  

K E Y  

fig. 1. Schematic of a tuning pulser circuit. (A) for positive or negative keyed transmitters, and (B) for positive-keyed trans- 
mitters only. 

adjustment, since the plate tune and load controls 
would be set to match a different plate load than will 
be encountered on voice peaks. This mis-adjustment 
method will make the amplifier splatter and beat up 
the grids of the common grounded-grid, class AB2 
amplifier because of excessive grid current. 

Yet another problem with the single tone, or A-zero 
(Am) tune-up is that it's not permitted, except for short 
periods below 51 MHz - but the chance of being cited 
for A0 emission is probably slim in comparison to the 
chance of experiencing a melt-down. 

So the problem is how to tune-up a linear amplifier, 
linearly and safely, without spending a lot of money. 
The solution is obviously some device that will pro- 
duce maximum peak plate current with a human voice 
duty-cycle, which is about 33 percent on the average. 
For ease of adjustment, the device must also produce 
steady meter indications. 

The circuit shown in fig. 1A is a solution to the 
problem. It consists of a 555 timer and two transistor 

switches, one for positive keyed transmitters and the 
other for negative keyed transmitters. The 555 timing 
resistors have steering diodes so that the charge and 
discharge times are different by the ratio of 2: 1. This 
produces a duty cycle of 0.3333, or one-third. The out- 
put of the 555 is high for about 24 ms and low for 
about 12 ms. When the base of 01  goes low, it is for- 
ward biased and conducts collector current through R5 
and the base of Q2, whose collector is then switched 
on. During the 24 ms high interval, the base-to-emitter 
voltage of 01  is zero, which turns Q1 off, which then 
turns Q2 off. This causes the amplifier to work hard 
for 12 ms, then rest for 24 ms, alternately working and 
resting until the tuning process is complete. 

The circuit shown in fig. 16, which will key positive 
voltages only, requires fewer parts than the previous- 
ly described circuit. (Most transceivers built today are 
positive-keyed.) 

The pulser should be enclosed in a metal box or 
open-button metal chassis. (I used a 3 x 5 x 1 inch17 
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x 12 x 2.5 cm open bottom chassis.) The keying lead 
to the transceiver should be shielded. These precau- 
tions will help to  keep RF, which would interfere with 
proper operation, out of the pulser. 

A good method of powering the pulser is to use four 
AA penlight batteries. There's plenty of room in the 
box for a four-cell AA holder, and the added milli- 
ampere hour capacity advantage over a 9-volt battery 
makes the AA cells a good choice. 

Either circuit can be built on a piece of perfboard 
in less than one hour, so it isn't worth the trouble of 
making a printed circuit board unless you're going to  
make several tuning pulsers for Christmas presents. 

using the tuning pulser 
Set the transceiver to CW. Turn on the pulser and 

advance the carrier control until you have some ALC. 
If your exciter has an individual band tune feature, ad- 
just it for maxiumum relative output. 

Now turn on your amplifier and set the plate voltage 
to SSB. Key the pulser again and tune for maximum 
relative output on the plate tune and load controls. 
Sometimes a slight improvement in linearity can be 
had by loading the amplifier past the peak in output 
until the relative output drops about 2 percent. 

Normal readings of plate current using the tuning 
pulser should be approximately one-third of what you 
would see with a steady carrier. Average-reading RF 
wattmeters are good for relative indications only, when 
tuning with the pulser. The indicated wattage cannot 
be simply multiplied by 3 to find the peak power 
because the time constant of the meter is unknown. 

If you own a linear amplifier that uses sweep tubes, 
which are easily damaged by normal tune-up methods, 
a tuning pulser could provide increased tube life. 

Another use for the tuning pulser is in locating loose 
hardware (such as clotheslines, rain gutters, or rusty 
guy-wires), that may be causing TVl by metal-oxide 
diode-rectification. Such problems usually occur only 
at or near the peak-power level. Running the typical 
amplifier key-down for the length of time needed to 
locate the fault is risky. With the tuning pulser, the 
amplifier can generate full peak power with little risk 
of damage, even for lengthy periods of time. A har- 
monic "sniffing" device is then used to determine the 
location of the fault. (Normal operating courtesies still 
apply; check the frequency first with your receiver, 
keep the tests short, and try to  make your tests when 
the band is dead. - Ed) 
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understanding telephones 
Everybody has one. 

But what makes it work? 

Although telephones and telephone company 
practices may vary dramatically from one country to 
another, and even from one locality to another, the 
basic principles underlying the way they work remain 
unchanged. 

Every telephone consists of three separate sub- 
assemblies, each capable of independent operation. 
These assemblies are the speech network, the dialing 
mechanism, and the ringer or bell. Together, these 
parts - as well as any additional devices such as 
modems, dialers, and answering machines - are 
attached to the phone line. 

the phone line 
A telephone is usually connected to the telephone 

exchange by about three miles (4.83 km) of a twisted 
pair of No. 22 (AWG) or 0.5 mm copper wires, known 
by your phone company as "the loop." Although cop- 
per is a good conductor, it does have resistance. The 
resistance of No. 22 AWG wire is 16.46 ohms per thou- 
sand feet at 77 degrees F (25 degrees CI. In the United 
States, wire resistance is measured in ohms per thou- 
sand'feet; telephone companies describe loop length 
in kilofeet (thousands of feet). In other parts of the 
world, wire resistance is usually expressed as Ohms 
per kilometer. 

Because telephone apparatus is generally consid- 
ered to be current driven, all phone measurements 
refer to current consumption, not voltage. The length 
of the wire connecting the subscriber to the telephone 

exchange affects the total amount of current that can 
be drawn by anything attached at the subscriber's end 
of the line. 

In the United States, the voltage applied to the line 
to drive the telephone is 48 VDC; some countries use 
50 VDC. Note that telephones are peculiar in that the 
signal line is also the power supply line. The voltage 
is supplied by lead acid cells, thus assuring a hum-free 
supply and complete independence from the electric 
company, which may be especially useful during 
power outages. 

At the telephone exchange the DC voltage and 
audio signal are separated by directing the audio signal 
through 2 pF capacitors and blocking the audio from 
the power supply with a 5-Henry choke in each line. 
Usually these two chokes are the coil windings of a 
relay that switches your phone line at the exchange; 
in the United States, this relay is known as the "A" 
relay (see fig. 1). The resistance of each of these 
chokes is 200 ohms. 

We can find out how well a phone line is operating 
by using Ohm's law and an ammeter. The DC resis- 
tance of any device attached to the phone line is often 
quoted in telephone company specifications as either 
600 or 900 ohms; this will vary from one country to 
another. But the resistance may, in fact, vary from 300 
to 1,000 ohms. 

Using these figures you can estimate the distance 
between your telephone and the telephone exchange. 
In the United States, the telephone company guar- 
antees you no lower current than 20 mA - or what 
is known to your phone company as a "long loop." 
A "short loop" will draw 50 to 70 mA, and an average 

By Julian Macassey, NGARE, 475 North Daisy 
Avenue, Pasadena, California 91 107 
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fig. 1. The phone line. 

loop, about 35 mA. Some countries will consider their 
maximum loop as low as 12 mA. In practice, United 
States telephones are usually capable of working at 
currents as low as 14 mA. Some exchanges will con- 
sider your phone in use and feed dial tone down the 
line with currents as low as 8 mA, even though the 
telephone may not be able to operate. 

Although the telephone company has supplied 
plenty of nice clean DC direct to your home, don't 
assume you have a free battery for your own circuits. 
The telephone company wants the DC resistance of 
your line to be about 10 Megohms when there's no 
apparatus in use ("on hook," in telephone company 
jargon); you can draw no more than 5 microamperes 
while the phone is in that state. When the phone is 
in use, or "off hook," you can draw current, but you'll 
need that current to power your phone. Any current 
you might draw for other purposes would tend to 
lower the signal level. 

The phone line has an impedance composed of dis- 
tributed resistance, capacitance, and inductance. The 
impedance will vary according to the length of the 
loop, the type of insulation of the wire, and whether 
the wire is aerial cable, buried cable, or bare parallel 
wires strung on telephone poles. For calculation and 
specification purposes, the impedance is normally 
assumed to be 600 or 900 ohms. If the instrument 
attached to the phone line should be of the wrong 
impedance, you'd get a mismatch, or what telephone 
company personnel refer to as "return loss." (Radio 
Amateurs will recognize return loss as SWR.) A mis- 
match on telephone lines results in echo and whistling, 
which the phone company calls "singing" and owners 
of very cheap telephones may have come to expect. 
A mismatched device can, by the way, be matched 
to the phone line by placing resistors in parallel or 
series with the line to bring the impedance of the de- 
vice to within the desired limits. This will cause some 

signal loss, of course, but will make the device usable. 
A phone line is a balanced feed, with each side 

equally balanced to ground. Any imbalance will in- 
troduce hum and noise to the phone line and increase 
susceptability to RFI. 

The balance of the phone line is known to your tele- 
phone company as "longitudinal balance." If both 
impedance match and balance to ground are kept in 
mind, any device attached to the phone line will per- 
form well, just as the correct matching of transmis- 
sion lines and devices will ensure good performance 
in radio practice. 

If you live in the United States, the two phone wires 
connected to your telephone should be red and green. 
(In other parts of the world they may be different 
colors.) The red wire is negative and the green wire 
is positive. Your telephone company calls the green 
wire "Tip" and the red wire "Ring." (In other parts 
of the world, these wires may be called "A" and "B".) 
Most installations have another pair of wires, yellow 
and black. These wires can be used for many different 
purposes, if they're used at all. Some party lines use 
the yellow wire as a ground; sometimes there's 6.8 
VAC on this pair to light the dials of PrincessB type 
phones. If you have two separate phone lines (not 
extensions) in your home, you'll find the yellow and 
black pair carrying a second telephone line. In this 
case, black is "Tip" and yellow is "Ring." 

The above description applies to a standard line with 
a DC connection between your end of the line and the 
telephone exchange. Most phone lines in the world 
are of this type, known as a "metallic line." In a 
metallic line, there may or may not be inductance 
devices placed in the line to alter the frequency 
response of the line; the devices used to do this are 
called "loading coils." (Note: if they impair the opera- 
tion of your modem, your telephone company can 
remove them.) Other types of lines are party lines, 
which may be metallic lines but require special 
telephones to allow the telephone company to dif- 
ferentiate between subscribers. Very long lines may 
have amplifiers, sometimes called "loop extendersUon 
them. Some telephone companies use a system called 
"subscriber carrier," which is basically an RF system 
in which your telephone signal is heterodyned up to 
around 100 kHz and then sent along another sub- 
scriber's "twisted pair." 

If you have questions about your telephone line, you 
can call your telephone company; depending on the 
company and who you can reach, you may be able to 
obtain a wealth of information. 

the speech network 
The speech network - also known as the "hybrid" 

or the "two wirelfour wire network" - takes the in- 
coming signal and feeds it to the earpiece and takes 
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the microphone output and feeds it down the line. The 
standard network used all over the world is an LC 
device with a carbon microphone; some newer phones 
use discrete transistors or ICs. 

One of the advantages of an LC network is that it 
has no semiconductors, is not voltage sensitive, and 
will work continuously as the voltage across the line 
is reduced. Many transistorized phones stop working 
as the voltage approaches 3 to 4 volts. 

When a telephone is taken off the hook, the line 
voltage drops from 48 volts to between 9 and 3 volts, 
depending on the length of the loop. If another tele- 
phone in parallel is taken off the hook, the current con- 
sumption of the line will remain the same and the volt- 
age across the terminals of both telephones will drop. 
Bell Telephone specifications state that three tele- 
phones should work in parallel on a 20 mA loop; tran- 
sistorized phones tend not to pass this test, although 
some manufacturers use ICs that will pass. Although 
some European telephone companies claim that 
phones working in parallel is "technically impossible," 
and discourage attempts to make them work that way, 
some of their telephones will work in parallel. 

While low levels of audio may be difficult to hear, 
overly loud audio can be painful. Consequently, a well 
designed telephone will automatically adjust its trans- 
mit and receive levels to allow for the attenuation - 
or lack of it - caused by the length of the loop. This 
adjustment is called "loop compensation." In the 
United States, telephone manufacturers achieve this 
compensation with silicon carbide varistors that con- 
sume any excess current from a short loop (see fig. 
2). Although some telephones using ICs have built-in 
loop compensation, many do not; the latter have been 
designed to provide adequate volume on the average 
loop, which means that they provide low volume on 
long loops, and are too loud on short loops. Various 
countries have different specifications for transmit and 
receive levels; some European countries require a 
higher transmit level than is standard in the United 
States so a domestically-manufactured telephone may 
suffer from low transmit level if used on European lines 
without modification. 

Because a telephone is a duplex device, both trans- 
mitting and receiving on the same pair of wires, the 
speech network must ensure that not too much of the 
caller's voice is fed back into his or her receiver. This 
function, called "sidetone," is achieved by phasing the 
signal so that some cancellation occurs in the speech 
network before the signal is fed to the receiver. Callers 
faced with no sidetone at all will consider the phone 
"dead." Too little sidetone will convince callers that 
they're not being heard and cause them to shout, "I 
can hear you. Can you hear ME?"Too much sidetone 
causes callers to lower their voices and not be heard 
well at the other end of the line. 

A telephone on a short loop with no loop compensa- 
tion will appear to have too much sidetone, and callers 
will lower their voices. In this case, the percentage of 
sidetone is the same, but as the overall level is higher 
the sidetone level will also be higher. 

S I D E T O N E  B A L A N C I N G  I M P E D A N C E  
AND LOOP COMPENSATION 

\I : 
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There are two types of dials in use around the world. 
The most common one is called pulse, loop discon- 
nect, or rotary; the oldest form of dialing, it's been 
with us since the 1920's. The other dialing method, 
more modern and much loved by Radio Amateurs is 
called Touchtone Dual Tone Multi-Frequency (DTMF) 
or Multi-Frequency (MF). 

Pulse dialing is traditionally accomplished with a 
rotary dial, which is a speed governed wheel with a 
cam that opens and closes a switch in series with your 
phone and the line. It works by actually disconnect- 
ing or "hanging up" the telephone at specific inter- 
vals. The United States standard is one disconnect per 
digit, so if you dial a "1," your telephone is "discon- 
nected" once. Dial a seven and you'll be "discon- 
nected" seven times; dial a zero, and you'll "hang up" 
ten times. Some countries invert the system so "1" 
causes ten "disconnects" and 0, one disconnect. 
Some add a digit so that dialing a 5 would cause six 
disconnects and 0, eleven disconnects. There are even 
some systems in which dialing 0 results in one discon- 
nect, and all other digits are plus one, making a 5 cause 
six disconnects and 9, ten disconnects. 

Although most exchanges are quite happy with 
rates of 6 to 15 Pulses Per Second (PPS), the phone 
company accepted standard is 8 to 10 PPS. Some 

. 
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fig. 2. Telephone speech network. (Note: while ham radio 
designates varistors as CR, telephone companies 
customarily use the designation VR. - Ed.) 
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fig. 3. Standard DTMF pad and frequencies. 

modern digital exchanges, free of the mechanical in- 
ertia problems of older systems, will accept a PPS rate 
as high as 20. 

Besides the PPS rate, the dialing pulses have a 
makelbreak ratio, usually described as a percentage, 
but sometimes as a straight ratio. The North American 
standard is 60140 percent; most of Europe accepts a 
standard of 63/37 percent. This is the pulse measured 
at the telephone, not at the exchange, where it's 
somewhat different, having travelled through the 
phone line with its distributed resistance, capacitance, 
and inductance. In practice, the maketbreak ratio does 
not seem to affect the performance of the dial when 
attached to a normal loop. Bear in mind that each 
pulse is a switch connect and disconnect across a 
complex impedance, so the switching transient often 
reaches 300 volts. Try not to have your fingers across 
the line when dialing. 

Most pulse dialing phones produced today use a 
CMOS IC and a keyboard. Instead of pushing your 
finger round in circles, then removing your finger and 
waiting for the dial to return before dialing the next 
digit, you punch the button as fast as you want. The 
IC stores the number and pulses it out at the correct 
rate with the correct makelbreak ratio and the switch- 
ing is done with a high-voltage switching transistor. 
Because the IC has already stored the dialed number 
in order to pulse it out at the correct rate, it's a simple 
matter for telephone designers to keep the memory 
"alive" and allow the telephone to store, recall, and 
redial the Last Number Dialed (LND). This feature 
enables you to redial by picking up the handset and 
pushing just one button. 

Because pulse dialing entails rapid connection and 
disconnection of the phone line, you can "dial" a 
telephone that has lost its dial, by hitting the hook- 
switch rapidly. It requires some practice to do this with 
consistent success, but it can be done. A more sophis- 
ticated approach is to place a Morse key in series with 
the line, wire it as normally closed and send strings 
of dots corresponding to the digits you wish to dial. 

Touchtone, the most modern form of dialing, is fast 
and less prone to error than pulse dialing. Compared 
to pulse, its major advantage is that its audio band 
signals can travel down phone lines funher than pulse, 
which can travel only as far as your local exchange. 
Touchtone can therefore send signals around the 
world via the telephone lines, and can be used to con- 
trol phone answering machines and computers. Pulse 
dialing is to touchtone as FSK or AFSK RTTY is to 
Switched Carrier RTTY, where mark and space are 
sent by the presence or absence of DC or unmodulated 
RF carrier. Most Radio Amateurs are familiar with 
DTMF for controlling repeaters and for accessing 
remote and auto phone patches. 

Bell Labs developed DTMF in order to have a dial- 
ing system that could travel across microwave links 
and work rapidly with computer controlled exchanges. 
Each transmitted digit consists of two separate audio 
tones that are mixed together (see fig. 3). The four 
vertical columns on the keypad are known as the high 
group and the four horizontal rows as the low group; 
the digit 8 is composed of 1336 Hz and 852 Hz. The 
level of each tone is within 3 dB of the other, (the 
telephone company calls this "Twist"). A complete 
touchtone pad has 16 digits, as opposed to ten on a 
pulse dial. Besides the numerals 0 to 9, a DTMF "dial" 
has *, #, A, B, C, and D. Although the letters are not 
normally found on consumer telephones, the IC in the 
phone is capable of generating them. 

The * sign is usually called "star" or "asterisk." The 
# sign, often referred to as the "pound sign." is actu- 
ally called an octothorpe. Although many phone users 
have never used these digits - they're not, after all, 
ordinarily used in dialing phone numbers - they are 
used for control purposes, phone answering machines, 
bringing up remote bases, electronic banking, and 
repeater control. The one use of the octothorpe that 
may be familiar occurs in dialing international calls 
from phones in the United States. After dialing the 
complete number, dialing the octothorpe lets the ex- 
change know you've finished dialing. It can now begin 
routing your call; without the octothorpe, it would wait 
and "time out" before switching your call. 

When DTMF dials first came out they had com- 
plicated cams and switches for selecting the digits and 
used a transistor oscillator with an LC tuning network 
to generate the tones. Modern dials use a matrix 
switch and a CMOS IC that synthesizes the tones from 
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a 3.57 MHz (TV color burst) crystal. This oscillator runs 
only during dialing, so it doesn't normally produce 
ORM. 

Standard DTMF dials will produce a tone as long 
as a key is depressed. No matter how long you press, 
the tone will be decoded as the appropriate digit. The 
shortest duration in which a digit can be sent and 
decoded is about 100 milliseconds (msl. It's pretty diffi- 
cult to dial by hand at such a speed, but automatic 
dialers can do it. A twelve-digit long distance number 
can be dialed by an automatic dialer in a little more 
than a second - about as long as it takes a pulse dial 
to send a single 0 digit. 

The output level of DTMF tones from your tele- 
phone should be between 0 and - 12 dBm. In 
telephones, 0 dB is 1 milliwatt over 600 ohms. So 0 
dB is 0.775 volts. Because your telephone is con- 
sidered a 600 ohm load, placing a voltmeter across the 
line will enable you to measure the level of your tones. 

the ringer 
Simply speaking this is a device that alerts you to 

an incoming call. It may be a bell, light, or warbling 
tone. The telephone company sends a ringing signal 
which is an AC waveform. Although the common fre- 
quency used in the United States is 20 Hz, it can be 
any frequency between 15 and 68 Hz. Most of the 
world uses frequencies between 20 and 40 Hz. The 
voltage at the subscriber's end depends upon loop 
length and number of ringers attached to the line; it 
could be between 40 and 150 volts. Note that ringing 
voltage can be hazardous; when you're working on 
a phone line, be sure at least one telephone on the 
line is off the hook (in use); if any are not, take high 
voltage precautions. The telephone company may or 
may not remove the 48 VDC during ringing; as far as 
you're concerned, this is not important. Don't take 
chances. 

The ringing cadence - the timing of ringing to 
pause - varies from company to company. In the 
United States the cadence is normally 2 seconds of 
ringing to 4 seconds of pause. An unanswered phone 
in the United States will keep ringing until the caller 
hangs up. But in some countries, the ringing will "time 
out" if the call is not answered. 

The most common ringing device is the gong ringer, 
a solenoid coil with a clapper that strikes either a single 
or double bell. A gong ringer is the loudest signaling 
device that is solely phone-line powered. 

Modern telephones tend to use warbling ringers, 
which are usually ICs powered by the rectified ring- 
ing signal. The audio transducer is either a piezo- 
ceramic disk or a small loudspeaker via a transformer. 

Ringers are isolated from the DC of the phone line 
by a capacitor. Gong ringers in the United States use 
a 0.47 pF capacitor. Warbling ringers in the United 

States generally use a 1.0 pF capacitor. Telephone 
companies in other parts of the world use capacitors 
between 0.2 and 2.0 pF. The paper capacitors of the 
past have been replaced almost exclusively with capac- 
itors made of Mylar film. Their voltage rating is always 
250 volts. 

The capacitor and ringer coil, or Zeners in a warbling 
ringer, constitute a resonant circuit. When your phone 
is hung up ("on hook") the ringer is across the line; 
if you've turned off the ringer you've merely silenced 
the transducer, not removed the circuit from the line. 

When the telephone company uses the ringer to test 
the line, it sends a low-voltage, low-frequency signal 
down the line (usually 2 volts at 10 Hz) to test for con- 
tinuity. The company keeps records of the expected 
signals on your line. This is how it can tell if you've 
added equipment to your line. If your telephone has 
had its ringer disconnected, the telephone company 
cannot detect its presence on the line. 

Because there is only a certain amount of current 
available to drive ringers, if you keep adding ringers 
to your phone line you'll reach a point at which either 
all ringers will cease to ring, some will cease to ring, 
or some ringers will ring weakly. In the United States 
the phone company will guarantee to ring five normal 
ringers. A normal ringer is defined as a standard gong 
ringer as supplied in a phone company standard desk 
telephone. The value given to this ringer is Ringer 
Equivalence Number (RENI I .  If you look at the FCC 
registration label of your telephone, modem, or other 
device to be connected to the phone line, you'll see 
the REN number. It can be as high as 3.2, which 
means that device consumes the equivalent power of 
3.2 standard ringers, or 0.0, which means it consumes 
no current when subjected to a ringing signal. If you 
have problems with ringing, total up your RENs; if the 
total is greater than 5, disconnect ringers until your 
REN is at 5 or below. 

Other countries have various ways of expressing 
REN, and some systems will handle no more than 
three of their standard ringers. But whatever the 
system, if you add extra equipment and the phones 
stop ringing, or the phone answering machine won't 
pick up calls, the solution is disconnect ringers until 
the problem is resolved. Warbling ringers tend to draw 
less current than gong ringers, so changing from gong 
ringers to warbling ringers may help you spread the 
sound better. 

Frequency response is the second criterion by which 
a ringer is described. In the United States most gong 
ringers are electromechanically resonant. They are 
usually resonant at 20 and 30 Hz ( f 3 Hz). The FCC 
refers to this as A so a normal gong ringer is described 
as REN 1.OA. The other common frequency response 
is known as type B. Type B ringers will respond to sig- 
nals between 15.3 and 68.0 Hz. Warbling ringers are 
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all type B and some United States gong ringers are 
type B. Outside the United States, gong ringers appear 
to be non-frequency selective, or type B. 

Because a ringer is supposed to respond to AC 
waveforms, it will tend to respond to transients (such 
as switching transients) when the phone is hung up, 
or when the rotary dial is used on an extension phone. 
This is called "bell tap" in the United States; in other 
countries, it's often called "bell tinkle." While Euro- 
pean and Asian phones tend to bell tap, or tinkle, 
United States ringers that bell tap are considered 
defective. The bell tap is designed out of gong ringers 
and fine tuned with bias springs. Warbling ringers for 
use in the United States are designed not to respond 
to short transients; this is usually accomplished by rec- 
tifying the AC and filtering it before it powers the IC, 
then not switching on the output stage unless the vol- 
tage lasts long enough to charge a second capacitor. 

conclusion 
This brief primer describing the working parts of a 

telephone is intended to provide a better understand- 
ing of phone equipment. Note that most telephone 
regulatory agencies, including the FCC, forbid modi- 
fication of anything that has been previously approved 
or attached to phone lines. 
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Contact KFEC, PO. Box 37130 

Louisville Ky. 40233 (502-366-9592) 
Convention Motel - Executive West, 
Directly Across From Convention Site 

Contact (502-367-2251) 
For Information Contact 

The Greater Louisville Hamfest Assn. 
PO. Box 34444, Louisville, Ky. 40232 

or Phone (502) 368-6657 - 



Conodian vlsmwtar 
2852 Walnut Ave., Unit E hstcwn Indushies, ~ t d .  

451 1 Chesswood Dr. 
c OR PORAT ION (714) 832-7770 Domsview, Ontario, bnada M3J 2V6 

(41 6) 638-7995 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH OUAUTY RUGGED RELIABLE 

RS a d  VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Protects Paner Supply OUTWT VOLTAGE: 13.8 VDC * 0.05 wits 
hwn excessive current & axlllnuars shorted output. (Internally Adjustable: 1 1-1 5 VDC) 

'CROWBAR OVER VOLTAGE PAOTECTION on all Models RIPPLE: Less than 5mv peak to peak (full load 
except RS-4A. & low line) 
MAINTAIN REGULATION 8 LOW RIPPLE at low line 
input Vollage. 
HEAW DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 

INSIDE VIEW - RS-IZA ONE YEAR WARRANTY MADE IN U.S.A. 
I 

MODEL R 5 5 0 A  MODEL RS-5OM I - - 
MODEL VS-SOM 

RM-A Series 19" x 5 %  RACK MOUNT POWER SUPPLIES Separate Volt and Amp Meters 
Continuous Siza (IN) 

Model Duty (AMPS) HXWXD Wt. (lbs.) 
RM-35A 25 35 5 '18 x 19 x 1 2  38 

RM.50A 37 50 5 ' / 4 ~ 1 9 ~ 1 2 ' / 2  5 0  

RM-35M 25 3 5  5 ' /A x 19 x 12'/1 3 8  

I 

RS-A SERIES Conlinuws ICS' Slze (IN) Shlpplng 
MODEL Dutv (Amps1 I A m ~ s l  H x W X D  Wt (Ibs) 
RS.4A 3 4 3% x 6% x 9 5 
RS- 7A 5 7 3 % x 6 % x 9  9 
RS-70 5 7 4 757 10'4 10 
RS-1OA 7 5 10 4 x 7 % x 1 0 %  11 
RS-12A 9 12 4 f i x 8 x 9  13 
RS-2OA 16 20 5 ~ 9 ~ 1 0 %  18 
AS-35A 25 35 5 x 1 1  x11  27 

M O D E L  RS-7A RS-50A 37 50 6 x 13% x 11 46 

R S - M  SERIES I Swlkhable VOI and Amp meter 

Conlnuous ICS* Slze (IN) Shlpplng 
MODEL DutV (Amps) (Amps) H x W x D  Wt (Ibs) 
RS.12M 9 12 4 % x 8 x 9  13 
RS-20M 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x 1 1 ~ 1 1  27 
RS-TOM 3 7 50 6 x  13% x 11 46 - - -  

M O D E L  RS-35M 

V S - M  SERIES Separate Volt and Amp Meters 
Output Voltage adlustable from 2-15 volts 
Current l ~ m ~ t  adlustable trom 1 5 amps to Full Load 

Conlnuous Duty ICS* 
(Amps) (Amps) SIZE (IN) Shlpplng 

MODEL eismatim@~oc Q13.8V H x W x D  :w VS-35M VS-2OM 16 25 15 9 4 7 20 35 5 ~ 9 ~ 1 0 %  5 x 1 1  x11  Wt 20 29 (lbr) 

M O D E L  VS-ZOM VS-5OM 37 22 10 50 6 x  13% x 11 46 

RS-S SERIES BUII~ ~n speaker 

Conllnous ICS* SIZE (IN) Shlpplng 
MODEL DutV (Amps) Amps H x W x O  Wt (Ibs) 
RS-7S 5 7 4 x 7 X x  10% 10 
RS.lOS 7.5 10 4 x 7% x 10% 12 
US-lOL(For1TRJ 7.5 10 4 . 9 . 1 3  13 
RS.12S 9 12 4 K x 8 x 9  13 
RS.2OS 16 20 5 x 9 ~  10% 18 

M O D E L  RS-12s 
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~ A R  corn 
DISTRIBUTING 

Big Spring, TX 
800-351 -1 426 National 
800-592-1 476 Texas 

Jefferson City, MO 
800-421 -7242 National 
800-892-6080 Missouri 

Arlington, TX Oklahoma City, OK Houston, TX 
(817) 640-1 121 800-522-7052 OK Wats 1-800-833-5364 Texas Wats 

1-800-242-3662 Tx. 800-348-0008 Nat. Wats 1-800-222-1 384 Nat. Wats 

San Antonio, TX Affiliate Distributor 
(51 2) 650-3291 Mission, TX Tallahassee, FL 

1-800-292-21 16 Texas 51 2-581 -2785 (904) 878-081 6 
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a DTMF controller for repeaters 

This multifunctional, 
expandable decoder 

uses high quality 
components - but 

doesn't cost a fortune 

to build 

Remote control of the various functions of a 
repeater is usually accomplished through the use of 
dual-tone multifrequency (DTMF) signals generated 
in a pushbutton touchtone pad. These signals can also 
be generated in computer-controlled synthesizers, but 
the end result is always the same - a series of tone- 
encoded signals that must be detected and decoded 
to perform the intended function. Over the years a 
number of articles have appeared in Amateur publica- 
tions concerning the decoding of the DTMF signal, 
but what to do with the decoded signals has often 
remained in question. The circuit described in this ar- 
ticle may help to answer that question and perhaps 
encourage repeater technical committees whose 
members are thinking about modernizing or expanding 
their control circuitry. 

This multifunctional, expandable decoder features 
full DTMF decoding, multi-digit coding, latching out- 
put, multi-source reset and a separate auxiliary out- 
put, for use by system logic. It's DC coupled to greatly 
reduce falses from noise, and expandable. No adjust- 
ments are necessary; no tedious alignment or periodic 

'Data sheet available from Silicon Systems, Inc., 14351 Myford Road, Tustin, 
California 92680. 

tweaking are required. Its circuits detect the sequence 
in which the decoded DTMF signals are received and, 
if the, sequence is correct, provide a latched open- 
collector output that can be used to activate the in- 
tended function. 

1 circuit description 
Two basic circuits comprise the DTMF controller: 

a DTMF decoder and a sequence detector (see fig. 
1). For practical repeater control it may be preferable 
to locate these two circuits on separate PC boards. 
However, for purposes of explanation, consider them 
to be located on one subassembly. 

I The heart of the DTMF decoder is the SSI-201, 
manufactured by Silicon Systems, Inc. I won't go in- 
to details of the chip's operation, except to say that 
it represents a quantum leap beyond the traditional 567 
decoder and exhibits central-office quality with respect 
to immunity to talk-off and noise falsing. This circuit 
was described in ham radio by KC9C1 and is esentially 
lifted from the data sheet* provided by the 
manufacturer. 

One addition that I made was to add the low-pass 
filter consisting of R1, R2, C1, and C2 (see fig. 21, 
which significantly improved the chip's tolerance to 
different pads in the field. No problems were encoun- 
tered when the DTMF tones were generated in a 
Western Electric Series 35 pad, or equivalent. How- 
ever, the vagaries of synthesized DTMF generators 
found in a variety of HTs and DTMF microphones 
made the decoder a little fussy - some pads would 
work, while others would not. Since the addition of 
the LPF, none of the pads used to access the decoder 
has failed to produce the correct outputs. 

When the correct tone pair is received at pin 12 of 
U1, a hexadecimal output is generated on pins 1, 20, 
21, and 22. These four data lines are applied directly 

By Terry Simonds, WB4FXD, PO Box 1558, 
Edgartown, Massachusetts 02539 
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SEQUENCE DETECTOR 

_i____? OUTPUT - 

A u o l o ~ ]  y 171 {TI 

to U2, a 4- to 16-line decoder. Pin 18 of U1 produces directly to U2 as a strobe for that chip's operation and 
a positive-going "valid-digit" pulse if both DTMF tones is inverted and applied to the sequence detector as 
have been received and decoded. This pulse is applied a clock. 

DECODER DECODER 
REGISTER r 

+ 0 
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LATCH 

2 . 3 .  
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CLOCK 

fig. 1. DTMF controller block diagram. 
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LOglc "0 ' S.lecled oulput: type 14515 

U3-U5 her buNec lnnn lnp  type 14009, 74049, slc. - or 
man-lnrenl~.g type 14010, 14050. etc 

YI castal. cob, bum1 (3.579545 MHz) 

'* I 
I 
I 
L ---------- _I 

fig. 2. DTMF decoder schematic diagram. Buffers U3-U5 may be omitted by substituting for U2 (see text). 
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fig. 4. Decoder card. The hean of the decoder is the 24-pin 
chip - the SSI-201. Several components shown here are not 
required for basic decoder operation, but are used in other 
repeater-control functions. 

fig. 5. Sequence-detector card. The left half of the card has 
been programmed with the code 9 1 .  The right half is uncoded 
at the present. The vertically oriented chip at the top center 
is the output latch shared by the two sequence detectors on 
the card. 

The resulting output from U2 is logic 1 latched on 
one of its 16 output lines. By appropriately labeling 
these lines, one arrives at a unique output that corres- 
ponds to the button that was pressed on the pad. 

Each output line from U2 is buffered and inverted 
in three hex inverterlbuffers, U3-U5, for presentation 
to the sequence detector that follows. Note that these 
buffers are shown in the dashed box illustrated in fig. 
2. When I was designing the control system for our 
repeater, I was unsure of the number of stages that 
would follow the decoder, for reasons that will become 

apparent later. I therefore chose the 14514 decoder, 
which has a decoded "1" output and inverted this in 
the buffer. If it's known in advance what the load will 
be, it may be possible to substitute a 14515 for U2 and 
eliminate U3-U5 (the 14515 presents a decoded "0" 
on its output line).t 

The purpose of the sequence detector is to produce 
a latched output if, and only if, the sequence of 0's 
received from the decoder coincides with a prepro- 
grammed sequence of digits for the desired function. 
Figure 3 shows the schematic diagram of the 
sequence detector, which consists of a register and 
a latch. The register, made up of quad-D flip-flop U1 
and quad-OR U2, has applied to its DIGIT-1 through 
DIGIT-5 inputs the desired decoded digit lines from 
the decoder in the sequence that corresponds to the 
desired code. Also applied to the register at U1-9 is 
the clock signal from the decoder. 

As DTMF signals from the repeater receiver are 
decoded, Us are momentarily placed on various of the 
16 lines to the sequence detector. At the same time, 
a clock signal is generated for each decoded digit. The 
first digit line in the code is connected to DIGIT-1, the 
second to DIGIT-2, and so on. The first 0 received on 
DIGIT-1 is clocked through U1A to its Qoutput, where 
it is stored and presented to OR gate U2A. The sec- 
ond decoded digit, presented to the other input to 
U2A, produces a 0 at the output of U2A which, upon 
receiving the second clock pulse, is passed on the the 
Q output of U1 B. The third 0 in the sequence is OR'ed 
in U2B to produce a 0 at U2-3. It can be seen that a 
logic 0 is then passed along from output to output of 
the register as the correct code is punched into the 
pad. Note that there are output linesfrom the register 
corresponding to codes of two, three, four, and five 
digits. Any of these outputs can be used, depending 
on the number of digits in the code. If an incorrect digit 
appears in the code, a 1 will be clocked into the register 
at that point because there would not be a "desired 
digit line" as an input. This will cause the correspond- - 
ing OUT line to remain high. The valid sequence is thus 
lost, and must be entirely re-entered. - 

The 0 from the appropriate OUT line is applied to 
SET input of conventional R-S flip-flop U3, configured 
as a dual-output latch. The Q output (pin 3) saturates 
transistor Q1 through R7, thereby pulling its collector 
to ground to actuate the selected function. The Qout- 
put from the latch (pin 4) can be used as an auxiliaw 
output if desired. A typical application would be as an 
interlock signal for the repeater controller logic. If an 
auxiliary output is not wanted, omit diode CR3. 

There are several ways that the latch can be reset 
and the function turned off; each requires that a 
logic 0 be placed on the latch RESET line. 

tThe nominal fan-oul capability of a CMOS chip is 50 

September 1985 49 



t 

BUY DIRECT 
FROM A 
DISTRIBUTOR 
AND SAVE 

- WA6YFU 

-a@wd By WILSON 

- 

- - 

The first small system that 
makes  satellite TV simple 

A M A T E U R  S P E C I A L !  
WILSON "LIL WIL" only '899.'' 

With pald order shipp~ng IS included 

Call Collect to Order 
(714) 659-3351 

or Write 
Wolcott 's 

)@- 
Satellite Systems 

25880 Hwy 243 
P 0 Box 482 

Idyllw~ld. CA 92349 

1/ 171 a z Z  

Vour Ham Tube 

Tubes 
3-4002 .................. .$85.00 7360 .................... ..$I 0.00 
3-5002. .................... 85.00 7735A ..................... .27.50 
4-400A ..................... 80.00 81 22 ..................... .1 10.00 
4CX2508 ................. 50.00 81 56 ........................ 12.50 
5728 ........................ 55.00 8643 ........................ 82.50 
811A ........................ 12.00 8844 ........................ 26.50 
813 .......................... 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 2451SD1416 ..$30.00 SD1088 ................... 19.95 

....................... MRF 454 ................. 14.95 2N3055 75C 
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. (RGBIu). ............ .$4.75 ea. 
UG2731u .............. 2.25 ea. Mlnlmum Order $25.00 

- -= Allow $3.00 min. for UPS charges 129 

+SOTRUN ANTENNAS ' e  

IN HF 
COMMUNICATIONS I 

. , A STEP FORWARD 

NO TUNERS! 

NO RADIALS! 

NO COMPROMISE! 

M o d e l s  From 
160.10 M e t e r s  

( omparlng antenna5 f rank rnent~oned to me that 
the lrotron was S9 + 10 dB, whereas the outs~de 
antenna was onlv S9+ 5 dB1 Here the lsotron actuallv 

I put out a better signal than the regular antenna1 
Probahlv qkin annle. e d .  but who cares? The 

I 
- , ~~ 

wr6rma&e bf the lsotmn 40 is just plain phenomen- 
al " See review in October 73. 1984. 
Finally, a lull size Antenna In a 3-dimensional 

nackaae. Perfect for l im~ted space. RV's. Marine and 

I . -  

more 
The lsotrons offer you excellent transmitting per- 

formance along with low noise reception and a sensitive 
recelvong quality. 

m-METER - %3.95 plw W.75 Shippin) 
r4O.METER-SSl 95 usS3 755h1~13in 
w4O Combination - P110 00 lus 8 M ~fiwinl 
ASK FOR P R ~ ~ E S O N O T H E ~  MODELS I 

BllAL COMPANY 
S.R 2, Box 62. Dept 91 

Eucha, Ok 74342 pH: 918-253-4094 

50 September 1985 



September 1985 51 



I CB-10 FM SPECIAL I 

Hy Ga~n 40-Channel Board 
40-Channel Swttch 
Vol~jme & Squelch Control 
FM Detector Module 
Full Instructions Included 

$1 4.95 Add $2.00 BOARD ONL Y 
sh~pp~ng & handling $6.95 

QRP TRAWSCEIVER SET -$34.95 

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 W~th Etched and Drtlled C~rcutl Boards 

and All Pans Needed To Funct~on As Described 

AFA-1 AUDIO AMP. L M  l e ~  ; 2r.a.1sr sh. '*w ..:I,.: $4.95 
AFP-1 AUDIO PREAMP. Uua niu,c ~ r e a m c  i ' .  M..C E:I $3.95 
BMD-1 BAL. MIX.LM 1496Mmrel - s B ~ o a u ~ a l n t  TLnea3~8l?~:  $9.95 
DET-1 AM DET. a m  t n v e ~ n o ~  DPICFIO! w,!* AGC ii:i~p.l> $3.95 
DET-2 FM DET. i ~ 3 0 6 5 ~ ~ ~ c l c c l o r  r 5 5 r , + 7 ~ .  r .. MVZ,  $7.95 
DET-3 SSB DET. L M  >a96 sS8Deac:nt ~ ~ e e o i o s ~ .  ! ut osc r i  $9.95 
DET-4 DETECTOR C W l  SSB u s ~ n a a  dual gate FET ttannslol 
IFA-1 IF AMP. CA 302830 Dnr.a,n oot,ona AGC ,455 r ~ z w  8 , > MnZ, 

FLS-9 SSB FILTER 9 MHZ 2 1 *HZ BW *,IT ~ 5 6  r A t  tor i iSC 1 

IFA-2 IF AMP. cr30>03oDEIGa~- > ~ O O M ~ Z ~ P I ~ ~ ~ A G C  

MBA-1 FREO. MULT. is*  <,.mu! 5,,9*. h4u9 n.-.c,,.cc. -L z s o u w r  

o s c - 1  CRY ST^^ o s c .  (nrr,.; - 211Mni 

OSC-2 CRYSTAL OSC. o. 1 0  2 o o ~ n z  .,r8ec n,.:~": 

PSV-1 POWER SUPPLY LM 7;3 w,m pas$ rtanr~s~o, 3arripsmax 

PLL-2 TONE DETECTOR LM56t PLI l one~e tec~of  

RFIMIX-1 RF-AMPIMIXER CA 3020 - r u m -  AMP ~ , s e r  1 iw M H Z  

RFIMIX-2 RF-AMPIMIXER 3hlm T U ~ U T  AMiM#%er I - 2 5 0 ~ ~ ~  $7.95 I VHF CONVERTER SET - $24.95 1 I VCO- VARIABLE HI STAB.OSC. varac~or~vnaa roo tosoo rhtau~ou~ $7.95 
VCO-4 VARIABLE HI STAB OSC. Vasctorlunrd 3 to 20 Mhz~u tou t  $7.95 

1 Add S2.00 For Shwping & H~ndling - Send For F R E E  Brochure 1 1 ~ d d  $2.00 For S h i ~ ~ i n o  & Handlino - Send For FREE Brochure 

I SENDSZOOFOR FULLMANUAL WITH CIRCUIT DIAGRAMS I I 
SENDSZ 00 FOR FULL-MANUAL WIT;( CIRCUIT DIAGRAMS AND 

TYPICAL RECEIVER AND TRANSMITTER HOOK UPS 
MANY OTHER MODULES AVAILABLE MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
P 0 BOX 717 HIALEAH FLA 33011 

MORNING DISTRIBUTING CO. 
13051 884 8686 P 0 BOX 717 HIALEAH FLA 33013 / 172 

114 WAVELENGTH 
I Mod81 NO. h8q. MH? Dercrlptlon h k 8  

196-2W 144-148 5/16-32 stud wlsprlng 15.95 
196-204 " BNC connector w/rprlnp 7.95 
196-214 " BNC connector 6.95 
196-224 144-UP BNC conn. ad). 8nplr 7.95 
196-814 220-225 BNC connector 6.95 

518 WAVELENGTH 
191-210 " 5/16-32 lor old TEMPO 22.95 
191-214 * BNC eonneetor 19.95 
191-219 " PL-259 w/M-359 8dpt. 22.95 
191-810 220-225 5/15-32 lor old TEMW 22.95 
191-814 " BNC connrctor 19.95 
191-940 440-450 5/16-32 lor HT-220 22.95 
191-941 " 1/4-32 dud 22.95 
191-944 " BNC connector 19.95 

Largea Selection of Telescopic Anten- 
nas. Write for info. Prices are postpaid 
vla UPS to 48 States. For air delivery 
via UPS Blue add 52.25. Florida add 5% 
sales tax. Payment by M.O. or Cashlers 
Check only. r /  141 
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SMA Conneclors Requires + 5VDC Power wllh 
- 5VDC presenl when + 5VDC applied Power Sup 
ply and Sequencmg Is no1 supptled Zener Protectton 
Unenctom on 2' r 2" PC Board 

Wrlle lor ProcelDetwery tor any lrequency tram 1 to 6 
GHz Also VC0's. Slanal Generators. Detectors At. 
tenuators. F~lters. M ~ ~ e r s .  and Converlers 

Prlce tncludes Shtpptng and Insurance when pald by 
check or money order Charge or C 0 D orders 
F 0 0 . BrWLfleld MO 

TECHmGENERAL 
ROENSCH MICROWAVE 
R R. 1. Box 1568. 

LICENSE MANUAL 
BROOKFtELD. MISSOURI 64628 fl 236 Written in an easy to read and 

ncludes all current, ob- 
lete, anllque, hard-to-find 

Unlty Electronics Dapt. 
P.O. 001 213. Ellnbalh. N.J. 0721 

understand style, this is the guide 
you need for your TechlGeneral 
studying. FCC questions with com- 
plete answers 01985. 1st edition. 
OAR-TG Softbound $5.00 
Please add $2.50 tor shipptng and handling 

ham 
radio,.- I BOOKSmRE 

Greenville, NH 03048 



Single-digit reset. If one of the digit lines from the 
decoder is connected to RESET, the latch will be reset 
when that digit is received. The most common would 
be #. 

External reset. A logic 0 applied through diode CR2 
will reset the latch. For example, if the function 
selected were autopatch, a negative-going pulse from 
the autopatch time-out timer could be connected here 
to reset the latch so that the patch would not be imme- 
diately brought back up after time-out. If external reset 
is not needed, omit diode CR2. 

Mult i -digi t  coded reset. If it is desired to provide a 
coded reset function, such as enabling the repeater - 
transmitter after it has been "put to sleep," then SET - 
is connected to an OUT line higher in number than 
that used to enable the function. For example, sup- 
pose the code "7539 were to be used to disable the 
transmitter. The five digit lines corresponding to that 
code would be connected to DIGIT-1 through DIGIT-5 
in the code sequence and OUT-4 would be connected - 
to the SET line of the latch. The OUT-2 line from the 
register would be connected to the RESET line of the 
latch. When the disable code "7539 is received, the 
latch is set and the output 0 is used to disable the 
transmitter, for example, by holding the receiver COR 
line low. To enable the transmitter, the code "75 would 
be used and the latch would be reset allowing the COR 
to operate the transmitter. This is not a particularly 
secure coding system, but it allows turning a function 
on and off with the same hardware and with a code 
that the average repeater user would not be able to 
"guess." Perhaps this is an acceptable tradeoff in 
component count and reliability. 

Another very practical application of single- and 
multi-digit reset would be in the restriction of certain 
types of calls made on the repeater autopatch. For toll 
restriction, use the single-digit approach. Toll calls can 
only be made by dialing a 0 or a I after you have re- 
ceived dial tone. Assume a three-digit autopatch- 
access code. Connect the digit lines from the decoder 
in the correct sequence to the sequence detector - 
DIGIT inputs and connect the OUT-2 line to the SET 
line of the latch. Then diode-OR digits I and 0 to - - 
DIGIT4 and connect OUT-3 to RESET. When you 
now try to dial I or 0 as the first digit after the patch 
has been brought up, it will be immediately discon- 
nected. To restrict calls to certain central offices, 
diode-OR the first two digits of the prohibited offices -- 
to DIGIT4 and DIGIT-5 and connect OUT-4 to RESET. 
This latter method may be particularly attractive to 
repeater groups whose telephone billing is based on 
message unit systems. 

Note resistors R1-R5. These are pull-ups to hold the 

gate inputs high if there is not a digit line or output 
line connected. This is necessary to prevent possible 
instability due to floating gate input. R6 performs the 
same function in the latch. Since this gate input is 
diode-coupled, R6 must be installed at all times. 

construction details 
The DTMF controller for our repeater was built as 

several subassemblies; the decoder and its associated 
circuits occupy one 4.5 x 6 inch (11 x 15 cm) perf- 
board, while two sequence detectors are located on 
each of several identically sized PC cards. Figure 4 
shows the decoder card. The 555 timer in the upper 
left corner is not required for decoder operation. Its 
function in the repeater controller is to mute the DTMF 
tones to the transmitter so that they are not retrans- 
mitted. This affords increased security of repeater 
codes, and somewhat calms the nerves of the control 
operators. The slide switch is used to select muting 
or non-muting of the tones and is also not required. 
The transistor, seen near the lower left corner, is not 
shown on the schematic. It functions as a power-up 
sequencer for the card, required because of different 
logic voltages used in the repeater controller logic 
system, but is not necessary for decoder operation. 

Figure 5 shows one of the sequence-detector cards 
used in the repeater controller. This card is shown with 
jumpers installed for control code '91 and the diode 
installed for an auxiliary output for that function. When 
the photo was taken, the right half of the card was 
not required and was therefore left blank. Another 
function has since been added, jumpers have been 
appropriately arranged, and the necessary chips in- 
stalled in their sockets. 

expansion and change 
~ s ' e v e r ~  repeater operator knows, there's no such 

thing as a finished machine. There are always changes 
to be made, more functions to be added, and codes 
to change for one reason or another. With the con- 
troller described here, this becomes a relatively simple 
task. 

For example, if an access code is to be changed, 
all that has to be done is to move a few jumpers 
around. If you want to add a new function and all the 
sequence-detector cards are in use, it's a simple matter 
to fabricate another one, code it, and install it in the 
controller card cage. If the digit and clock lines from 
the decoder are "daisy-chained" to a reasonably large 
number of "dedicated-spare" sockets, together with 
VDD, ground, and reset, then backplane wiring in the 
card cage at the time of addition would be significantly 
reduced. All that would be required would be to con- 
nect a FUNCTION ON line and the AUX OUT line if 
desired. 

Because, at the time of design, I did not know what 
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NEW 70 CM ATV TRANSCEIVER 
ALL YOU NEED IN ONE BOX 

FULL COLOR. SOUND, 6 LIVE ACTION lust like broadcast TV. Gel on lhis 
exclllne amaleur video mode at our allordable ready to go price. 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? The TC70.15 
downconverter outputs lo  any TV on ch 3 lor receiving. Connect a good 70 cm 
antenna and low loss coax. Plug in any composite video source you want to 
transmit: Camera, VCR, computer, etc. Plug ~n any low Z dynamic mic or use 
color camera mic lor Standard 4.5 mH2 TV sound. Connecl to 13.8 vdc lor 
base, moblle, or portable. See chapl. 20 1985 ARRL Handbook. That's It! 

WHAT CAN YOU W WlTH THE T C m l  ATV TRANCEIVER? Show the shack. 
projects. computer program listings, home video tapes, repeal Space Shuttle 
=dl0 and video I1 you have a TVRO, repeat SSTV or RTTY. Weather Radar, do 
public servlce events such as parades, marathons, races, CAP searches and 
rescues.. .the list goes on. D x  depends on anlennas and terraln, lyplcally 1 
to 40 miles. We have video compensated RF llnear amps lor 20 ($1191 or 50 
($189) watts pep for greater OX. 

FEATURES: Small 7~7~2.5' .  Push lo  Look IPTL) TIR swllchlng. GaAslel 
downconverter lunes whole 420450 mHz band. Two swltch selected vldeo 6 
audlo inputs.. .RCA phone jacks and 10 pin color camera Jack. Xmtt vide0 
monltor outpul. Over 1 watt pep RF output on one or two (add $15) selecled 
crystal controlled lrequencles. 439.25. 434.0. or 428.25 mHz. 

CALL OR WRITE FOR OUR CATALOG for more into or who is on In your area. We 
stock antennas, modules, and everylhlng you need on ATV. 

TERMS: Visa. MC, or cash only UPS COOS by phone or mail. Checks musl Clear 
bank before shipment. Prlce includes UPS surface shipplng In con! USA. olhers 
add 3%. Transmitting equipment sold only to licensed Tech class or hlgher 
amateurs. verlliable In 1985 call book or copy o l  new Itcense. 

(81 8) 441-4565 .-, 8am-6pm p.L a 
P.C. ELECTRONICS 2522 Paxson Lane 
Tom W6ORG Maryann WB6YSS Arcadia CA 91006 

functions were to be included in the final configura- 
tion of the repeater, I buffered the digit and clock lines 
from the decoder card. So configured, the DTMF 
decoder should be able to drive all the sequence detec- 
tors or other loads required by the wildest imagina- 
tion of any repeater technical committee! 

conclusion 
The simple circuit described here has been in opera- 

tion for several months in the Vineyard Amateur Radio 
Association's 220-MHz machine on Martha's Vineyard. 
It has performed according to design in all respects 
and has afforded control of our machine's various 
functions without fail. Barring a near hit by lightning 
or a catastrophic failure in the power supply, it should 
remain operative for years. While not providing the 
flexibility over control functions that a micro-based 
system could, this control system comes close and is 
considerably simpler and less expensive to build. 

reference 
1. Mark Forbes. KCSC. "A State-of-the-An Touchtone Decoder." ham radio. 
April. 1983. page 27. 
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JUST SLIGHTLY AHEAD! WlTH THE QUALITY YOU HAVE ALWAYS LOOKED FOR! 
4 MEMORYS - 3 WAY AUTO SCAN. 40.15AND 6 METERS ARE YOUR BASE A GREAT ORP RIG WlTH THE BIG RIG 

DUAL VFO. IF SHIFT. CW-W. 400 Hz. STATION OR MOBILE WITH ACIDC SIGNAL. 2 WATTS OR 10 WATTS OUT. 

CW.-N 200 Hz. ALL 9 BANDS PLUS BUILT IN POWER SUPPLY CW-N 2M) BUILT IN CW SIDE TONE. DIGITAL 

MARS. BUILT IN AClDC POWER SSB. Hz OR USB. 2.S0239 ANTENNA CON- DISPLAY. HAND MIC TOP MOUNTED 

CW OR RTTY. I.F. TUNE 3-STEP NECTORS. HAND MIC. BUILT IN TVI SPEAKER. MOBILE BRACKET. RIT OR 

TUNING SPEED. 200 WATT PEP. FILTER LITTLE TO NO TV INTER- FINE TUNE TXBRX r4KHz. 21 TO 
MICROPHONE IMPEDANCE 600-50K FERENCE. 20 WATTS PEP. MARS ON 21.450 MHz SIGNAL TO NOISE MORE 
OHM HAND MIC, INCLUDED 40 AND 6mETERS THAN lOdB DOWN 

SPECIAL SPECIAL SPECIAL 
90 DAY WARRANTY ON ALL TRANSCEIVERS - DIRECT FROM NCG OR YOUR DEALER 

WE HAVE 1.2 GHz BASEIREPEATER 8 MOBILE ANTENNAS 
NOTE: PRICES AND SPECIFICATIONS SUBJECT TO 

1275 N. Grove Street. Anaheim. CA 92006 (714) 030-4541 f l  117 CHANGE WITHOUT NOTICE OR OBLIGATION 
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Band & Wired 
1OM,8M, 
21111,220 $880 $880 

440 $780 $980 

FEATURES: ------J 

SENSlTiVlrYSECONDTO NONE; 0.15uV(VHF),0.2uV(UHF)TYP. 
SELECTIVITYTHATCAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMIC FILTER FOR > l00dBAT ~t 12KHZ. HELICALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER &CONTROL. 

ter-proof squelch. AFC tracks drlftlng xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3uVsens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 

- 
but wlo AFC or hel. res. Klts only $118. Also avail w14 pole filter, only $98lklt. 
RllO VHF AM RECEIVER klt for VHF alrcraft 
or ham bands or Space Shuttle. Only$%. 

T51 VHF FM EXCITER forlOM,6M,2M, or 
220MHz.2Wattscontinuous, up to3W 
intermittent. Wkl t .  
T451 UHF FM MClTER2to3Watts. Kltonl 
Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For elther FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters &xmtgconverters. Several models. 
Klts from $78. 

Models tocoverevery practical rf&if rangetollsten toSSB, 
FM,ATV,etc. NF-ZdBorless. 

. . 

VHF MODELS 144-146 50-54 
220-222 28-30 
220-224 14-148 

Lou Can 220-224 92-54 
Wlmd $89 222-224 28-30 

UHF MODELS 432-434 28-30 
Klt wlth Cam $59 45-437 28-30 
Lau, Carr Us 432-436 14-148 

Wlmd $75 432-U8 439.25 61.25 

SCANNER CONVERTERS C0py806MHZ bandon any scan- 
ner. WlredMestedONLY $88. 

For SSB, CW, A N ,  FM, etc. Why pay big bucks for a multl 
mode rig foreach band7Can be llnked wlth recelveconvert 
ersfortranscelve.2Wattsoutput vhf, 1 Watt uhf. 

ExcHer Antenna 

For VHF, Iwutbn€P 0- 
Model XV2 a830 144-146 

28-28 145.146 

Kit $79 28-30 50-0-52 
27-27.4 1 4 - 1 4 4  

Wlmd $149 28-30 220-22' 
92-54 (SPOC~~Y band) 14-la 

220-224 
50-52 

50-54 1U-148 
1 4 - 1 4  28-30 

For UHF, 28-30 432-434 

Model XV4 28-30 435-437 
92-54 432-43 

Kit $99 61.25 U8.25 
144-148 432-436. 

Wired $189 ' ~ d d  WforPM input 

VM'& UHF LINEAR ARIPLIFIERS. Use wlth above. 
Power levels from 10 to 45 Watts. Several models, 
kits from $78. 

Hamtronlcs Breaks 
the Price Barrier! 

3k 
No Need to Pay $80 to $125 
for a GaAs FET Pnamp. 

FEATURES: 
Very Low Noise: 0.7 dB VHF, 0.8 dB UHF 
High Gain: 18 to 28 dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAs FET, Ve Stable 

MODEL TUNES RANG% 

LNG-28 26-30 MHz $49 
LNG40 46-56 MHz $49 
LNG-144 137-150MHz $49 
LNG-160 150-172 MHz $49 
LNG-220 210-230 MHz $49 
LNG-432 400-470 MHz $49 
LNG-800 800-960 MHz $49 

Low-noise preamps with 
helical resonators re- 
duce intermod and 
cross-band interference 
in critical applications. 
12dB gain. 

Model Tuning Range !V& 
H RA-144 143-150MHz $49 
H RA-220 213-233 MHz $49 
H RA-432 420-450 M Hz $59 
HRA-( ) 150-174MHz $54 
HRA< 450-470 M Hz $64 

MO.202 FSK DATA MODULATOR. Run up 
to 1200 baud digital or packet radio sig- 
nals through any FM transmitter. Auto- 
matically keys transmitter and provides 
handshakes. 120012200 Hz tones. Kit only 
$45. 
DE-202 FSK DATA DEMODULATOR. Use 
with any FM receivertodetect packet ra- 
dio orother digital data in "202 modem 
format. Provides audioconditioning and 
handshakes. Kit only $38. 
COR.2 KIT With audio mixer, local 
speaker amplifier, tail & timeout timers. 
Only $38. 
COR.3 KIT as above, but with "courtesy 
beep". Only $58. 
CWlD KITS 158 bits, easily field program- 
mable, clean audio. Kit only $68. 
A16 RF TIGHT BOX Deep drawn alum. 
case with tight cover and noseams. 
7 x 8 x 2 inches. Designed especially for 
repeaters. $20. 
DTMF DECODERICONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtonesa, e.g., repeater and auto- 
patch. Use with main oraux. receiver or 
with Autopatch. 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. 
SIMPLEX AUTOPATCH. Use with your FM 
transceiver. System includes DTMF & Au- 
topatch modules above and new Timing 
module to provide simplex autopatch and 
reverseautopatch. Complete patch sys- 
tem only $2001kit. Call orwritefordetaiis. 



designing and building 
loop Yagis 
Antennas are always an exciting 
subject. Even more exciting is the in- 
troduction of a new type of design. 

The loop Yagi is one new design 
that's become quite a performer, espe- 
cially on 23 and 13 cm f 1296 and 2304 
MHz). However, its design parameters 
have not been widely available (especi- 
ally in North America) and are often 
confusing. 

Recently I had a call from Vern 
"Rip" Riportella, WA2LQQ, who 
wanted to know if the loop Yagi would 
work well on OSCAR 10, Mode "L. " 
"Of course it will work," I told him, 
and pointed out that several stations 
were already using them. "But how do 
I build one?" he asked. Well, that got 
things rolling. 

At Rip's suggestion, I moved this 
article a few months ahead on my 
planned schedule so that more stations 
could take advantage of the loop Yagi, 
especially on OSCAR 10. When you 
finish reading this month's column you 
should have all the material necessary 
on loop Yagis performance and know 
how to design and construct one of 
your own. 

development of the loop Yagi 
The loop Yagi, as we know it, came 

into existence in the back yard of Mike 
Walters, GBJVL, in 1974. Mike was 
trying to obtain high gain at 23 cm on 
a single long boom instead of using a 
parabolic dish. He tried and discarded 
many combinations of wire loops simi- 
lar to quad elements; tuning was 
always critical and the gain was far less 
than expected. 

Then Mike tried using thin (0.028 
inch or 0.7 mm) flat strips of aluminum 
0.1875 inch (4.8 mm) wide mounted 
on a 112-inch (12.7 mm) diameter 
boom. Gain was almost immediately 
realized. Using the heuristic (cut-and- 
try!) approach and a large box of dif- 

fig. 1. The original G3JVL loop Yagi. Note the plane reflector. The feed passes through 
the boom rather than through the driven element. 

ferent length loops, he moved the ele- 
ments around to various positions on 
a boom to optimize gain as indicated 
on a signal strength meter. 

What finally evolved was a 24-direc- 
tor loop Yagi on an 81-inch (206-cm) 
boom with one driven element and 
two reflectors, as shown in fig. 1.' 
One reflector was a regular loop placed 
close behind the driven element. The 
second reflector consisted of a rectan- 
gular perforated aluminum sheet 
measuring 4-1 I 2  by 5 -1 12 inches (1 1.5 
x 14 cm) and mounted on the rear of 
the boom. The driven element is fed 
directly at the top with a short length 
of 0.141 inch (3 mm) diameter 50-ohm 
semi-rigid coax. 

Yagi versus loop Yagi 

Metallic boom Yagis also require a 
correction factor to be applied to each 
element. (This area is still quite con- 
troversial.) Add this to the problems of 
conductivity to the boom or the capac- 
itive and inductive effects of through 
the boom mounting with insulated ele- 
ments and you have a tall order to fill. 

Don't overlook the feed system in a 
Yagi antenna. For a good match, you 
must have a good mechanical assem- 
bly that can tune out variations in the 
design, and the antenna should prefer- 
ably be fed with a balanced feed sys- 
tem. This implies the use of a balun, 
another item requiring good tolerances 
and construction techniques. 

Many of the previously mentioned 
items were designed out or improved 
in the G3JVL loop Yagi designs. 

You may ask, "Why all the fuss Mechanical duplication is straightfor- 
about loop Yagis?" The answer lies ward. For instance, elements are 
mainly in their mechanical design. 
Really long Yagis (over 10 wavelengths 
long) with high gain (over 18 dBi) were 
not readily available until the 1980'~.~ 
Furthermore, long Yagi dimensions are 
very critical if optimum gain and low 
side lobes are desired. UHF and micro- 
wave designs are even more critical. 
For instance, at 23 cm the typical Yagi 
tolerance should be within f 0.003 
wavelengths, with 0.001 wavelength 
  refer red.^ This equates to a 23 cm 
tolerance of 0.027 and 0.009 inches 
(0.069 and 0.023 mm), respectively - 
and these tolerances are quite difficult 
to maintain. 

mounted on top of the boom and con- 
nected with just one screw. Various 
boom diameter corrections are quite 
well documented, as we shall shortly 
see. Similarly, the loop length, width 
and thickness have been carefully tab- 
ulated with correction factors for dif- 
ferent sizes and frequencies. Finally, a 
unique driven element feed system 
with a built-in balun was developed. 
Thus the loop Yagi is relatively easy to 
duplicate. 

By now you must be asking what 
the disadvantages must be. Well, the 
main problem is that there just aren't 
a lot of recipes. In fact, there have 
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SPACING 

INCHES ( m m l  

E L E M E N T  P O S I T I O N S  

INCHES (m m l  

fig. 2A. The basic 28-element loop Yagi, with mechanical dimensions based on 1296 
MHz. When constructing a 38 or &element loop Yagi, add additional loops as required, 
spacing them each 3.56 inches (90.42 mml further down the boom as described in text. 

been only three major designs pub- 
lished for 28, 38, and 45  element^.'^^^^ 
Even these designs could probably use 
some improvements to reduce the first 
side lobe levels. 

The loop Yagi also has a fair wind 
load. Several years ago Rick Commo, 
K1 LOG, and I set out to build a 70 cm 
(432 MHz), 28-element loop Yagi. It 
looked truly inspiring and had very 
good gain when we measured it on my 
backyard antenna range. But plans to 
install it at KILOG1s QTH had to be 
abandoned halfway up the tower, be- 
cause even in a 10 mph (16 km) wind, 
holding on to the antenna was like 
holding on to a large sail! So loop 
Yagis simply aren't practical below 
about 900 MHz. 

Another loop Yagi headache is large 
birds since they can easily bend or flat- 
ten the loops if they decide to roost on 
them. G3JVL solved most of this prob- 
lem by mounting his loop Yagi anten- 
nas upside down! 

A third problem is deterioration of 
the joints after long exposure to the 
elements. This, however, is quite man- 
ageable, as we shall see. 

loop Yagi variations 
and improvements 

Many of the disadvantages men- 
tioned above have been solved or cir- 
cumvented and the loop Yagi - still 
a high-performance antenna - is 
widely accepted on OSCAR 10 and the 
23 and 13 cm bands. If you're looking 
for an antenna that's relatively easy to 
duplicate and provides high gain on 23 
cm and up, this may be the one for 
you. 

Soon after the original design was 
published, several persons built models 
and frequency-swept the response.' 
Some dips in gain were noted, especi- 
ally below the frequency of interest. 
Although this isn't normally a problem, 
it can be if tolerances vary. The first 
improvement was the addition of an- 
other director between directors 4 and 
5 of the original d e ~ i g n . ~  This also 
broadened bandwidth and increased 
gain by about 0.5 dB. 

Shortly after I built my first loop Yagi 
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in 1978, 1 became disillusioned with the 
plane reflector. It was difficult to fabri- 
cate and has a wind load that caused 
it to act like the tail end of a weather 
vane! But removing the plane reflec- 
tor caused the gain to drop as much 
as 1 dB. I tried a variety of substitutes 
and finally settled for a second reflec- 
tor loop, identical to the first one (just 
behind the driven element) but placed 
at the rear of the boom. It had far Jess 
wind load than the plane reflector and 
was easier to fabricate; the only per- 
ceptible change noted was perhaps a 
0.1 dB drop in forward gain, a small 
penalty for the simplification it yielded. 

Since the original design was con- 
ceived, the feed system has been im- 
proved. Originally the semirigid coax 
passed to the rear of the driven ele- 
ment and through the boom as shown 
in fig. 1. G3JVL found that if you pass 
the same coax directly through the 
lower portion of the driven element 
and correctly shape the element, a 
quarter-wave type of balun is f ~ r m e d . ~  

Other improvements made by 
G3JVL included higher gain for the ori- 
ginal design, longer boom models, and 
correction factors for changing loop 
thickness and width as well as boom 
diameter. The latter makes frequency 
scaling the loop Yagi a b r e e ~ e . ~  

how to design a loop Yagi 
Let's look at the designs available. 

The improved original design now uses 
28 elements with two different director 
lengths as shown in fig. 2 and table 
1. Al l  the loop lengths shown in table 
1 are based on the original design with 
a boom diameter of 1 /2 inch (12.7 
mml and loops made from flat alumi- 
num strips 3/ 16 inches (4.76 mml wide 
and 0.028 inches (0.71 mml thick. This 
will be the reference point for all other 

DRILL 118" 
HOLE 

I + 
I 

designs. Also note that the length of 
the loops is equal to the distance be- 
tween the mounting holes. An extra 
0.25 inch (6 mm) should be added to 
each end. 

I immediately found these sizes to 
be unacceptable. First, the elements 
were too narrow and would often 
break at the screw holes when they 
were tightened to the boom. This 
problem was overcome by using a 
wider (0.25 inch or 6.35 mm) strip. 
Also the 0.028 inch (0.71 mm) alumi- 
num is not commonly available in the 
United States but 0.032 inch (0.81 
mm) material is. Finally, the 1/2 inch 
(12.7 mm) diameter boom is too flimsy 
in areas where snow and ice are com- 
mon. Adding extra support struts 
helps, but a larger diameter boom is 
still recommended. 

Calculating these changes becomes 
very simple with the correction factors 
that G3JVL later der i~ed .~  This infor- 
mation is shown on individual graphs 
in fig. 3 (the correction factor for 
boom diameter changes) and figs. 4 
and 5 (correction factors for different 
loop widths and thicknesses, 
respectively). 

Let's work through an example. I 
prefer to use a 314 inch (19 mm) boom 
and loops that are 1/4 inch (6.35 mm) 
wide and 0.032 inch (0.081 mm) thick. 
Looking at figs. 3, 4, and 5, we see 
that corrections are + 0.9, - 0.3, and 
+ 0.04 percent, respectively. Adding 
these corrections together, we get a 
net change of +0.64 percent. This 
means that if we select new sizes of 
materials, all we have to do is increase 
the sizes of all directors and reflectors 
shown in fig. 2 by 0.64 percent. 
Therefore, the scaled directors will 
now be 8.303 inches (211 mml and 
8.051 inches (205 mm), respectively. 

DRILL 1 / 8  51 
/ FROM TABLE I )  

LOOP LENGTH ------------I I-- P6Zm J 

I 12 PLACES1 

fig. 28. Loop length is measured from hole to hole. Note that an extra 0.25 inch (6.4 mml 
of aluminum strap should be provided at both ends of each loop for mechanical stability. 
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The reflectors will measure 9.732 
inches (247 mm). 

other designs 
The compact 28-element has a gain 

equivalent to that of a 35-inch (90-cm) 
dish. But if you want a model with a 
higher gain, you may want to build a 
38 or 45-element loop Yagi - roughly 
equivalent to a 39-inch (1 meter) and 
43-inch (1.1 -meter) dish, respectively 
- instead. 

Table 1 shows the lengths of the 38 
and 45-element designs. Again, these 
are based on the original boom diam- 
eter and loops as noted above. Note 

DETAIL -  "A" E3 1 ~ ~ : z )  
1 / 8 "  

(JrnrnJ a 
APPROXIMATELY 

SEE DETAIL - ' >"  2 7/8v173mrn)D14 

f25.4rnrnl .NO 2 0  

BRASS BOLT 

DRILLED OUT 

TO PASS COAX 

FEED 

fig. 2C. The driven element is construc- 
ted as shown using a brass or copper 
strap 0.25 inch (6.36 mm) wide and 0.032 
inch (0.81 mml thick. The length is 
shown in table 1 and is the distance be- 
tween the center of the attachment 
holes. See text for final checkout. 



table 1. 1296 MHz loop-Yagi element lengths. 

design 

reflector 1 Et 2 
driven element 
directors 1-1 1 
directors 12-18 
directors 19-23 
directors 24-25 
directors 26-35 
directors 36-42 

28 elements 
inches mm 

9.67 (9.732) 246 (247) 
9.23 (9.292) 234 (236) 
8.25 (8.303) 209 (21 1) 
8.00 (8.051) 203 (205) 
8.00 (8.051 203 (205) 
8.00 (8.051) 203 (205) 

38 elements 
inches mm 

9.67 (9.732) 246 (247) 
9.23 (9.292) 234 (236) 
8.25 (8.3031 209 (21 1) 
8.00 (8.051) 203 (205) 
7.70 (7.7491 196 (197) 
7.70 (7.7491 196 (197) 
7.70 (7.749) 196 (197) 

45 elements 
inches mm 

9.67 (9.732) 246 (247) 
9.23 (9.292) 234 (236) 
8.25 (8.303) 209 (211) 
8.00 (8.051) 203 (205) 
7.75 (7.800) 197 (198) 
7.65 (7.699) 194 (196) 
7.65 (7.699) 194 (196) 
7.50 (7.548) 191 (192) 

The numbers shown above are the reference element lengths for designing a loop Yagi at 1296 MHz. These dimensions are based on a 0.5 inch (12.7 mm) 
boom diameter with 3/16 inch (4.76 mml wide by 0.028 inch 10.71 mml thick loops. The lengths shown in parenthesis are for use of a 314-inch (19 mm) 
boom and loops that are 114 inch (6.35 mm) wide and 0.032 ~nch (0.81 mm) thick. Other size material can be used if scaled as discussed in the text. 
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( m m l  

fig. 3. Use this graph to determine cor- 
rection factors for booms other than 0.5 
inch (12.7 mm) in diameter. 

I I I I I  
1. 

\--. 
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( 2 . 5 4 1  ( 5  11 ( 7 . 6 1  (10.21 

W I D T H  O F  LOOP l N C H E S  
f m m l  

fig. 4. Use this graph to determine cor- 
rection factors for loop widths other 
than 0.188 inch 17.76 mm). 

1 

For those who don't want to go 
through the scaling exercise, I've 
listed, in table 1 (in parentheses), the 
recommended sizes for the 28,38, and 
45-element designs using a 314 inch 

that all new directors on the longer (19 mm) boom and loops that are 
boom designs are moved out an addi- 0.032 inch (0.91 mm) thick and 114 
tiona13.56 inches (9.04 cm). However, inch (6.35 mm) wide. Different sizes 
the diameter of the loops varies with can also be used, but you'll have to 
a slightly different tapering schedule. work out the new values yourself! 

0 0 

A 

fig. 5. Use this graph to determine cor- 
rection factors for loop thickness other 
than 0.028 inch (0.7 mm). 

,/-- 
-/ 

-/- 

frequency scaling 
If you want to operate at a fre- 

quency other than 1296, how do you 
perform the scaling? It actually isn't 
that complicated. All it requires is a 
hand calculator, some scratch paper 
and some thought! All data can be 
found on the scaling charts. 

For example, suppose you want to 
make an optimized OSCAR Mode L 
design. 1269 MHz is actually only 

UG17 7 / U  

fig. 2D. Overall assembly showing connector mounting, mast bracket (per fig. 7) and the recommended supporting bars. The feed 
system shown may not be desired if stacking is used as described in text. 
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table 2. Specifications and stacking information for the 28, 38. and 45-element loop Yagi designs discussed in the text. 

boom length gain* equivalent dish size* BW* stacking distance in A 
design (in A) (dBi) (inches) (meters) (degrees) ( E  plane) IH plane) 

28-element 9.0 19.0 35 0.9 18.0 2.50 2.30 
38-element 13.2 20.0 39 1 .O 16.5 2.75 2.55 
45-element 15.7 20.7 43 1.1 15.0 2.85 2.65 
'Approximate 

about 2 percent lower in frequency 
that 1296 MHz. In reality, the models 
shown work quite well even though 
they're made for 1296 MHz, since the 
bandwidth of a typical Yagi type struc- 
ture is usually good for at least - 2 to 
+ 1 percent. But let's say you really 
want to optimize the design without 
compromise. 

In order to exactly duplicate the per- 
formance, all element dimensions and 
spacings must be increased by 2 per- 
cent (1296-126911296). The spacing is 
easy. Just make all spacings 2 percent 
or 1.02 times the values shown in the 
figures and the table. 

Then scale the new boom diameter. 
Let's say you want to use a 314 inch 
(19 mm) boom at 1269 MHz. First you 
have to design the boom as if it were 
2 percent smaller in diameter at 1296. 
For example, if we have a boom 0.735 
inches (18.67 mm) in diameter at 1296, 
it will be equivalent to 0.750 inch (19 
mm) in diameter at 1269 MHz. The 
correction factor for 0.735 inch (19 
mm) at 1296 is approximately +0.8 
percent. 

The elements are done in the same 
fashion; they're shortened by 2 per- 
cent at 1296 MHz and looked up in 
figs. 4 and 5. Then the changes are 
added to the boom correction for the 
final correction. If the frequency is 
above 1296, the boom correction and 
element parameters must be length- 
ened by the equivalent percentage at 
1296. Proceed in the same way as 
already described. 

construction 

quite close for the first directors, a 
build-up tolerance could occur. I've 
therefore shown all dimensions refer- 
enced from the rear of the boom to 
prevent tolerance buildup. 

For best symmetry, the boom 
should be drilled while supported in 
either a " V  block or a Porta Vise.lM 
After the first element hole is drilled, 
a dummy element should be fastened 
in place. This will provide a reference 
point for drilling successive holes so 
that they'll all be located in the same 
plane. Admittedly, this is less of a 
problem on a loop Yagi than a conven- 
tional Yagi since the elements can be 
leveled by pushing them sideways for 
alignment. Finally, drill out the larger 
hole for the driven element mounting 
screw. 

Next, center-punch each loop for 
the proper length as shown in fig. 2, 
leaving about 0.25 inches (6.35 mm) of 
extra material on each end. Make sure 
the punch is centered on the loop 
width since any sideways skewing will 
weaken the joint. Also, use the small- 
est possible drill to just pass the screw 
shank. 

The loops can be pre-formed by roll- 
ing them on a piece of tubing or 
dowel. Next insert the screw while 
drawing the two ends together, insert- 
ing the screw through the boom in the 
correct location and securing it with a 
lock washer and nut. Do not over- 
tighten; this will deform the loop 
material. 

Assembling the driven element is a 

11216 Cape Cod, Taylor, Michigan 
48180, for approximately $2.00 per 
foot.) 

Now add the connector. For maxi- 
mum strength, rigidity, and reliability, 
it should be mounted on a small right 
angle plate attached to the boom. This 
simple, low-cost assembly with the 
shield, suggested to me by Bob 
Johnson, KSKFR, has worked well on- 
the four loop Yagis I presently use. 

Alternatively, a type OSNTM* male 
"N" cable connector can be attached 
directly to the semi-rigid transmission 
line. This method offers an advantage 
if you're going to stack your antennas. 
You can use a transmission line the 
proper length required to reach the 
power splitter (more on this later). 

other variations 
Other loop widths can be used on 

this design if they're properly scaled by 
the methods already discussed. For in- 
stance, if some of the elements are 
widened, it may be possible to use a 
uniform length loop on the shorter 
model. 

As mentioned earlier, the simplicity 
of the element attachment to the 
boom is one of the selling points of this 
design. But the place at which the loop 
attaches to the boom is a high current 
point. Therefore, if the elements are 
not tightened properly, the joints can 
corrode, resulting in increased loss in 
the future. 

Several methods have been used to 
circumvent this problem. One is to 

little tricky. It must first be soldered coat the joints with an epoxy or sealant 
together as a sub-assembly as shown type of material after assembly. A sec- 

The loop locations should be in -fig. 2. Then pass the mounting ond, more complex mounting method 
marked carefully on the boom as screw through the boom and secure it is to rotate all the elements 90 degrees. 
shown in fig. 2. This is a very impor- with the nut. (Suitable semi-rigid trans- First, a single screw, washer, and 
tan? procedure that should not be mission line can be purchased from 
taken lightly. Because spacings are Microwave Components, WBBEUU, *,,OSN** is a trademark of omni-spectra, Inc. 

60 September 1986 



nut hold the loop ends together. Then 
a second hole is drilled one-fourth the 
distance between the end mounting 
holes in each loop. Finally the loops are 
attached with another screw to the 
boom. This locates the point at which 
the loops are attached at a voltage 
node. 

Remember that all sizes given, in- 
cluding sizes on the scaling charts, are 

O U T P U T  3 

SEE N O T E  2 

O U T P U T  rl I I N P U T  

fig. 6. This is a simple power splitter 
using three type "N" coaxial Tee adapt- 
ers. Note 1: Type UG 107AlU recom- 
mended but UG 107BlU is usable with 
slightly higher VSWR. Note 2: Either a 
UG 107BIU or UG 28AIU are usable. 

based on mounting loops exactly as 
shown. Any deviations will upset the 
correction factors and possibly de- 
grade performance. Several years ago, 
for example, a number of these loop 
Yagis were distributed in kit form by 
a midwest Amateur. Although the 
design was satisfactory, the instruc- 
tions recommended, for mechanical 
reasons, that a lock washer be placed 
between the loop and the boom rather 
than between the boom and the nut. 
The effect of this instruction was sub- 
tle. Since the element was now further 
removed from the boom, the boom 
correction was diminished, and the 
elements therefore resonated at a 
slightly lower frequency. The net result 
was a 0.5 to 0.75 dB gain decrease and 
higher side lobes. Removing the 
washer, cleaning up the surfaces, and 
then placing the washer on the other 
side of the boom instantly restored the 
antenna's original design performance. 

stacking loop Yagis 
The designs given in this month's 

column will work fine by themselves. 
However, there's always somebody 
who wants more gain. Since loop 
Yagis have lower wind loss than dishes 
(one of the prime reasons for using this 

L 8 " I r 3 / 4 " f 1 9 m m l  A N G L E ,  A L U M I N U M  

.T S E E  N O T E  

I\HoLEs FOR M A S T  C L A M P  I 
fig. 7. A recommended mast to boom mounting bracket. Material is aluminum. Note 1: 
Heliarc the angle aluminum and plate together at this point. Most local welding shops 
can provide this service. 

design), they're often stacked to ob- 
tain higher gain. 

Recommended stacking distances 
and configurations are discussed in 
references 6 and 7. Table 2 lists elec- 
trical parameters to follow for proper 
stacking on all three models just 
discussed. Generally speaking, the 
spacings shown may seem too close, 
but they were confirmed at my QTH 
by a series of tests using both a signal 
source .and on-the-air test. 

When stacking antennas at such 
high frequencies, phasing harness 
losses and phase lengths are very im- 
portant. Four matched phasing lines 
can be brought to the mast where a 
power splitter is attached - or you can 
use an identical length of the same 
amount of semi-rigid coax as men- 
tioned earlier. You can then use short 
phasing lines with the back plane feed 
method as discussed. 

Any suitable two-way or four-way 
in-phase power divider can be used.' 
One simple and usually inexpensive 
power divider can be made for 23 cm 
operation by combining three UG 
107Al U type N Tee adapters as shown 
in fig. 6.8 The longer (and older) type 
UG 107AlU is recommended because 
it's closer to the desired phase length. 
However, the newer UG 107BlU will 
work with slightly higher VSWR. 
These coax adapters are readily 
available at flea markets. 

Loop Yagis are usually mounted on 
brackets similar to the one shown in 
fig. 7. These brackets are then attach- 
ed to a mast or a stacking frame. If 
two- or four-loop Yagis are stacked 
vertically, it's often more convenient 
to turn the lower ones upside down so 
that the mast doesn't have to pass 
through the boom or loops. In this 
case, remember to invert the feed on 
the upside down antennas so that 
they're not fed out of phase.' 

You may ask whether the mast can 
be placed through a loop Yagi as is 
typically done on Yagi antennas. The 
answer is yes, but the diameter should 
be kept reasonable and the mast 
should preferably pass midway be- 
tween two loops. Tests conducted by 
G3JVL showed a slight gain reduction 
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fig. 8. This is a polar plot of the typical "E" plane of a 45 element loop Yagi. Other 
designs will have similar patterns but with wider half-power beamwidth as shown in 
table 2. 

(approximately 0.25 dB) when a large 
(2 inch or 51 mm) diameter boom was 
passed through the plane of a 23-cm 
loop Yagi. 

Supports or trusses should be used 
to stabilize and strengthen the boom, 
especially where ice and snow are 
prevalent. This can easily be done by 
attaching a piece of tubing between a 
point about two thirds the distance out 
on the boom and the bottom corner of 
the mounting plate shown in fig. 7. 
This tubing can have the same or 
slightly smaller diameter as the boom. 

final performance evaluation 
Once the loop Yagi is completely 

assembled, it should be mounted on 
a mast in a clear area and pointed 
away from any local objects. Then the 
VSWR should be measured. If it is not 
below 1.5:1, bend the first reflector or 
the first director closer or further away 
from the driven element for a better 
match. Sometimes even the second 
director can be bent slightly to 
enhance VSWR., If all else fails, 
shorten or lengthen the driven element 
slightly. 

After the antenna is mounted in its 
final resting place, the pattern can be 
tested. The beamwidth is narrow as 
shown in table 2. The first side lobes 

should be at least 10 dB and usually 
13 or so dB below the main lobe. If 
not, you may have scaled your dimen- 
sions improperly. 

For reference, see fig. 8, in which 
a pattern adapted from an equivalent 
13 cm (2304 MHz) 45 element loop 
Yagi is shown. The initial data for this 
pattern was done on a professional an- 
tenna range and supplied to me by 
N3CX. The 2304 MHz loop Yagi will be 
covered in a paper I'll be presenting at 
the First Annual 129612304 MHz con- 
ference in Estes Park, Colorado from 
September 20 to 22 (see end of col- 
umn). Note that the nulls between the 
main beam and the side lobes can be 
easily used to determine beamwidth, 
as described in reference 9. 

summary 
The loop Yagi is an exciting and 

relatively new antenna design that has 
been well received as a true performer. 
In this month's column I've tried to 
provide some overall background in- 
formation on its design along with pro- 
cedures for modifying the design for 
other frequencies and material sizes to 
suit the builder. 

This antenna isn't a panacea, nor 
does it necessarily offer any more gain 
than a well-designed Yagi. However, 

it's easily reproduced and has much 
less wind load than an equivalent dish 
of the same gain. Models have been 
made to frequencies as high as 3 cm 
(10 GHz) with equivalent performance. 
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important VHFIUHF events 

September 14-16: 
September 16: 
September 20-22: 

October 5-6: 

October 5-6: 

October 9: 

October 15: 

October 20: 

International Region 1 
VHF Contest 
ARRL VHF OSO Party 
EME Perigee 
First Annual 1296/2304 
MHz Conference, Estes 
Park, Colorado (Contact 
W0PWI 
Mid- Atlantic States VHF 
Conference, Warminster, 
Pennsylvania (Contact 
WA20MYI 
International Region 1 
UHFISHF Contest 
Peak of Draconids 
Meteor Shower predicted 
at 03CW UTC 
EME Perigee 
Peak of Orionids Meteor 
Shower predicted at 1 1OO 
UTC 
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The best DMM inits class 
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One innovation leads to another. with just one base unit. 
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now that the warranty 
has expired. . . 
The big day has finally arrived. 
After months - or years - of scrim- 
ping and saving, you've plunked down 
a kilobuck or so for a new transceiver. 
It's a gleaming engineering marvel with 
knobs, dials, and a luminous digital 
display. A firm squeeze on the Push- 
To-Talk button and your voice projects 
instantly and effortlessly around the 
world. 

But sooner or later, long after the in- 
itial euphoria has worn off, you're go- 
ing to have to consider what we all 
dread: repairing the rig. Repairing elec- 
tronic equipment is like buying in- 
surance; most of us never give it a mo- 
ment's thought until something cata- 
strophic happens. A little planning in 
this regard can make the difference 
between quick success or being off the 
air for weeks while the rig moves 
through the repair "pipeline." 

The first time to think about repairs 
is while you're unpacking the new rig: 
should it have to be shipped back to 
the manufacturer's or importer's repair 
shop, that original packing carton is 
probably the best shipping container 
available. Unpack carefully, taking care 
not to destroy the canon in your 
eagerness to get to the goodies. 

You think that's a bit extreme? After 
all, who has room to store that enor- 
mous cardboard shipping crate? I called 
the repair shop service manager for a 
major mail order seller of ham gear; he 
told me that all too often, improper 
packing results in shipping damage, 
often hidden, that must be repaired at 
the owner's expense before the war- 
ranty problem can be examined. Some- 

times the shipping damage completely 
masks rightful warranty repairs - for 
example, a broken printed circuit 
board track. 

An old grocery carton and three 
inches of newspaper are not proper 
shipping materials! Nor is it prudent to 
use a single wrap of masking tape to 
seal the carton; rigs have been "lost 
in the mail" because of inadequate 
sealing of perfectly adequate shipping 
containers. Use two runs of broad 
nylon filament tape, wrapped around 
the carton in both directions. Top this 
off with plastic film tape or paper pack- 
ing tape (the kind you have to 
moisten). Tape a card with your name, 
callsign, address, and telephone 
number directly to the rig, just in case 
your rig becomes separated from its 
packaging. 

It's not prudent to ship more than 
one item per container. My contact 
told me of one fellow who shipped an 
in-warranty Kenwood TS-120s in the 
same substandard carton as the 
12-volt DC, 20-ampere AC power 
supply that powers the rig. That heavy 
power supply bounced around that 
newspaper-lined cardboard box like a 
cannonball and mashed the TS-120s 
to bits! Unfortunately, because the 
damage was caused by improper pack- 
ing, neither the shipper nor the 
manufacturer could cover the damage. 

In general, it's wise to not ship items 
such as external power supplies, micro- 
phones, telegraph keys, loudspeakers, 
headphones and other accessories un- 
less told to do so by the repair shop. 
Twenty years of working in various re- 
pair shops left me with many memories 
of lost customer property. If your 
transceiver is bad, then ship only the 

transceiver. Keep the other stuff at 
home. You can be certain that an 
authorized repair shop will have an 
adequate DC power supply, speaker or 
microphone on hand for testing the 
equipment. 

do you really have a 
problem? 

In one shop where I worked, our ser- 
vice jobs ran about 40 percent "NFF" 
- No Fault Found - although some 
of the technicians had a more vulgar 
way of putting it. That means that the 
user diagnosed a fault wherl none ex- 
isted, and the unit was out of service 
for no reason at all. 

Eliminating the NFF takes a little 
common sense. If you suspect a mal- 
function, check all connections, acces- 
sories, and switch settings. Consult 
the troubleshooting chart in the 
owner's manual. I know it sounds 
dumb, but many a "probable blown 
fuse" complaint results from the AC 
power cord's being disconnected from 
the wall socket. 

You'd be surprised to know how 
often a "won't transmit" complaint is 
traced to a broken PTT wire in the 
microphone connector. If your unit 
won't transmit, try several operating 
modes. If the rig won't "push to talk," 
but does work on CW mode, then it's 
a fair bet that the microphone is faulty. 
Similarly, if your rig will work on VOX 
but not on PTT, then the PTT wire is 
probably at fault. A little common 
sense goes a long way. 

I prefer to keep certain accessories 
on hand to check my rig; for example, 
t normally have a spare microphone. 
Because I'm rarely fond of the stan- 
dard handheld microphones that come 
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with new rigs, I buy another model - 
either a desk mike for the home rig or 
a touchtone mike for the 2-meter 
mobile rig. It's a simple matter to squir- 
rel away the original mike, or I would 
buy a standby replacement mike, to 
use in troubleshooting problems later. 

Other useful items to have on hand 
are a dummy load and RF wattmeter. 
Although I now use a Bird Model 43, 
a simple $30 VSWR meter is also han- 
dy for troubleshooting. In the latter 
case, however, the reading is relative 
only, so it helps to make a record of 
readings and knob settings when the 
rig is known to be working properly. 
Take the readings with the rig driving 
a dummy load, and then record the 
readings and the knob settings that 
created them. A deflection of 50 to 80 
percent of full scale is suitable. 

what to fix 
Although some "old timers" like me, 

with 25 or more years in Amateur 
Radio behind us, loathe the idea of not 
being able to repair our own rigs, it's 
nonetheless necessary to recognize 
that some problems will inevitably be 
"Beyond Capability of Maintenance" 
(BCM). If the rig is BCM, then it needs 
to go the service shop. 

You have to decide what repairs 
you're willing (and able) to undertake. 
Part of this decision will depend on the 
design of the rig, while part will be 
based on the capabilities of your work- 
shop test equipment. Another factor 
is your personality: if you're fearful of 
breaking into your rig, then it's proba- 
bly best to leave that job to others. 

Of course, it's also possible to 
reduce the fear factor by working 
under the supervision of an "Elmer" 
who has repair savvy. 

In general, the repair of purely me- 
chanical problems with minor controls 
(for example, toggle switches or 
potentiometers), visible solder joint 
problems on printed circuit boards, 
and DC power supply problems should 
be well within the capability of most 
Amateurs. It's also possible to add dig- 
ital displays to the list above. If the 
design of your transceiver is such that 
most assemblies are on removable 

PCBs, then swapping boards is also on 
the list of "can do's." 

Problems with electronic equipment 
tend to recur in individual sets within 
a model group. Because professionals 
see the same problems again and 
again, they soon develop a "sense" for 
the symptoms. During my college 
years, I worked part-time in an auto 
radio shop that supposedly didn't hire 
part-time help. I'd gone into the shop 
to talk to the owner, who tried to 
ignore me while he worked on a Delco 
radio. As we talked, I recognized the 
problem and told him - without 
touching the radio myself - to go get 
a 7281933 trimmer capacitor and 
replace the LO capacitor. My point in 
telling this story is to encourage you 
to call the repair technicians at the 
manufacturer's or importer's facility, 
describe the symptoms, and take their 
advice. Whatever your problem is, 
they've probably seen it before, and 
they'll most likely be willing to help 
you. 

While you have a technician on the 
line, ask whether there are any up- 
dates, retrofits, or engineering 
changes that would normally be incor- 
porated into your rig if it were on the 
bench right now. You'd probably be 
surprised to know how often manufac- 
turers and importers will update equip- 
ment returned for repair at little or no 
cost to the owner. Such a courtesy 
can often eliminate future problems. 

tools and supplies 
If you don't have a certain minimum 

assortment of tools, don't even think 
about attempting the repair of your 
radio. If you decide to proceed, per- 
haps the first thing you'll need will be 
the screwdrivers required for removing 
the covers. Be sure to have the correct 
size screwdrivers; improperly sized 
screwdrivers will tear up both the 
screw heads and the screwdriver - or 
pop out of the heads and scratch the 
cabinet's paint job. 

Many rigs are made in Japan. 
Because the bevel angle of Phillips 
screws on many Japanese products 
differs from that of American-made 

Phillips screws, American-made tools 
will turn improperly inside the screw 
slots and tear up the screws. This is 
one instance in which cheap two-for- 
a-buck imported "tool barrel" screw- 
drivers work better than classy $3 
models. 

You'll also want to have a couple of 
soldering devices on hand. For small 
work (and PCB repairs), use a 25-watt 
to 75:watt pencil iron; for larger jobs 
(and wire antennas), use a 250-watt 
soldering gun. (My own Weller 0 - M  
has served for 20 years.) 

The choice of solder and desolder- 
ing aids are as important as the solder- 
ing iron you select. The only type of 
solder to use is resin core solder 
marked for radio, TV, or electronic 
use. I know many experienced hands 
will smirk, claiming that this advice is 
a useless restatement of the obvious, 
but it's necessary nonetheless: every 
shop I know occasionally sees a set 
that is ruined from the use of the 
wrong solder. Don't use an acid core 
solder, "plumber's solder" or "in- 
dustrial solder." All these products use 
an acid core that will corrode your 
equipment into the junkyard! Use only 
resin core solder marked for radio, TV, 
or electronic uses. (I prefer either 
Kester or Ersin Multicore brands in 
either 50/50 or 60/40 IeadJtin 
mixtures. 1 

Solder size is also somewhat impor- 
tant. For light work on things like IC 
pins or other PCB points, I prefer a No. 
22, No. 24, or even No. 26 solder. 
Larger work or wire antennas require 
a No. 14 to No. 20 size. I keep rolls of 
No. 14, No. 18, and No. 24 solder in 
my toolbox. Solder isn't cheap, by the 
way - so either learn to use it spar- 
ingly or get rich and foolish. 

Desoldering is a workbench skill that 
is just as important as soldering, but 
is all too often ignored in Amateur cir- 
cles. Several aids available for desol- 
dering, especially on printed wiring 
boards: desoldering tips, solder 
suckers, and solder wick, 

Desoldering tips are special solder- 
ing iron (or gun) tips that are shaped 
like the pin pattern for the device being 
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meet Joe Carr, K41PV 
Licensed since 1959, Joe Carr has 
~ r i t t h  more than 221 magazine arti- 
:les and 41 books on a wide variety of 
subjects including Amateur Radio, 
:omputers and computer program- 
ning, electronics, mathematics, and 
~iomedical equipment repair. 

Joe began his lengthy and diversi- 
'ied career as a techician, working 
n mobile and biomedical electronics, 
:ommunications, and both radio and 
elevision broadcasting. Hewon ISCET 
:ertification in consumer and com- 
nunications electronics in 1971 and 
973, respectively, and was co-recipi- 
!nt, in 1977, of that organization's 
rechnician of the Year Award. 

He holds an MSEE from George 
Washington University (1981) and is 
:urrently employed as an electronics 
!ngineer in avionics. 

Joe's recent books include Interfac- 
ng Your Microcomputer to Virtually 
Inything, Designing and Building 
bctronic Gadgets (with Projectsl, 
'04 Weekend Electronics Projects, 
:MOSITTL: A User's Guide lwith 
yrojectsl, and The Complete Hand- 
~ o o k  o f  Radio Transmitters, as well as 
'he Complete Handbook o f  Radio Re- 
:eivers, all published by Tab Books, 
nc. Other titles - published by Reston 
'ublishing Company, a division of 
'rentice-Hall - include Elements o f  
vlicrocomputer Interfacing, Design- 
79 Microprocessor- Based lnstrumen- 
ation, and Elements o f  Electronic 
nstrurnentation and Measurement. 

Five additional books have been 
:ompleted and are awaiting publica- 
ion, and six more are "in the works." 

ham radio welcomes K41PV aboard. 

desoldered. For example, there are tips 
that fit over all 14 or 16 pins of a DIP 
integrated circuit. The tip is chucked 
up in a soldering gun so that all pins 
can be heated simultaneously. 

Solder suckers are vacuum tools 
that, when used in conjunction with a 
soldering iron, suck melted solder from 
a joint. Really fancy (high dollar) sys- 
tems are available; these use a vacuum 
pump and a pneumatic plumbing sys- 
tem that's an integral part of the 
soldering iron. Such tools are suitable 
for commercial shops or industrial 
users. Amateurs and most other users 
can get away with less elaborate solder 
suckers. 

There are at least two types of 
solder suckers that are practical for 
Amateur applications. One type is a 
rubber squeeze ball (something like 
those little ear irrigating syringes you 
can buy at the drug store) with a nylon 
or teflon desoldering nozzle. The other 
type of solder sucker is a spring- 
powered piston device. The operator 
cocks it by engaging the spring, then 
places the tip against the molten joint 
and presses the spring release trigger. 
The solder zips up into the tool, leav- 
ing a clean joint. If you buy one of 
these devices, be sure to also buy a 
spare tip. Worn out tips tend to splash 
solder around the PCB a little bit. A 
small file or penknife does wonders in 
repairing worn-out tips, but a spare tip 
is nice to have on hand. 

A small collection of other hand 
tools is also necessary. You should 
have a small pair of diagonal sidecut- 
ters, small longnose pliers, mid-size 
longnose pliers, wire strippers, several 
sizes of nutdrivers, and some align- 
ment tools suitable for the type of 
radio set that you own. With this last 
comment I feel compelled to issue a 
stern warning: ALIGNMENT AD- 
JUSTMENTS ARE NEVER USED IN 
TROUBLESHOOTING! The mark of a 
neophyte s e ~ i c e r  is the use of the 
"diddle stick" in troubleshooting. So- 
called alignment problems do not oc- 
cur suddenly, but typically occur over 
a very long period. When alignment 
shifts suddenly, it isn:t an "alignment 

problem" at all, but rather a compon- 
ent failure. Alignment causes a certain 
amount of wear and tear trauma, so 
constant tweeking is likely to add more 
faults than it may correct. 

You might also want to keep a small 
supply of certain service chemicals on 
hand. Repair and maintenance jobs 
sometimes require cleaning of switches 
and potentiometers, so a spray can of 
cleaner (Blue Stuff, for example) is 
handy. You'll also need a small tube 
of either silicone grease or white 
grease (Lubriplate is a popular brand), 
some heat transfer grease for power 
transistors, and a freeze spray for 
locating intermittents. For that really 
professional touch on equipment with 
PCBs, buy a bottle of PCB cleaner 
designed to remove solder resins. 
Cleaning cabinets can be done with 
special cleaners, but they're expensive, 
so I always use modest amounts of 
soapy water on soft sponges or cloths. 

I also recommend that you order the 
shop manual for your rig. Most rigs 
come with a manual that's fine for 
operating (it may even contain a sche- 
matic diagram), but not much good for 
troubleshooting. The shop manual 
must be purchased separately. Some 
rigs include a postcard or order form 
with the rig's documentation to make 
ordering a shop manual easier. In other 
cases, you'll have tb write to the man- 
ufacturer or importer and ask about 
the availability of the manual. You 
should also consider buying service 
aids such as PCB card extenders, 
which allow you to operate PCBs out 
of the rig for troubleshooting, as well 
as patch cords and other items the 
company offers to  professional 
servicers. 

conclusion 
Repairing commercially made elec- 

tronic equipment is not always a diffi- 
cult matter better left to  professional 
repair services. The Amateur with 
enough knowledge to pass a General 
or Advanced class license examination 
should be able to learn the job of 
trouble-shooting and repair - even if 
under a friendly "Elmer" the first time. 

ham radio 
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The new ICOM IC-735 is what 
you've been asking for ... the most corn 
pact and advanced full-featured HF 
transceiver with general coverage receiver 
on the market. Measuring only 3.7 inches 
high by 9.5 inches wide by9 inches deep. 
the IC-735 is well suited for mobile. 
marine or base station operation. 
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It's a high performer on all the ham 
bands, and as a general average re- 
ceiver, the IC-735 is exceptional. The 
IC-735 has a built-in receiver attenuator, 
preamp and noise blanker t o  enhance 
receiver performance. PLUS it has a 
lOSdB dynamic range and a new l o w  
noise phase locked loop for extremely 
auiet rock-solicl reception. 

: r 
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The large LCD readout and con- 
veniently located controls enable easy 
operation, even in thembileenvirmment 
Controls which require rare adjustment 
are placed behind a hatch ave r  on the 
front panel of the rmlio. VOX controls, 
mic gain and other seldom used controls 
are kept out of sight, but are immediately 
accessible. 

memories and lithium memory backup, 
program scan, memory scan. switchable 
AGC, automatic SSB selection by band. 
RF speech processor, 12V operation, 
continuously adjustable output power 
up to 100 watts, 100% duty cycle and a 
deep tunable notch. 

7 --- 
Options. A new line of  accessories 5ee the  !C-735 at your authorized 

is available, including the AT-150 elec- ICOM dealer. For superior performance 
tronic, automatic antenna tuner and the and innovative features at the right price. 
switching M-55 power supply. The look at the ultra compact IC-735. 
IC-735 is also compatible with most of 
ICOM's existing line of HF accessories. 

First in Cornhunications 
ICOM Amerlca. Inc. 2380-116th Ave NE, 9elle.we. WA 98004 / 3331 Towrmaod Orwe. Su~te 307. Dallas. TX 75234 

All scatmi c,pcC~Acamm arc- apprnrtnulr a m  a~n,rr, m r h m g r  wlto< t mnrP nr mllrpron All lCOM ,.%lx(lor ~ t f i ~ m l t y  exoPO FCC rrqolnln,m llml8ng $p,rncn nmm 73-5 , 



ALINCO ELECTRON,CS  he new name 
to look for in Amateur gear and the name to watch for innovation. 

RF Power Amplifiers Power Supplies 

- z : z : s = = = = .  - - * - - - - - - *  

EP.3030 Llst S 208.00 
ELH.730D 
L ls t  $156.95 

EP.680 Llst 569.00 

many 0th.n Imm C55 mmp. 

I Watch for the lntroductlon of our new 2 meter hand held available soon! C o n t a c t  A l i n c o  f o r  your n e a r e s t  d e a l e r  I 
Allnco Electronics Corp. P.O. Box 70007 Reno, NV 89570 (702) 359-1414 

I Malor Mmlachtrcrs Faclory Boxed nd Full llna 01 
Sylnn~r ECG Rapl~csmanl Ssm~conduclois 

@E3%ncn@rnv. 
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GUS BROWNING, W4BPD's 

DX'ERS MAGAZINE 
For over  17 years. Gus's DX'ERS MAGAZINE has 
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b rough t  thousands o f  DX'ERS wo r l dw~de ,  t ~ m e l y .  
J I pefl~nent ~ n f o r m a t ~ o n  o n  w h e n  and  whe re  t o  f ~ n d  - -. . _L_1 :_5 -2  . .. _ those eluslve DX  stat lons -.: ---- - --- - - - Gus s personable,  chat ty  w r ~ t ~ n g  s ty le  and  h ~ s  years  - o f  DX operating experience makes  the  DX'ERS 

MAGAZINE a un lque pub l l ca t~on  One year $14 00 
USA,  Canada & M e x ~ c o  

- - 
G u s  a l s o  p r i n t s  high qua l i t y  OSLs and other re l a ted  i tems.  

-6 W r ~ t e  t oday  f o r  a f r ee  s a m p l e  o f  h i s  OSLs a n d  DX'ERS MAGAZINE. 

Gus Browning, WllBPD PO Drawer 405 Cordova, SC 29039 

I 

Canlac! us lor all of your amateur radlo 
needs FEATURING 

ICOM AEA LARSEN VAN GORDEN 
VIBROPLEX NYE VIKING FALCON 
COMM LEADING EDGE ARRL PUBLl 

C O M M U N I CAT I 0 N S 
CATIONS KAGLO HAMTRONICS 
PROWRITER ELEPHANT DISKS 
DEsco T R I ~ N Y X  r, In 

915 North Main Street W ~ + S U , I . . *  - - . . b a t  

e ~ n n r t o w n ,  -- New York 14701 pH. (716)664-6345 -- - - - - - 



ENGINEERING 
MAKES THE DIFFERENCE 

Production Expertise And Service Integrity 
Form The ~oundation For Your Long-Term Satisfaction 

The fact that the Computer Patch Interface unit by Advanced Electonic Applications. Inc. is known as the best valueon the 
market is n o  accident. The CP-1 was designed by Al Chandler. K6RFK (PHD-E.E.). an active RlTY user since 1963. 

Given a cost per unit budget for the CP- 1. Al designed as much performance as possible into the Computer Patch, includ- 
inga unique new tuning indicator. referred to by one of ourcustomersasthe "Dead Eye Dick" tuning indicator. Thisindicator 
is ideal for RlTY and CW. in that it is both fast to tune and (within 10 Hz) as accurate as scope tuning. It also performs under 
poor signal to noise conditions in whict, other indicators provide no useful data. 

Al'svariable shift tuning wasdesigned to move the space filter center frequency from 2225 Hz to 3125 Hz without changing 
the bandwidth (by varying the Q of the filter). All this isaccomplished usingaprecision gangedpotentiometer toassure proper 
hacking of the multiple filter stages. We could have used a pot costing a tenth as much by simply usinga two-pole filterdesign. 
but we feel the advantage of a sharper filter reduces the noise bandwidth significantly and allows the variable shift control to be 
used like passband tuning for extra elimination of adjacent channel interference. 

Some manufacturers are concerned that amateurs might try calibrating their own equipment and. therefore, have used 
non-adjustable components, which results in sub-optimal performance. Although more costly, trimpots used in AEA equip- 
ment allow factory adjustment for performance to design specifications. Competently designed active filter circuits need not 
be adjusted after leaving the factory; however, for specialized use the owner can easily change filter parameters. 

Mindful of the fact that many of our customers are new to RlTY. Al made the CP- 1 tuning as forgiving as possible, while 
providing the most critical operator a piece of equipment in which he could be proud. Even old "pro's" are surprised at the 
poor signal conditions under which the CP-1 will still provide good copy. 

You can now experience the BEST RlTY. CW, and AMTOR offered. Couple the CP- I with our new AEASOFTTMsoft- 
ware packagesdesigned for the MARS. SWL, or amateur radio operator, and you will feel a pride reminiscent of what "made 
in U.S.A." brought in years gone by. Please d o  not hold the low price of the CP- 1 against us. This is one  case where you get 
much more than you pay for relative to any of the competitive units. For more information send for our FREE catalog. Better 
yet, see your favorite dealer 

~ V H F  Brings you the 
r /  178 Breakthrough! 

COMMUNICATIONS 
915 North Ma~n Street 

Jarnestown, New York 147M (716)664-6345 



THt  STANDARD OF EXCELLENCE 
efinitely Superior! 

ZDEh - - 
ADE 

UNPRECEDENTED WIDE FREQUENCY RANGE: Cc 
153 000 MHI in strp5 rhar can h r  \PI toany rnult~plr 8 

50 kH1. 
CAP/MARS/NAVY MARS, BUILT IN: The widr Irr~,". ... . .....,. 
larilitarer u \ r  o l  CAP and .ALL M A R S  FRLQCENCIlS ~n~. l t r t l~nq 
NAVY MARS. COMPARE! 
TINY SIZE: Onlv 2 inchor hiqh. 5': inchrq wirlr 41 1 ~ '  

d r rp !  
M I C R O C O M P U E R  CONTROL: CIVC\ vou thr m cd 
optvating Irarurr5 arailahlr. 
UP T O  11 NONSTANDARD SPLITS: COMPARE Ih  8r.r 
unib! 

AEMORY I1 
nforrnation 
;CAN: Sra~ 

n r c  rnr.rnory tl1dnnc.15 . ~ r r  r t ~ r l an~r  I I I O P I ~ ~ ~ I ~ ~ V ~ ~ ~ ~  

wrr' 140 M 
r r l  5 kt11 t ~ r ,  

L ITHIUM BATTERY BACKUP: Me.rnorv inl<rrrnalion cat 
I<)I LI~I 1 0  5 yc,dr\ ~ V G V I  i f  pc~wc-r is ~ r ~ m o v ~ ~ ~ i .  
FREQUENCY REVERSF: Allow, vr~u to It%trn ro rrpr 
I r ~ ~ q t ~ r l l r y .  
ILLUMINATED KEYBOARD WITH ACQUISITIONTONE: Kryrarr 
c,a\~lv 5rt-n In Ilir dark. and .trtu.srf<,rr i s  po<tl~vrlv vrrif ird autiihlv. 
CRISP. BACKLIGHTED LCD DISPLAY: Idsilv r ~ a d  no rnatrer what 
thr liehtir~x < o r i d ~ l ~ o n ~ !  

/RF METER: Show< In< tvrnlng ragndl \lrenKt 
I l l t l ~ l  ~ 1 O W " l .  

NCTION INDICATOR: Show\ a varsrlv of 
P~I~~III~~~IPI\ on 1 I i f 5  displav. 

ITONE PA1 rd functior 
!ng. 
ITROLS: I! rqtlrnrv r~ 

1",',"" ' I l t l l l l l l . l  I,., ,111. 

IR I U I L I  I f  
le\ trrtn rh, 
E MODULl l  

,,, ,3 , ,k ,  .<d..m., ~ , ~ , . - l , , . .  COMPAR 
HIGH/LOW POWER: (n.1115 r,r 5 ...... ..,..I. 
.111,11'1,11111' 
SUPERIOR RCCFIVER: +n\~ l~v i lv  i\ I>I-III'I lhdn 0 . 1 5  ml 
20-1Ih <lk!tt'tanc < ~ ~ ! r l r n c * r c - l . l l - s r n ~ ~ t ~  ~lr,<lqrr .+squrr\ o})l .., 
n.lrnw rdn):l. dncl r ! t i ~ \ r  wpprr\rtr,n. COMPARE1 
DIRECT FREQUENCY ENTRY: Strf..~nilinc.\ I h.lnnpl sell 
prograrnrnlnC. 
OTHER FEATURES: R&WB dynamic mirrophone, huilt-in sped- 
L P I  nlohnlf. motlrl!!nR hrdrkrr. r ~ r n n t r  5 p ~ d k ~ r  j.lck. .~od  dl1 ct~rd\. 

\ ancl li.~rdu.lrr arth inrluclctl. 

n b r  stored 

-dlrr input 

h and rrla- 

nprrdting 

DIGITAL S 
l l t r  trdnm 
MULTI-FU 

20CHAl  
frcsqurn 
DUAL 'h  
qrlhrr .  
--A,... 

'4 NELS O F  P 
ry, olfrcr i 
AEMORY 5 ... 

N T W O  SEP 
8 ,  PL lone I 
n rntbnror? 

, ~~ ~ 

ARATE BAl 
rrqurncv 
hank\ +r,pq 

, , 

VKS: R * . t d ~  FULL 16-K 
[latch wht. 
MICROPH 

L 

EY T O U C t  
n lranrrnilt 
O N E  CON 

9 

15 a5 auto- 

3ntrt.d and 

!RE! 
tY SCAN 1 
1'1 *dnl 10 

OCKOUT: 
Ican. 

u lo skip n 

L .... C P .  L, 

'.I\ 

It' 

PL TONE 4 
rlantlard I' 
TRUE FM, : 
... .... 1 .... 

SENERATO 
I 1rt.qtrr.n~ 
NOT PHASl 
1 . .  I.,'..,... 

U: In\l.trirl~ 
P lnlcrrncor 
LTION: I ln 
'E! 

anv of I h r  
PMPARE! 
ntrllrg~htl- 

C u M r n  

MEMO1 
vou ( lor  

kt\ rc,<tb! S<,III I L I I ~ ~ : ~ ~  >c~p.~r~~tr.lv cu r o ~ t - t l ~ ~ r  ~ > t r t ~  zntl*.. 
l v  $f~I+~(t !vv < t r i %  t COMPAR 
:AN A N D  D f l A Y  SCA an \ r c > [ h  < j r t  

I)ol.rv <<.I,, ~"""dt., .,,.,.,,,,.,,,, dut,l-rc~l,r.,. 
DISCRIMINATOR CFNTERING (AZDEN EXCLUSIVF PATENT): 
Always stop\ 011 ifecluvnr\. dc-sirrtl whrn x a n n l n ~ .  
PRIORITY MEMORY A N D  ALERT: Urrir ronsl.~ntlv nionilnr\ one 
niemorv chennt.1 lor \ ~ ~ n a l \ .  dlerli~ig you wh1.n ~hdnrrt-l I< 

1 

crobolr lor 
!111\1I111 ~ I Y .  

OR YObn ~ t n r < t s r  u t n c t n  uti I u u n u t t i  

TOLL FREE ... 800-327-3102 
ephone (305) 233-3631 Telex: 80-3356 

EXCLUS 

AM. 
8817 

RUTOR 

-WHOLI 
Ih Terrace 

DEALER IN 

:SALE I 
, Miami. F 

IQUlRlES It 

ELECTF 
lorida 331 

rlVITED F 

IONlCS 
76 Tel 

I V t  UlblUl 

ATEUR. 
S.W. 1291 

MANUFACTURER- 

JAPAN PIE 
1-12-17 Kamin 

:zo CO 
!njaku. Mil 

., LTD. 
laka. Toky Telex- 781-2822452 



a detailed look at probes 

From simple to exotic, 
these devices 

invariably affect circuits 

Although it's admittedly d i f f icu l t  to  get excited 
about probes, this article may offer insight into, and 
perhaps even respect for, these devices. Despite their 
uncomplicated appearance, they're really much more 
than "just a piece of wire with a handle." 

probes load down circuits 
Most low- to medium-frequency oscilloscopes have 

a 1-Megohm impedance shunted by 8 to 50 pF of 
capacitance. Some scopes above 200 MHz have a 
50-ohm or both a 1 Megohm and 50-ohm input impe- 
dance that is switch-selectable. In either case, when 
a scope's probe is attached to the circuit under test, 
this impedance loads the circuit and may alter its 
proper operation or even cause it not to work. 

Figure 1 shows an attenuator probe and scope in- 
put. An attenuator probe contains a built-in voltage 
divider. Most typical values of these types of probes 
are 10:l and sometimes even 100:l. 

How does the probe affect the input signal? First, 
consider what happens to square wave and sinewave 
inputs. (With sinewave inputs we're especially con- 
cerned with amplitude and phase distortion.) Refer- 
ring again to fig. 1, note that the probe and scope in- 

put essentially form an RC divider. Since R l C l  must 
equal R2C2 for equal attenuation at all frequencies, 
as R1 increases C1 must decrease. The capacitance 
at the probe tip can be reduced by going to higher 
values of attenuation. 

measuring pulsed signals 
Referring to fig. 2A, note that if R, = 200 ohms 

and if C, = 20 pF, then t,l would be limited by the 
integration network of R,C, and would be equal to 2.2 
Rs*Cs or 8.8 nanoseconds in this case. Using a typical 
passive probe such as the P6053B (fig. 3) with a 9.5 
pF and 10 Megohm impedance then results in the cir- 
cuit shown in fig. 2B. (Rp has been disregarded 
because it is much greater than R,.) Looking at the 
risetime as 2.2 R, (C, + Cp) we obtain 13 nano- 
seconds. Mathematically 

c~ 9.5 pF  and - x 100 = - = 48 percent c, 20 pF 

Next, let's look at what happens when we use a 
P6048 probe (fig. 4) with its 1 pF, 10 kilohm character- 
istic. Referring to fig. 2C, note that by using 
ThBvenin's theorem that t,3 = 2.2 R2 (C, + Cp) = 7.7 
nanoseconds now. This percentage change is dra- 
matically less than that caused by the P6053B. 
Mathematically, 

7,7 ns - 8.8 ns 
8.8 ns x 100 = 12 percent change 

Interestingly, though, by not degrading the signal 
by slowing its risetime, the probe actually modified the 
source resistance to decrease the risetime, making it 
faster than it should be. This, however, was at the ex- 
pense of output amplitude, which decreased to 83.3 
percent. Recall that in the first example there was no 
change in signal source amplitude when the probe was 
applied. 

fig. I. Illustration of a probe and scope's input circuitry. By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 and Billy W. Davis, 8914 Rich 

Note: AII figures courtesy Tektronix, Inc., unless otherwise noted. Quail, Sari Antonio, Texas 78251 

September 1985 75 



PULSE SOURCE f l  
I0 % 

- 
I- I,, -I 
t,, . 2  2 RS.Cs = 8 8 " s  

fig. 2A. Typical pulsed signal source. 
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fig. 28. A -8 probe added to this typical signal 
source. 
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fig. 2C. A PBOQB probe added to this typical signal source. 

These two examples demonstrate that when meas- 
uring pulsed or square wave signals, low capacitance 
is desired when measuring risetime, but high resis- 
tance is more important when measuring amplitude. 
Also, selecting a low impedance test point in a circuit 
is best when measuring both risetime and amplitude. 

Using the same probes and the same circuit, let's 
see how amplitude and phase relationships are affect- 
ed when the signal source is a sinewave oscillator. 
Refer to fig. 5 and note that we now have a 10 MHz 
source; at these higher frequencies, the Xp and Rp of 
the P6053B probe change (see fig. 6). Applying the 
P6053B probe to the source, the output voltage drops 
to 94 percent of the generator voltage. This represents 
a 3 percent drop from the 97 percent output voltage 
normally obtained from the source. 

Applying a P6048 probe to the same circuit causes 
an output voltage of 81 percent of the generator's 
open circuit voltage and 16 percent from the unloaded 
voltage condition (fig. 7) .  

Because all probes contain a capacitive element, 
phase relationships or shifts will naturally occur. Refer 
to fig. 8 and consider an amplifier driven from a 10 
MHz, 50 ohm source and having an output impedance 

fig. 3. P6063B high-impedance probe. 
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fig. 4. PBOQB low-capacitance probe. 

SINE 
WAVE 
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fig. 5. A typical sine wave signal source. 
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fig. 6. A P6053B probe applied t o  this typical source. 
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fig. 7. A P6048 probe applied to  this typical source. 

AMRlFlER 
OUTPUT 

INPUT PROBE WTPUT PROBE 

INPUT PRDRF 
~ ~ = 5 o n  

, a - 1 0  = R" i 0 0 3 1 2  
XP 

#M- '@.  2. 

OUTPUT PROBE 

IOMH* 

1..-~0. XP 3.1 P I  

ra - 'O .  51. 

fig. 8. (A) Typical amplifier circuit with differing input 
and output impedances. IBI Phase shift caused by 
applying P6053B probe to  the amplifier input. (CI Phase 
shift caused by applying P6053B to  amplifier's output. 

degree phase shift difference in the points in the circuit 
being examined. 

Next, refer to fig. 9. Note that with 1 kilohm. 1 pF 
probes the phase difference is now only 2 percent. But 

of 2 kilohms. Examining the input and output using the price paid for this is an attenuation in signal - it's 
two 10 Megohm 10 pF probes graphically shows a 49 only 67 percent of the original amplitude. 
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application determines probe needed 
Here are some general guidelines to follow when 

making measurements with a passive scope probe. 

Always check the probe compensation on the oscil- 
loscope being used to make the measurement. 

choose the lowest impedance test point possible to 
view the signal. 

When making risetime measurements: 

Choose a probe with R and C values as low as 
possible. 

Scope and probe risetime should be short relative 
to the signal risetime. 

- Observed risetime is approximately equal to the 
square root of the sum of the squares of all rise- 
times in the system. These risetimes include that 
contributed by the signal source, the probe and 
the scope. 

When making amplitude measurements: 

For sine wave measurements, choose a probe 
that has the highest input impedance at the fre- 
quency of interest. Remember, loading error 
changes with frequency. 

For pulse measurements, choose a probe that has 
a large input resistance relative to the source im- 
pedance. Input C is of no concern if pulse dura- 
tion is about five times longer than the input RC. 

active probes 
Two prime advantages of active probes include the 

following: isolation (provided between the measure- 
ment point and the probe cable and scope, allowing 
high input resistance and low capacitance to be 
achieved) and full bandwidth (obtainable without input 
signal attenuation). 

Most active probes are compatible with either 1 
Megohm or 50 ohm scope inputs without using exter- 
nal adapters. When working in the 50 ohm mode, a 
50 ohm cable can be used to extend the probe length 
without increasing capacitive loading. However, longer 
cables will slow the risetime. 

A typical active probe such as the Tektronix P6201 
in fig. 10 has a probe bandwidth of from DC to 900 
MHz with a risetime of 0.4 nanosecond. 
To show how much better an active probe is than a 
passive probe, let's do back to the same circuits we've 
been comparing and see what happens to the circuit 
once the active probe is connected to it (see fig. 111. 
Realizing that the P6201 has a 1.5 pF capacitance, its 
loading effect is only 8 percent, increasing the pulse 
risetime from 8.8 ns to 9.5 ns or mathematically: 

trj - tri 9.5-8.8 
X 100 = -8;8 = 8 percent 

1r1 

fig. 9. Phase shin caused by applying a P6048 probe to 
an amplifier's (A) input and (61 output. 

fig. 10. A typical active probe, the Tektronix -1 

This 8 percent value is a marked improvement over 
the 48 percent increase in risetime caused by a lox 
high impedance passive probe like the P6048. 

measuring low-level signals 
One prime advantage of an active probe is full band- 

width at l x  attenuation with minimum circuit loading. 
Figure 12 shows that the active probe increased the 
risetime from 8.8 ns to 10 ns for a 14 percent change. 
Although somewhat greater than the 8 percent change 
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fig. 11. A P62D1 i10XI active probe added to a typical pulse 
source. 

of the P6201 (10x1, it virtually had no effect at all on 
the signal amplitude. But in fairness to the passive 
probes, it must be noted that at lower values of source 
impedance or with slower risetimes the small differ- 
ence in measurement error may not justify the differ- 
ence in cost between the active and passive probes. 
But in the final selection process it might be advisable 
to 0 b s e ~ e  the following general guidelines: 

Full bandwidth is provided with no signal attenua- 
tion using the 1X configuration. 

The active nature of the probe provides the high in- 
put impedance characteristics of most passive probes 
and the low input capacitance of passive probes 
designed to  work into 50 ohm inputs. These features 
yield the best features of both - minimum risetime 
and minimum pulse-amplitude error. 

Impedance selection to permit use with either 50 
ohm or 1 Megohm inputs is usually provided. 

Probe length can be extended through the use of 
a 50 ohm cable without increasing probe loading. 

Over-voltage capability is typically provided. 
However, to minimize the likelihood of over-voltage, 
the highest attenuation configuration should always 
be used when probing unknown voltages. 

Dynamic signal range of the active probe is not as 
great as that of a passive probe. For example, the 
P6201 (1x1 can handle signals up to  f 600 mV. This 
can be extended to f 60 volts using the 100X attenu- 
ator. DC offset provides a measurement window of 
_+ 5.6 volts using the probe alone, with the range ex- 
tended to _+ 200 volts using the 100X attenuator. 

IC SIGNAL SOURCE -+It ~ 6 2 0 1  i IXI-+~ 
INPUT R On0 C 

fig. 12. A P a 1  (1x1 active probeadded to a typical pulse 
source. 

fig. 12A. The Pb042 current probe and accessories. 

the current probe 
NOW let's turn our attention to a measurement tool 

often overlooked - the current probe. Current probe 
measurements are particularly applicable for high 
impedance measurement points where the voltage 
probe would significantly alter the circuit charac- 
teristics. 

The current probe offers the lowest circuit-loading 
of any available probe. There is, however, an inser- 
tion impedance reflected into the circuit under test, 
which consists of a series resistance shunted by a small 
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fig. 13A. Examples of closed-core head current probes. fig. 138. Examples of split-core head current probes. 

inductance which is associated with the inserted impe- 
dance of the current-sensing unit in the probe head. 
The P6042 current sensing probe is a DC to  50 MHz 
device with insertion impedance of 0.1 ohms at 5 MHz, 
(fig. 12A). Therefore, to realize an amplitude measure- 
ment error of no greater than 2 percent the signal 
source impedance should be 50 times the insertion im- 
pedance or 5 ohms in this case. But let's take a closer 
look at this head. It uses a Hall Effect* device to yield 
tilt-free display of the current waveform. This also sup- 
plies the DC and low frequency information to the 

'The Hall Effect describes the phenomenon of what happens when a con- 
ductor through which a current is flowing is placed in a magnetic field: a 
difference in potential (the Hall voltage1 is generated between the two op- 
posite edges of the conductor in the direction perpendicular to both the field 
and the current. 

P6042 amplifier. In this amplifier, this low frequency 
information is combined with the high frequency com- 
ponent of the signal to yield the output. 

Another consideration in using current probes is the 
capacitive loading from the probe to the circuit. The 
coupling - the only shunt loading placed on the cir- 
cuit by the probe - will vary according to the size and 
type of wire or current conductor. For example, while 
a No. 20 AWG wire will show approximately 0.6 pF, 
a No. 14 wire will have approximately 1.5 pF. The 
majority of capacitance occurs between the shielding 
and the current sensing unit. This can be minimized 
by using the probe ground lead when working with 
large voltage swings of high-frequency signals. 

There are two types of current probes (figs. 13A 
and 138): the closed-core unit, in which the wire is 
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threaded through the head and the split-core unit, 
which provides for a portion of the core to slide back, 
allowing the current-carrying lead to be inserted with- 
out breaking the circuit. 

A different set of terms is used to describe the oper- 
ational characteristics of a current probe than is used 
with a voltage probe. The most important parameter 
is the Amp-Second Product, which is directly related 
to the flux saturation of the transformer core. Effec- 
tively, the Coulomb* charge (one volt is the potential 
difference between two points in an electric circuit 
when the energy involved in moving one coulomb of 
electric charge from one point to the other is one joule) 
under one pulse is integrated to determine whether 
it will place the current transformer into saturation. 

The following are general considerations related to 
current probe use: 

The current probe can be considered complemen- 
tary to the voltage probe in that while the voltage 
probe requires low impedance points for accurate 
measurements, the current probe requires higher im- 
pedance points. 

The current probe exhibits lower loading than any 
voltage probe. This generally implies minimum signal 
amplitude attenuation and minimum risetime inac- 
curacies. 

Where information on current supply requirements 
is needed, primarily current into capacitive elements, 
the current probe is almost a necessity. 

a more exotic probe 
The last type of probe to be considered is the 

sophisticated, cleverly designed HP5363B time inter- 
val probe (fig. 14). 

An electronic counter works on a simple principle 
in the time interval mode. First, any frequency counter 
has a main gate that when opened, allows pulses from 
an extremely accurate quartz crystal oscillator to be 
counted and accumulated in a counting register. The 
main gate remains open and the register keeps count- 
ing the crystal's frequency as long as a measurement 
is being made. In the time interval mode, there is a 
finite elapsed time between two events. These two 
events, the START and STOP events, take the form 
of the two independent inputs on a frequency counter. 
The problem arises when the two channels (the 
START and STOP inputs) have unequal delays 
through their probes, cabling, and input circuitry. Also, 
a counter's input circuitry has been designed for opti- 
mum performance at detecting zero crossings. This 
makes the measurement of risetimes, propagation de- 
lays and slow rates very difficult because its limited 

fig. 14. The lip53638 time-interval probe. (Photo couflesy 
Hewlett-Packard. 1 

trigger range is typically + 1 volt or less. A slight un- 
certainty or ambiguity in the exact triggering point 
results. 

The HP5363B time interval probe can be very useful 
in this situation. The user goes through a procedure 
that basically involves grounding the probe to be cali- 
brated and pressing a front panel switch. This action 
causes the reference voltage, V,, to move up or down 
in a stair-step fashion in very precise 1 mV steps until 
the device triggers. Knowing the exact value of VR 
helps and the dynamic range of this probe is +9.99 
volts to - 9.99 volts and is presettable in 1 mV steps 
by the thumbwheel switches on the front panel. This 
probe eliminates the need for attenuators and allows 
more accurate measurements nearer the top and bot- 
tom of waveforms than would be possible'without this 
device. The probe also has a pullable engaging type 
switch that adds 10 nanoseconds to the measurement 
to compensate for less than ideally matched input 
channels. Naturally, though, this 10 nanoseconds has 
to be added to the final reading if you engage this 
feature on the time interval probe. 

conclusion 
The judicious selection of a probe results in more 

accurately derived readings, and this enhanced accur- 
acy will be evident in both more precise amplitude and 
phase measurements with a passive scope probe and 
more accurate current measurements with an active 
current probe. And if you have to make very precise 
time interval measurements (stop-to-start intervals, for 
example,) between events using a frequency counter, 
you now know of an accessory for the frequency 
counter's probes that minimizes and nulls out the dif- 
ferences in each channel's probe and its input circuitry. 

-- 

W 
'A Coulomb is marhematically equal to or one pule divided by one volt. ham radio 
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PACKET RADIO.. . 
. . . THE FASTEST GROWING PART OF 

AMATEUR RADIO TODAY 
is already providing high speed, error free, communications on many 
amateur bands for qso's, data transmission, emergency traffic, dx'ing, 
traffic nets, mailboxes, endless experimentation, and soon ... 
satellite operation. 

networks continue to grow, as does the number 
of hams who enjoy this new and exciting mode. 
The increasingly popular PACKETERM IPT is 
contributing to phenominal growth in amateur 
packet radio by providing a full function packet 
terminal in a compact, portable unit.. 

ALL YOU NEED FOR PACKET OPERATION 
IS A PACKETERM,, IPT AND YOUR RIG ! 

oesigned for t rue portability, the  IPT is equally a t  home in  your ham shack or  
(with i t s  optional carrying case) trekking in  the country for battery powered 
hilltopping! 
A single cable connects t o  your transceiver .... thats all there is t o  it! 
Use it w i th  your base station, mobile, o r  with your HT o n  tha t  hil ltop!!! 
FEATURES: * * 9 inch portable terminaland full function tnc combined , 

* * 66 commands available - the most widely used, f ie ld proven 

programming. 

* Buil t- in LSI modem ; 300 or 1200 baud, 200 o r  1 kHz audio sh i f t  

* * stores setup parameters with p o w e r  off - uses lithium battery 

custom "beacon" text  -- your call, qth, etc. in permanent memory 

* 74 key, full travel keyboard with 14 function keys for commands, 

ca 11% e tc. 

* * pr in ter  port - RS232C serial 

* opt ional  printer, carrying case, a n d  dcadaptor (13.8 VDC) 

%!acketerme PRICES: IPT COMPLETE 5995 

Box 835, Amherst, NH 03031 PRINTER $349 

(603)-673-6630 DC ADAPTOR $1 25 

Ffbl TNCcBOARD ONLY) $294 

More Details? CHECK-OFF Page 158 r /  183 September 1985 87 



AMC 
'r I AR LIMITED WARRANTY! Cw,JPARE! 

THE 4000 SERIES WIDE FREQUENCY COVERAGE: VGS-41 
covers 142.000-1 49.995 MHz In selectable act;ps 
of 5 or 10 kHz. PCS-4200 covers 220.000-224.995 
MHz In selectable steps of 5or20 kHz. PCS-4300 
covers 440.000-449.935 MHz In selectable steps 
o f 5  or25 kHz. PCS-4500 covers 50 000-53.995 
MHz In selectable stepsol 5or 10 kHz. PC: 
covers 28.000-29.990 MHz tn selectable st1 
lOor20kHz. 
CAPIMARS BUILT IN: PCS-4000 includes 
ann of CAP and MARS freauenc 
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THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

A patch should work with any 
radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 

-Your patch should sound just 
like your home phone. 
There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
the cheap sampling method. 
(Did you know that the competi, 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 

* A  patch should disconnect 
automatically if the number 
dialed is busy. 
A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex 
or semiduplex. 
A patch should allow you to 
manually connect any mobile 01 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 
You should be able to use a 
power amplifier on your base to 
extend range. 
You should be able to connect 
a patch to the.MIC and EXT. 
speaker jack of your radio for a 
quick and effortless interface. 

-You should be able to connect 
a patch to three points inside 
your radio (VOL high side. P T ,  
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL and SQ. set- 
tings do not affect the patch. 

* A  patch should have MOV 
lightning protectors. 
Your patch should be made in 
the USA where consultation 
and factory service are immed- 
iately available. 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

BEWARE OF INFERIOR 
IMITATIONS 

N! PRIVATE PATCH Ill lv 
E 
a SIMPLEX SEMI-DUPLEX INTERCONNECT E 

f 

With an amazingly low price, the all new PRIVATE PATCH Ill is the most 
powerful personal phone patch system available. You can use it 
simplex, repeater aided simplex (from your base) or semi-duplex (at the 
repeater). 'hat's right, you will never have to buy another patch. 
PRIVATE PATCH Ill does it all! There are many new and important 
features which were formerly only available in our top commercial 
models. 
With a flick of the new connect switch you can patch your friends on the repeater into 
the phone system. One of them may need to report an emergency! 
No hassles with busy signals! If you call a number that is busy, just put your MIC down 
and relax. PRIVATE PATCH Ill will disconnect automatically. 
The new CW ID keeps you completely informed as to patch status. ID occurs when you 
access and again when you disconnect. ID is also sent after toll call attempts, all 
automatic disconnects, manual disconnect and when timeout is imminent. And of 
course your CW ID chip is free. 
PRIVATE PATCH Ill does not interfere with the normal use of your base radio. A new 
audio preamp permits audio take off before the VOL control. As a result, the VOL and 
squelch settings do not affect patch operation. Of course you can also connect 
PRIVATE PATCH Ill to the MIC and DCT speaker jacks as before. 
A new digit counting system makes the toll restrict positive even in areas where you do 
not have to dial "I" first. A secret five digit code disables the toll restrict for one toll call. 
Rearm is automatic. 
Additional new features: MOV lightning protection - Three digit access code (eg.*93) 
- Spare relay position on board - Plus former features: 36 minute timeout timer - 
Digital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plus 
much more! 
Please write or call for our four page brochure to get the complete story. 

Options: 
FCC approved coupler 
12 VDC or 230 VAC power 

Warranw Yes, one full year! 

DEALERS 

AMATEUR UHXRONlC SUPPLY 
Milwaukee WI. W8cklitfe Oh. 

Mando FL Clearwafer F L  
Las Vegas NV 

COLES COMMUNICATIONS 
San Antonno TX 

ERICKSON COMMUNICATIONS 
Chicago IL 

HAM R A M  OUlLEl 
Anahem CA. Burlingame CA. 
Oakland CA. Phoenix AL 
San Dlego CA. Van Nuys CA 

HENRY R A M  

JUNS ELECTRONICS 
Culver Ctty CA. Reno NV 

MUM1 PAD10 CENTER CORP. 
Mlarnl FL 

MIKES ELECTRONICS 
Ft Lauderdale. Mtarnl FL 

NkG MSTRlBLmNG CORP. 
M~arn~ FL 

PACE ENGINEERING 
Tucson AZ 

THE HAM STATION 
Evansville IN 

3. - Los Angeles CA. Anaheim C& W A D k  
x T  bull^ MO DOLLARD ELECTRONICS 

Vancouver. BC 

CONNECT (213) 3736833 H im 
SYSTEMS 

INCORPORATED 23731 Madison St., Torrance, CA 90505 



The Right Source 

PRODUCT IN STOCK 

FROM OVER I 0 0  MANUFACTURERS 

*SAVEI_LITE RECEIVING SVSTEMS 

. *VHF Ek UHF COMMERCIAL 2-WAY 

*TV'S * vCR'S * AUDIO SVSTEMS 

*SMALL PARTS * ACCESSORIES * CABLE 

INTRODUCiNG THE NEW MAXON RD-1 STATE 

OF THE ART RADAR DETECTOR. ONLY $99.00 

*COMPETITIVE PRICING 

*DEALER TRAINING 

*IN HOUSE SERVICE 

*TECHNICAL ASSISTANCE 

LEWIS ELECTRONICS 

P . 0 .  BOX 1 0 0  WEST ELM ST. 

HUMBOLDT. T N  38343 

(901) 7 8 4 - 2 1  9 1  
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ham radio 
"I have seen the future 
- and it works"" 
It may be that Amateur Radio is 
undergoing a technical revolution as 
great as those revolutions brought 
about by the switch to single sideband 
and to VHF repeaters. Both develop- 
ments changed the face of Amateur 
Radio within a few short years. Ama- 
teurs of the 1940s would be astounded 
if they were magically transported 
through time to visit a modern Ama- 
teur Radio station. 

The microcomputer is leaving its 
mark on Amateur Radio today. Last 
winter, for example, the first 20-meter 
SSB computer controlled contacts 
were made via a VHFIUHF repeater 
and remote link (fig. 1). The heart of 
this unique communication circuit was 
the newly-developed Shackmastern 
station control unit (fig. 2) developed 
by Ed Ingber, WAGAXX, and his 
associates at Advanced Computer Con- 
trols, Inc., of Cupertino, California. 

The Shackmaster is a station acces- 
sory that permits remote control of a 
home station via digital command 
given over the air or via a telephone 
line. In the case I'm talking about, 
NGIPE (Don Melchoir), controlled his 
14 MHz SSB station via a remote VHF 
radio link. And this is complete - 
receiver and transmitter band scan- 
ning, mode changing, band changing 
and onloff control - just as if the 
operator were sitting at the station 
console! 

'John M. Reed, 1920. 

crossband linking 1296-MHz band. At the moment you're 
listening on 443.875 MHz, which is the 

Imagine yourself driving along the output frequency of the hill-mounted 
highway. Your vehicle is equipped repeater. The down-link is 443.875 
with two FM transceivers, one on the MHz, and an FM receiver at the 
440-MHz band and the other on the 20-meter home station is listening to 

2 0  M E T E R  B E A M  

A N T E N N A  - 
SEL E C T O R  

4 4 0  I 2  

T H A N S C E I  V E R  T R A N S C E I V E R S  
M H z  C H I  

C O M M A N D  - S H A C K M A S T E R  
OR T E L E P H O N E  L I N E  -- - - - - - - - - - - - - - - E N C O D E R  

fig. 1. The Shackmaster supports voice, frequency and mode control of 20-meter 
transmitter via two UHF links through repeaters. In the NGIPE experiments an ICOM- 
751 computer-controlled HF transceiver was used. Instructions are loaded into memory 
circuits of transceiver. DX to date includes Guam, Kwajalein, and Venezuela. 
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this channel. This link provides the 
two-way voice channel. The 1296-MHz 
channel is provided for frequency con- 
trol of the home station and for 
transmit-receive control. Everything's 
ready for operation. 

Via the 1296-MHz link, you key the 
command "HF LISTEN" by sending 
your individual code number plus 74. 
You now key in 3 and the "SCAN UP 
SLOW" command starts the trans- 
ceiver to slowly tune up the band. To 
"STOP SCAN," you key in 2 and to 
scan down, you key in 7. Other com- 
mands allow fast scan up or down. 
and frequency jumps of 20, 100, and 
500 Hz. The keyed command 5allows 
you to shift to the auxiliary VFO, which 
can be programmed separately. 

Now you've tuned in the signal you 
wish to call. As soon as the opportun- 
ity presents itself, you pick up the 440 
MHz mic, key in '75and call. To return 

fig. Z(A1. Shackmaster 100 Station Controllet' allows operator to control home station over to listen, YOU key in 5. 
the air or over the phone lines. Unit ties together home equipment and allows deposit of When the contact is finished, you 
electronic messages in its "mailbox." 

M # S C  P f I I O  M S G 5  P O W C O  

P E S , P H C R 4 c  S L O A D  Y S G S  r R I ( * S Y I I  

S n r c I P a r c H  r++oUc 

l l * S W F *  Ou'GOING U S G S  

fig. 2161. Block diagram of Shackmaster. 
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decide you want to see what's com- 
ing in from the west. A beam heading 
of 270 degrees will do the job. You key 
in *4 to actuate the rotator, followed 
by 270. Your antenna is now aimed 
west. 

All this may sound very complex and 
confusing at first, but it quickly 
becomes second nature and provides 
an enormous amount of control capa- 
bility with a touchtone pad. 

The home station makes use of a 
computer-controlled transceiver, 
broadband linear amplifier and com- 
puter-controlled antenna tuner. In the 
case of NGIPE, the transceiver was an 
ICOM-751, the linear amplifier was an 
ICOM 2KL solid state, broadband 
device, and the antenna tuner was an 
ICOM-AT500. The IC-751 was run in 
the memory mode and the various 
commands were loaded into the 
memory. 

As you become experienced with 
the system, you can query the Digital 
Voice Synthesizer, which will tell you 
the frequency the 20-meter equipment 
is tuned to. The capabilities are infinite. 
Too much QRM on 20 meters? Key 

7 0  
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6 0  

, 5 5  

5 0  
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a 
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I 0  

5  

0  
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AUDIO I N P U T  F R E O U E N C Y  l h H z I  

lower l8mlt 
6 dB points 
upper ltmll band wldrh 

A C V M  trmnsc~~ver  
TS83OS 375 2490 2115 Hz 

I1 MEGOHM Ts93os 315 2710 2395 HZ 
TS940S 340 2700 2360 Hz 

72400 on the touchtone pad and 
you've instantly QSY'd to 7.240 MHz. 

And finally, when you get to your 
destination and leave your mobile rig, 
you can still activate your home sta- 
tion via the telephone line! 

Well, it all sounds like lots of fun. No 
doubt you'll be hearing more and more 
remote-controlled, computer operated 
stations on the HF and VHF bands 
during the coming months. The day 
when two computers talk to each 
other is not far away in the amazing 
world of Amateur Radio. 

A f  

audio response revisited 
In my April column I discussed some 

of the variations in the audio response 
curve of some representative SSB 
transceivers. The conclusion was that 
the passband of some of them left 
much to be desired. Recently Tiff, 
WGGNX, had the opportunity to run 
an audio passband check on three more 
HF transceivers: the Kenwood TS- 
830S, the TS-930S, and the new TS- 
940s. The test was accomplished by 
injecting an audio tone into the "phone 
patch" port and measuring the power 

i 

I TESTED - FULLY GUARANTEED I 

S I G N A L  

G E N E R A T O R  

2.30 MHz 12V (' =28V) 
PIN Rattng Each Match Pr 

MRF406 20W $14.50 $32.00 
MRF412,IA BOW 18.00 45.00 
MRF421 l00W 25.00 56.00 
MRF421C l lOW - 60.00 
MRF422' 1 SOW 38.00 82.00 
MRF426,IA' 25W 18.00 42.00 
MRF428.' l50W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435' 15OW 42.00 90.00 
MRF449.IA 30W 12.50 30.00 
MRF450,lA 50W 14.00 31.00 
MRF453,IA 60W 15.00 35.00 
MRF454,lA 80W 16.00 36.00 
MRF455,lA 60W 12.00 28.00 
MRF458 80W 20.00 46.00 
MRF480 60W 18.00 42.00 
MRF464* BOW 25.00 60.00 
MRF466' 40W 18.75 48.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 WW 18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 110W 28.00 60.00 
SRF3775 75W 15.50 34.00 
SRF3795 85W 16.50 37.00 
CD2545 50W 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 50W 15.00 36.00 

Selected Htgh Gatn Matched Quads Avatiabie 

B I R D  

VHNUHF TRANSISTORS 
Rattng MHz Net €a. Match Pr 

MRF212 10W 136-174 $16.00 - 
MRP221 15W 136-174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136-174 13.50 32.00 
MRF231 3.5W 66-88 10.00 - 
MRF234 25W 86-88 15.00 39.00 
MRF237 4W 136.174 3.00 - 
MRF238 30W 136.174 12.00 - 
MRF239 30W 136.174 15.00 - 
MRF240 40W 136.174 18.00 - 
MRF245 80W 136.174 28.00 85.00 
MRF247 75W 136-174 27.00 63.00 
MRF250 SOW 27.174 20.00 46.00 
MRF260 5W 136.174 7.00 - 
MRF261 10W 136-174 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF284 30W 136.174 13.00 - 
MRF807 1.75W 136.174 3.00 - 
MRF641 15W 407.51P 22.00 - 
MRF6U 25W 407-512 24.00 54.00 
MRF646 40W 407-512 28.50 59.00 
MRF048 80W 407.512 33.00 69.00 
2 N W '  1W 30-200 1.25 - 
2NU27 1W 136.174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2N5642' 20W 30-200 13.75 34.50 
2N5945 4W 407.512 10.00 - 
2N5946 10W 407.512 12.00 - 
2N6080 4W 136-174 6.25 - 
2 N W 1  15W 136-174 7.50 - 
2 N W 2  25W 136-174 8.W - 
2 N W 3  30W 136-174 9.30 24.00 
2 N W  40W 136-174 11.75 28.50 

TMOS FET 
MRF134' 5W 2-200 $10.50 - 
MRF137' 30W 2-200 22.50 - 
MRF138" 30W 1.5.150 35.00 - 
MRFlSO" 150W 1.5.150 80.00 - 
MRF172' 80 2.200 65.00 - 

Selected, matched finals for Kenwood. Yaesu. 
Icom, Atlas, etc. Technical assistance and cross- 
reference information on CD. PT, RF. SRF. SD P/Ns. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC 

A 

fig. 3. Test setup for measuring audio response of transceiver. 

. . 
R l R O  

INFORMATION AND CALF. ORDERS: (619) 7660728 I OUTSIDE CALF. ORDER DESK: W Y m I  I 
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( ANTENNA SALE I 
HYGAIN TOWERS 
HG37SS . . . . . . . . . . . . . . . . . .  799 00 

. . . . . . . . . . . . . . . . . .  HG52SS 1 195.00 
HG54HD. . . . . . . . . . . . . . . . . .  1799.00 
HG70HD.. . . . . . . . . . . . . . . . .  2799 00 

SHCRAF 

A4 
R3 
40-CD2 

KLM 
KT34A. . . .  
KT34XA . . 
432-2OLBX 
432-3OLBX 
435-18C . . 
435-40C . . 
2M-13LBA 
2M-14C.. . 

1 2M-16LBX 
2M-22C.. . 
HYGAIN 

. . . . . . . . . . . . . . . . . . . .  TH3JR 185.00 
TH7 459.00 

. . . . . . . . . . . . . . . . . . . .  EX 14. .  289.00 
. . . . . . . . . . . . . . . . . . .  14AVQ.. 69.00 

18AVT 102.00 

HUSTLER 
25% OFF ALL MOBILE 
6BTV . . . . . . . . . . . . . . . . . . . . . .  125.00 

BUTTERNUT 
. . . . . . . . . . . . . . . . . . . . . .  HF6V 110.00 
. . . . . . . . . . . . . . . . . . . . . .  HF2V 110.00 

ROTATORS 
. . . . . . . . . . . . . . . . . . . .  CD45.. 139.00 

. . . . . . . . . . . . . . . . . .  HAM IV . .  228.00 
. . . . . . . . . . . . . . . . . . . . . . .  T2X 275.00 

. . . . . . . . . . . . . . . .  AVANT1 2M 29.95 
HI-Q BALUN 9.95 

KENPRO 
. . . . . . . . . . . . . . . . . . .  KR400.. 119.00 
. . . . . . . . . . . . . . . . . . .  KR500.. 149.00 
. . . . . . . . . . . . . . . . . . .  KR600.. 199.00 

KR5400 249.00 

ZOO O H M  
0 

fig. 4. The modified Australian monopole covers 3.5-17.5 MHz. Original design used 
377-ohm resistor in RL network. 

output of the transceiver as the tone 
was swept across the audio passband. 
Sufficient instrumentation was used so 
that the tone level was constant and 
the transceiver always operated in the 
linear mode. The results are shown in 
fig. 3. 

The TS-830s and TS-930s both ex- 
hibit the characteristic "bumpy" audio 
response common to that derived from 
a multi-pole filter that controls the 
passband. (Compare the curves with 
that run on the FT-980, as shown in 
the April column). 

Now observe the passband curve of 
the TS-940s; it's nearly devoid of the 
filter "humps" and shows a nearly flat 
frequency response from about 700 Hz 
to 2300 Hz (less than 1 dB variation). 
Of interest, too, is the enhanced high- 
frequency response of both the TS- 

930s and TS-940S, as compared to 
the TS-830s. 

On-the-air tests of all three trans- 
ceivers over a period of time showed 
that it was easy to distinguish the 
TS-830s from the other two trans- 
ceivers. It just didn't sound as clear 
and penetrating, even though the 
same microphone was used for all 
tests. 

I t  was even more difficult to differ- 
entiate the TS-930s from the TS- 
940s. I could do it because I knew 
what Tiff's voice sounded like in per- 
son. But the on-the-air difference was 
marginal. 

In any event, the audio passband of 
the TS-940s is a step in the right direc- 
tion. As AG6K said, "Perhaps we can 
now stop sounding like Donald Duck 
on the air!" 



A high performance 4 GHz, 70 MHz input 
receiver featuring programmable video 
and audio, hand held remote, four dif- 
ferent audio systems, switchable audio 
bandwidths, built-in RF modulator. two  
speed scanning modes and built-in stereo 
processor. 

Offers Independent channel selection for 
multiple TV sets from a single antenna, with a 
selection of up to 24 individual channels from 
a single satellite. The Mark 2 also features 
individually programmed audio, automatic fine 
tuning control. fine tuning storage, special 
function switches and built-in stereo processor. 
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C H A N N E L S .  14 - 83 AUV-724 
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75 Ohm en and out 
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E N L A R G E D  V I E W  

( 5  4 8 M I  

F E E D  L I N E  

L A D D E R  L I N E  

114 OR 21 MI 

X = INSULATOR 

R  = N Y L O N  R O P E  

fig. 5. "All-band" antenna patterned after GSRV design. Angles between wires is not 
critical. 

the "Australian monopole" 
In my April, 1984, column I de- 

scribed a wideband monopole an- 
tenna. Recently I received a letter from 
Tom, KA2APX, who has built and 
used it. He says, "I've had several hun- 
dred hours operating time on the an- 
tenna and am very pleased with the 
results. I've seen a received signal in- 
crease between 12 to 15 dB, as meas- 
ured on an SP-600 S-meter as com- 
pared to an inverted-\/ at resonance. 
Incoming signal strength has been 
good overall, with VK and ZL signals 
running reasonably well above the 
noise floor on 75 and 160 meter SSB." 

Tom is using a 100-watt, 250-ohm 
resistor in the antenna network and a 
60 inch diameter cage instead of a 72 
inch one. He concludes, "Many sta- 
tions, whom I regularly contact, have 
indicated an interest in the antenna 
because of its compact length, radia- 
tion efficiency, and bandswitching 
ease. " 

Recently Amateur Radio, the publi- 
cation of the Wireless Institute of Aus- 
tralia described a new version of this 
interesting wideband antenna. The 
description was written by Ron, 

VK3AFW; the general layout of the 
antenna is shown in fig. 4. It's a kite- 
shaped, three-dimensional affair, 
about @-feet high, that could be 
suspended from a single pole with 
crossarms to support the widest part 
of the structure. 

The upper and lower portions of the 
antenna are connected with a simple 
R-L network. Experience has shown 
that the resistor should be noninduc- 
tive and have a power rating equal to 
about 10 percent of the power output 
of the transmitter. 

The feed point resistance of the 
antenna is about 200 ohms, so a 4:1 
balun is used to match a 50-ohm trans- 
mission line. The frequency range of 
the antenna is 5:1, so this design 
should presumably cover the range of 
3.5 MHz to 17.5 MHz. Ron has found 
that bumps in the SWR response 
curve can be moved about or elimi- 
nated by varying the value of the shunt 
resistor in the antenna network. 

As with any vertical antenna, a good 
ground system is required, although 
VK3AFW reports good results when 
using only a single 6-foot ground rod. 

The whole family of so-called "Aus- 

tralian" antennas (dipole and mono- 
poles) was covered in a technical 
paper, "Low Profile Radiator for HF 
Surface and Skywaves," by R.R. 
Treharne, published in the IRRECON 
Digest (Melbourne, Australia, August, 
1981). 

It would seem to me that an antenna 
of this type - one that could be pack- 
aged like an umbrella, capable of being 
opened and erected by one person - 
would make an excellent portable 
antenna for military or commercial use, 
and represent an interesting challenge 
in experimental design for Radio 
Amateurs. 

a simple "all-band" antenna 
In my February column I discussed 

the so-called G5RV multiband antenna, 
which is very popular in Europe but not 
as well-known in the States. In brief, 
it's a 102-foot (31.09 meter) wire, 
center-fed with tuned feeders and a 
Transmatch,@ or other form of antenna 
tuner. 

I understand many of the dedicated 
ORP stations use this antenna and the 
design has recently resurfaced in the 
fine QRP Column hosted by George 
Dobbs, GSRJV, in Radio Communica- 
tion, the flagship publication of the 
Radio Society of Great Britain. The 
basic design is shown in fig. 5. It con- 
sists of two G5RV antennas, 33 de- 
grees apart, fed in parallel by an open- 
wire transmission line. It's an ideal an- 
tenna to mount above a single-family 
residence, with the apex supported on 
a pole strapped to the chimney. 

Both 300-ohm ribbon line and 240- 
ohm oval line have been used with this 
interesting antenna (taking into ac- 
count the propagation factor of the 
line). A center height of 38 to 45 feet 
(1 1.58 to 13.71 meters) is recom- 
mended and end heights of 14 to 18 
feet (4.26 to 5.48 meters) are satisfac- 
tory. And, as G3RJV says, "The an- 
tenna is cheap, simple and can, be- 
cause of its inverted-\/ nature, fit into 
a surprisingly small space." That's not 
bad for an antenna that covers 3.5 to 
28 MHz and exhibits some power gain 
on the higher frequency bands. 

ham radio 
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WE'VE GOT EM! 

' - Double-s ided.  
d o u b l e  densi ty  ' T w o  o f  These  Ha l f  Size Dr ives w i l l  

S a m e  as SA455 Fl t  i n  the  S a m e  Space  as 1 F u l l  Size Dr ive!  

Latest  h e a d  & 
dr ive techno logy  $69 -95 2 /$I 29 -95 
Fast  access t l m e  A D D  $3.00 U P S  PER DRIVE 

ATARl5200 GAME BOARD 
This IS the second generatton vtdeo game board thatreplacedthe Atari 2600. 

We are otlerlng the complete board assembly wllh all components and I.C.'s. 
but less the plastlc outer case. Includes 8 -16K RAM chlps and 5 L.S.l.chipsall 
socketed The Atar! part numbers lor the L.S.I. chips are C014806-03. 
C019156-05. C0122948-01. C012296D-22 and C014805-22. These chips are 
the GTIA. ANTIC. CPU. POKEY and ROM. These are complete units that we 
are selllng as IS - no warranty - prlmarlly lor spare parts. Units may or may 
not work. We have no data or schematics 

$14.95 3/$40.00 
Include 52 00 each tor shlpplng 

I COMPUTER POWER SUPPLY 
BOARDS FOR THE ATARl 

400 or ATARl 800 
Conlalns varnws power supply components such as voltage regulaton. 

l~ l ter  cap. etc Also includes a high quality R.F. vldeo modulator. Compare 
vldeo modulator alone at up to 59.95. Brand New. 

- Same as SA465 
Latest  h e a d  & 
dr ive techno logy  

$99.95 
A D D  $3.00 UPS PER DRIVE I 

80 Track  p e r  s i d e  Canon FDD221 
96 TPI  

Double-s ided.  ' T w o  o f  These Hal f  Size Dr ives w i l l  

q u a d  densi ty  F i t  in t h e  Same Space  as 1 FUII Size Drive! 

Fast access time MANUAL FOR EITHER DRIVE $12.50 I 

'5.95each 2/'10.00 
Add 51.50 each tor shipping 

ATARI MODEM BOARD 

1 4001800 CASETTES 
REQUIRES A T A R l  RECORDER 

We bought 5 skids 01 these casettes Titles lnclude. Touch Typing Invil~llron 
lo  Programming 1 8 11. Hangman, lnlroductron to Sound. Blacklack Juggles 
House. Juggles Rainbow. lntroduclion lo  Graph~cs. Slates and Capitals. 
European Counlries and Capilals. Scram and Writing Programs Two These 
are a very high quality rrcordlng tape and may be recorded over lor excellent 
reproduction. Most come in casette holders. Sorry. no cho~ceon  tlttes Super 
good assortment (some dupllcatlons when necessary). Most C-60. May be last 
chance to obtain these. 

1 2151 5.00 or 24Is25.00 

Apparently manufactured lor Atar~ by Raycai-Vadlc P C Board U81219-903 
Rev D These are complete factory flnlshed modem boards wlth all parts 
except the 8048 (8748) C P U c h ~ p  lor wh~ch there IS a socket Includes the 
popurar T I TMS99532 modemch~pwhlch IS socketed ThlsT I chlp alonellsts 
for as much as 529 95 at some of our competlttors These are lactory new 
boards wtth ail connectors swltches relay etc but are sold as Is -no 
warranty or data Super llmlted quantlty 

S9.95 3ls25.O0 
Add S1 50 each tor s h ~ p p ~ n g  

ATARl VCS 
CARTRIDGE ADAPTOR 

Th~s  unlt was deslgned to allow playlng the orlglnal Atar~ 2600 cartrudges on 
the newer Atar~ 5200 game system Unlt contalns In sockets 1-6507 1-6532 
and 1 OK1 MSM 3980 (C010444 22) plus other assorted parts These are 
factory new unlts but we must sell them as IS wlthout any warranty or 
documentation slncewedon t havetacllltles to test them Remember theseare 
comolete unlts and are a baraaln 11 used lust for reolacement Darts Verv l ~ m ~ t e d  
stock. We reserve the rtght to limlt quantltles 

S1 2.95 3Is29.95 
Add S1.50 each lor s h ~ p p ~ n g  

SERIAL ASCII KEYBOARD 

I I .  --*-I 4 
for 

 his is no misprint!& 

Maxi Switch 67 Key (includes 10 function keys) 
QWERTY serial keyboard. Number KYBD2185010 
keyboard which uses a CMOS 8048 single chip 
microprocessor for super low power consumption. 
Very high quality with an exceptionally smooth feel. 
Originally designed for use in a portable computer. 
Simple serial interface - complete documentation 
included - Size: 12" x S1/2" 

These won't last long at this price!!!! 

REPEAT OF SELL OUT! 

ATARI HEX KEYBOARD 

Add $1.00 per unit 
for postage. 

Originally designed for use with an Atari Home 
Computer. Brand new in box. Encoded using the 
popular National Semi 74C923. Full schematic 
included. Originally sold for many times our price. 
Many applications besides computer use. 

1 

TERMS: (Unless specllied elsewhere) Add $1.50 postage. we pay balance. Orders over $50.00 add85c lor  insurance. No C.O.D. Texas Res. add6-1/8%Tax. 90 Day Money Back 
Guarantee on ail items. All items subiect to orior sale. Prices subiect to chanae without notice. Foreian order - US funds onlv. We cannot shin to Mexico.Countries otherthan . Canada add $3 50 s h ~ o o ~ n a  and handlono' 
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This unit features azimuth and 
elevation memory storage, 

manual or clock control, 
digital readout and 

a 24-hour clock 

a digitally-controlled 
satellite tracker 

For satellite tracking two rotators are required for 
pointing the antennas in both azimuth and elevation. 
But constant adjustment as the satellite moves across 
the sky - which can be especially troublesome when 
you're trying to track the fast-moving, low orbit, Rus- 
sian satellites - is, in fact, not necessary at all. 

This system provides 1-degree tracking resolution. 
The unit (Photo A) includes a 24-hour clock and a 
memory for azimuth, elevation and time data. A small 
keyboard loads data for storage so that hands-off 
tracking can be accomplished by loading data before 
starting operations. Manual control is provided for 
positioning the antennas for start-up or manual track- 
ing if desired. 

the rotator 
The most common rotator available is the U-100 n/ 

rotator frbm Alliance. It has a double-field coil for for- 
ward and reverse, coupled through gears to the mast 
shaft. Every ten cycles of the 60-Hz power line turns 
the mast shaft 1 degree. A disc in the gear train 
mechanically closes a set of contacts every 10 degrees 
of rotation; this signal steps the control box. While 
10-degree increments are a bit coarse for satellite track- 
ing, the unit is inexpensive and readily available. A 
minor modification must be made to  the rotator gear 
train, as explained later. 

To get the rotators to turn with 1-degree resolution 
I use a counter clocked by the 60-Hz power line, which 
counts up or down as the rotator turns. Due to start 
up drag and antenna load, parity between mechanical 
position and readout cannot be maintained, and the 
10-degree rotator signal is used to update the counter. 
Therefore, should the counter count ahead or behind, 
it is mechanically corrected by presetting the units 

Photo A. Controller mounted in a BUD cabinet. The RUN- 
PROGRAMIMANUAL toggle swich shown here has since 

I been changed to a 3-position rotary switch. 

counter to 5. For instance, when the counter has 
reached 14, mechanically the rotator is at 15 degrees. 
The rotator signal presets the counter to 15. Continu- 
ing on, the correction occurs again at 25 degrees, or 
every 10 degrees. 

operating controls 
The keyboard is used to load the memory with 

azimuth, elevation, and time data. The button in the 
lower right corner of the keyboard is the ENTER key 
and enters the data into memory. The memory pro- 
gram counter, clock and antenna aiming data are 
displayed. Azimuth is expressed in degrees from north; 
elevation in degrees from horizontal. Each seven- 
segment readout has an extra LED, which is normally 
used for the decimal point. 

Some of these LEDs show internal functions. The 
A = B LED indicates that the data entered from the 
keyboard has successfully entered the memory. The 
START LED indicates the starting position for loading 
keyboard data. 

Data is entered into the PROGRAM mode as 
follows: Depress the PROGRAM START pushbutton; 
the START LED lights momentarily. The first keyboard 
entry will load into the ten's hour bit of the clock. The 
next key will load into the unit's hour bit and so on 
across the program counter, AZ display and EL dis- 
play. When all the data has been loaded, press the 
ENTER key to load data into memory. The A = B LEDs 
light to show successful memory loading. Press 
PROGRAM START again and we can load the next 

By Rudolf E. Six, KAIOBL, 30725 Tennessee, 
Roseville, Michigan 48066 
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Side view of front panel showing keypad mounting. 

- 

DATA I* LINES1 

1 I 1 
. 

table 1. Typical data loading schedule for OSCAR 10 satellite. (December 21, 1984.) 

universal 
time azimuth elevation 

1747 267 10 
1754 264 18 
1800 261 26 
1810 258 34 
1823 252 43 
1843 245 51 
1944 230 57 
2203 230 47 
2316 235 38 
0028 238 28 
0141 238 19 
0253 232 08 

Programming the satellite tracker with antennas parked at 260-degrees azimuth and 80 degrees elevation: 

time memory azimuth elevation 

PROGRAM 1747 01 260 80 ENTER 
Program Stan 1754 02 267 10 ENTER 
Program Start 1800 03 264 18 ENTER 
Program Start 1810 04 261 26 ENTER 
Program Start 1823 05 258 34 ENTER 
Program Start 1843 06 252 43 ENTER 
Program Start 1944 07 245 51 ENTER 
Program Start 2203 08 230 57 ENTER 
Program Start 2316 09 230 47 ENTER 
Program Start 0 2 8  10 235 38 ENTER 
Program Start 0141 11 238 28 ENTER 
Program Start 0253 12 238 19 ENTER 
Program Start 2600 13 232 08 ENTER 
Program Start 0000 00 OM) 00 ENTER 
RUN 

Note: The time value o f  2600 at step 13 prevents turning by the rotators at the end of a run. 

DATA 
AVAILABLE 

PULSE 

batch of data. Start with 01 in the memory counter of rotation. They can be monitored for possible rotor 
and increment by 1 for a possible 99 steps. jamming. In the RUN mode, time in memory is com- 

Table 1 shows a typical loading schedule for pared with the clock. When equal the program counter 
OSCAR 10. The ROTOR LEDs show the closing of the is incremented, and the rotators move to the new 
cam switch in the rotator heads for every 10 degrees azimuth and elevation data. In MANUAL mode the 
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MEMORY 
COUNTER 

i I I . 
CLOCK 

B U F F E R  

COUNTER STm)B; 
111 LINES1 

A Z I M U T H  
UP/DOWN 
COUNTER 

t 1 E N T E R  

2 l 0 O R E S S  

P 
18 LINES1 

PROORAM 
S T A R T  

fig. 1. Diagram showing data logic when system is i n  
PROGRAM mode. 
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START 
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MANUAL 
PROGRAM 
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RUN 
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fig. 2 (part 11. Satellite tracker schematic diagram shows keyboard encoder, universal timer, 
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PROGRAM CONTROL A Z I M U T H  ELEVATION 
f \ / \ / 1 

U N I T S  T E N S  U N I T S  T E N S  HUNDREDS UNITS  T E N S  

NOTE WWER CONNECTIONS IVsc,  GROUND) FOR THE 
VARIOUS CHIPS ARE NOT S H O W  

+5v  

program counter, and azimuthlelevation counters. 
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, l a 0 5  u h  la Ol*MI,. . tunr .Ir.,",*a no ,m. x, .Irr n*m,r.ln,~ .I- 

S79996* 
lo3llng ' T Y  usdm sync llllel . wldn bdn0ndlh 6 hlgh senriflrlfy . 8"- .. terns, grallcula . Iron, pane, ,race r01.10. . Z 8.8, . ntgn renrlllvlly 

I<- aulrm CHI CH> L l N l  t r l a n l l  .n IWlmr iV -1. llcnl " a m  -r .. .... . . " m m e  . r "lafad pa.nl supply . ,bull,.," Cal,br.lo, . ,a* rolld 
,ms I mw wm".".r"lx.ocCnl .~r j i * : r . . .~mr"~y l . r r (  r i r i q r  \vr. 

,r,pgar,ng .l2* - add 110m pal vn,, la# porlnga ororrnnr orde.. 
.... ..A. .....DP.t" .'II.-mlDc'l. mu,. .I* .- "c, 0 " r n D . '  

wd 1596 01 101.1 oreer lor mn-urea wflsce mall 
M#I m W.IYY Y_I. M 1%- "3 I"#/./ 01*1 JOI m."ln ."ll.c. "7.6 

RAMSEY D-11M 
VOM MULTlTESTER 
L .I>, ,lr, I!,,, l,,ildl,ll. I..11""ea lo 
,......I ..I ri,rrilrlr,,.,lr."u,pme"l 
F P , , , u , " ~  Illr,,,"'. . m,r,o, nsck 
I L l i C  . dO,,DlC.,CICIP" preClllon 
moi r ,g  C i l l l  . do"",? orcrlood pro- 
let !loll . dl. sdC" l i l r  COS! linlt lor 

wq~nncr or as ., rpnre back-up 
""ll 

$1 995 I""."'" 
bal1.w 1NIud.d 

NEW RAMSEY 1200 
W M  MULTRESTER 

~ ~ ~ ~ 

deLbrl rc. i r  . 20K roll m,r,e,,ng 
,y'l"m . , m,r!"r,.d rci.,? . 
pol,~r,!y rwllcn . PO menrur,ng 
gangs,. rnlets prober . nmgn 
ImDilLI IIlnlllC Ci lS" 

tnrm . ,r.l,nrrntnr r o ~ r ~  porn 
b t . \ t ~ n s  IP-5 range relaction 

an, [ r~ar~ tc  1111 r ta rd  . recassM 
,OD", (nclr . <,"criond prol.%llon 
on all ranger 3 a dg l l  LCD dm- 
ploy wwn autozero. au!opvlsrl!y 
6 I ~ W  BAT ,na,cstor 

CT-70 7 DlGR 525 MHz I CT-90 9 DIGIT 600 MHz I CT-125 9 DIGIT 1.2 GHz I CT-50 8 D16lT 6110 MHz 
COUNTER COUNTER COUNTER COUNTER 

. . . . .  . . . . . ~  " . .  . . . . . .  wca.!nrougn p w e  Fealu#s= . ~ ~ ' . . . . " ~ . . .  . . . . . A .  . . a, ... . . . . .  I - 101 CS, man $JW ~ s a a . , ~ ~  3 r I-ZOI ro outvnorm un*l% c-I- r I ncncn co~nter  *tlh op~non.~ . .  ,.. . . . ~  . I,.. tn v,p amp auan q. cnp. q a Q IS "ale no cato, I :u. .  ,mot1. gate nalcllO1 24mV (a n, I aaaelsr wnlrn luvns Cr. 
9rr .  ,, I.ue! ",.\. q a ~ c r c # .  ~ , , ~ l l . c a l u ~  .I I .  ?5mV II I'nu*r Iroca reG# 15 u-i r , n r # t ~ .  t r .  9 d , ~ 1 d a s o a r  .: . .. . . . . . .  . I I 5 .  . ,I I . I I teano.! lor morn any rscs r s q  

' d , ,   PA^^^,^^^. sCI,.~lrll. *,le s f .  I ,  r l n r  c.nmeen,r I n w r  r r  . ~ t a '  ,n I ram,> I , > < ,  orn#,v n n d  a,a ,no.!, -. 'OM*, ~vpcalsens! + I * .  8 a . ~ ~  
I.,,. < .  l.. O C .  1 D 0 R l a C L " ' l C I  . ' I,, * l I , (*  I ,* 11 ...,,* 1.s OI, 1,. I,.,mn<:.rar* 

$1 1 995 %?a:;:",- $1 4 995 ::%;;.- 
CI I r t  rron cr sinw 8 s  c r s o * !  $ 1 ~  16 sp r n .a ,  , c i  
WP 4 11 rdd 0 x 1  1 9 5  OV > 0 i PPM oren lorneDsl~ 59 eS RA I rrcamver adapter1111 USS 

BP 4 "#cad p.1ci 815 

DM-mO DIGITAL MULTIMETER PS-2 AUDIO MULTIPLIER 
TI,* P\-:, l 0. 11,. 118.111 I..! .>U.,10 

PR-2 COUNTER PREAMP PS-IB 600 MHz PRESCALER 
F ~ ~ O ~ ~ ~ ~ , O ,  a, ,,,, ,,.), .,t z nor  I,~,.,, j r ,  , +en .. ... (....I .. m e  PR-2 ,I ,deaf $or maarurcnq weak signals Exlmar I"<. .a.. nr ul vcur preranl rountnr 10 
!,,,e3 ~cI,,<,P ?,, I,~IP~,.,,I f . $ w . ~ . . . .  ,ar, ,z .. tut~c. r e  , A  e m .  m I P r I lrom 10 to I m MHz 11.1 25 a0 qnln BNC 600 MHI . . iliwr preamp . Oirlar 4 10 car- 
lion5 . 3 ilipit 15,.~I L C D  1 ~ i r ~ 8 , l ~ .  ilu10- guencI . qrr. ,  !ur PL lunv nic.!rur~nwnlr connectors . gren! lor sh>lt,nq Rr  . lasat cultry . ranr! V I Y  ?5mv @ 150 MHT • BNC 
ma,,< arc,ma, "I>( rmcn, . ill,ll,mtlll< ,l"lllrlly . mUlflpll"% ,," 1" 0, 1K1 . O 01 H I  lL IO l" i l0"  a leCelvPliTV I,<Ll.mp connectors . driver anycoun,er 

bu#il-#n r lqna  preamp c ondlllrillt~r $1 1 995 ;p.";;;:"y $4495 :w:,- $5995 ;y$,y*"P" 
....... . . . . . .  . . . . . . .  oM ?wilt . . m.n $49" Wind P R 2 k 1 t  w.n PS r r r * , ~  m.m 

. . . . . . . . . . . . .  4.95 PS .. &,I  . m . n  
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Photo B. Top view of front panel. Note keypad mounted on 
spacers. 

COUNT PULSE 

1 

manual pushbunons are available for positioning the 
rotators. A FAST and SLOW pushbunon is available 
to set the clock to universal (or Greenwich Mean Time) 
in the MANUAL mode. 

CLOCK 
MEMORV 

basic operation 

MEMORY 
COUNTER 

For simplicity the elevation circuitry will not be in- 
cluded. It is exactly the same as the azimuth circuitry. 

Loading data f rom the keyboard (PROGRAM 
MODE), (fig. 1). The key encoder ( U l )  encodes a 
keyboard array and outputs the binary value on four 
data lines (see fig. 2). This data presets the clock, 
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COUNT PULSE 1 I F  

Photo C. Main circuit board showing wire-wrap. The numbers 
indicate ICs. Pans are mounted on DIP headers. Letters in- 
dicate sockets for interconnecting cables. 

COMPARATOR 

AZ-EL and memory counters (U3 through U11). The 
key encoder also outputs a data-available pulse each 
time a keyboard entry is made. This pulse steps decade 
counter U45, U34. The output of the decade counter 
strobes each data counter sequentially until the data 
is loaded. We are now ready to store the information. 
The output from the memory address counter be- 
comes the address for the memories (U14 through 
U22). The clock and AZ-EL counters provide the data 
input for the memories. Data is stored when the 
ENTER key is depressed. 

Tracking the  satellite automatically (RUN 

ADDRESS 

* 

] I  10.  COMPARATOR 

CLOCK 
ROTOR 0 
SIQNAL I 

(10 H. ROTOR 
D R I V E S  

1 
MANUAL 

fig. 3. Data routine when in the RUN mode. 



mode, fig. 3). During RUN mode the program counter 
is stepped by the output of the clock comparator (U25 
through U28). When real time from the clock equals 
the time stored in memory the program counter in- 
crements to the next address. New AZ-EL data from 
memory (U18 through U22) is compared with the data 
in the AZ-EL counters (U7 through U11). Three signals 
are available from the AZ comparator (U29 through 
U311. If Data A = Data B, the data in both memory and 
counter is the same and the rotator will not move. If 
Data A is smaller than Data B, the rotator is turned 
on in reverse and the UPIDOWN counter is placed 
in the down mode. 

A 1-degree pulse steps the counter until A = B and . the rotator stops. I f  Data A is larger than Data B then 
the rotator is turned on forward, the UPIDOWN 
counter is placed in the up mode and again the 
1-dearee oulse steos the counter until A = B. The ., . 
1-degree signal comes from a decade divider (U481 
which is clocked from the 60-Hz power line. 

When the rotators are turning the counters are cor- 
rected every 10 degrees by a rotator strobe, which 
forces U7 to  a count of 5 through OR gate U41 (pin 
3). The decade divider is also reset by the rotator 
strobe from the Schmin trigger U47 (pin 8). 

Manual Mode. In MANUAL mode the rotators are 
directly energized. The memory and comparator are 
not used. The manual pushbunons each set a flip-flop 
(US) .  Reset of each latch is synchronous with the zero 
count of the decade divider. This ensures manual oper- 
ation in 1-degree steps. The select gate (U54) either 
routes MANUAL or RUN commands to the rotators. 
During the MANUAL mode the clock is also 
operational. 

construction 
A complete parts list is provided in table 2. All con- 

trol circuitry was wirewrapped on the two boards. The 
board behind the front panel has the LED displays and 
drivers U56 through U66. The dropping resistors are 
DIP with seven resistors. The keyboard, purchased 
from Jameco, came mounted on a PC board, which 
was removed and the assembly remounted on a blank 
circuit board (photo B). The unit was then rewired 
to conform to  the U1 keyboard decoder. Because the 
right row of switches is not used, the pushbunons 
should be removed. (I have since used another 
keyboard sold by Herbach and Rademan, Inc. This 
keyboard doesn't have to be modified.) 

The main circuit board contains all logic circuits in 
wirewrap sockets (photo C) .  Both boards are 
mounted to  the front panel of a BUD cabinet with 
spacers. All interconnections were made with flat rib- 
bon cable DIP plugs (photos B, Dl. Some care must 
be exercised in wiring the V + and ground to the chips. 

Photo D. Bottom view of front panel. Pushbuttons are 
mounted on a sDacer. Note flat ribbon interconnect cables. 

Photo E. Power supply chassis mounted in rear of BUD 
cabinet. Top transformers and capacitors are from original 
rotator drive. Small board to the left cohtains relay drivers, 
optical couplers and power supply. The + 5 volt regulator is 
mounted on the chassis for cooling. 

Each row was daisy-chained, and each chain was pro- 
vided with a 0.01 pF bypass capacitor; all were then 
run to a common connection on the board. Two No. 
18 wires with Molex plugs connect to the power 
supply. The power supply, rotator transformer, and 
control relay circuitry were mounted on the chassis 
back plate. 

The rotators are very noisy when starting and stop- 
ping. Each output has a varistor (CR2 through CR5). 
which takes care of some of the noise, but good 
ground housekeeping is a must. Lead dress is especial- 
ly important. 

Coupling between rotators and circuitry is kept to 
a minimum by using relays and VMOS drivers for isola- 
tion (photo E). Optical couplers Q12 and 013 are used 
for the rotator signal, and the 60-Hz clock signal is 
filtered through R82, C17 at the power transformer. 
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table 2. Parts list for the digital satellite tracker. 

i tem description 
lOpF 10 volt tantalum 
0.1 pF 5 volt disc 
0.02 pF 5 volt disc 

C4,6,8,9,11,12,18 0.01 pF disc 
' C5 1 gF 10 volt tantalum 

C13.14 see text 
C15 1000 pF 24 volt electrolytic 
C16 50 pF 10 volt electrolytic 
C17 0.2 pF 5 volt disc ceramic 
CR1 3.3 volt zener 
CR2 thru CR5 24 volt varistor GE V47ZA1 
CR6 5 volt zener 
CR7 thru CR16 1 N4002 
K1 thru K4 DPDT 12 volt coil 
Q1 thru 0 4  2N3905 
Q5 thru Q11 2N3904 
Q12,13 MCT-2 (4N25, LIT-1 
014 thru Q17 VNlOKM (Radio Shack 276-2070) 
All resistors are 10 kilohm, 114 watt except the following: 
R5,6,7,8 3.3 kilohm 
R9 100 kilohm 
R10,11,12,13,14 4.7 kilohm 
R26,30 1 kilohm 
R50 thru R60 470 DIP 
R61 thru R66 470 
R73 thru R76,78,80 68 kilohrn 
R79,81 620 
R82 22 kilohm 
S 1 SP3T rotary miniature 
S2 2PST toggle 
S3 thru S6 SP2T momentary 
S7,8,9* SPST momentary N.O. 
T 1 24 VCT 2A (Stancor P-6377) 
T2,3 see text 
U1 74C922 
U2,43,44,55 CD4011 
U3 thru U13.45 CD4029 
U14 thru U22 5101 RAM 
U23 MM5312 
U25 thru U33 74C85 
U34 74C154 
U36,37 74LS368 
U 39 C D4093 
U41,42 74C32 
U46 C D W  
U47 74C 14 
U48,49 CD4017 
U51 74C08 
U 53 C D4043 
U54 CD4019 
U56 thru U66 74LS247 
keyboard Jameco K-19 

TM23K222 (Herback 8 Radernan, 
lnc., 401 E. Erie Ave., 
Philadelphia, PA 19134) 

displays common anode, RHDP, LHDP 
(Hewlett-Packard HDSP-4030 or 
equivalent) 

"'Slow-set" clock, "fast-set" clock, "program start." 

D I S C  

fig. 4. Repositioning the switch contact disc for Sdegree 
set i n  the Alliance rotator controller. 

I have not experienced any problems with every- 
thing mounted in one unit, but keep in mind that 
CMOS is high impedance and will react to low- 
frequency noise. 

Three separate pairs of wires supply + 5 volts to the 
circuit boards. One pair is for the main logic card, one 
pair for the front panel LED circuitry and a final pair 
for the manual pushbuttons, mode switch and ENTER 
buttons. All three pairs originate at the regulator chip 
018. Since continuous power is needed for the clock, 
no switch is provided for it in the power supply. The 
+ 12 volts is turned off to most of the display (except 
the clock) and power to the relays is turned off for 
safety. The + 5 volts remains on. Transformers T2 and 
T3 and capacitors C13 and C14 were removed from 
the Alliance rotator controllers. 

mods to rotators 
One small modification must be made to the 

rotators. Before removing the transformers and capac- 
itors, connect the rotators to the Alliance control box 
and check to make sure they work properly. Turn the 
knob counter-clockwise until the rotator runs into the 
stops. Now open the rotator housing, but try not to 
disturb the gears. Tabs on the main shaft move a T- 
slug stop. Make sure the rotator has gone into the stop 
at full counter-clockwise rotation. Note the disc which 
activates the switch contacts; this produces the 10- 
degree signal. Carefully remove the snap ring, lift the 
gear, and position the disc as shown in fig. 4. Replace 
the snap ring and reassemble the body. 

It probably would be a good idea to clean the con- 
tacts and lubricate the gears at this time. This disc is 
now at the 0-degree point and will produce a signal 
at every 5-degree set. I used a cable with 3 pairs of 
wires in aluminum foil wrap to connect the digital con- 
troller to the rotators. The two ground wires were used 
for AC return. Both rotator signals were brought down 
in one pair with the bare wire grounded at the 
controller. 

A simplified version (manual operation, AZ-EL read- 
out only) of the KA80BL satellite tracker is avail- 
able from the author. Send SASE to Rudolph Six, 
KA80BL, 30725 Tennessee, Roseville, Michigan 48066 

ham radio 
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EVERY &%& COMMODORE HAM 

"LwANIow- NEEDS A COMF'ANIONI 
,. Rorn XU GPVIIBS. K9EL 
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t b . ~ o ( ~ ~ ~ W ~ p O d l o ~ d  

to th. world. QPI Fublwung -0.Lnc.s 
W COYYODOPE HAWS COMPANlON 

MCLUDES 
Over A0 mwcm mr Commodore mmeur mdlo roll 
wore and hardware 
A blbli-hy ol over to mogoans drla and 
revlew obout wlw Commcdare mochlnm ~n !he 
h r n  shack 
How to uw, yow Commodore computer lo bin the 
p x k e l  mdlo revdullon . mre I~I~ndspglaUzed p - m I ~ r w h I h l ~ a s  
$lo* MD 1eIem10n ~lteUlte Imckmg and mom . HOW 10 reallre a dmmatlc l n ~ r n s e  In sp& wthoul 
leo- machlne lanwape p w m m n g  
Why  Ihe Cornmore  mochlner me the eonen lo 
Inlerlace 

I4 / 160- POprboQ 
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muDviwond- 
Mnstercard and Vlvr  occepled rn 

P b B I I S b I I N O  
1/ 192 PO l l ~ x  SMP. s~nnuildd [L barns 

SPS 
DIST. *TIw 

F l ~ ~ ~ R  + 

/' 

v Complete Llne of 
Satellite Receiving Systems 

SPS 
San Pierre, IN 

(219) 828-7255 - 828-3091 1/ ,93 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility On 
the East Coast. 

Large parts Inventory and factory 
author~zed warranty service for 

Kenwood, lcom and Yaesu. 

SEND US rouR PROBLEMS 
Servrcrng "Hams" for 30 years, no ng 

too old or new for us 

ies,lR 
4033 Brownsville Road 

Trevose, Pa. 19047 

21 5-357-1 400 

I NO FRILLS-JUST LOW PRICES I 
CALL FOR SPECIAL PRICES ON- I 

YAESU 

ICOM TEN-TEC 

DAlWA METERS- KEYERS -AUDIO FILTERS 
CUSHCRAFT LINE OF ANTENNAS 

CALL TOLL FREE '& * 1-800-433-3203 I- 

cornmunkallan ay8 tm forrolm. m. v ldw ordsla tnnsmlulon, no1 l o  rmntlon mounlalnlop DXlnpl 
MA87141.1 (pair of 10 mW tnnawhan)  S251.96. Hlphw power unlts (up l o  200 mWl srallabh. 6. Mlcnr 
wava As.alates24 QHz Qunnplexw. Slmllar characlarlsllcm l o  10 QHz unlt. MA878204 (pmlr of 20 mW 
trsnuelvan) 9738.20. C. mlm supporl moduh Is dem1gn.d lor use with lhs  MA87141 and MA87820 and 
pmvldms a11 01 Ih. clmulty f w  a full duplex sudlo Innscalvs syslam. The board contalnm a low.nolsm. 
%MHz hn r w h a r ,  modutalors for voks and mcw opanllon. Qunn dloda rbgulmlor and vmraclor supply. 
Mahr outputs a n  pmr(d.d for monltodng recelnd mlgnal Iermlm, dlmerlmlnatw output and rmrmcta lunlnp 
vohsge. RXMR30VD amumbkd and 1aal.d $118.85. D. Complete. nmdy to usm communicmllon systam 
for voka or mcw opnl lon.  Ideal for npoalar Ilnklnp. A power supply capable o l  dellnring 13 vollm dc 
at 250 mA(lor a 10 mW nnlon). mlcmphone, and haadphona andlor loudmpaaku a n  the only addlllonml 
llama nnded  f a  opantlon. Tha Gunnplaxw a n  be nmoved lor nmole mountlnp to a tower or 2 or 4 
fool pamWIc anlanna. TRlBGA(10 QHr I 0  mWS388.85. Hlghmr p o w r  unlts avmllmbla. TR24QA(24 GHZ. 

W) M38.85. Alma avsllabla: horn. 2 snd 4 fool para. 
- - antennas. Gunn. vmrnctor and dmlector dlodas. 

Advanrtsu 
Receiver 

Restarc 

P and lock-aymtms, omclllmtor moduhm, wavsquldm. 
,as. alc. Call or 11110 for addlllonal Intormallon. La1 
la& you high 

~ - 

Box 1242 . Burlington Cl "-- ... . 203 582-9409 
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a- Technical 1-812-422-0252 
1 220 N. Fulton Ave. Indiana 1-81 2-422-0231 

'* Evansville, IN 47710 
the 
HAM STATION 

- 

SUPER ANTENNA SALE 

10% 
. Rebate 

on hy-gain 
Antenna Rotators 
Antenna Towers 

A u ~ .  1 to  Sept. 30, 1985 
Call for Details 

C U S ~ C R A ~  
MU1 11 AANO 

:: $ 7 1 5 ~  
769 95 

A743 A744 75 00 
R3 Motor Tuned Vcfl 779 00 

89 00 A5 8 0  10M V~r l~Ca l  
VHFUHF 

19 w ?ISWE 2M Wodc Band 
230WB Starkrd 215 r 719 00 
32 I 9  80omrr l9 fLE 2M q5 00 
1\14; 4 (7 95 
A449-6 3.1 00 
A449-11 44 00 
Rango Range! 2M 6M 220 

450 39 95 
OSCAR l W l S l  
A144 101 54 O0 
A l 4 4 2 0 1  75 O0 
A147.201 l5 00 
41618 64 00 
A n P l  Patbage ldq 00 

TOWER 
Large Slack of Rohn 256 ~n Slack 

Call lo, Vnur D~scounl Price 

~ ~ y : ~ ~ ~ ~ , " ~ ~ ~ ~ ~ ~ ~ * )  s3, 00 
AP700 3~ 720 MH? on Glass 18 
AP450 3G 450 M H I  34 00 
AP430 >ti 45u Mu/  1 8 0 0  

PLUS - RIGS - - - RIGS - .- - 
RIGS - 

nusrun 
G l l 4 4 2 M V m ~ a l  $119 95 
G6 I44 2M Venlcal 85 95 
G6 440 440 Venlcal 
68TV 8 0 1 0 M  Venlcal 

log q5 

MO 2 Marl  
RM-80 4WW PEP 
AM-75 40OW PEP :9, 99: 
RM 40 40OW PFP 
RM 30 400W PEP 11  95 
RM.20 4OOw PEP I 6  95 
AM ISRMlO4OOW PEP ?a 12 95 
SI 7 7M Mublle 13 95 
C(i.144 ?M Cnll!near 33 95 
CGT I44 L o l l ~ n e a r u  Twnk M I  53 95 

Rump?! Mounls - Sptlngs ~n Slnck 

BUTTERNUT 
H648 70 !5 12 10 MI! s195 
HrlB Ru~trr l lv Beam 
I 7  Mlr K ~ I  

H16V 80 tnu venatal 
TBR 160s t6OM Rrasonalnr '1; ,905 
R M I  I1 Ron1 Mounl I # (  
SIR11 Rafltal KaI 
HI ?V 80 40M ver(8cal 
? M Y - s  s 2 WAVE 2M v m a a l  I,' 
ST OW0 30 SIIMHZ Scannrr Anl 55 00 

COAX SWITCMES DUAL IAWOAWTEWWAS 
BLW IIllwa MIJ  lCOM lARSfN W l l /  

URSEW 
NLA I50  220 450 MAG Mnl Ca $42 95 
NLA 2 70 Dual Band MAG Mnl Anl 59 95 

?%rd 8 con0 25 n 
Hraw Duly 8 Con0 36 1 
RGBU 97'- 35 11 
R G ~ X  97.. 2s  n 
R G ? ~ ~ U  3s n 
A E I  
,supole J, 144 or 220 $39 95 
lsopnlr I44  or 220 Mh? 45 00 
~ s r l p o l ~  440 Ven~caI 64 95 
~ r l l  ROO H 1 ~ n l  I44  or 220 19 95 

ROTATORS 
Alllnnrr 11 l I 0  I 4 9  95 
A l l ~ n c e  HD 13 109 95 

Call bt PIIR ::Tin CD 45 CALL 
Hv(;a#n Ham 4 CALL 
HrGaln 12 X CALL 
HyGa~n HDRPO CALL 
Ken P?" KRSOO 155 W 
KenPlp MAS400 755 00 
K P ~ P ~  INSROO 314 oc 

U R G E  S T O C K  Of  N E W  E O U I P M E N T  
A T  D I S C O U N T  P R I C E S  

lCOM 

IC-3200 
c a l l  for Specla1 P r l c e  

A E I  
AlU.1WO.St~parb lnlerlace s l 1 W  00 
I'P Ion Drlu%r 8naclarc CALL 
CP I ~ n l f r l d c ~  189 95 
M P - I  Mtcropalch 129 95 
MBA-l I IR %MWBC 85 00 
I'R DX OR 0S0 
PKT I Parbe! l:onlroIler i: 

lsr~polrr  Hol Rods Soltwafe In  Slock 

ALllCO 
A m p l l l t ~ ~ s  rn slorb CALL 

ASTUOH 
ASIA !,-7 Amp 2; 
AS101 7 5 1 0  Amp 
RSI2A 9-17 Amp ig9 !: 
RS20A 16-70 Am0 
RS20M 16.20 Amp w mcler 
RSRSA 25-35 Amp 
RS35M 2 5 3 5  Amp w meter ld9 00 
PS5OA 3 7 - 9  Amp O0 
RS50M 37.50 Amp w mete1 725 00 

BEYCHER 
Rv 1 Rlacb By.? Chrome . %Ig 49 cQ 
(&.!A Ralun 19 00 

OAlWA 
CN 520 I 8.60 MHz MI1 53 
CN-620 B 1 8-150 MHZ Mlr 00 
CN-630 140450 MHz Mlr 
CN.4lOM 3 5-150 MU7 MI, 65 00 
C';-401 4 Pns Switch 63 W 

ENCOMM 

'New K 2~ ' M 2.c" 
"Call la Dtscounr Prtce ' 

MFJ 
949C 3 W  W Tuner w D Load 135 00 
9410 300 W lull lealure lunr l  8q 95 
204 Anlenna Brldgr 71 95 
422 KCIC~ Benther Combo 99 'I5 

MlRlGE 
87016 10 160W.Preamp 1249 95 
81016 30 t6OW-Prramp 704 95 
R I A  2 O W  Preamp 89 95 
OlOlON 10 100W 430.450 MHz ?gq 95 

MRV-A The Ullamale Tun18 $499 95 

SnURE 
s55 1140 Hl.Ln 2 Desk M r  

TEY.lEC 
- Vcv N'cC CALL 

Ct,nlufv 22 CW Xcvt 1 349 95 
2510 Satrlltlr Slalaon 409 95 
T'lan - 2175 00 

TOKYO HY.MWER 
HL 30V 3 30W Amp 1 62 95 
HL35V 3 30 Amp w Gaslet 75 W 
HL160V 3 10-l6OW Amp 295 95 
HL 160V25 25-I60W Amp 259 95 
HL-2OU 430-449 MHZ 3.20W Amp I 0 5  95 
HL 120U 430-449 MHz 

10- IWW Amp 319 95 
HC-2WO Z I W  Tuner 295 95 
HC 4WL Tuner r Dual Needle MI, 175 95 

TEN-TEC 

Wnr 561 C o n a t r  UN 113Y.W 
C a l l  lor D l s c w n l  P r l c e  

EWCOMM 
NEW FM-240 25W FM Xcvf CALL 

HAL 
C~mpuler ~nlellaces 6 deO~w1M Terminal,. 

HEIL 
Prndutls 8" Slack GILL 

ICOM 
751 Top 01 Ihc LIM S l t 7 9 W  
735 New Fanlastlc XCYI CALL 
2 7 I A H  2M All Modr CALL 
471AH 430-450 MHz All Mode CALL 
27A H Mlr Mobdrr CALL 
37A 720 M H I  Mob~le CALL 
41A 440 MH7 Mnb~Ies CALL 
3200 Dual Band 144 - 440 CALL 
02AT O4AT 2 Mlr 4 4 0  MHz H T 5 CALL 
2AT 2 MI! H 1 ,gq 95 
3AT 441 220 440 MH2 H T s 779 q5 

nugl ~ n ~ r n l o r v  01 Acteslar~es 6 Radnnr 

U W T R M l C S  
Pack11 Commun#wlor CALL 
U l u  Un lv~ lsa l  lermlnal Unn 179 95 
Inletlace I1 Delure lnlerlace 229 95 

MFJ 
I229  Inlerlacslrer Sonware 1159 95 
1224 Inlerlacc~lrce Sonware 85 00 
1228 lnlrrlacc Itae Sonware 59 95 
98q 31W Roller Inductor tuner 789 45 

ICOM 

1 i Q 
-_ .-I 

New I C  735 
Can for Vour S p e c l a l  Puce 

TOKYO HY.POWER 
HRA ? 7 MI* Gas l~ t  Prramp 11995 
HAA 7 7n r M Grrtel Pwamp 11995 

? I 5 0  I 8 770 MH.' Prar Mlr S49 95 
SP 7.10 1 R I50  MH! Watt Mt8 46 95 
SP 170 t10 525 MU: Ppak Mlr 63 95 

VfiESu 
11 480 Drluxr Xcvl $1425 W 
F l  i57  Gcn Cor xcvr CALL ' 
fT751H O P S u Inn l ill 00 
n 1!,7~1 ~ ~ ~ l n l ~ n r l  705 00 
n .176R Mall8 Rand Xrvr C A l l  
FT-210R 4SW 2 Mlr 373 UO 
Fl-7704 RH ? Mtr 140MH7 489 45 
fl-7OURH 2 MI! H T .'nc+ s5 
FRG RAW Ht Cnmmunrral~ons 

R r r <  499 95 
FRG 9f iW 60 %OMHI Scmnntng 

Rewr CALL 

W A R R A N n  SERVICE CENTER FOR: 
ICOM, YAESU. TEN-TEC 

Large Stock At Discount Prices-For Orders & Quotes Call 1-800-523-7731 
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a carrier-activated 
CW reception limiter 

Save your ears 
with this handy 

signal enhancer 

Cut  those b ig  signals down to the same size as the 
small ones, the ad said, "use a limiter on your CW 
receiver." I did a double-take. Of course it's possible 
to  do this - but only in the very special case where 
there's no more than one signal going through the 
limiter at any given time. 

In the reality of our ham bands, this isn't always the 
case. CW bands usually present an irregular variation 
of anything from zero to  several signals at any given 
moment in a typical audio passband. When two sine- 
wave signals are stuffed through a limiter, the stronger 
signal will suppress the weaker so that the difference 
between the two is nominally 6 dB greater at the lim- 
iter's output than at its input.' For example, if a pair 
of signals, one at 40 volts and the other at 2 volts, are 
fed to a 1-volt amplitude limiter, the 40-volt signal will 
be limited to 1 volt and the 2-volt signal will be reduced 
to 1/20 volt - 6dB, or 1140th of a volt. Signals passed 
through an amplitude limiter are like Mother Nature's 
offspring - only the fittest survive. 

Figure 1 shows what happens if, for example, ran- 
dom 4-volt and 2-volt CW signals are fed to a 1-volt 
limiter. For clarity, a filter that passes signal Band re- 

jects the frequency of signal A is assumed. The un- 
filtered output of the limiter contains signals A and B 
plus harmonics and cross-products - a real mess. 

Despite the poor quality of signal B at the 
limiterlfilter output, experienced "brass pounders" can 
often get solid copy because of our fantastic ear-brain 
coordination capabilities. But comprehension is made 
more difficult, not easier, by the limiter's action. More- 

l over, if signal A is initially three or four times the ampli- 
tude of signal 8, then copying B becomes very un- 
likely. Finally, even copying one signal can become 
a problem if heavy limiting is used. In this case, noise 
would come up to  fill the spaces' between code 
elements. 

In addition to the suppression factor, if one or more 
signals above the limit threshold are fed to a limiter, 

By Don E. Hildreth, W6NRW, 936 Azalea Drive, 
Sunnyvale, California 94086 
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SIGNAL A ,  4 V  PEAK,  5 0 O H z  

SIGNAL 8 ,  Z V  PEAK. 7 5 0 H 1  

;(il I VOLT PEAK -- 1 5 0  H r  B P  S I G N A L  SIGNAL B  A  F I L T E R E D  O U T P U T  OUT 0 

a squared-off waveshape, which contains a consider- 
able amount of harmonic energy, is produced. In a re- 
cent article, a limiter was shown in front of a narrow- 
band CW filter.2 The article stated that locating the 
limiter in front prevents harmonics generated by the 
limiter action from reaching the power amplifier, 
prevents overload of the following power amplifier by 
strong signals, and makes up for AGC problems with 
CW. This is true as far as it goes, but it does nothing 

L I M I T E R  

S O U A R E  

GENERATOR 

for the suppression problems illustrated above. In addi- 
tion, it doesn't prevent sub-harmonics of the filter fre- 
quency from entering the limiter which, in turn, creates 
harmonics that appear as false signals in the filter 
passband. 

To eliminate the problem with sub-harmonics and 
mitigate the suppression effect, a narrow filter must 
be added in front of the limiter. This practice prevents 
lower frequency signals that are sub-harmonically 
related to the output filter frequency from getting to 
the limiter and reduces the number of signals with 
which the limiter is likely to be confronted. But even 
with the addition of filters surrounding the amplitude 
limiter, because of the isochronal* nature of CW, the 
signal-to-noise ratio is worse when using a limiter than 
for the linear case. The SIN for the limiter case can, 
however, approach linear performance if a received 
signal can be adjusted to an amplitude level where 
limiting is just about to begin. (In this case, SIN refers 
to the ratio of the coded signals; ON response to the 
noise response during the coded signals' OFF state. 1 
If the input level is made high enough so that receiver 
noise is at or above the limit level, then the effective 
SIN for any received CW signal will be 0 dB - usually 
an undesirable condition. 

At this point one may wonder whether or not a lim- 
iter is worth the bother. Not only is the system no 
longer simple, but the input signal amplitude adjust- 
ment is very fussy, even if you're trying to get an SIN 
only nearly as good as would exist in the linear case 
- where the limiter could just be thrown out alto- 
gether. Fortunately something can be done - with 
just a little more hardware - that will tilt the SIN ratio 
more than 14 dB in favor of the limiter case. 

F I L T E R  

U N I T Y  G A I N  

the super-CW model 10: 
a carrier-activated limiter 

U N I T Y  G A I N  AT O P T I M U M  I N P U T  L E V E L  

Figure 2 shows a block diagram of what must be 
added to the basic Filter-Limiter-Filter combination in 
order to obtain the SIN enhancement. The basic con- 
cept recognizes that the noise floor, which is present 
between the coded elements, must be treated as a par- 
ticular case. To accomplish control of this noise, a 
nominal 10-kHz squarewave carrier is linearly summed 
with the output from the pre-filter and fed to a low 
level limiter. The amplitude level of this carrier is made 
large enough to fully capture the basic limiter under 
no-signal conditions. 

For a simplified explanation of operation, when a 
receiver's input to the system is set at a level where 
the noise floor output from the pre-filter is below the 

@ m r -  - 

T i 
fig. 2. Basic requirements of a carrier activated limiter. 

voltage amplitude of the carrier, the noise is sup- 
pressed by the carrier - remember, survival of the fit- 
test. Then when a signal voltage appears that is above 
+. wochronal - occurring at equal intervals of time 

I N P U T  
VOLTS 2 
S I G N A L  A  

0  

114 September 1986 

a. 
I N P U T  
VOLTS 'Anr, ,,,-, 
SIGNAL B  I 

0  -. 

B  S U P P R E S S E D  BY A  

L I M I T E R  L E V E L  

SIGNAL 8 0 . 5  p"Kqm 
0  -- 

fig. 1. (A) limiterlfilter circuit model; (6) impact of strong 
signal on weaker signal by limiter action. (Idealized peak 
envelope shown for clarity.) 
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Hand-held Transceiverc 
Deluxe models Regular SALE 

CF-1 C o o l n ~  Ian tor PS-I5 ......... IC-02AT tor 2m ....... 349 00 28995 
EX-310 Vo~ce synth lor 751 . R-71A 39 IC-04AT for 440 MHz 379.00 28gs5 

Standard models Regular SALE 
.......... IC-2A lor 2m 239.50 18995 

....... IC-2AT with TTP 269.50 199" 
IC-3AT 220 MHz. TTP 299.95 23gq5 
IC-4AT 440 MHz . TTP 299.95 23gs5 

EX-195 Marker unlt ................ 39.00 
EX-202 LDA lnlerlace: 730/2KL/AH.I 27.50 

FL-32 500 Hz CW l~l ler ............. 5950 
FL-34 5 2 kHz AM l~ l le r  ............ 49.50 
SM-5 8.p1n electret desk mtcrophone 39 00 
ME-5 Mob~le mount ................ 19.50 

IC-745 9-band xcvr w/.l.30 Mhz rcvr 999 00 77g9' 

EX-241 Marker u n ~ t  ................ 2000 
EX-242 FM unll ............. ....... 39.00 ...................... EX-243 Electron~c keyer unit ....... 50.00 HM-9 Speaker m~crophone 34.50 

TS-32 CommSpec encode/decoder .... 59.95 
UT-15 Encoder/decoder tnlerlace 12.50 ..... FL-63 250 Hz CW f~lter (1st IF) 48.50 ... 

UT-15s UT-15s w/IS-32 ~nstalled 79.95 FL-44A SSB ltlter (2nd IF) 159.00 1449' .......... ..... EX-257 FM untt .................... 38.00 
VHWUHF mobile multi-modes 

VHF/UHF/1.2 Gl iz  FM 

............ UT-23 Vo~ce synthes~zer 29.95 

............... HM-12 Extra hand mtcrophone ..... 39.50 ML-12 IOw ampl~fter 339.00 29995 
SM-6 Desk m~crophone ............. 39.00 
CR-64 H~gh s lab~ l~ ly  reference xtal 56.00 
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activated limiter and the power amplifier (component 

the carrier amplitude, the signal suppresses the car- 
rier. Moreover, the instantaneous signal and carrier 
voltages add to suppress coincident noise. The filter 
following the limiter removes harmonics created by the 
limiter as well as the 10-kHz squarewave carrier. 

By designing the op-amp summer, limiter and op- 
amp active filter so that the gain is unity from input 
to output for the desired signal, identical stages may 
be cascaded for a multiplied SIN enhancement in a 
manner similar to that of a quality FM communication 
system. A complete system, including a narrow pre- 
filter and two stages of carrier activated limiters, which 
seems to provide just about the right amount of SIN 
enhancement for excellent operating "feel," is shown 
in fig. 3. 

The input filter is an 8th-order Butterworth two-pole 
cascade with a 100-Hz bandwidth centered at 750 Hz. 
This design provides minimal ringing and much bet- 
ter skirt rejection than can be obtained from syn- 
chronously tuned filters or others of the Gaussian 
class. The summing amplifiers are designed to linearly 
add three inputs: the signal, the carrier, and a resistive 
controlled positive feedback, which assists the SIN 
enhancement of each stage. Circuit constants of the 
in-line limiters provide limiting levels of 0.2 volts peak- 

+- 2.25 

0 

P 

fig. 38. PC board 408, the Butterworth filter board 
(component side). 

to-peak. The same limiter design is used to control out- 
put from the 10-kHz carrier, but in this case compo- 
nents are selected to make a 0.5 volt peak-to-peak lim- 
iter. Because of the light loading presented by the op- 
amp summer design, only one 10-kHz carrier gener- 
atorllimiter combination is required to drive both car- 
rier activated limiter stages. Identical 2nd order filters 
with a nominal 175-Hz bandwidth centered at 750 Hz 
are used following each carrier activated limiter. Out- 
put from the last filter is fed through an L network and 
volume control to drive an LM380 power amplifier. A 
mode control switch is included to enable selecting 
the input from a receiver, output from the linear pre- 
filter, or output from the complete carrier activated 
limiter system for input to the power amplifier. 

system performance 
With this system, SIN enhancement has essentially 

reached its maximum of a little over 14 dB when the 
SIN out from the pre-filter is + 10 dB and enhance- 
ment declines smoothly toward zero as the SIN from 
the pre-filter approaches zero dB. As a relative com- 
parison, this means that a received signal at about 4.5 
dB below the noise in a typical 3 kHz bandwidth would 
yield a + 10 dB SIN from the pre-filter and a +24 dB 
SIN from the carrier activated limiter system. Figures 
4A and B illustrate generalized performance. 

In addition to reducing the noise by 14 dB, the sys- 
tem can also suppress the ringing residues from the 
pre-filter by the same amount. Since the ringing resi- 
due amplitudes from a Butterworth filter are more than 
10 dB below the ON elements of a CW signal that trig- 
gers them, the final effect is reduction of ringing 
residues to more than 24 dB below the desired signal. 
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You owe it to yourself to be informed. This comprehensive new 
book explores the receiver world through real-life tests conducted 
by internationally renowned radio engineer, Rainer Lichte. Read 
scores of no-axe-to-grind reviews about such famous brands as 
Panasonic. Sony, Yaesu, Kenwood. Drake, Eska. Hitachi. Grun- 
dig. Phillips, JVC. Zenith, Dymek. ITT, Bearcat - both old and 
new models, including ICOM R71A. Sony 2010. and Yaesu 8800. 
Explains the mysteries of technical specs, too. A must book. 

GILFER SHORTWAVE 
52 MRK AVE. PARK RIDGE. NJ 07656 - Ph 2011391-7887 

- - 

I converts Your HT to a ~owerfu l l  
Mobile Unit 
30 or 50 watts output 

16 DB GaAs FET pre-amp 
Fits on most car doors 

Icom, Yaesu, Kenwood 
2 Meters & 70 cm 

I CMC COMMUNICATIONS, INC. 
5479 Jetport Industrial Blvd.. Tampa, FL 33614 

Phone: 813-885-3996 I 
pternber 1985 , 191 

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 Mc~mt7crship Benefits: 

ORBIT Magazine Subscription: 
Dependab le  technical articles, satellite news, 
orb i ta l  elements, p roduc t  rev iews,  DX news, 
a n d  more.  

Satellite Tracking Software 
Avai lable fo r  mos t  popu la r  PCs. 

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

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership i s  $24 a year, $26 out -  
s ide N o r t h  Amer ica.  V I S A  a n d  M C  accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
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Also, because filter ringing increases in duration rather 
than amplitude as bandwidth decreases, this makes 
possible the use of sharper filters - down to 25 Hz 
or so for a CW signal at 20 WPM.3 And this can be 
done without the need for a complicated synchronous 
detection system. However, to make use of this very 
narrow bandwidth and assure comfortable operation, 
many existing receivers would need better bandspread 
tuning control than they now have. Even the 100-Hz 
bandwidth used in this system requires relatively stable 
oscillators on the part of a received signal and the 
receiver as well as very careful tuning. 

Since the limiterlfilter system effectively holds the 
signal output level constant, the sound pressure listen- 
ing level cannot exceed that selected by the AF gain 
control. This feature, present for any signal or noise 
pulse received, guards against damage to the listener's 
hearing. This protection is lost, however, when switch- 
ing to the INIOUT or Filter positions. 

Other methods of SIN enhancement include those 
techniques that develop a voltage from a received 
signal to operate an electronic switch to turn an audio 
oscillator on and off, or to drive a digital system. In 
general, these methods are fine when a CW signal has 
a good SIN, but they usually don't perform well with 
threshold signals. However, the electronic switch 
method, where it must be used, can be improved by 
driving it from the carrier activated limiter system. 

1 

I I 

' S / N  1 / 
OUT I / 
I d @ /  1 / 

/ 
L C ~ R R ~ E R  ACTIVATED 

I 
0  + 10 + 2 0  t 3 0  

l o  T 

SIGNAL 

L I N E A R  F I L T E R  

.--c -t----! 
0  0.01 0.02 0 0 3  0 .04  0.05 0 0 6  0.07 0 0 8  D O 9  1.0 

SIGNAL INPUT  I V ,  P-P I  

fig. 4A. S / N  out versus S / N  at input. Curve is analagous 
with S I N  enhancement cuwes for FM systems. but bet- 
ter because this system has no detection losses. 

fig. 48. Signal output characteristic as signal input level 
is varied. A nomianl 14 dB S I N  ratio enhancement is 
available over the range from 0.2 to 0.5 volt p-p input with 
a peak boost of 18 dB when input is set at 0.3 volt 
peak-to-peak. 

Finally, the system is designed to operate from a 
low input level to avoid the requirement of moderate 
to high receiver gain when listening to weak signals. 
This reduces the possibility of receiver saturation - 
unplanned limiting with all of its ramifications as shown 
in the beginning - by strong signals that may exist 
in a receiver outside of the pre-filter bandpass. 

operating with the model 10 
The nominal signal input voltage requirement is from 

0.25 to 0.5 volt peak-to-peak at 700 to 800 Hz. Input 
termination is resistive at 2.2 kilohms, which enables 
the unit to be driven from either a receiver's speaker 
or phones output, or an op-amp. Output from the 
power amplifier is low impedance to enable driving a 
speaker of from 4 to 8 ohms. If headsets are used, con- 
nection to the output should be made through a nomi- 
nal 100 ohms to avoid possible damage to ears or 
headset. 
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The MODE control has three postions. In the IN1 
OUT position, no filtering takes place, but the variable 
gain from the AF GAlN control is in effect. In the 
FILTER position, the 8th order Butterworth pair cas- 
cade is inserted between the input and the power amp- 
lifier. In the SIN BOOST position, the cascade of car- 
rier operated limiters is connected between the FILTER 
output and the power amplifier. 

To make the best marriage with a receiver, disable 
the AGC, use a low RFIIF gain, and set the audio level 
from moderately high to maximum. In a receiver that 
does not have an AGC ONIOFF capability, AGC action 
is effectively defeated by a reduced RFIIF gain set- 
ting. A little experience with the system will make this 
clear. 

With the preliminaries completed, listen to the sys- 
tem with your receiver set at a point on its dial where 
no signal is present and with Model 10's AF GAlN set 
at mid scale. Then, switching through the three posi- 
tions, you should hear broadband noise in the IN/OUT 
position, reduced noise in the FILTER position and still 
further reduced noise in the SIN BOOST position. As 
a quick reference, you can put Model 10 in its S/N 
BOOST position, then adjust your receiver's RF/IF 
gain control to obtain a weak noise background. Tune 
in a moderate-to-weak signal. Now, when adjusting 
your receiver's gain up and down, you'll notice a 
"knee" (see fig. 4B) where the signal remains con- 
stant in level for increased input and where the signal 
falls off very sharply as gain is reduced. In the region 
of the knee, your receiver's gain control is adjusted 
for optimum SIN ratio enhancement. At this point, 
switching the MODE control to any of its three posi- 
tions will result in about the same signal output level 
- which confirms an optimum receiver input level. 

In the SIN BOOST position, tuning is even sharper 
than in the FILTER position. The BOOST position sup- 
presses skirt responses and residual ringing in the same 
manner as it reduces the noise floor, which enables 
clean high speed copy with a narrow filter. 

In normal operation you simply adjust receiver gain 
for input level and Model 10's AF GAlN for desired 
sound pressure level. 

Don't want to build i t  yourself? The super-CW Model 10 is available 
preassembled. Contact the author at Hildreth Engineering, P. 0. Box 
60003 Sunnyvale, California 94088, for details. 

references 
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ALL MODE MOBILE TELEPHONE INTERFACE 
Automatic Vox Phone Patch System 

OPTIONAL: 

DTMF TELEPHONE 
N P E  SPEAKER/ 
MICROPHONE 

HOTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
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FOR ECASTER 

tions. For even higher K's, all signals 
are lost in the absorption and QSB. 
Don't despair - when the K drops 
slightly from the previous high, we're 
back in the "unusual direction" K 
category. 

last-minute forecast 
The third week of September is ex- 

equinoctial DX propagation 
brings change, excitement 

This season's propagation is char- 
acterized by change and excitement 
resulting from the fewer number of 
daylight hours as winter approaches. 
In addition the MUF diurnal curve will 
no longer exhibit summer's typical 
low, flat response but will instead 
show a pronounced peak in the after- 
noon and a downward dip in the pre- 
dawn hours. Short-skip sporadic E 
openings will become scarce, giving 
way to long skip, including many long 
one-hop transequatorial openings, par- 
ticularly towards the south in the even- 
ing. Shortwave broadcasters must an- 
ticipate these changes by planning for 
frequency changes after each of the 
two-month periods, (MarchIApril and 
September/October). The change is 
slower during the other two periods, 
which comprise four-month intervals 
(May through August and November 

pected to be the best for working DX 
Garth Stonehocker, K0RYW on the 10 through 30 meter HF bands, 

coincident witha higher solar flux. T; 
confirm that this situation is occurring, 

through ~ebruaryi. 
During the equinoctial period the 

geomagnetic field exhibits the greatest 
variability. The magnetosphere (geo- 
magnetic field) acts as a source of high 
latitude electrons and accounts for 
ionospheric movement. During equi- 
nox - when the earth's equatorial 
plane intersects the sun - solar wind 
particles feed down through the mag- 
netosphere into both polar regions of 
the ionosphere. The variability, both in 
speed and density, of the solar wind 
stream is transferred to the geomag- 
netic field and ionosphere. Geomag- 
netic field control of the ionosphere is 

strong at this time; consequently we 
can look to it as a measure of what the 
ionosphere's reaction will be. Recall 
the large geomagnetic disturbances of 
last spring's equinox in April; the A 
index, which was 77 on April 21, was 
again up to 40 the following week, on 
April 28. Remember what propagation 
conditions were like then? 

But what is meant by geomagnetic 
data? The A index is a measure of the 
amount of change, with time (minutes 
to hours), of the geomagnetic field 
from a normally (average) quiet day at 
that station. The larger the A index 
(one number per day) or K index (every 
three hours or 8 per day), the more the 
ionosphere is moving around. The 
eight K numbers are summed and mul- 
tiplied by a factor that converts it into 
the daily single A index. (The number 
is further manipulated to calibrate the 
data from each measuring station.) 
Large changes in the ionospheric 
layers take place with K's above 6, 
especially for paths along or across the 
auroral zone (65 to 75 degrees north 
latitude). A K of 4 to 5 indicates mod- 
erate movement with its accompany- 
ing signal strength variation, QSB. 

When listening on the bands during 
various degrees of geomagnetic distur- 
bance, you'll notice something like 
this: with K's of 0 to 2 the band will 
be full of signals from just about every 
direction; with K's of 3 to 5, the 
accompanying absorption and some 
OSB will cut out some of the stations 
you hear. When the K's are 6 and 7, 
signals you hear will be coming from 
unusual, less frequently heard direc- 

monitor radio station WWV on 2.5, 5, 
10, 15, and 20 MHz at 18 minutes after 
each hour. If the flux is up, expect 
transequatorial openings to occur to 
South Africa, South America, and 
especially Australia. These will be 
enhanced openings during a geomag- 
netic-ionospheric disturbance in- 
dicated by an A index of 20 to 40, 
which is likely at this equinoctial 
season of the year. The lower bands 
should greatly improve through the 
month with lower atmospheric noise 
levels and higher signal strengths. The 
MUF will be lower on east-west paths 
during disturbed conditions, with QSB 
noticed on the signals. Under these 
same circumstances, expect to hear 
DX from some unusual locations. 

A full moon will occur on September 
29th and its perigee on the 16th. The 
autumnal equinox will be on the 23rd 
at 0207 UTC. No significant meteor 
showers are expected this month to 
enhance meteor burst DXing. 

band-by-band summary 
Six meters may have a few sporadic 
E openings around local noon, but 
don't count on them. This month 
should be the last chance for E, until 
next summer's season begins. 

Ten, twelve, and fifteen meters should 
provide a few short-skip E, openings 
and many long-skip openings during 
any solar flux peaks to most southern 
areas of the world during daylight. 
Some of these openings will result 
from transequatorial propagation, 
especially during the disturbed 
conditions. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during "normal" hours. 
'Look at next higher band for possible openings. 
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: Stuck Mil 

: Cable TV 

crophones 

Leaks 

DIRECTION FMDIPC? 
+ Interference Locatic rage 

A i r Interface 

A i iynthesizer 

*'Security Monitoring t 12 VDC C 
* - - 

New Technology (patent pending) converts any v n r  or UHF FM recelvar t t n u  an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detect~on. Call or write for full details and prices. 

@ DOPPLER SYSTEMS. INC. 5540 E. Charter oak* (602) 998-1151 
Scottsd 35254 lale, AZ I 

.-. 
t VHF and 

t Compute 

t Speech : 
. . 

w 
Now there's a hardware maga- expensive motorized wire-wrap 

zine that's all about computers tool and an RGR color to com- 
for people who like to  build their posite adapter. 
own. Computer Smyth's pre- During its premiere year, Com- 
miere issue is now published, puterSn1-1~lh wil l  survey the more 
providing all the pleasure, econ- than two  dozen computer kits 
omy and satisfaction o f  build-it- now available in the US. Ki t  
yourself projects that Hams know builders w i l l  report on  many o f  
so well. them. A major series on  building 

Our authors take you inside the a 32-bit 48000 micro begins i n  
chips, talk about what they d o  issue two. 
and how they're controlled, and Computer Sm.ytb is published 
explain command options you by Audio Amateur Publications, 
may never have heard o f  before. publishers o f  Artdio Amateur and 
Computer Smyth's first quarter- Speaker Builder magazines. All 
l y  issue begins a series o n  a com- three are reader-centered, hard- 
plete 280 based computer on ware-intensive publ icat ions 
three 4 x 4 % "  boards, which lets whose editors believe that a 
yo11 interface 3 l /4 ,  5 1/j and 8" magazine's primary job is satisfy- 
floppy disks in all densities and ing the reader not consumer mar- 
track configurat ions. John keting. Our magazines are run by 
Adams' 'series w i l l  include a tech enthusiasts not MRAs look- 
switching power supply, a PROM ing for profits. 
burner and software options for We guarantee that i f  you are 
this rack-mount system. unhappy wi th Conlpzctw Smjlth 
The first issue also features an for any reason. your money wi l l  

XIY plotter you can build, an in- be refunded upon request. 

.......................................................... 
Yrs, enter my subscription to Corn- Make that two years at $ 2 5 .  H.75 

purer S r n ~ t h  fnr one year at 11 5. [7 Charge tc t  credit card. 
Check rnclosed. Charge card orders: (603) 924-9464 

Street & No 

Town State Zip 

Expire Signature 

Computer Smyth Magazine 
PO Box 176, Peterborough. NH 03458 rc 116 

Twenty, thirty, and forty meters will 
support propagation from most areas 
of the world during the daytime and 
into the evening hours almost every 
day, either long-skip to 2500 miles 
~4000 km) or some short-skip E, to 
1250 miles (2000 km) per hop. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 
The bands will be open in the east 
soon after sundown, swing toward the 
south about midnight, and end in the 
Pacific areas during the hour or so 
before dawn. On some nights these 
bands will be as good as the winter DX 
season. Some nights, noise (QRN) 
from thunderstorms (airmass and 
fronts of fall weather storms) will be 
a problem. However, high signal levels 
that occur during short-skip Es propa- 
gation conditions may overcome the 
static. 

ham radio 

EXMET our source lor Discounted Prlms 6061. 
~616061-7651 I alumlnum Tubing and Rod 

TUBING 
0 0. and wall Lenpth Rlce par Length 

112" 1 058 I ?  It S 1250 
718' x 058 17 I t  19 50 
I' 1 058 I 2  11 21 i 5  

1 114' r 058 12 11 27 35 
1112' x 049 12 11 28 80 
1.112' 1 058 .12 11 33 W 
1.112. r 065 12 11 38 40 
1 117" x M3 12 11 48 W 
1 112- 1 125 24 11 86 40 
1-117' 1 220 14 It 105 15 

2' r 058 12 It 42 25 
2' r ffi5 12 It 45 50 
2" x 1?5 24 11 11040 
2" i 250 24 11 I87 20 
3" i Oh5 I 7  11 81 50 

ROD 
0.0. tenplh Prfce p8r Length 
118. 12 II $ 2 0 3  

3116' 17 II 4 50 
Volume dtrcwnls on orders w e r  S 5 m  00 Omer SArnol lubong 
and 1M qrll~led u p n  rpque5t Mlnlmum nrdet $50 M Iuhlng 
IM W rod 
POIICIOS All PrIces FOB Twmsburp. Ohlo Payment IS COD. 
01 MU? CW charqes by ewlosmg a check w money order wllh 
you, order Ohlo ressdenls add 5.117% saks lax 

Exmet, Inc. 
2170 E. Aumn Rd.. P.O. Box 117. Twlnlburg. Dhlo -7 

216.425155 
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WELCOME TO 12 METERS! 
Add all lhree WARC Bands l o  your n-101 

Increases Resale Value of your Rtg. 
Installs eas~ly, deta~led instruct~ons. 
Includes all crystals. relays. wire, etc. 
Tested, fool-proof design for all but 'ZD 

Ff.101 %band WARC Ki t  ..................... $25 
FT-901 30M Only WARC Kit ................. $10 

Shlppng $3. A8r $5 IUS 6 Canada). $10 EIK*mere 
Order by mall or phone VISWMC or COD Accepted 

GO FOX TANGO - TO BE SURR 

SPECTRUM ANALYZER 
TS.1010 UPM 84 Analvzer lor 10 
Mhzto44 GHzln 8 bands. 2DKHl 
resolullon @ 3 db polnts Ois- 
perston 0.5-25 Mhz above 55 
MHz: 0-60 db IF anenuallon in 6 
db steps. With 5ADP7 CRT: re- 
quires 1151230 VAC.  
1 7 . 3 r 1 9 . 5 ~ 2 6 .  180 IbS Sh. 

.. Used-reparable .*. ,5265 
ACCESSORY KIT includtng filters, attenuators. and 
adapters ................................ mset purchase $85 

.... TRANSIT CASE..SlS MANUAL. oarfial repro $1 5 
R-1420 UHF RECEIVER. 30-~OO'MHZ AM-FM-cw In 
two bands: selectable 20 or 300 KHz bandwidth. 
Same as CEI 905A. 3 . 5 ~ 1 9 ~  15. 25 Ibs sh. 

............ Used-reparable wlrepro book -..$395 
mca F.O.B. Uma. 0 . VISA, M M L M I R D  AaaMed. 

A l l o r  hr  Shlpplnl . Sand ht '%S Calalcq Suppl. 
M d n n  Darn. HR . Phone: 419R21.6513 

-- 

6 Fully A s s e m b l e d  a n d  T e s t e d  

#dQ4\:hPbb 0 so. 

\ ,.?Q~ 

+"t103 

MODEL VS 3M)A ANTENNA TUNER 169.95 

MATCH MOST ANTENNA-FEEDLINE 
COMBINATIONS TO YOUR RIG 

M A T C H E S :  d~poles, ~nver led vees, beams quads. 

qIg 
vert~cals, n~ob~ l r !  wh~ps,  random wlre, etc that are fed by 
coax, balanced line or slngle wlre 
M A X I M U M  P O W E R :  300 watts RF 
I N P U T S  [seleclabie from lront panel): RADIOKIT 

Box 411H 
3.coax I - d~ rcc l .  2-direcl or lhru luner 1 Grwnvllls. NH 03MO 
I-balanced Ihne (4.1 balun ~ n c )  or single wire 1803) 878.1033 

I N - L I N E  C A L I B R A T E D  W A T T M E T E R  I N C L U D E D  telex 887897 

by ALUMA 

C l l k  up 

W Ft  Alum. Roeel1 11 
crank up TELESCOPING ICRANK.UP1 
~ o d s ~  T 8BH GUYED t9 lAc  K.UPl 

I TILT OVER MODELS 
Easy t o  ins ta l l .  L o w  P r l ces .  

C r a n k - u p s  t o  100 11. 

I! 212.925.7000 
Los Preclos Mas Baios em 
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GLB products include high quality components and prewound coils. Circuit boards are made from 
G-10 epoxy and are silk-screened and solder-masked for easy construction. 

High performance and affordability are featured throughout the GLB product line. All products 
carry a 90-day warranty. 

Our design capabilities offer cost-effective solutions for special applications from HF to micro- 
wave, with production support for large quantities. 

Contact us with your requirements-amateur, commercial, and military. 

GLB PRESELECTOR = PREAMP 
I - THE SOLUTION TO MOST INTERFERENCE, INTERMOD & DESENSE PROBLEMS. 

LOW COST 
G L R  ELECTRONICS 

t . . . .  I . . . ,... . ,, , , . ,  ,.. ,.,_ .,,.. 
%,I., I. 

FANTASTIC REJECTION! 
Typical rejection: 
k 600 Khz @ 144 Mhz: - 28dB 
k1.6 Mhz @ 220 Mhz: -40dB 
k 5 Mhz @ 450 MhZ: -50db 

Y0d.l P.148 Y0d.l P.pO Y0d.l P 4 0  \:- - .  U) DB- ,E ,A 
- M O B  . .  . .  MOQ 

m On mw - 
_ ? g 5 g 5  5 ? I i $  , 2 5 4 '  

! ? O S S  & N i i R I  i f - ? '  
I J 

Typical Selectivity Curves 

Bipolar wlRCA jacks $89.95, Commercial $109.95 
GaAs fet option (200 Mhz & up) $20.00 

Connector options: 
N $10.00, UHF $6.00, BNC $5.00 

Custom tuning is available when maximum 
selectivity is required. Gain is then controlled 
to 2-3 db. 

Special order- $10.00 

40 - 1000 Mhz - tuned to your frequency 

5 Large Helical Resonators 

LOW noise - HIGH overload resistance 

8 db Gain - Ultimate Rejection 80  db 

10 to 15  Volts DC Operation 

5-10 ma Current Drain 

Cast Aluminum Enclosure 

Small size - 1.6 x 2.6 x 4.75" 
exc. connectors 

DESIGN OBJECTIVES 
The function of a preselector is to provide ad- 

ditional filtering against undesired signals. The 
design objective in this product line is to 
achieve the highest possible selectivity with 
carefully controlled gain. Very sharp selectivity 
is produced through five helical resonators 
which can benefit receivers in many instances 
where intermod and cross-band interferences 
occur. The "nose" of the selectivity curve is ex- 
tremely sharp, so the unit must be tuned to the 
exact frequency used. 

Easy installation of our "add on" preselector 
can be the low-cost cure for problems which 
until now could only be accomplished by 
improving the dynamic range of the receiver 
itself. 

Custom units are available on special order. 
Write or call for quotations. 

GALLIUM ARSENIDE VERSION 
Better performance is obtained with GaAs 

transistors. The higher gain these transistors 
provide is traded off for still better selectivity. 
GaAs transistors also offer greater resistance 
to overload and improved noise figure. 



HIGH PERFORMANCE HELICAL FRONT END I 10.7 FM IF/AF 

-Designed for any application requiring state-of- 
the-art performance I 
Five large helical resonators 
8-pole Crystal Filter 
On-board crystal oscillator 
Typical sensitivity: .29 @ 20 db 
Over 100 db adjacent channel rejection 
Image rejection well over 80 db 
Over 105 db dynamic range 
(no desense below 100,000 uv) 
Front end bandwidth less than 1 Mhz 
(wider bandwidths available on special order) 
bimensions - 5.25 x 2.25 x 1.75 inches 
12V DC operation 

Fantastic squelch -can be set to open on signals 
you can't even hear! "Chop" resistant and there 
is no "pop" when it opens or closes! 
Temperature stable squelch & audio levels 
Hard FM limiting 
2 Watts of audio output power 
Fully compatible with GLB front ends (or yours) 
12V DC operation 
Dimensions - 2 x 4.5 x 0.8 inches 

I Model R107 Kit 
Wiredrrested 

UHF TRANSMITTER 

Model 415 - 144 to 148 Mhz (pictured) $139.95 
Model 415 A - 220 to 225 Mhz $149.95 

$179.95 Model 415 C - Commercial Hi-Band 
Now Available - 420 to 1000 Mhz wlGaAs Fet - Call 

Direct FM capability or AM for ATV 
On-board crystal oscillator 
Typical output - 2 Watts 
Spurious down 55 db 
12V DC operation 
On-board keying circuit for push-to-talk 
Includes AF-10 audio processor 
(see description above) 

AUTOMATIC CW IDENTIFIERS 
The alternative to troublesome diode programming 

Model ID-2 w12-10 min. interval timer. 

~ imensions - 2 x 4.5 x 0.8 inches 
AF-10 - 1 x 4.5 x 0.8 inches 

Model T450L Kit $59.95 
Wiredfrested $99.95 r,m 
Add $10.00 out of ham band 

T 

Enormous capacity - Up to 8 reprogrammable, 
2,000 bit messages. (Approx. 2.5 minutes each at 
20 WPM!) 
Size: ID-1 2.5 x 1.7 x 0.7" ID-2 2.5 x 2.75 x 0.7" 
Adjustable audio, speed, and interval timer (ID-2). 
(30 sec. to 1 hr. intervals spec. order) 
Simple installation - + 7 to + 15 volts, DC 
Automatic operation. Mode 1 -trigger input starts 
message cycle -terminates at end of message. A 
"hold" signal is provided to maintain trans- 
mission until cycle is completed. Mode 2 - mes- 
sage starts when power is applied - cycles con- 
tinuously until power goes off. (repeats about 
every 2.5 min. @ 20 WPM). 
Message switching wljumper wires. A multi-tap 
switch or loaic aates can be used. - .. 

INCLUDE message(s). Print or type with exact spac- 
ing, punctuation, etc., clearly. 

Model ID-1 $49.95 
Model ID-2 $69.95 

Wired, tested 
and programmed I 

1 I 
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FROM ANY ROOM! 
Works wtth mo5t ~ntrared 
remote control receivers or VCR's 

Wholesale and 

In Wisconsin 800-362-721 2 
(Author~zed V~deo Link'" Dlstr~butor) 

SATELLITE 

BEAM ANTENNA 
HANDBOOK 

by Bill Orr, WGSAI 

Bill Orr and Stu Cowan have 

the Beam Antenna Handbook to 
include the very latest informa- 
tion on state-of-the-art antenna 

generated beam dimensions for 
Ihe 40. 30. 20. 17. 15. 12. 10 
and 6 meter bands and VHF 

' bands are included eliminating 
I the need for time consuming 

math calculations. Also covered 
are: Beam height and optimum 
apex of radiation, how element 
types and hardware effect perfor- 

mance, effect of nearby objects on radiation patterns. 
feedlines, baluns and matching systems and much more. Ham 
Radio VHF columnist, WIJR, and noted European VHF'er 
DL6WO's VHF antenna designs are covered extensively as well 
as NBS VHF long Yagis. 268 clearly written pages - 204 
easy-to-understand illustrations make this the book to buy for 
beam construction. ,1985. 1st edition. 

Please enclose $3.50 for shipping and handling. 

WHAT'S REALLY 

SATELLITE 
TELEVISION 

M A G A Z I N E , ,  
A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to you will 
receive a FREE LCD CalendarIClock. 

IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY 

+Magazine Format +Complete Movie Listing +All 
Sports Specials +Prime Time Highlights +Specials 
Listing and +Programming Updates! 

Only $39.00 per year (52 weekly issues) 
2 Years $69.00 (1 04 weekly issues) 
$1 .OO for sample copy 

Visam and Mastercard "' accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STV@/OnSat@ 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1 -800-438-2020 





a simple continuity tester 

A United States Navy training manual once 
described a circuit - affectionately known as the 
"octopus" - for examining semiconductor junctions, 
capacitors, and comparing printed circuit boards sim- 
ilar to the circuit shown in fig. 1. Through the years, 
I have run across several other versions of the octopus 
differing only in the methods of attaching the many 
wires connecting the instrument to the oscilloscope, 
power source, and device under test. The octopus is 
useful in pointing out problem nodes and providing 
fast golno-go tests on a variety of components. Oscil- 
loscope patterns obtainable are combinations of those 
depicted in fig. 2. 

While ferreting out the cables and cords necessary 
to hook up a particularly elaborate octopus, it occurred 
to me that I would not be wasting time looking for a 
power cord if the octopus were battery powered. After 
locating the power cable, I determined that elimina- 
tion of the required oscilloscope would also be neces- 
sary because every available oscilloscope was hope- 
lessly buried under other people's ongoing calibration 
setups. 

circuit description 
As a result of my decision to eliminate both the 

power cord and the oscilloscope, the circuit shown 
in fig. 3 was developed. The circuit illustrates a 555 
timer operating as a minimum-parts astable oscillator. 
The ceramic sounder provides an aural indication of 
resistance. The diode bridge steers current through the 
ceramic sounder with the correct polarity, and the dual 
color LED (light emitting diode) provides a visual indi- 
cation of current flow and polarity information. The 
tapped power source provides a node that is negative 
when the 555 timer is conducting and positive when 
the timer is not conducting. Current through the LED 
and the device under test is limited to a nondestruc- 

By Robert R. Frahm, WDGGMB, Box El 
American Embassy, APO Miami 34002 

A -  G O 0 0  J U N C T I O N  

8 - S H O R T E D  

D - R E S I S T A N C E  

E - C A P A C I T A N C E  @ c-OpEN @ 
fig. 2. Octopus presentations. 

6.3 VOLT 

T R A N S F O R M E R  

1 0 k  

tive value by the internal resistance of the ceramic 
sounder. 

I' 

0 

directions for use 

0 

V E R T I C A L  

: 6.0 .  & T O  O S C I L L O S C O P E  

H O R I Z O N T A L  

0 

I O I  

0 

With the junction tester turned on, a shorted condi- 
tion is indicated by a steady tone and by the alternately 
blinking red and green LED. This condition can be 
observed by holding the test probes together. The tone 
should be steady - i.e., there should be no change 
in volume. 

An open condition is indicated by silence and the 
absence of color in the LED. A clicking noise may be 
heard if the test probes are held close together due 
to capacitance between the probes. 

A good junction is indicated by a beeping sound and 
either a blinking red or blinking green LED when the 
test probes are placed across the junction. If the test 
probes are reversed, the same sound will be heard, 
but the LED will blink in the opposite color1 For ex- 

T E S T  L E A D S  

fig. 1. The "octopus." 
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ample, if a beeping sound and blinking red LED indi- 
cate a good junction, then a beeping sound and blink- 
ing green LED indicate that the test probes are re- 
versed. Take note of this relationship, since it helps 
to determine the polarity of the junction. 

The junction tester may be used both in and out of 
the circuit (with the power off), but parallel resistances 
may complicate interpretation of the results. Compar- 
ing the results of testing printed circuit boards known 
to be good can facilitate interpretation of the results 
of testing boards of unknown status. 

Low current pulses (10 Hz at 18 volts peak-to-peak) 
are available at the test probe tips. These signals are 
useful when implementing signal or pulse injection 
techniques. 

A slight change in volume while the test probes are 
shorted may indicate that the batteries are "out-of- 
balance." This condition may be corrected by inter- 
changing or replacing the batteries. Since the junc- 
tion tester draws current from the batteries whenever 
it is turned on, be sure to turn it off after use. 

S I A  

I,: C I  7; 

& :  

8 L E D  

construction details 
Circuit layout is not critical. A socket is recom- 

mended for the 555 timer to simplify replacement. The 
low current (CMOS) 555 timer version is unforgiving 
of inductive loads and not recommended, particularly 
on modified junction testers that may include a switch 
to bypass the ceramic sounder and LED. A suggested 
panel layout is presented in fig. 4. The total cost of 
parts is about $20.00 if they're purchased new. 

L E D  

C E R A M I C  SOUNDER 

A L L I G A r O R  C L I P  

TEST  L E A D S  

0 J I  
I- 0 0 

conclusion 

/ -5- 
81.82 9-volt battery. RS No. 275-1546 
C1 2.2 pF 50.~011 capacllor 

RS No. 272-997 
CRI.2.3.4 IN914 drod., RS No. 276.7620 
CS caramtc sounder. RS No. 273-060 

or NO. 273-065 
J1 female b # n m  lac*r, RS W.  274-725 
LED XV-5491 LED (dual color). 

RS No. 276.035 
PI.P? n.tt.,y connactorr. 

RS No. 270-325 
R1 33 kllohm. 1/4-wall reairlor, 

RS No. 271-1341 
Sl  DPDT swilch, RS No. 275-1546 
ml*cell.meout box. AS No. 270.222 

a rwtor   lip. RS NO. 270-347 
test probes. RS No 278-704 
pnnred orcult board. RS No 276-768 
IC 10cke1, RS No. 276-1995 

Note RS = Radio Shack 

fig. 3. Junction tester. 

An alligator clip secured to the panel holds a loose 
transistor, sparing me the bother of chasing the tran- 
sistor around the bench with the test probes. (Since 
building the junction tester, I still find myself searching 
for it because other technicians are always carrying 
it away. 

I've often found faulty parts while demonstrating the 
junction tester. Once I used it to "wring out" a prob- 
lem extender board that had been tested with an ohm- 
meter, but showed no apparent defects. Using the 
tester, I found 8 staked terminal where oxidation had 
developed between it and the printed circuit, turning 
the mechanical connection into a diode! 

fig. 4. Panel layout. 
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\ Jim Steffen. KCGA -;;, ,, yaL Lo corn- 
..... 

,- mlldlY conLsmplallnR the p'llcliM4 Or 

-_ .,, expPllnced U s n i -  lram 

Here's the f~rs l  source book 01 computer programs EME System Cakulator. Sky Locator. Mwnbacker 

this ~rnp"'l*"~ '"" for me Radto Amateur. Bestdes covering computer UHA-0657 
Of 

mnr* ~ ~ t r e p n ~ ' ~ ~  basics, this bwk  gwes you programs that will help Softbound $16.91 
.">-., " .- 

hayo baa,i "rl,Lon I"' 
"" you 1%. determ~ne sunr~selsunset times, track the UHA-0657 with program disk $29.9: 

Pw~~~~~m~~'~el,~nc ,,mx9 to  h-10 YO" 
Moon's path across Ihe sky, use Greyl~ne ro aga SPPCh COmPUter (see lhst below) 

,.lonm *I<" ~tncereiy and set UP record systems lor WAS, lX!C ' DPmgram disk alone and VUCC, or any other award. You can elther $19.95 
buv the book alone or vou can buv the hnnk with 

I 
. - - - . . . . . . . 

the programs already oh dlsk Takk full advanlage Programs avrilkU- '-- '--.- '. .""̂  - ^--.. 
s*,,, renney.  WIN1" ol your computer w~th lhls well wrlnen source IBM (00s). T. .>nu mooel I ano n 

book 'c 1984. 1st edihon. 
117 n..... 

Commodore A.a C.64 Please mark yi 

AMATEUII IIADIO CO*)UTEIISOF~~RE 

ANTENNA DESIGN 
Thts sell promphnq proqram covers dtpoles. Yags, long 
wlres rhomb~cs quads loops, vemcals and other anten. 
nas You simply enter the lrequency you are destgnlng an 
antenna lor the antenna you wan1 to make and the com- 
puler will give you all the lnlhal deslgn speclflcahons you 
need The results can be stored on dlsk lor permanenl 
relenhon 
LIHO-AD (For C-64) 59.95 

CONTEST LOG 
Thls dlsk conlalns lour drfferent contest programs ARRL 
Sweepslakes held Oay Universal WW Conlesl log, plus a 
dupe checklng routlne Each pmgrarn 1s destgned for real 
tlme use It automat~cally enters date, ttme band and 
serral number for each contacr A 24hour clock e 
displayed at the lop of the VDT screen When the contest 
IS over the program will prlnt your results llshng all duped 
and scored contacts In serlal sequence w~th  all the 
necessary mfohnabon as well as completed score at Me 
bonom of the paqe 
i HD-CL (For C-64) $24.95 

SUPER LOG 
Super log glves you all the advantages of a compuler~zed 
data base mthout s~gnlficantly changlng the tradthonal log 
format For contesters Super Log can be configured to 
e~ther manually or automatically enter senal number as well 
as hme of contact Make an error and you can easlly go 
back and ed~l the entry Super Log also allows you to pnnl 
out elther selected contents or the whole log Will prlnl 
OSLs Easy to mod~ly 
[_IHO-SL (For C-64) 

PROPAGATION CHART 
Invaluable addlhon to any Hamshack The Pmpagahon 
Chart allows you to determine Ihe maxlmum usable Ire- 
qurw IMUF) and me ophmum frequency (FOT) between 
yo1Ir &ti and any spot on the globe You can gel ether a 
screen d~splay a prlnted tabular llsl over several dayr or a 
prlnted graph of MUF and FOT You also get automahc 
beam head~ngs and dtstance to the OX stallon Covers 
16(1-10 meters and the new WARC bands 
i IHO-PC (For C-64) $16.95 

STAR 1.0 
DESIGN PROGRAM 0 

bv Randall Rhea 
STAR. Sparameler T*o pan Analys~s Routine. IS a ~roles- 
slonal m q  neellnq proqram deslqnen to helo a n a w  elec. 

-- 

tronlc clrcults It IS parl~cularly helplul In lrequency doma~n 
analms 01 RF and microwave clrcults To use STAR you 
Input clreult ~nformat~on by companent, Inductors 
resistors capacttors translormers transmlsston Ihnes. ( w ~  

part data and several two pori manlpulattons STAR mll 
then glve you S parameter data for each requested Ire 
quency In tabular or plot lorm You can also use STAR to 
opllmlze component values lor maxlmum clrcult pertor 
mance Thls program 1s deflnttely not lor electron~c begm- 
ners Enqlneers and senous hams however wtll lrnd STAR 
to be an ~nvaluable des~gn tool 
I 1RR-IBM o r o o r a m  for IBM S99 
ILlRR-C-64 p r o i r a m  for commodore C-64 $99 
LIRR-AP  roara am for Aoole II $89 
ORR-UP program for 

COMPUTERIZED OX EDGE 
Ganarate p u t  own G w l n e  

Xantek has adaoted the11 best selllno OX Edoe to thr com- 
puler world and 11 comes at a very ieasonatie prlce Th~s 
Compuler~zed operating ald bnngs Into your ham shack the 
abll~ly to know and predtct when and where DX IS qolng to 
appear When you are uslng the program the computer 
w~l l  automal~cally updale the lntormatlon as the sun pro 
gresses across the lace ol  me Earth To make the com- 
puterlzed OX ldqe even easler to use the dlsplay IS keyed 
to the OXCC lrst and the 40 Ca zones 01sk and documen 
tatlon are lust $34 95 Thts 1s somethlng you ve GOT to 
have1 1985 
LIXN-C64 (For Commodore C-64) $34.95 

... R.. aole mm lor: ... u ripple . . 11 IW . an0 tir~mj. 
Aodel Ill and 
)ur order with Ihr 

~ r u y ~ d r ~ ~  UISK you want. 

automahc or manually entered hme and date, band and 
mode as well as name and OTH Contender ml l  also pnn 
OSL s, mall labels and contest dupe sheels The Contend 
USACA (three dlsks) IS a Worked All County data base 
lhat saves tlme and hassle and a tremendous amount of 
oaoefwork 

Rl lY MAILBOX MSO 
for Vic 20 and C-64 Computers 

Here s a super user lrtendly sonware package that NmS 
Commodore home compuler Into a powerlul, easy-lo-use 
message handllng system Messa es can be stored read 
or deleted by ether lncomlnq RT!Y slgnals or by u&ng t 
compuler s keyboard, Fach message IS listed In a dtrecta 
by Ill? name along with date and ttme 01 message lnllla 
llon The Bas~clAssembly language sobare  Comb~nes hll 
speed wtth user lrlendly features and fully controls your 
transmlner and recelver wlth automahc tdenhhcatron, an 
optlonal spec~al message and automatlc Iransm~ss~on ol  
dale and llme dur~ng MSO use You can also use thls pr 

I ram lo operate d~rect R n Y  and 60. 67. 75 or 100 wpn 
audol or 110 baud ASCII Vrc 20 n&s 24k of memory 

use lhls program 
VC-CP Use w ~ l h  AEA CPl interface & equiv. $79. 
VC-MF Use wlth MFJ interface & equiv. $79. 
VC-KT Use w ~ t h  Kantronics Interface & equiv. 589. 

RF NOTES AMPRO SOFTWARE 
by JO~III SI-~, l l D 1  FOR THE IBM PC 

Here s an easy wa lo el  answers for oflen asked elec 
rronlcs questtons LF N ~ T E S  contalns programs wnnen by 
broadcast enqtneers mat answer dB conversmn, to converl 
vollage current or power levels to dB, dBm convenrons 
converts voltaqes or power levels to d0m and dBm to 
vollage or power VSWR calcularrons calculates VSWR and 
return loss when both reflected and fncldent powers are 
known Frlfer desrgn 14 dlnerent lllter conllgurabons In- 
Cludlng schemallcs (6 low pass 4 h~gh pass 2 band pass 
and 2 band ellmlnahon clrcutts). Baac M~crosfnp and bavc 
slnp h e  deslgn and resonanr crrcuW deslgn parallel and 
serres resonanl cfrcu~ts PI capactlve Impedance dlvlder 
and lnduct~ve ~mpedence dlvtder Th~s dlsk 1s an lnvaluable 
relerence lor all Radto Amateurs 
E-RF llBM PC onlvl 559.95 

CONTENDER II LOGGING DATABASE 
(Commodore C-64) 
Tn \ Lon~mnflnre C.64 program will meal lust about every 
loqqtnq rleed ).OJ can lmaglne It can be used as a contest 
loq genrral lnq or dupe cnrcker and can be used lor al 
band NAS WAZ or OXCC Tne storaqe dtsx holm LP to 
2 OW ercnanqes and can be edlled and updatw simply 
anfl ear I, fag n entry contalns caltslqn, smna reoons 

Edlted by E.B. Rwnh, KB3GX 
Pmprammlng by Ron Nod. N3AKP 

These four programs have been'wnlten wifh Ute Active 
Amateur In m~nd and are des~gned to greatly sim lily 
record keeplng chores. YOU Simple enter basic O& data, 
call, preltx. country, state, or zone, date. RST and mode 
The program then adds the Conract to the disk data bas  
YOU can revlew your current status of stations worked. 
confirmed or ventled at a glance You can also prlnt up 
"wlsh Ilst" to glve to your lrlends who are helping ou 
find those mrsslno stalrons. The OXCC and 5 band JXCC 
ltsts are currenl lhrough January 1. 1985 and can be ea! 
updated should any new caunlrles be added These pro- 
grams are a great value at a good pnce and represent a 
malor limn saver . .- 

KCC (IBM PC only) ,.. - D X ~  r r o o r a m  - =  - 
AMP-CCC (IBM PC only) 

5 Band DXCC Program 
AMP-WAZ ( IBM PC only) 

CQ Worked  All Zones 
AMP-WAS (IBM PC only) 

ARRL Worked Al l  States 



COMMODORE 64 USER'S GUIDE 
by Commodore Engineers 

Th~s beglnner's book glves you hands-on lnstructlons on 
how to set up and use your brand new C-64 computer 
Learn how to do color anlmatlon generate muslc or 
spec~allzed sound effects and Interface the computer wlth 
per~pheral equipment Just about every questfon a begfnner 
could ask IS answered ln thls useful text 1~)1982. 
166 pages 
I 1 2 ~ 1 0  Softbound $12.95 

COMMODORE 64 PROGRAMMER'S 
REFERENCE GUIDE 
Thls programmer's gulde will give you all the handy hlnts 
and tips that w~ l l  let, you get full value from your C-64. For 
the beginner, complicated toplcs are taken step-by-step. 
w~th  plenty of sample programs and complete detailed ex- 
planations. Advanced users will find plenty of pretested and 
debugged programs. 1st ed~tion. 486 pages. 
I 122056 Softbound $19.95 

COMMODORE C-64 STARTER BOOK 
by Jan and Christopher Titus 
and David Larsen 

Th~s book IS des~gned to get the new C-64 owner up and 
runnlng w~th  the mlnlmum of fuss and hassle Each 
chapter IS packed wlth experlments and exercises des~gned 
to bu~ld competence In the user Full of s~mple to load and 
use programs wr~tten w~th  the beglnner's need ~n mlnd 
(~11984, 384 pages 
L 122293 Softbound $17.95 

CIRCUIT DESIGN PROGRAMS 
FOR THE APPLE II 

by Howard Berlin, W3HB 
Use your Apple to help design electronic c~rcuits. Thls book 
IS a series of engineering programs written ~n Applesoft 
that give you varlous "what happens if" and "what's 
needed when" as they apply to a number of engfneerfng 
questions. By using the computer you can change various 
circuit components and tell exactly, how the circuit will per- 
form wlthout golng through extensive manual calculat~ons 
631982, 132 pages 
1 121863 Sottbound $15.95 

APPLE Ile PROGRAMMER'S GUIDE 
by David Heigerman 

Th~s book zeros ~n on how to program the popular Apple 
Ile home computer ~n both BASIC and assembly language. 
Chock full of helpful facts, applicalions. Ideas, suggestions 
and technical informat~on in one simple easy-to-use 
reference manual. You also get a number of short applica- 
tion and demonstration proorams in BASIC and assembly 
language 01984. 416 pagis 
L 122299 Softbound $19.95 

APPLE PROGRAMMER'S HANDBOOK 
by Paul Irwin 

Get the most of your Apple computer by learnlr~g assembly 
langua e programrnlng Assembly language programs run 
much laser fhan basic programs and can be deslgned for 
maxlmum eftect~veness wlth mlnlmum compromise Plenty 
of stock routlnes dre ~ncluded, oroan~zed bv toplc and 

VIC 20 PROGRAMMER'S REFERENCE GUIDE 
To get the VIC to perform for you, you have to know how 
to program The book IS dlv~ded Into four sect~ons BASIC 
Programmlng, Machlne Language Programmlng, Input/Out- 
put lnterfac~ng and Programmlng Graphlcs and Sound 
Each chapter IS fully ~llustrated w~th  sample programs and 
has plenty of 'how to" explanat~ons 1st ed~t~on, (01982, 
289 pages 
1 121948 Softbound $16.95 

THE 68000 PRINCIPLES AND PROGRAMMING 
by Leo Scanlon 

Motorola's 68000 IS the flrst 16 brt r p  to have a 32 blt In 
ternal arch~tecture Thls book covers CPU lnforrnat~on that 
IS needed for all mlcrocomputer professionals and hobby 
lsts al~ke Also ~ncludes lnformat~on on Motorola s cross- 
macro assembler a 68000 instruction set printouts and 
~nterlacrng C) 1981 240 pages 
i 121853 Softbound $15.95 

2-80 MICROPROCESSOR PROGRAMMING 
AND INTERFACING 

by Nichols and Rony 
This is the easy way for novlces and experts to learn how 
to write and design programs for the popular 2-80 micro- 
processor. This book focuses on fundamentals and use of 
the Z-80. (Q1979. 
! ?21W Softbound $12.95 

detalled memory map Thls 408-page bookSwlll answer lust 
about all your questions on assembly language pro- 

REPAIR AND TROUBLESHOOTING GUIDES grammlng k)1984 480 pages MICRO COOKBOOK Vol. 1 and 2 
C-64, IBM-PC AND APPLE II I 122175 Softbound $22.95 by Don Lancaster 

by Robert C. Brenner 
If you've been taking care of your ham gear, there's cer- 
ta~nly no reason why you can't do much of your own 
mlcrocomputer s e ~ i c ~ n g .  These handy gu~des glve you a 
real headstart In taklng on your :'mlcroM when problems 
arlse Troubleshoot~ng IS clearly ~llustrated by s~mple flow 
charts that are designed to p~npolnt !allures and correct 
them. There is also an Advanced Troubleshootlng chapter 
for more complicated systems fallures Clear easy-to-read 
text and Dlentv of illustrations 
I 122363 commodore C-64 (~11985 $18.95 
I 122353 Apple II Plusllle ($1984 $19.95 
r 122359 IBM-PC a1985 $18.95 

COMPUTER DICTIONARY AND HANDBOOK 
by Sippl 

More than 22,000 definitions, acronyms, and abbreviations 
as well as 14 lnformat~on packed append~xes make th~s an 
invaluable reference book for all levels of computer users. 
Operational control, storage devices, and time sharing are 
just a few of the subjects extensively covered in this im- 
portant volume. Q1980, 928 pages. 
U21632 SAVE $5 Softbound 529.95 

Learning to use a PC can be a real challenge However, 
Don Lancaster has tried to filter out all the gobbledygook 
and make it as easy as can be. Volume 1 features down- 
to-earth coverage of fundamentals, number systems, hard- 
ware and software logcc, mainstream codes and standards, 
electronic memory and memory devlces and other appl~ca- 
t~ons. Volume 2 covers address space, addressing, system 
architecture, machine code programmlng. I10 and helpful 
suggestions to common problems. 
021828 Volume 1 01982 $15.95 
021829 Volume 2 01983 $15.95 
nBuy BOTH Special $26.95 

SAVE $4.95 

ORDER FORM 
N a m e  
A d d r e s s  _ 
C i t y  S t a t e  ZIP___- 
I I C h e c k  o r  M o n e y  O r d e r  E n c l o s e d  
I I VISA I I M a s t e r c a r d  

C a r d  # __--- E x p i r e s  

ham 
riiidi0-~~~-B00KSTORE 
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TYPE PRICE 

TUBES 
TYPE - -- PRICE -- TYPE PRICE 

2C39/7289 $ 34.00 1182/4600A $500.00 ML7815AL $ 60.00 
2E26 7.95 4600A 500.00 7843 107.00 
2K28 200.00 4624 310.00 7854 130.00 
3- 5002 102.00 4657 84.00 ML7855KAL 125.00 
3- 10002/8164 400.00 4662 100.00 7984 14.95 
3B28/866A 9.50 4665 500.00 8072 84.00 
3CX4OOU7/3961 255.00 4687 P.O.R. 8106 5.00 
3CX1000A7/8283 526.00 567 5 42.00 8117A 225.00 
3CX30OOF1/8239 567.00 5721 250.00 8121 110.00 
3CW30000H7 1700.00 5768 125.00 8122 110.00 
3X2500A3 473.00 5819 119.00 8134 470.00 
3X3000F1 567.00 5836 232.50 8156 12.00 
4-65A/3165 69.00 5837 232.50 8233 60.00 
4-125A/4U21 79.00 586 1 140.00 8236 35.00 
4-250A/5D22 98.00 5867A 185.00 82951PL172 500.00 
4-400A18438 98.00 5868/AX9902 270.00 8458 35.00 
4-400B/7527 110.00 5876/A 42.00 8462 130.00 
4-4OOC/6775 110.00 5881/6L6 8.00 8505A 95.00 
4- 1000A/8166 444.00 5893 60.00 8533W 136.00 
4CX250B/7203 54.00 5894/A 54.00 8560/A 75.00 
4CX250FG/8621 75.00 5894B/8737 54.00 8560AS 100.00 
4CX250K/8245 125.00 5946 395.00 8608 38.00 
4CX250R/7580W 90.00 6083/A29909 95.00 8624 100.00 
4CX300A/8167 170.00 6146/6146A 8.50 8637 70.00 
4CX350A/8321 110.00 6146B/8298 10.50 8643 83.00 
4CX35OF/8322 115.00 6146W/7212 17.95 8647 168.00 
4CX350FJ/8904 140.00 6 156 110.00 8683 95.00 
4CX600J/8809 835.00 6159 13.85 8877 465.00 
4CX1000A/8168 242.50* 6159B 23.50 8908 13.00 
4CX1000A/8168 485.00 6161 325.00 8950 13.00 
4CX1500B/8660 555.00 6280 42.50 8930 137.00 
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal  25.00 
4CXlOOOOU/8171 1255.00 6293 24.00 6L6GC 5.03 
4CXl5000A/8281 1500.00 6326 P.O.R. 6CA7/EL34 5.38 
4CW8OOF 710.00 6360/A 5.75 6CL6 3.50 
4D32 240.00 6399 540.00 6DJ8 2.50 
4E27A/5-1255 240.00 6550A 10.00 6DQ5 6.58 
4PR60A 200.00 6883B/8032A/8552 10.00 6GF5 5.85 
4PR60B 345.00 6897 160.OP 6GJ5A 6.20 
4PR65A/8187 175.00 6907 79.00 6GK6 6.00 
4PR1000A18189 590.00 6922/60J8 5.00 6HB5 6.00 
4X150A/7034 60.00 6939 22.00 6HF5 8.73 
4X1500/7609 95.00 7094 250.00 6JG6A 6.28 
4x2508 45.00 71 17 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 7211 100.00 6JS6C 7.25 
5CX150OA 660.00 7213 300.00* 6KN6 5.05 
KT88 27.50 72 14 300.00* 6KD6 8.25 
4168 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 7289/2C39 34.00 6LQ6 G.E. 7.00 
572Ei/T160L 49.95 7325 P.O.R. 6LQ616MJ6 S y l v a n i a  9.00 
592/3-200A3 211.00 7360 13.50 6ME6 8.90 
807 8.50 7377 85.00 12AT7 3.50 
81 1A 15.00 7408 2.50 12AX7 3.00 
812A 29.00 7609 95.00 12BY7 5.00 
813 50.00 7735 36.00 12JB6A 6.50 

NOTE * = USE0 TUBE NOTE P.O.R. = PRICE ON REQUEST 

"ALL PARTS MAY BE NEW, USED, OR SURPLUS. 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: 602-265-0731 

Toll F m  Number AII parts may be new or 
surplus, and parts may be 

JVl  T z  electroqacs 
800-528-01 80 subst~tuted w~ th  comparable parts 3802 North 27th Ave., Phoenix, AZ 85017 

(For orders only) 11 we are out of stock of an Item 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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"FILTERS" 
COLLINS Mechanical F i l t e r  #526-9724-010 NODEL F455Z32F - 

455KHZ at 3.2KHz wide. May be other nodels but equivalent. May be used or new, $15.99 

ATLAS Crys ta l  F i l t e r s  
5.595-2.7/8/LSB, 5.595-2.7/LSB 
8 ple 2.7KHz wide Upper sideband. Impodence 8000hs 15pf In/8000& Opf out. 19.99 

5.595-2.7/8/U, 5.595-~.~/USB 
8  ole 2.7% wide Upper s l d e h d .  Impodence 8 0 h h  15pf In/8000~ Opf out. 19.99 

5.595-.500/4, 5.595-.500/4/m 
4  ole 500 cycles wide CW. Impedance 8000h l5pf In/80bhs Opf out. 19.99 

9.0USB/cW 
6 ple 2.7KU.z wide at 6dB. Irrp>edance 6 8 b h  7pf In/3000hs 8pf out. CW-1599Hz 19.99 

KOKUSAI ELECTRIC CO,  Mechanical Filter #MF-455-ZL/ZU-21H -- 
455KHz at Center Rrequency of 453.5KC. Carrier kequency of 455KIiz 2.36KC Bardwidth. 
Upper sideband. (ZU) 19.99 
LDwer sidebard. (ZL) 19.99 

* . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * *  

CflSTAL F I LTERS 
NIKKO EX-07800C 7.i)i.M~ $10.00 
l?ZW FE-103-2 10.6935MH~ 10.00 
SDK XH-113A 11.2735MH~ 10.00 
TAMA !IF-3lH250 CF 3179.3KHz 19.99 
TYCO/Q) 001019880 10.7MHz 2ple l5KHz bardwidth 5.00 
f.rYm%lLA 4884863B01 11.7MHz 2p1e 15Wz bardwidth 5.00 
M'I 5350C 12MHz 2ple l5KHz bandwidth 5.00 
IT1 5426C 21.4MIIz 2ple 15KHz bandwidth 5.00 
PTI 1479 10.7MIIz 8p31e bvdwidth 7.5KHz at 3dB, 5KHz at 6dB 20.00 
CCEn"Ea A10300 45MHz 2ple 15KHz bardwidth 6.00 
FRC ERXF-15700 20.6MHz 36KHz wide 10.00 
FILTCCH 2131 CF 7.825MHz 10.00 

* * * * * * * * * * * * * * * * * * * * * * X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * u * * * * * * * * * * * * * * * * * * * * * X * * f f  

CERAPIIC FILTERS 
AXEL 4F449 12.6KC Bardpass Filter 3dB bandwidth 1.6KHz from 11.8-13.4KHz 10.00 
cLEVITE r0-01A 455KHz+-2KHz handwidth 4-7% at 3dB 5.00 

XF4-12D36A 455KIIztlEiz bandwidth 6dB m i n  12KHz, 6CdB m3x 36KHz 10.00 
IWRATA !XB455B 4 55KIIz 2.50 

DEB4 55L 455KHz 3.50 
CFM4 55E 455KHz t5.5KH.z at 3dB , t8MIz at 6dE , +-l6KHz at 50dB 6.65 
CFM4 55D 455KHz t7KHz at 3dB , tlOKHz at 6dB , t20KHz at 5CdB 6.65 
CFR4 5 5E 455KHz t5.5KHz at 3dB , t8KHz at 6dB , tl6KHz at 6CdB 8.00 
Q?U455B 455KHz t2KHz barvtwidth tl5KHz at 6dB, +-30KHz at 4053 2.90 
~ ~ 7 ~ 4 5 5 ~  455KHz t2KHz bandwidth t12.5KHz at 6dB , t24KHz at 40dB 2.90 
CFU455G 455KHz t M z  bardwidth t4.5KHz at 6dB , t1OKHz at 40dB 2.90 
CFU455H 455KHz tlKHz bandwidth +-3KIlz at 6dB , t9KHz at 4WB 2.90 
CFU4551 455KHz t M I z  bandwidth t2KHz at 6dB , t6KHz at 4- 2.90 
CFW455D 455KHz tlOKHz at 6dB , t20KHz at 40dB 2.90 
(IT44 55H 455KHz t3KHz at 633 , +-9KHz at 4- 2.90 
SFB455D 455KHz 2.50 
SFD455D 455,KHz t2IUIz , 3dB bandwidth 4.5KHz tlIMz 5.00 
SFE10.7MA 10.7MHz 28OKHz t50KHz at 3dB , 650Riz at 20dB 2.50 
SFE10.7MS 10,7MHz 230KHz t50KHz at 3dB , 570KHz at 2053 2.50 
SFGlO .7MA 10.7MHz 10.00 

NIPWN U'-B4/CFW4551 455KHz tlKHz 2.90 
LF-B6/CR1455H 455KHz t W z  2.90 
U - B 8  455KHz 2.90 
IE-cl8 455KHz 10.00 

'TQKIN Cl?455q/BmT455K 455KHz t2KHz 5.00 
MATSUSHIRA EFC-IA55K 455KH~ 7.00 

*u*****************************u********************************************** 

SPECTRA PHYSICS INC, Model 088 YeNe LASER TUBES 
PCWER OLPrPUT 1.W. BEAM DIA. .75m BEAM DIR. 2.7PIR 8KV STARTING VOLTAGE [X: 
68K OHM 1WATI' BALtAST lOOOVDC t100Va3 At 3.7MA $59.99 

ROTRON MUFF IN FANS Mode I MARK4/MU2A1 
115 VAC 14i.mTIS 50/6WPS IMPEDES3  PRWlBTW-F 8 6 3 W  at 50eS $ 7.99 
105CFM at 6085 THESE ARE NEW ToII Free Number " A I I  parts may be new or 

T z  elect roqac~ 800-528-01 go 
surplus, and parls may be 
substituted w~th comparable parts 

(For orders only) ~f we are out of stock of an ~tem." 

3802 North 27th 85017 PRICES SUBJECT TO CHANGE WITHOUT NOTICE For information call: 602-265-0731 
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mE - 
RF TRANSISTORS 

PRiCE TYPE PRICE: 7x1. PRILT - - 
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2 . 4 8  BFY90 $ 1.50 
2N1562 25 .00  2N5921 80.00 40673 RCA 2.50 BLW6OC5 15.00 
2N1692 25 .00  2N5922 10.00 40894 RCA 1 . O O  BLX67 12.25 
2N2857 1.55 2N5923 25 .00  25.00 BLXh7C3 12.25 60247 RCA 
2N2857JAN 4 .10  2N5941 23.00 61206 KCA 100.00 BLX93C3 22.21 
2N2857JANTX 4.50 2N5942 40.00 62800A RCA 60.00 BLY87A 7.50 
2N2876 13.50 2N5944 10 .35  62803 RCA 100.00 BLY88C3 13.08 
2N2947 18 .35  LN5945 10.00 430414/3990RCA 50.00 BLY89C 13.00 
ZNZ948 13.00 ZN5946 12.00 3457159 RCA 20.00 BLYYO 45.00 
2N2949 15.50 2N5947 9 . 2 0  3729685-2 RCA 75.00 HLY92 13.30 
LN31IB 5.00 2N6080 6.00 3729701-2 RCA 50.00 HLY94C 45.00  
ZN3119 4 .00  2N6081 7.00 3753883 KCA 50.00 BLY351 10.00 
2N31 34 1 .15  2N6082 9 . 0 0  615467-902 25.00 L3LY568CjCF 30.00 
2N3287 4.90 2N6083 9 .50  615467-903 40.00 C2M70-28R 92.70 
2N3288 4 .40  2N6084 12.00 2SC568 2 .50  C25-28 57.00 
2N3309 4.85 2N6094 11.00 2SC703 36.00 C4005 2.50 
LN3375 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20 .00  
2N347H 2 . 1  2N6096 16. 10 2SC781 2 .80  CDltr99 20.00 
LN3553 1.55 2N6091 20.70 2SC1018 1.00 CD1920 10.00 
ZN3553JAN 2 .90  2N6105 21.00 2SC1042 24.00 CD2188 18.00 
2N3632 15.50 2N6136 21 .85  2SC1070 2.50 CD2545 24 .00  
2NJ73j 11.00 2N6166 40.24 2SC1216 2.50 CD2664A 16.00 
2N3818 5 .00  2N6267 142.00 2SC1239 2 .50  CD3167 92 .70  
2N3866 1 . 0  2N6304 1.  50 2 4 - 0 0  CD3353 95.00 2SC1251 
2N3866JAN 2 .20  2N6368 30.00 2SC1306 2 .90  CD3435 26.30 
2N3866JANTX 3.80 LN6439 55 .31  2SC1307 5.50 CD3900 152.95 
2N3866JANTXV 4.70 2N6459 18.00 2SC1424 2.80 CM25-12 20 .00  
2N3866AJANTXV 5.30 2N6567 10.06 2SC1600 5.00 CM40-12 27.90 
2N3924 3 .35  2N6603 13.50 2SC1678 2.00 CM40-28 56.90 
2N3926 16.10 2N6604 13 .50  2SC1729 32.40 CME50-12 30.00 
2N3927 17 .25  2N6679 44.00 2SC1760 1 .50  CTC2001 42.00 
2N3948 1.75 2N6680 80 .00  2SC1909 4.00 CTC2005 55 .00  
2N39 50 25.00 021-1 15.00 2SC1945 10.00 CTC3005 70.00 
2N3959 3.85 01-8070324 65.00 2SC1946 40.00 CTC3460 20.00 
2N4012 11.00 35C05 15.00 2SC1947 10.00 DV2820S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2.50 OXLIOOYP70 22.00 
2N404 1 14.00 103-1 28 .00  2SC1974 4.00 DXL2001P70 19 .00 
2N4072 1 .80  103-2 28.00 2SC2166 5.50 OXL2002P70 14.00 
2N4080 4.53 104P1 18.00 2SC2237 32.00 DXL3501APlOOF 47.00 
2N4127 21 .00  163P1 10.00 2SC2695 47.00 EFJO015 12.00 
2N4416 2 .25  181-3 15.00 A2X1698 POR EF.14017 24.00 
2N4427 1.25 210-2 10.00 A3- 12 14.45 EFJ4021 24.00 
2N4428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 35.00 
2N4430 11.80 281-1 15.00 A209 10.00 EN15745 20 .00  
2N49 27 3 .90  282-1 30.00 A283 6 .00  FJ9540 16.00 
2N49 57 3.45 482 7.50 A2838 6.00 FSX52WF 58.00 
2N49 59 2.30 564-1 25 .00  A1610 19.00 G65739 25 .00  
2N5016 18.40 698-3 15.00 AF102 2.50 G65386 25.00 
2N5026 15.00 703-1 15.00 AFY 12 2.50 GM0290A 2.50 
2N5070 18.40 704 4.00 AR7115 20.00 HE1'76 4 .95  
2N5090 13.80 709-2 11.00 AT41435-5 6 . 3 5  HEPS3002 11 .40  
2N5108 3.45 711 4.00 B2-8Z 10.70 HEPS3003 30.00 
2N5109 1.70 733-2 15.00 83-12 10.85 HEPS3005 10.00 
2N5160 3.45 798-2 25.00 B12-12 15.70 HEPS3006 19.90 
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEPS3007 15 .00  
2N5179 1.04 3683P1 15.00 BF25-35 56.25 HEPS3010 11.34 
2N5216 56.00 3992 25.00 B40- 12 19.25 HF8003 10.00 
2N5470 75-00  4164Pl 15.00 870-12 55.00 HFET2204 112.00 
2N5583 3.45 4243P1 28.00 BF272A 2.50 HP35821 38.00 
2N5589 9 .77  4340P3 18.00 BFQ85 2.50 HP35826B 32.00 
2N5590 10.92 4387P1 27.50 BFRZ 1 2.50 HP35826E 32.00 
2N5591 13.80 7104-1 28.00 BFR90 1.00 HP35831E 30.06 
2N5596 99.00 7249-2 10.50 BFR91 1.65 HP35832E 50.00 
2N5636 12.00 7283-1 37.50 BFR99 2.50 HP35833E 50.00 
2N56?7 15.50 7536-1 30.00 BFTl2 2.50 HP35859E 75.00 
2N564 1 12.42 7794-1 10.50 BFW 16A 2.50 HP35866E 44.00 
2N5642 14.03 7795 15.00 BFW17 2.50 HXTR2101 44.00 
2N5643 25.50 7795-1 15.00 BFWY 2 1.50 HXTR3101 7.00 
2N5645 13.80 7796-1 24.00 BFX44 2.50 HXTR5101 31.00 
2N5646 20.70 7797-1 36.00 BFX48 2.50 HXTR6104 68.00 
2N5651 11 .05  40081 RCA 5.00 BFX65 2.50 HXTR6105 31.00 
2N5691 18.00 40279 RCA 10.00 BFX84 2.50 HXTR6106 33.00 
2N5764 27.00 40280 RCA 4.62 BFX85 2.50 5 3 1 0  1.00 
2N5836 3.45 40281 RCA 10.00 BFX86 2.50 J02000 10.00 
2N5842 8 . 4 5  40282 RCA 20.00 BFX89 1.00 502001 25.00 
2N5847 19.90 40290 RCA 2.80 BFYll 2.50 504045 24.00 
2N5849 20.00 40292 RCA 13.05 BFY 18 2.50 KD5522 25.00 
2N5913 3.25 40294 RCA 2.50 BFY19 2.50 KJ5522 25.00 
2N5916 36.00 40341 RCA 21.00 BFY39 2.50 MllO6 13.75 

Toll Free Number parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus, and parts may be 
subst~tuted wlth comparable parts 

(For orders only) 11 we are out 01 stock ofan item." 

For information call: 602-265-0731 
f l q z  electroqcs 

3802 North 27th Ave., Phoenix, AZ 85017 
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I 
RF TRANSISTORS (CONTINUED) 

MI 107 $16.75 MRF458 $20.70 NE02160ER $100.00 SD1009 $15.00 
M1131 5.15 MRF464 25.30 NE021350 5.30 SD1009-2 15.00 
M1132 7.25 MRF466 18.97 NE13783 61.00 SD1012 10.00 
M1134 13.40 MRF472 1.50 NE2L889 43.00 SD1012-3 10.00 
M9116 29.10 MRF475 3.10 NE57835 5.70 SD1012-5 10.00 
M9579 6.00 MRF476 3.16 NE64360ER-A 100.00 SD1013 10.00 
M9580 7.95 MRF477 20.00 NE64480 ( B )  94.00 SD1013-3 10.00 
MY 587 7.00 MRF479 8.05 NE73436 2.50 SO1013-7 10.00 
MY 588 5.20 MR~492 23.00 NE77362ER 100.00 SD1016 15.00 
MY622 5.95 MRF502 1.04 NE98260ER 100.00 SD1016-5 15.00 
M9623 7.95 MRF503 6.00 PRT8637 25.00 S~1018-4 13.00 
M9624 9.95 MRF504 7.00 PT3127A 5.00 SD1018-6 13.00 
M9625 15.95 MRF509 5.00 PT3127B 5.00 SD1018-7 13.00 
M9630 14.00 MRF511 10.69 PT3127C 20.00 SD1018-15 13.00 
MY740 27.90 MRF515 2.00 PT31270 20.00 SD1020-5 10.00 
M9741 27.90 MRF517 2.00 PT3127E 20.00 SD1028 15.00 
M9755 16.00 MRF525 3.45 PT3190 20.00 SD1030 12.00 
M9780 5.50 MRF559 1.76 PT3194 20.00 SD1030-2 12.00 
MY827 11.00 MRF587 11.00 PT3195 20.00 SD1040 5.00 
MY848 35.00 MRF605 20.00 PT3537 7.80 SD1040-2 20.00 
M9850 13.50 MRF618 25.00 PT4166E 20.00 SD1040-4 10.00 
M9851 20.00 MRF626 12.00 PT4176D 25.00 SD1040-6 5.00 
M9860 8.25 MRF628 8.65 PT4186B 5.00 SD1043 12.00 
M9887 2.80 MRF629 3.45 PT4209 25.00 SD1043-1 10.00 
M9908 6.95 MRF641 25.30 PT4209Cl5645 25.00 SO1045 3.75 
M9965 12.00 MRF644 27.60 PT4556 24.60 SD1049-1 2.00 
MM1500 25.00 MRF646 29.90 PT4570 7.50 SD1053 4.00 
MM1550 10.00 ~ ~ ~ 6 4 8  33.35 ~r4577 20.00 SD1057 10.00 
MM1552 50.00 MRF816 15.00 PT4590 5.00 SD1065 4.75 
MM1553 50.00 MRF823 20.00 P'r4612 20.00 SD1068 15.00 
MM1607 8.45 MRF846 44.85 P'r4628 20.00 SDl074-2 18.00 
MM1614 10.00 MRF892 35.50 P'r4640 20.00 SD1074-4 28.00 
MM181(1 15.00 MRF894 46.00 !IT4642 20.00 ~~1074-5 28.00 
MM1810 15.00 MRF901 3 Lead 1.00 l'T5632 4.70 SD1076 18.50 
MM1943 1.80 MRF901 4 Lead 2.00 l'T5749 25.00 SD1077 4.00 
MM2608 5.00 MRF902/2N6603JAN 15.00 l'T6612 25.00 SD1077-4 4.00 
~ ~ 3 3 7 5 ~  17.10 MRF902B 18.40 l'T6619 20.00 SD1077-6 4.00 
MM4429 10.00 MRF904 2.30 PT6708 25.00 501078-6 24.00 
MM8000 1-15 MRF905 2.55 l'T6709 25.00 SD1080-7 7.50 
MM8006 2.30 MRF9IL 2.50 PT6720 25.00 SD1080-8 6.00 
MM8011 25.00 MRF965 2.55 PT8510 15.00 SO1080-9 3.00 
MPSU31 1.01 MRF966 3.55 FT8524 25.00 SD1084 8.00 
MRA2023-1.5 42.50 MRFlOOOMA 32.77 PT8609 25.00 SD1087 15.00 
MRF 134 10.50 MRF1004M 31.05 ~18633 25.00 SD1088 22.00 
MRF136 16.00 MRF2001 41.74 IT8639 25.00 SD1088-8 , 22.00 
MRFl7l 35.00 MRF2005 54.97 I'T8659 25.00 SD1089-5 15.00 
MRF208 11.50 MRF5176 24.00 1'1'8679 25.00 SD1090 15.00 
MRF2 12 16.10 MRF8004 2.10 IJT8708 20.00 SD1094 15.00 
MRF22 1 10.00 MSC1720-I2 225.00 l'T870V 20.00 SD1095 15.00 
MRF223 13.00 MSC1821-3 125.00 lJT8727 29.00 SD1098-I 30.00 
MRF224 13.50 MSC1821-10 225.00 PT8731 25.00 SDllOO 5.00 
MRF227 3.45 MSC2001 30.00 l"r8742 19.10 SD1109 18.00 
MRF2 30 2.00 MSC2010 93.00 PT8787 25.00 SD1115-2 7.50 
MRF231 10.00 MSC2223-10 245.00 PT8828 25.00 SD1115-3 7.50 
MRF232 12.07 MSC2302 POR PT9700 25.00 SD1115-7 2.10 
MRF237 3.15 MSC3000 35.00 PT9702 25.00 SD1116 5.00 
MRF238 13.80 MSC3001 38.00 PT9783 16.50 ~ ~ 1 1 1 8  22.00 
MRF239 17.25 MSC72002 POR PT9784 32.70 SD1119 5.00 
MRF245 35.65 MSC73001 POR PT9790 56.00 SD1124 50.00 
MRF2 4 7 31 .00 MSC80064 35.00 PT31083 20.00 SD1132-1 15.00 
MRF304 36.00 MSC80091 10.00 PT31962 20.00 SD1132-4 12.00 
MRF306 50.00 MSC80099 3.00 PTX6680 20.00 SD1133 9.50 
MRF313 11.15 MSC80593 FOR RE3754 25.00 SD1133-1 10.00 
MRF314 29.21 MSC80758 POR RE3789 25.00 SD1134-1 2.50 
MRF315 28.86 MSC82001 33.00 RF35 16.00 SD1134-4 12.00 
MRF316 55.43 MSC82014 33.00 RF85 17-50 SD1134-17 12.00 
MRF317 63.94 MSC82020M 130.00 RFllO 21.00 SD1135 10.25 
MRF412 18-00 MSC82030 33.00 S50-12 23.80 SD1135-3 12.00 
MRF42O 20.12 MSC83001 40.00 S3006 15.00 SD1136 12.50 
MRF42 1 25.00 MSC83003 82.00 53007 10.00 SD1136-2 12.50 
MRF422 38.00 MSC83005 70.00 53031 22.00 SD1143-I 10.00 
MRF4 2 7 17.25 MSC83026 POR SCA3522 5-00 SDl143-3 17.00 
MRF428 63.00 MSC83303 POR SCA3523 5.00 SD1144 4.00 
MRF433 12.07 MSC84900 60.00 SD345 5.00 SD1145-5 15.30 
MRF449/A 12.65 MT4150 14.40 SD445 5.00 SD1146 15.00 
MRF450/A 14.37 MT5126 25.00 SD1004 15.00 SD1147 15.00 
MR~452lA 17.00 MT5596(2N) 99.00 SD1007 15.00 SD1188 10.00 
MRF453IA 18.40 MT5768(2N) 95.00 SD1007-2 15.00 SD1189 24.00 
MRF454/A 20.12 Mr8762 25.00 SD1007-4 15.00 SD1200 1.50 
~~F4551A 16.00 NE02 I36 2.00 SD1007-5 15.00 SD1201-2 15.00 

Toll Free Number parts may be new or 

800-528-01 80 
surplus, and parts may be 
subst~tuted wcth comparable parts 
11 we are out of stock of an Item 3802 North 27th Ave., Phoenix, AZ 85017 

lFor Orders '"Iy) For ,nform,stbn 4,: 602-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOT ICE 
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E.F. JOHNSON ROLLER INDUCTORS * 
N I -CAD BATTERY CHARGERS 

MODEL 229-0201-01 MOOEL 229-0202-01 * 
~ O U H  a t  3AMPS M A X .  $36.99 l8UH a t  5AMPS MAX. $44.99 UNIVERSAL CHARGER .................................................... $19.99 

UNELCO,SEMCO.ARCO METAL CLAD MICA CAPACITORS 

Standard S ize  Micro  S i ze  
3.9 14 33 62 175 5 25 
4.7 15 34 68 180 6 2 7 
5 18 36 7 5 200 7 33 
5.1 20 38 80 220 8 36 
6.8 22 39 82 240 9 5 1 
7 24 40 100 250 12 62 
8.2 25 43 110 300 15 
9.1 27 44 120 360 16 
10 27.5 47 123 470 18 
11 28 50 125 500 20 
12 30 51 140 820 22 
13 32 56 150 1000 24 

********NOTE ALL VALUES LISTED I N  PIC0 FARAD******** MALLORY CHARGER $23.99 
PRICE INFORMATION 
1 t o  10 $ .90ea. 11 t o  51 $.80ea. 52 t o  102 8.70ea. 
103 and up c a l l  I'm'- 

GOULD NI-CAD BATTERIES 
AA s i z e  1 . 2 5 ~  a t  500mahr new a $ 1.99 
0 s i z e 1 . 2 5 v a t 4 A M P H R  new h 7.49 w 

GENERAL ELECTRIC NI-CAD BATTERIES 
AA s i z e  1 . 2 5 ~  a t  500mahr new a 2.99 
195194 3 . 7 5 ~  a t  lOOmahr new 1.99 
AA s i z e  3 . 7 5 ~  a t  lOOmahr new a 2.99 
AA s i z e  pack of  10 1 2 . 5 ~  
a t  450mahr used a 5.99 
Sub C Pack o f  10 1 2 . 5 ~  
a t  2.5Amphr new c 9.99 EVEREADY CHARGER $9.99 

UNION C~RBIOE NI-CAD BATTERIES 
193817 3 . 7 5 ~  a t  225mahr new a 2.99 

GLOBE GEL-CELL BATTERIES 
2v a t  8AMPHR GC280 new g 5.99 
12v a t  20AMPHR GC12200 new 49.99 
12v a t  23AMPHR GC12300 new g 54.99 

EAGLE PICHER GEL-CELL BATTERIES 
12v a t  1.5AMPHR CF12V1.5 new d 11.99 

GATES SEALED RECHARGEABLE LEAD ACID BATTERIES A140 PACKS 
2v a t  2.5AMPHR 0 C e l l  new b 5.99 
8v a t  5AMPHR 4 X C e l l  used f 14.99 
12v a t  2.5AMPHR 6 0 C e l l s  new f 24.99 
18v a t  2.5AMPHR 9 D C e l l s  new f 29.99 

GENERAL ELECTRIC SEALED REACHARABLE LEAD ACID BATTERIES AND PACKS 
6v a t  2.5AMPHR 3 0 C e l l s  used e 10.00 
12v a t  2.5AMPHR 6 0 C e l l s  used e 19.99 
12v a t  5AMPHR 6 X C e l l s  used e 24.99 

............................................................................................. *' 10(1 

Toll Free Number A I I  parts may be new or 

800-528-01 80 surplus,  and parts may bn 
S U ~ S I I I U I ~ ~  wllh comparable par15 

( F ~ ~  orders only) t! we are OUI of stock ofan 3802 North 27th Ave., Phoenix. AZ 85017 
For  information call: 602-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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Ham Radio's guide to help you find your l o a  a 
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 
71 4-822-771 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) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

1 The place for great dependable 
names in Ham Radio. 

I 

1 Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
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. 

Indiana 
THE HAM STATION 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec. Cubic. 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

- - 

Massachusetts 
James M~llen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, bindng posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
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 WDBAHO 

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 
512 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. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, T E X A S  77004 
71 3-520-7300 
1 (800) 231-3057 
Christmas?? N o w ? ?  

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC A V E .  
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 

Crystal 

TS430S KIT IMPROVED! 
Superior tail-end cascading kit includes gen- 
uine &pole Fox Tango filter on tuned IF board, 
Mil-spec silver braid teflon coax, complete in. 
structions. Improves selecttvity, Shift operation; 
reduced IF noise. 

Reg. MS. NOW only $75 wl2.1KHz filter. 
Also 250. 400. 1800. 6000 Bandwidths - $60 ea. 
DISCOUNT: 10% off on any 2 or more of above. 

SHIPPING: $3 US, $5 Air (US 8 Canada), 
$10 Elsewhere Order by mail or phone 

VISAIMC or COD accepted 
Ask About Our F~lters For Many Other Rigs. 

FQX-TANGO COW= 
Box 15944, W. Palm Bch, FL 33416 

Telephone: (305) 683-9587 
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REVIEWS 
world time clock 

Azimuth Clock has just released its new World 
TimelDual Zone clock. Using a large 1-7/16 x 

2-112-inch LCD display, it's easy to read. And 
with large pushbuttons on the side, it's also easy 
to set. There's no need to fumble with a pen or 
pencil on tiny buttons recessed into the clock's 
mechanism. 

To ensure accuracy, these clocks use a quartz 
crystal time base oscillator. The local time display 
shows time in the standard AMlPM format. The 
Universal Time clock display is in 24 hourlZulul 
military notation for instant logging accuracy. 
Both displays can be set to also flash the date, 
if desired. Both the UTC and local time clocks 
have been programmed to automatically deter- 
mine the number of days per month and will re- 
quire resetting only during leap years, or should 
the battery fail. 

These clocks are set in a durable piece of ex- 
truded aluminum that has been beautifully silk 
screened. Azimuth also offers a Wdav satisfac- 
tion-guaranteed or your money-back offer: if 
you're not delighted with your Azimuth clock. 
simply return it within 14 days of purchase. The 
World Time dual zone clock retails for $29.95 but 
is currently specially priced at $24.95, plus $1.95 
shipping and handling. 

Toll-free numbers are available for ordering by 
credit card: call (800) 821-6842: in California, 
(800) 421-1061. Further information is available 
from Azimuth, 11030 Santa Monica Blvd., Suite 
200, Los Angeles. California 90025. 

Circle m7 Reader Service Card. 
NlACH 

CMC's docking booster 
Here's a really neat product for owners of 

handheld radios. The Docking Booster is a com- 
pact, self-contained power supply, a 16dB gain 
Ga AsMES FET receiver pre-amp, and a 30-wan 
RF amplifier (a 50-wan unit will be available 
soon), all in one package. Designed to integrate 
ywr  portable radii into your car without sacrific- 
ing either portability or versatility, the Docking 
Booster is currently available for the IC-2AT. 
IC-02AT and Yaesu, Kenwood, and Standard 
radios. 

When I unpacked the box. I was surprised that 
the unit is really quite small. Installation is quite 
simple. You just connect the unit to the car bat- 
tery either directly or through the fuse block, 
slide the radii in, attach the external antenna and 
you're on the air! 

The Docking Booster comes with a U-shaped 
bracket that can be attached to the door of most 

cars. (Unfortunately, our Dodge station wagon 
door is too deep, and the unit wouldn't fit there. 
I also found that both the power cord and an- 
tenna feedline tend to get in the way if you in- 
stall the radio on the driver's door.) But I did find 
the perfect place to install the unit - right in 
the ashtray (I don't smoke). The U-clamp which 
fit perfectly, provides a stable, easy-to-reach 
mounting platform. 

Now, trying to shout into the ashtray while 
you're driving down the road is bound to attract 
attention, if not cause an accident. So you'll 
want to add the optional ICOM handheld speaker 
mike. 

The Docking Booster is simple to use, with 
only a high and low power switch for the =wan 
RF amplimr. There are no other switches, knobs, 
or dials to turn or set. 

Here in Southem New Hampshire, I found the 
extra 30 watts to be helpful in accessing re- 
peaters. The 16dB pre-amp helped tremen- 
dously in hearing distant repeaters and weak 
mobile stations on simplex frequencies. 

I did find one problem with the unit. You have 
to avoid long-winded transmissions because 
there's no heatsink for the RF amplifier. I don't 
yet have enough experience with the unit to tell 
whether this is going to be a problem or not, but 
in normal use, the Docking Booster did get warm 
to the touch. (The Wwatt unit does have a heat 
sink.) 

The Docking Booster uses the latest Japanese 
power transistors in a stripline circuit for high, 
stable power output. Using a 1.5dB NF GaAs 

FET device, the 16-dB receiver provides excellent 
weak signal reception over the full 2-meter band. 
Designed to run on 13.8 volts DC, the unit re- 
quires 4 amps maximum on transmit and supplies 
a stable 10 volt power source for the radio. 

For more information on the Docking Booster, 
contact CMC Communications, 5479 Jetport, 
Tampa, Florida 33614. 

NlACH 
Clrcle 1305 on Reader Service Card. 

integrated packet terminal 
Packeterm, a company specializing in packet 

radio technology, has announced release of the 
PACKETERM IPT. The IPT is a complete packet 
node controller and terminal in one compact unit. 
The IPT will interface with any popular FM or 
SSB rig, for use on both HF and VHF channels. 
The IPT can operate at 300 or 1200 baud. All 
that's required for operation is to connect the 
IPT to a transceiver and tune to one of the local 
packet frequencies. 

The IPT uses Tuscon Amateur Packet Radio 
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firmware for complete compatibility with exist- 
ing packet networks. A built-in modem allows 
much greater tolerance for receiver audio level 
than previous available designs. 

The IPT will also function as a general-purpose 
ASCII terminal. It features data rates from 110 
to 19,MO baud, 7 function keys. 40 or 80 column 
display, and will drive an optional printer. Power 
required is 120 VAC at 112 ampere. For portable 
operation. a DC converter that uses a 13.8 VDC 
power source is available. 

For further inforrnation, contact Packeterm. 
P.O. Box 835. Amherst. New Hampshire 03031. 

Circle 1303 on Reader Service Card. 

ICOM IC-A2 air band 
handheld transceiver 

I C ~ M  has announced the IC-A2 bwat t  PEP 
output aircraft handheld transceiver. Utilizing 
over 20 years of experience in synthesized com- 
munications equipment, the ICOM IC-A2 in- 

cludes outstanding new features not available 
in other handheMs. 

Standard features include all 720 COM and 200 
NAV channels plus 720 additional COM channels 
and 200 NAV channels. Five watts PEP power 
output - an ICOM exclusive - and 1.5 watts 
operation capability for battery-saving low power 
operation are standard. 

The unit features ten owner-programmable 
memory channels, with internal lithium cell mem- 
ory backup. 

The ICOM IC-A2 comes standard with an IC- 
CM7 rechargeable Nicad banery pack, charger. 
LC-14 soft leather case, and earphone. A wide 
selection of options and accessories are avail- 
able, including the ICOM HS-10 badset and HS- 
1OSA VOX unit or HS-1OSB PTT switchbox. 

The ICOM IC-A2 may be purchased only 
through authorized ICOM avionics dealers/ 
distributors or FBO sho~s .  

For further inforrnation. contact ICOM, 2380 
116th Avenue N.E., Bellevue. Washington 
98004. 

Circle 1506 on Reader Service Cerd. 

packet radio 
relay power amplifier 

With linking of packet radio stations on 220 
MHz becoming popular, Hamtronics has an- 
nounced a new version of their widely-used 
power amplifiers designed just for this service. 
Called the PPA-220, the new PA is similar to the 
Hamtronics LPA 240, except that it has in. 
creased gain lup to 50 watts out with 2 watts 
drive) and built-in PIN diode antenna switching 
ro allow TIR transilin in only a few milliseconds. 
The new PA can be used with the Hamtronics 
T51 or any other 2 watt. 220 MHz exciter. With 
the ultra-fast T/R switching. the PPA-2M is an 
ideal component for packet relay stations being 
const~cted for inter-area ties at 9600 baud. The 
cost of the kit is $138.00. 

For more information on this and other pro. 
ducts, such as transmitters, receivers, repeaters. 
and " 2 0 2  type modulators and demodulators, 
contact Hamtronics, Inc., 65 Moul Road. Hilton, 
New York 14468-9535. 

multi-tap V/H switch 
The MTS-1200 is the first in Gensat's series 

of MICROSTAR" integrated block downcon- 
version accessories. Incorporating all the circuitry 
required to independently operate up to four 
receivers from one dish, the MTS-1200 offers the 
easiest solution to most M N R O  system 
requirements. 

The MTS-1XK) is designed to operate with 
most block downconversion receivers operating 
at 950 to 1450 MHz. Each receiver can indepen- 
dently select the vertical or horizontal line from 
the block downconverten. No signal Iw is intro- 
duced by the accessory. 

The switching circuitry is driven from the 
polarizer output of the receiver. In order to en- 
sure proper isolation between the horizontal and 

vertical signal, the polar~zer interface must be 
compatible with either a ferrite or pin diode 
polarizer. 

Packaged in Gensat's standard weather-proof 
housing, this MICROSTAR" product can be 
mounted either indoors or outdoors. 

For further inforrnation. contact Gensat, 951 
Alness Street, Downsview, Ontario, Canada 
M3J 2J1. 

Circle CJal o n  Reader Service Card. 
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LEARN ALL ABOUT 
TROUBLESHOOTING 

MICROPROCESSOR-BASED 
EQUIPMENT 

AND 
DIGITAL DEVICES 

Anend this 4 day semtnar arid niasler the essenttals 
0 1  mtcroprocessor malnfenance Ga~n a brm under 
standlnq of mlcroproccssoi lundarnentals and learn 
spec~altfed troubleshwllnq lechnlques Fee IS 5695 00 

CURRENT SCHEDULE 
Atlanta. GA - September 17-20 
Greensboro. NC - September 23-26 
Chicago. IL - October 1-4 
Indianapol~s. IN - November 12-15 
Oklahoma City. OK - December 3-6 
San Antonio. TX - December 10-13 

MICRO SYSTEMS INSTITUTE 
(;.irnctl. K,~ii.;as (,1,11:{2 

( 9 I : < l  H118-4f~clC~ 

COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR *,r:;:r,v 

by Wayne Overbeck, NGNB, 
and Jim Stenen. KC6A 9 

Here's Ihr f~ r c t  sourcl- buok 01 cornpuler programs 
lor the Rad~o Amaleur lies~des coverlnq computer 
baslcs, thls book qlves you proqrams lhat will help 
you log, delermlne sonriselsunset tlmes. lrack the 
Moon's path across Ihe >ky, use Greyl~ne propaqa. 
tlon and set up record systems lor WAS. DXCC 
and VUCC, or any omer award You can ellher 
buy the book alone or you can buy the book with 
Ihe programs already on dlsk Take lull advantage 
01 your computer ~4th fh~s well written source 
bwk ' 1984. 1st cdlt~on. 327 paqes 
I IHA-0657 Softbound $16.95 
l:lHA-0657 with program 529.95 

spw > i v  computer (see list below) 
IlProgram disk alone S19.95 
Progiarr~!, .iva~lable for Apple II (00s and CP/M) 
IEM (DOS), 1RS 80 Model I and Model Ill and 
Commnnnre C 64 Please mark your order w~th the 
proqlanl dlsk you want 

Pleare Include S3.W shlpplng and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 

September 1985 143 



For Class #I 6 #2 hitches 
Adapts your ex~st~ng car trailer h~tch lor any 

HF Antenna No holes In your car 
Complele 529.95 

PIII., 55 i,oql.:rqp r, thanrlt~ng 

Contacl your lavorlle dealer or. 

1602 Chestnut Ridge Ad. 
Kingwood. TX 77339 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

@ *+bclo P ~ k e .  c\d+ 
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HAZER YOUR ROHN 25G Tower . Arllr,nna and rotalor mounl on H A Z E R .  
gr,mplcle SysIem lrams lower In vertlcle 
~p r lqh l  poslt~on . 5atr)ly IrjCk system on HAZER operates 
whtle ralstng-lowernng 8 normal plsltlon 
Never can fall 
Welghl transferred dlreclly lo lower W~nch 
ranlo used only lor ralsbnq 8 lowerlng Easy 
to lnslall and use 
W ~ l l  support mosl antenna arrays . Htgh qtjaltly malerlals 8 work- 
manshnp 
Salely - soeed - convenience - 
smgolh travel 
Cornpleto kt! tor 50' or less lower 
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syslem / v 

GLEN MARTIN ENGINEERING INC. 
P o 80. m 253 a-~lll.. YO. o s t l ,  & 

018-002-2734 
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digital level meter 
North American SOAR Corporation has an- 

nounced the release of in Model 1700 digital level 
meter, which represents an entirely new concept 
in surface level measurements. Model 1700 was 
designed to assist the professional engineer or 
craftsman in making finite level or angular 
measurements quickly and accurately. Small and 
compact, the unit is sized 6-114 x 3-314 x 
1-1 14 inches for portability. The Model 1700 has 
two 3-1 12 digit LCD readouts with annunciators. 
enabling the operator to observe the slope angle 
in degrees, the slope direction, and slop height 
in meters per meter from either the side or top. 
A buzzer can be activated to give an audible tone 
alarm when 0 degree (levell is attained. It con. 
tains a switchable LCD light for reading in dim 
light. Powered by two 1.5 volt "AA" batteries. 
the Model 1700 can be continuously operated 
for 500-800 hours. The measuring method em- 
ploys an encoder and micro-computer, giving it 
a dynamic range of k 120 degrees with an ac- 
curacy of 1.0 degree and resolution to 0.5 
degree. The Model 1700 is priced at $99.95 in 
small quantities. 

For more information, contact North American 
SOAR Corporation, 1126 Cornell Avenue, Cherrv 
Hill. New Jersey 08002. 

Circle 1510 on Reader Service Card. 

transmitter kit 
RF Kit Co. has developed a compact Amateur 

Radio transmitter kit that can be assembled in 
one evening and provide a solid Swan CW out- 
put on the 7, 10.1. and 14 MHz Amateur bands. 
This unit is crystal controlled and one crystal is 
included in the $39.95 price. Stock crystals 
available include: 7.035, 7.125, 10.108, 10.125, 
and 14.035 MHz. 

This unit is suitable for home use with a sim- 
ple dipole antenna or for portable and emergency 
power communications. 

The electronic design is straightfoward and 

may be easily modified for any Amateur band 
from 160 to 10 meters. The 3.5 x 2 x 1 inch 
size will allow the builder to custom-fit this trans- 
mitter into many surplus enclosures. 

For further information, contact RF Kit Com- 
pany. P.O. Box 27127. Seattle, Washington 
98125. 

Circle on Reader Service Card. 

weather boots 
Kilo-Tec has announced a new custom 

weather boot for use with RG-58. RG-59, and 
RG8X. Simply slip the weather boot over the 

coaxial cable before soldering on the connector, 
then s l i  the boot over the connector for a good 
weather-tight seal - without the use of tape or 
rubber compounds. 

The boots are manufactured with a flexible 
vinyl material that resists moisture and break- 
down from the sun's rays. 

Three new boots are available: Model 
KTBNC-59 for (FI BNCIRG-59 and RG-8X: 
Model KTBNC-58 for (Fl BNCIRG-58; and 
Model KTBF-59 'for (MI  Type FIRG-59 and 
RG-8X. We also offer various modelsfor PL-259 
and type N. Boots for TNC are available on 
special order. 

For more information, contact Kilo-Tec. P.O. 
Box 1001. Oak View, California 93022. 

Circle 1513 on Reader Servica Card. 

RF circuit design program 
STAR 1.0 is a low-cost program written for 

circuit design using personal computers. It 
analyzes and optimizes electronic circuits in- 
cluding amplifiers, oscillators, filters. matching 
networks, hybrids, couplers and others. STAR 
1.0 features include frequency domain analysis 
of circuits, optimization of any component values 
in circuit, file storage of circuits for easy recall 
or modification, and screen, printer, and plot 
outputs. The program disk includes 30 applica- 
tion examples. The program is available for IBM. 
PCIXTIJR, APPLE Il + l lc l l le ,  Kaypra 
2/2X/4/10 CP/M and the Commodore C-64. 

For additional information, write Circuit 
Busters. P. 0 .  Box 256. Lilburn, Georgia 30247. 

Also available from Ham Radio's Bookstore 
- IBM and C64. $99: Apple and Kaypro. $89. 
Add $3.50 for shipping and handling. 

Circle IJ09 on Reader Service Card. 



new antennas 
NCG Company has announced its new line of 

Amateur antennas. The line includes a 1.2 GHz 
antenna for baselrepeater use (with a 12.5 dB 
gain1 and a new mobile with a 7.5 dB gain. 

Also available are the new 2-meter 70-cm 
antenna duplexer and 6-meterl2-meter antenna 
duplexer combinations. A quad band vertical for 
HF + VHF 40, 15. 10. and 6 meters is ideal for 
the limited roof areas. 

Another new antenna is the new ground-plane 
vertical Tribander for the new 10. 12, and 
18-MHz band. 

For further information, contact NCG Com- 
pany. 1275 North Grove Street, Anaheim. Cali- 
fornia 92806. 

Circle #312 on Reader Sewice Card. 

CoCo MORSE 
The latest release from dataLOG Software 

allows you to send morse code from your Radio 
Shack Color Computer. "CoCo MORSE" re- 
quires 32K of RAM and a disk drive. It features 
a 320-character input buffer for type ahead that 
will keep up with the fastest typist. (The operator 
is usually not aware of the buffer limit because 
the buffer works in a circular fashion, allowing 
wrap-around when the 320 character limit is 
reached.) A split screen display shows input buf- 
fer and transmitted characters. 

The program will allow operation from 5 to 80 
words per minute and speed changes may be 
made during transmission. Up to f i e  predefined 
message buffers can be created and saved to 
disk for increaed efficiency during contests or 
for that "brag" tape. The messages may be 
dumped into the transmit buffer. up to the bul- 
fer's limit, without effecting transmission speed 
or quality. 

Included in the purchase price is an US232 in- 
terface to connect the computer to the transmit- 
ter. The interface also provides the necessaw A- 
lation between the-transmitter and computer. 
CoCo MORSE is written in machine language 
and is relocatable. Its documentation includes 
information for modifying the weight and dura. 
tion of the transmined code. A future release of 
the "dataLOG Logbook" program will allow 
combined operation of the m o m  program AN0 
the log program for the dedicated CW operator. 
CoCo MORSE. including the interface sells for 
$39.00 plus $2.50 for shipping and handling. 

For additional information, contact dataLog 
Software, P.O. Box 10531, Jacksonville. Florida 
32247. 

Circle M 1  on Ruder Sewice Card. 

antique radios 
Antique Radio Classified, a national publica- 

tion for buyers and sellers of old radios and 
related items, is entering its second year of pub- 
lication. The largest publication of its type, it 
caters to collectors interested in collecting radios 

THE 
CHOICE 

IS 
YOURS 

Available: August (?)  

BUT LOOK BEFORE YOU LEAP 

Available: April, 1985 
Dayton 

Unassembled Kit 

No Warranty 

Service Assistance ( ? I  

Both units are Packet Radio Terminal Node controllers 
with AX.25 protocol, a standard RS-232 compatible port, 

and command format software. But many differences exist too. 

Fully Assembled Unit 
Full One-Year Warranty 

Complete Service 
Facility & Staff % 

B uying the Kantronics Packet Communicator makes 
sense. You know our reputation for quality products 

and after-sales-support. You knowtheKantronicstraditionof mak- 
ing computer interfaces and software that work. So take your pick, 
the unassembled kit with no warranty, or the guaranteed Kantron- 
ics Packet Communicator, ready to work in your shack. 

With a price of $219 we think the 
Kantronics Packet Communicator is more than a bargain, 

it's the smartest buy you'll make this year. 

E2 Kantronics 
120: E. 23rd street 19131 842-7705 

Lawrence. Kansas 66046 
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built between 1905 and the 1947s. Although the 
emphasis is on "Wanted" and "For Sale" ads, 
many articles related to the hobby are included 
in each issue. Every subscriber is entitled to a 
free classified ad in each issue. 

Antique Radio Classified is published 12 times 
a year in an attractive 5 1  12 x 8 inch size format. 

For further information, contact Gary B. 
Schneider, publisher, Antique Radio Classified. 
9951 Sunrise Blvd.. Suite R.9. Cleveland. Ohio 
44133. (Enclose SASE.) 

Circle t313 on Reader Sewice Card. 

'tenna hitch 
Mounting mobile antennas on cars has always 

been a p r o b h .  Most people are reluctant to drill 
holes into the car body, and now that many 
bumpers are made of plastic. that relatively easy 
way out is no longer usable, either. However. 
DC Sales has come up with an idea that maker 
mounting antennas on cars equipped with trailel 
hitches as easy as 1, 2, 3! 

The 'Tenna Hitch is designed to fit undernealh 
the trailer hitch ball and is equipped with the 
standard 318-inch insulated mount. The 7enna 
Hitch is made from high strength, chrome plated 
steel and is designed to give years of trouble- 
free service. It will mount all currently available 
commercial mobile antennas. 

For more information, contact DC Sales. 160i 
Chestnut Ridge Road. Kingwood. Texas 77339. 

Circle t314 on Reader Sewice Card. 

2-meter RF amplifier 
Hustler has announced the availability of it: 

new model HVA-225 Class C Amplifier f o ~  
144-149 MHz 2-meter FM Amateur mobile use 
Utilizing state-of-the-art broadband microstri~ 
design, the amplifier exhibits components anc 
manufacturing techniques found only in highel 
priced commercial unin for superior performance 
and reliability. 

The HVA-225 is conservatively rated at 2: 
wans with only 2 wans of drive while r e q u i r i ~  
only 4 amperes at 13.8 VDC for full output 
Separate power andRF indicators, on-off switch 
50-239 connectors, reverse polarity protection 
plus extra capacity heat sink for high temperatun 
reliability and efficiency. The amplifier is house( 
in a black matte finish aluminum housing corn 
plete with gimble bracket and rhumb screws fo 
underdash mounting. 

For more information on the HVA-225 ampli 
fier, write Hustler. Inc.. 3275 North "0" Avenue 
Kiuimmee. Florida 32758. 

Circle 1517 on Reader Sewice Csrd. 
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by Larry Van Horn 
The first comprehensive directory of com- 

munication satellites and their radio frequencies 
is now available from Grove Enterprises. 

Chapters cover spy and surveillance satellites. 
U.S. and Russian manned space missions, mili- 
tary tactical and scientific satellites. oceano- 
graphic and water satellites, navigational and 
communication satellites, and private and direct 
broadcast satellites. 

This directory of space communications in- 
cludes chapters on channelization band plans, 
transponder identification, international satellites, 
and a history of earth satellite development. An 
exhaustive frequency cross-reference allows 
quick identification of the source of unknown 
transmissions from space1 

Illustrations and tables are included for bet- 
ter understanding of this space technology. 
Special chapters provide insight into satellite 
operation. much of which has never been reveal- 

I Cornpar 
.- U--L-. 

Please se 
:E Heathk 

nd me a cc 
It Catalog 

- 
~ p y  of the all-new 

ed to the public. 
The price is $12.95. Book-rate shipping by mail 

is free. (For shipping by UPS, add $1.50.) 
To order. contact Grove Enterprises. P.O. Box 

98. Brasstown, North Carolina 28902. -Slate - 
Also available through Ham Radio's 

Bookstore, $12.95 plus $3.50 shipping and 
handling. 

Circle lJOl on Reader Service Card. 
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t'. OCTOBERVENTION! 
We're launching Amateur Rodio into the future with how-to-do-it forums on Pocket Radio, Satellites, 

md Amateur N. Plus FCC exams, ARRL, MARS, QCWA, manufacturer's exhibits and acres of flea market! 
Also miov a deluxe bonouet and awards program, or alternate activities, inciudinp tows ond shows. 

Pacific 
Division 
Conven tion 
Oct. 31 - NOV. 3 

1st can't We ju get it all in 
this space, so rush an SASE 

for the complete brochure to: 

OCTOBERVENTION 
Dept. 400 

P.O. BOX 19675 
Las Vegas, NV 891 32 



products 

eVry to coordinate 
VE program 

The DeWry Technical lnstitute of Technology 
s planning to expand its VEC coverage from the 
k h  call district to all 13 districts according to Jim 
Georgias. WSJUG. DeVry VE Coordinator. 
IeVry is looking for groups of three Extra Class 
4mateurs to set up "core groups" that will func- 
ion as DeVry representatives in their local areas. 
3eVry will provide core group members with 
hree written exams per license class and a com- 
uter generated tape for code tests. The core 
roups will then be responsible for setting up, 
dministering, and correcting of exams. DeVry 

uires that core groups comply with FCC Part 
7, Subpart I rules and regulations. 

Initially DeVry representatives will schedule ex- 
ms at least every other month, though a once- I 
honthly schedule is preferred. 

If your club or group is interested in working 
Cih the DeVry Institute of Technology, call Jim 
jeorgias at 1312) 929-8500 between 9:00 A.M. 
n d  4:00 P.M. ICDSTI or write to him at DeVry 
hstitute of Technology. 3300 N. Campbell 
hvenue. Chicago. Illinois 60618. 
Clrcle #318 on Reader Servlce Card. 

Idvanced terminal unit 
Said to be the m d a  advanced HF R'TPI 

ulator-demodulator available, the ATU-1000 
om AEA is designed for interconnecting a com- 
unications transceiver with a computer (or 
chanical communications device1 using 
ropriate computer communications software. 1 

lperation on Morse, Baudot. ASCII. Packet and 
iMTOR teletype is provided. 

The heart of the demodulator system of the 
ITU-1000 is a pair of identical eight pole (0.5dB 
pple) Chebyshev filters. Twin oscillator-modu- 
ltors mix the input tones to  the filter's center 

lequency. 
Both mark and space tones may be adjusted 

dependently from 1OOO to 3000 Hz, providing 
mpatibility with all commercial and Amateur 
ne pairs. Adjustment of the tone frequencies I accomplished with ten turn potentiometers 
d the tone frequencies are indicated with a 

Lilt in frequency counter. Adjustment of the 
lters is accurate to 1 Hz. For fixed tone pair 
peration, an optional eight-pole bandpass pre- 

filter is selectable from the front panel. Selec- 
tion of the normal channel bandwidth of 180 Hz 
or a narrow 100 Hz bandwidth is provided for 
optimizing the channel filters for the mode of 
operation. 

The filter system is followed by twin full-wave 
defectors and twin four-pole low-pass filters with 
selectable cutoff frequencies corresponding to 
50, 110. and 303 baud data rates. This is followed 
by a DC coupled threshold correction system 
that provides superior performance during selec- 
tive fades and low signal conditions. In total, 32 
poles of receive filter are provided in this system. 

Operation using both normal mark-space c m -  
parison and mark only or space only is selectable 
during interference on one of the information 
channels. 

Tuning is indicated with a discriminator style 
LED bar graph with selectable mark only, space 

AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO.IL60618 

31 2-975-1290 

ELECTRONIC COMPONENTS 6 SUPPLIES 
RF CONNECTORS IDC CONNECTORS 
LJG CONNECTORS D.SUBMINIATURE 
AUDIO CONNECTORS . TEST EOUlP 
LINEAR IC S . TRANSISTORS . DIGITAL IC S DIODES 
TRANSFORMERS TRIM CAPS 

METERS RELAYS 

COMPUTER CABLES . SWITCHES . DISKETTES TOOLS 

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 
rrm 

only and summed mark and space operation. In 
addition, the tuning rate is selectable for quick r 11-1-1111 

initial tuning and precise final tuning. 
For further information, contact Advanced 

I FREE CATALOG! 7 
Electronic Applications Inc., P.O. Box C-2160, 1 Features Hard-to-Find Tools 1 
Lynnwood. Washington 98036. I and Test Equipment 

Circle 1301 on Reader Service Card. I 
I 

Heath TNC 
I 
I 

The state-of-the-art HD-4040 Terminal Node I Controller 1TNC) from Heath is said to be the I 
only RFI approved TNC on the market. 1 I 

A version of the popular Tucson Amateur 
Packet Radio (TAPRI TNC, the Heath TNC 
allows communication using terminal or com- 
puter control of any Amateur Radio system. 
Packet radio insures error-free communication 
and greatly increases communication speed. The 
HD-4040 has a built-in 1200 baud modem, al- 
though Baud rates up to 9600 are possible with 
an external modem. Both AX.25 and VADCG 
protocols are used. 

Three modes of operation are provided: a con- 
versation mode that allows conversation with 
another operator, a command mode that allows 
configuration of the TNC and use of variety of 
operating commands, and a transparent mode 
that's used in transferring files from one com- 
puter to another. A 6809 processor and a 32K 
ROM and 8K RAM are featured. Both ROM and 
RAM can be expanded by adding up to 16K. 

A built-in automatic beacon can be set to 
transmit a message at designated intewak deter- 
mined by the operator. Any station can act as 
a digital repeater and up to  eight such "linking" 
stations are allowed which greatly expands the 
operator's range. 

For complete information and a free catalog 
of Heath products, write Heath Company. Dept. 
150-525. Benton Harbor, Michigan 49022. (In 
Canada write Heath Company, 1020 Islington 
Avenue, Suite 3100, Toronto, Ontario, M8Z 
523.) 

Circle n19 on Reader Service Card. 

I I 1 Jensen s new catalog features hard-to- 
find prectslon tools. tool klts, tool cases 

I 
and test equipment used by ham radto 1 

1 operators, hobby~sts, sc~ent~sts, en- 
glneers, laborator~es and government I 

) agenaes. Call or wrtte lor your free copy 1 
today 

JENsENI 7815 Phoenix. ' S. 461h AZ 85040 Street I 1 
TOOLS IN=. (602) 968-6231 

L 1 1 I 1 1 1 1 I I d  
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STATION 
MANAGERIADVANCED 

A General Purpose Logging Program 

Designed tor the IBM" PC.' XT."' en- 
hanced PC ir." Menu dr~ven; prompts for 
easy use; full color displays; multiple logs 
(each up to 1.000 entrles with user editing). 
several reporting methods ~nclud~ng one by 
partial callsign. 

$79.00 includes: 90 pg. User's Guide & 
Diskette (source code ~ncluded) 
520.00 - User's Guide only (may be applied 
lo lull purchase prtce) 
Ohm resdenls vnclude r a h  lax 

OMEGA CONCEPTS 
Pmfmsional solhrna for the Radio Amateur" 

P.O. Box 615 
T ~ V .  OH 45373 , . AIIIIIOI lc 

IW e a reg!slcred lrademnrl 01 lntmatmnal Buwmss 
Ma&!m WP 
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RATES Noncommercial ads 10B per word; 
c o m m e r c i a l  ads 60c p e r  w o r d  both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored b y  n o n - p r o f i t  or- 
ganizations receive one f r e e  Flea Market ad 
( s u b j e c t  t o  our e d i t i n g )  on a space available 
basis only. Repeat insertions of h a m f e s t  ads 
pay t h e  non-commercial r a t e .  

COPY No special layout or a r r a n g e m e n t s  

available. Material should be typewritten or 
c l e a r l y  printed ( n o t  all capitals) and must in- 
clude f u l l  name and address. We reserve the 
r i g h t  t o  re jec t  u n s u i t a b l e  copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held responsible f o r  claims made. Liability f o r  

correctness o f  material limited to corrected ad 
in n e x t  available issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

CX7 REPAIRS 415 549 9210 

LETTERING and text for OSL pasteup and label usage Stamp 
brlngs clrcular Labelcraft PO Box 412 W Sand Lake NY 
12196 

- 

HOUSE READY FOR HAM Beautrful mountaln top all brlck 
4 bedroom 3 full bath home and rad~o slte on one acre land 
scaped prlvate w~th huge Inground pool Located 55 mlles 
from Wash~ngton DC and 60 mlles from Baltimore easy corn 
mute by Amtrack or van pools Extremely energy efflclent brlck 
home full basement and other extra rooms radlo room All 
cable poles antennas flre alarm system and Intercom system 
slay Must see to fully appreclale Call or wrlte to recelve free 
wrltten details of all features $250 000 (301) 371 7521 John 
Murray Box 290 Jefferson Maryland 21755 

ELECTRON TUBES - Radlo 8 TV types 75% off llsl prlce. 
Huge Inventory. Also ~ndustrlal types Send for free catalog 
today or call Toll Free (800) 221-5802 Box HC, 
Transleteronlce, Inc.. 1365 - 39th Street. Brooklyn. NY 11218 
See our dlsplay ad in thls Issue 

CUSTOM MADE embroidered patches Any size, shape, 
colors Five patch minlmum Free sample, prlces and order- 
ing ~nformatlon. Hein Speclaltles, Inc.. Dept 301, 4202 N 
Drake, Chlcago, IL 60618 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radmo Auslrla 
Karln Ueber 

Canada 

Poallach 2454 
Send orders lo 

0 7850 LoerraCh 
Ham Radla Magame 

We61 Germany 
Greenvllk NH 01048 USA 
P ~ ~ C P S  ~n Canadsan funds 

Ham Radio Belgrum 1 yr $29 95 2 yir $53 30 

Stereonouse 3 yr5 575 40 

B r u s ~ ~ I ~ e S l e e n ~ e g  416 
8 9218 Genl Ham Radm Italy 
Bs1gl"m Vla Pordenone 17 

120132 Malano 
Ham Radio Holland Italy 
P ~ l l b " ~  013 
NL 7800 Ar Ernmen Ham Radlo Sv#Izerland 
Holland Karln Usbsr 

Posllach 2454 
Ham Radm Europe 
ao* m r  

0 7850 Lmrrach 
West Germany 

S 194 02 Upplands V a ~ b y  
Sweden Ham Radto England 
Ham Radlo France cio R S G e 
SM Eleclronlc Alma House 

20 b#$ Ave des Clarlons Cranborne Road 
F 89000 Auxerre Poflers Bar 

France Hens EN6 U W  
England 

Ham Radso Germany 
Karm UeMtr 
PosIIac11 2454 

Holland Radlo 
0 7850 Larrach 

143 Greenway 

Weal Germany 
Grsensldv JohannesDurg 
~epvbl lc  ot South Alrlca 

- - -  - 
RECLAIM SILVER from electron~cs scrap1 Wr~te RALTEC. 
25884F H~ghland. Cleveland. OH 44143 

WANTED: Mariual and schemat~cs for mllltary V L F recelver 
A-1 134NVRR-3 Tom Adams, K9TA. PO Box 5541. Madison, 
W1 53705 

NEW CW Word Copylng Course Easy to learn. Complete 
OSO-Tra~ner'" Course Send $16 95 (Ind~ana add 850). 
Money-back sat~sfact~on guarantee (less $2.00 sh~pplng and 
handl~ng) Business-size SASE gets free information. AVC In- 
novations, Inc , Department HC, PO Box 20491. Indianapol~s. 
IN 46220 

-- - 

COMPUTERIZE Your IC-720 or R.70 Keyboard frequency 
entry. 64 memories, scannlng (frequency. Memory, and 
mode) Many more features Requlres no Interface. just cable, 
dlrect~ons Included For Commodore 64 Cassene $14 75, dlsk 
$16 75. pdd. Cables also available. Oavld Oliver, WSODK, Rt 
2, Box 246. Shevlln. MN 56676 

WINDMILL 6 TOWER: 1978 Dunl~te 2000 watt wmdm~lf. 110' 
Rohn 45C 1owe.r w~ lh  new concrete anchors 1 lOV 220 amp 
banery bank, converter, loadlng sw~tch Complete system only 
$4,995 00 (518) 623-9951 Box 196 HCR-01. Warrensburg. 
NY 12885 

TRS-80 Model IIIIIIIV owners HF antenna destgn program 
calculated d~mensions for dioole Yaai. and auad antennas. 
$14.95 (cassette) + $2.00 ;ah ;o Gnwyn. bept. H. 4791 
Broadway, Su~te 2F, New York, NH 10034 

MILITARY RADIOS: CPRC-26 Manpack Rad~o (descr~bed In 
March 1985 Ham Rad~o) Transcelves 46-54 MHz, wlth bat- 
tery box. antenna. crystal, handset $22.50 apiece. $42 501 
paw, good condillon R-390A Receiver. 5-32 MHz all modes, 
4 mechanical filters. meters sealed (government removed, 
operation unaffected). $175 completelchecked; spalr parts unlt 
(80% complete, mlsslng PTOIIF) $65 Info SASE CPRC-26 
add $41unll shlpplng R-390A shlpplng charges collect. 
Baylronlcs. Dept HR. Box 591. Sandusky, Oh10 44870 
419.627-0460 evenlngs 

CLIMBING BELTS. OSHA certlfled nylon web belt wllh ad- 
justable lanyard. $54.95 plus $3 UPS John Limbach, K8NN. 
7397 S Platte Canyon Drive. Littleton, CO 80123 

MINT ROBOT 400. Flrst sync mod~flcation lnstructlon book 
and orlglnal box I sh~p. $275 flrm Jlm Valentino. KWZW, PO 
Box 438. Mastlc Beach, NY 11951 

RUBBER STAMPS: 3 lines $4 50 PPO Send check or MO 
to G L Plerce, 5521 Birkdale Way, San Olego. CA 921 17. 
SASE brlngs ~nformatlon 

-- -- 

CHASSIS and cablnet kits SASE K3lWK 

IMRA, International Mission Rad~o Assoclatlon, helps mlsslon- 
aries. Equipment loaned. Weekday net. 14.280 MHz. 2.3 PM 
Eastern E~ght hundred Amateurs In 40 countries Brother 
Frey, I Pryer Manor Road. Larchmont. NY 10538 

ELECTRON TUBES: Receiving, transmitting, microwave. . 
all types available. Large stock Next day delively, most cases 
Daily Electronics, PO Box 5029. Compton. CA 09224 (213) 
774-1 255 

RTTY-EXCLUSIVELY for the Amateur Teleprinter One year 
$7 00 Beginners RTTY Handbook $8.00 Includes journal 
Index P 0 Box RY. Card~ff, CA 92007 

- -  . - 

OLD RADIO transcrlptlon dlscs wanted. Any sue, speed 
W7FIZ, Box 774 HR, Redmond, WA 98073-0724 

Coming Events 
ACTIVITIES 
"Places to go ..." 

OHIO: 43rd annual Findlay Hamfest sponsored by the Findlay 
Radio Club at the Hancock Counly Fairgounds Sunday. 
Seplember 8. 6.30 AM to 5 PM Advance tlckels $3.00 by 
September 1 At the door $4.00. Tables $6 00 each Outdoor 
flea market spaces $3 00 each Talk in on 147 75/15 For more 
lnformatton write Findlay Radio Club. PO Box 587. Findlay. 
Ohlo 45839 

CALIFORNIA: The Sonoma County Radio Amateurs' thlrd 
annual Ham Radio flea market Saturday. September 21. 8 AM 
lo 2 PM. Sebastopol Community Center. 390 Morrls St.. 
Sebastopol. Admission and parklng free. Tables S61door. 
$S/advance. Vendor setup 7 AM Radio cllnlc. exhibits. 
refreshments Noon auctlon. Talk In on 146 13/73 For tlckets 
and informat~on: SCRA. Box 116. Santa Rosa, CA 95402. 

WYOMING: (Lararnle-Cheyenne) The 6th annual High Plains 
Ham Roundup. September 6, 7, 8, Mediclne Bow Nat~onal 
Forest. Yellow Plne Campground, 14 mlles east of Laramle 
on 1-60. Sponsored by the Shy-Wy ARC. Unlverslty of 
Wyoming ARC and Northern Colorado ARC. Saturday potluck 
supper - brlng your favorlte dlshes. Swapfest, packet radlo, 
muslcal enlerlalnment and campfire slng-a-long. All hams and 
famllles welcome No reglstratlon fees. small forest servlce 
charge for campers Talk In on 22182 and 25185. For inlorma- 
tlon: KOHRS. 2204 Vassar Ave., Fort Collins. CO 80525 

PENNSYLVANIA: York Hamfest, September 21 and 22. York 
Fairgrounds. Rt. 74. Semmars. tailgating, displays, banquet 
and FCC exams on Saturday Tailgating and displays on 
Sunday Reg~strat~on $21Saturday and $4lSunday $5lboth 
days XYL's and Jr ops under 12 free. Saturday evenlng 
banquet $10 00 advance only Tailgating $4 per day; $6 both 
days Indoor tables $5 and up per day. Vendors setup 6 AM 
Reglstratlon 8 AM both days Ladies' activ~t~es. Special motel 
rates and overnight camplng on grounds Write York Hamfest. 
Box W. Dover. PA 17315 

TEXAS: Houslon Com-Ventlon '85. September 20-22, Stouffer 
Greenway Plaza Hotel, SW freeway and Edloe St . 5 mlles 
SW of downtown Houston Frlday night registration 5 00 PM, 
hosp~tality suttes and HARC auctlon Saturday 8 AM to 5 PM 
Sunday 9 AM to 3 PM Indoor flea market, exh~b~ts, ladles' 
luncheon and forums, free parklng Saturday n~ght Texas BBO 
dlnner. For informat~on (713) 333-1466 

- 

NEW YORK: Hall of Sclence Amateur Radlo Club Hamfest. 
Hall of Sclence parking lot. Flushlng Meadow Park. 47-01 
11 l t h  Streel. Corona, Queens Sunday. September 8 Raln- 
date September 15 9 AM to 4 PM Donat~on- buyers $3.00. 
sellers $5 00 per space Talk in on 144 250 simplex Ilnk, 
223.6000 repeat. 445.225 repeat For information: John 
Powers. KAZAHJ. (718) 847-8007 Arn~e Schlffrnan, WBZYXB. 
(718) 343-0172 

NEW YORK: Long Island Hamfair. Sunday. September 22. 
New York Institute of Technology, Rt 25A, Northern Blvd., 
Old Westbury General admission $3 Spouse, children. 
sweethearts tree Exhlbllors $5 per car space No reservations 
Talk In on 146 85 Hank Wener. WBPALW 15161 484-4322 or 
Bob Reed. WB2DlN (516) 221-81 16 evenings.' 

-- 

OHIO: Llma Hamfest. October 13. Allen County Fairgrounds. 
Rts. 309 and 117. Advance tickets $3 00. Door $3.50. Tables 
$6 00, half tables $3.50. For reservations SASE and check 
to NOARC. PO Box 21 1. Llma, OH 45801. Amateur exams. 
Novlce through Extra. Send completed FCC 610 with check 
for $4.00 payable lo ARRUVEC and photocopy of current 
license by September 13 to Amateur Exams. NCBF. PO Box 
21 1. Llrna. Ohlo 45802. SASE required. 

NEW YORK: The 1985 Ham-0-Rama. September 14. N~agara 
Falls International Convent~on Center, N~agara Falls. General 
admlss~on $3 50ladvance before August 24. $5.001gate. 
CanadIan money accepted at par for advance general admis- 
sron tickets Computer and equipment displays, tech pro- 
grams, indoorloutdoor flea market, FCC exams Novlce 
through Extra Outs~de flea market $5.00, ins~de $15.00. Talk 
In on 146.31191 and 146 52slmplex. For inlormation: Nelson 
Oldfield. 126 Greenaway Blvd.. Cheektowaga. NY 14225 

1985 BLOSSOMLAND BLAST. Sunday. October 6. 1985. 
Write "BLAST". PO Box 175. St. Joseph. MI 49085 

KENTUCKY: The 1985 ARRL National Convention. October 
4. 5 and 6. Kentucky Falr and Expos~t~on Center, Louisville 
Exhib~tors and flea market all alr conditioned ARRL forum. 
packet radio. AMSAT, FCC Nat~onal weather service, ladles' 
programs and much more Admission $5 00 advance; $6.00 
at door. 12 and under free For informallon contact The 
Greater Louisville Hamfest Assn.. PO Box 34444, Lou~svllle, 
KY 40232 (502) 368-6657 

OHIO: The annual Clnclnnatl Hamkst. Sunday. September 
15, Slrlcker's Grove. Rt 128, one mile west of Venlce (Ross). 
Exhibits, food and refreshments, flea market, muslc, hldden 
transmitter hunt, awards and sensational alr show Admiss~on 
and registration $5.00. For information: Lill~an Abbon, KBCKI. 
317 Greenwell Road. Cincinnati. OH 45238. 

MICHIGAN: The L'Anse Creuse ARC presents the 13th annual 
Swap and Shop. September 15. LAnse Creuse High School. 
MI Clemens 0800-1500. Plenty of food and parking. Trunk 
sales $400 per space. Inside tables $8.00 each. Tickets 02.00 
at door, $1 .W advance. Talk In on 147.691.09 and 146.52 For 
tickets and table reservations' Maurice Schielecatte. N8CEO. 
15835 Toura~ne Ct., Mt. Clemens, MI 48044 (313) 286-1843 

VIRGINIA: ARRL Virginla State Convention and 10th annual 
Amateur Radio-Computer Fair, Saturday and Sunday. Sop- 
tember 21 and 22, rain or shlne, Virglnia Beach Pavilion. 
9 AM to 5 PM Advance trkets both davs $5.00 S6.001door 
Flea market tables $500 one day. $8.0d both days. Displays. 
forums. comouter eauioment. ARRL license uwradina eexns 
For ~nformahon andtlikets Jtm Harrison, N ~ ~ N v .  1234 Llttle 
Bay Avenue. Norfolk, VA 23503 (804) 587-1695 
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MICHIGAN: The Central Mlch~gan ARC and Lanslng Civ~l 
Defense Repeater Assoc~atlon are sponsoring Ham Fair '85 
at the National Guard Armory. 2500 S. Washington Avenue. 
Lanslng. Sunday. October 13.8 AM to 3 PM Admlss~on $3 00 
Tables 75U per foot by reservation only FCC exams at 1 PM 
reglstratlon by September 13 For lnformatlon and reserva- 
tlons. Rowena Elrod. KA80BS. 11 1 Lancelot Place. Lanslng, 
MI 48906. (5 I 7) 482-9650. 

. -- 

NEW HAMPSHIRE: The Connectlcut Valley FM Assoc~at~on's 
9th annual Hamfest and Flea Market. September 29, 9 AM 
to 5 PM ram or shlne. King R~dge Ski Area. Sutton General 
admlsslon $2 00 Dealers and flea market set up $3 00 Food 
avallable Overn~ght camplng for SC units (no hookups) Talk 
tn on 146.76 or 146 52 slmplex 

. - 

CONNECTICUT: The Candlewood Amateur Rad~o Assoc~atlon 
(CARA) annual Flea Market. Sunday, September 15. Edmond 
Town Hall, Maln St.. Newtown. 10 AM to 4 PM. Dealers 9 AM 
Admlsslon $2 Tables $7 Ta~lgatlng $5 Talk In on 147 72/12 
or 52 slmplex For table resewattons send check or MO to 
CARA. PO Box 143. Bethel. CT 06801 For ~nformat~on. Gene 
Martno. WlIDH, Valley V~ew Rd . Newtown, CT06470 (203) 
426-8852 

- --. - 

ILLINOIS: The 10th annual New Berlln Hamfest sponsored by 
the Sangamon County Fa~r Assoclat~on. Sunday. September 
22, raln or shlne. Sangamon County Falrgrounds 7 AM to 3 
PM Admlsslon and flea market setup free Food and drlnk 
ava~lable. Talk In on 146 52 and 146.88. For Informat~on. Al 
Swettman. K9OFR. Box 2. Pleasant Plalns. IL 62677 (217) 
626-1 634 

-- - 

OHIO: Cleveland Hamfest 8 Computer Show. Sunday. 
September 22, Cuyahoga County Falrgrounds, Berea General 
admlsslon 8 AM to 5 PM, $3 50 at gate. $3 00 advance Under 
12 free. Specla1 NASA displays, vendors, speakers, Packet 
Radio. FCC and more. Non-ham and ladies' actlvlttes For 
tlckets or Information: Cleveland Hamfest Assn . PO Box 
93077. Cleveland. OH 44101 Walk-ln Amateur Radlo llcense 
exams startlng 9 AM Brlng or~glnal and copy of current 
llcense Check for $4 payable to ARRUVEC For ~nformatlon 
Dave Wlllemln, A18M. 331 Courtland, Elyrla. OH 44035 Ph- 
324-4574 Saturday n~ght Hamfest banquet For resewatlons 
Barbara Ernest. NBDAD. 327-3914 

CONNECTICUT: Annual Natchaug Amateur Rad~o Associa- 
tion Flea Market. Sunday. September 22. 9 AM to 4 PM. Elk's 
Home. 198 Pleasant Street. Willimantlc Advance reserved 
tables ins8de/outside $5 00 ea At door $7 00 ea Admission 
$2.00. Under 16 free Free parking Talk In on 52 direct or 
147.301.90. For informalon: Ed Sadeski. 49 Clrcle Dr~ve. 
Willlmantlc. CT 06226. (203) 456-7029 after 4 PM. 

- 

GEORGIA: DXPO 1985. September 27, 28 and 29, Lanier 
Plaza Hotel. 1-85 and Monroe Drive NE, Atlanta Resewatlons' 
Grover Meinert. KCBBX. 720 Starl~ght Lane NE. Atlanta, GA 
30342. Registration $49.50. 

PENNSYLVANIA: Pack Rats (Mt Alry VHF ARC) 9th annual 
Mld-Atlantr VHF Conference. Saturday. October 5. Warr 
lngton Motor Lodge. Rt 81 1. Warr~ngton 14th annual 
Hamarama. Sunday. October 6. Bucks County Dr~ve-In 
Theatre. Rt 61 1, Warr~ngton Flea market admlss~on $5 00 
Selling spaces $8 00 each Gates open 6 AM, ram or shlne 
Brlng own tables Advance reglstratlon for Conference $4 00 
Send to Hamarama '85. PO Box 31 1. Southampton PA 18966 
or Lee A Cohen. K3MXM (215) 634-4942 

-- 

NORTH CAROLINA: 1985 Natlonal OCWA Convent~on. 
September 26, 27 and 28 Hyatt Wlnston-Salem Meettngs. 
forums and lnterestlng local tours 

OREGON: The Walta Walla Valley Radii Amateur Clubs' 39th 
annual Hamfest. September 21 and 22. Community Building. 
Milton-Freewater Free registrat~on For flyers wrlte Pat 
Stewart, W7GVC, 1404 Ruth Street, Walla Walla, WA 99362. 

GEORGIA: The 12th annual Lan~erland ARC Hamfest 
September 22, 9 AM Galnesvllle Hol~day Inn Free tables and 
tnslde display area for dealers wlth advance reglstratlon Large 
parklng lot for flea market Doors open 8 AM for dealer set 
up Talk In Novlce lhrough Extra exams startlng 9 AM Talk 
In on 146 071 67 For ~nformat~onlresewatlons Paul Watklns. 
W4FDK, Route 11. Box 536, Galnesv~lle. GA 30501 (404) 
536-8280 

NEW YORK: The Elmira Amateur Radio Assoc~at~on's 10th 
annual Internafional Hamfesl.September 28,Chemung County 
Fa~rgrounds. Outdoor flea market, dealer display, breakfast 
and lunch available on premlses Gates open 6 AM to 5 PM. 
Tlckets at gate or advance from Steve Zolksky. 118 East 8th 
Street, ElmIra Heights, NY 14903 

- - 

NEW MEXICO: Northern New Mexlco ARC'S annual Hamfest. 
September 28 and 29. Camp Stoney. 8 miles east of Santa 
Fe. Saturday AM - ARRUVEC exams Free overn~ght 
camping, no hookups. Sunday, 8 AM to 3 PM, tallgate flea 
market. dealers, programs Admission 53.75 adults; 51.75 kids 
includes lunch. Talk in on .52 and local repeaters. For ~nfor- 
mation: SASE to NNMARC. Rt. 3. Box 95-15, Santa Fe. NM 
87501 

ILLINOIS: Peorla Area Amateur Radio Club's Superfest '85. 
September 21 and 22. Exposlt~on Gardens. W. Northmoor Rd , 
Peoria. Admlss~on $3.00 advance, $4.00 gate. Chlldren under 
12 Iree. Amateur rad~o and computer displays, huge flea 
market. FCC exanls Saturday Free bus to Northwoods Mall 
on Sunday Full carnplng faclltttes on grounds. Saturday nlght 
get-together at Herltage House Smorgasboard. 8209 N. Mt 
Hawley Rd . Peorla For lnformatlon SASE to Superfest '85. 
PO Box 3461, Peorla. IL 61614. 

MARYLAND. The Columb~a Amateur Rad~o Assoclt~on s 9th 
annual Hamfest Sunday October 6 8 AM to 3 30 PM Howard 
County Falrgrounds I 5  mlles west of Baltimore Admlsslon 
$3 00 Spouse and klds free Outdoor ta~lgatlng 55 00 Tables 
$6 00 Indoor tallgatlng (payments by Sept 30) $6 00 Food 
avallable Talk ~n on 147 7351147 135 146 521146 52 For 
reservatrons and lnformalton Mlke Vore W3CCV 9098 Lamp 
skln Lane Columbla MD 21045 (301) 992 4953 

NEW YORK Yonkers Electronics Fatr and Gtant Flea Market 
Sunday October b 9 AM to 4 PM Yonkers Munlc~pal Park 
Ing Garage Nepperhan Avenue 8 New Maln Slreet Ram or 
shine Refreshments free parktng unlrmrted free coffee all 
day G~ant auctlon 2 PM Admlsslon $3 00 Ch~ldren under 
12 free Sellers $7 00 per parklng space admtts one Brlng 
tables For further lnformatlon (914) 969 1053 

CONNECTICUT CO Radlo Club of Torrlngton will hold ~ t r  
annual Flea Market Saturday October 5 9 AM to 3 PM East 
Albert Street Rerreat~on Bulldlng Dealers 57 00 per table 
Tallgaters $5 00 Admlss~on $1 00 Talk In on 146 955 For 
lnformatlon Donald D Taylor KAlGKJ PO Box 455 Water 
town CT 06795 

NEW JERSEY: The South Jersey Radlo Assoc~at~on, the 
oldest radio club In conllnuous operation In the US (1916) will 
hold its 37th annual Hamfest. Sunday. September 15. Penn- 
sauken H ~ g h  School. Hylton Road, Pennsauken Table and 
tallgating sales In parklng lot. Refreshments and food 
available Gates open 8 AM T~ckets $2 50 advance, $3 00 
at door Tailgating $5 00 per space plus admlss~on tlcket Talk 
In 145.29/144.69 Confact Fred Holler. WZEKB, 348 Bortons 
Mlll Rd., Cherry Hill. NJ 08034. (609) 795-0577 

NEW HAMPSHIRE: Hosstraders annual Fall tallqale swapfest. 
Saturday, October 5. Deerfleld Falrgrounds ~ o n a t ~ o n  $2 per 
Derson sellers Included Proflts benef~t Shrlners Boston Burns 
Center Our May Swaplest gave $6.960 Friday n~ght camp- 
Ing at Nominal fee after 4 PM Talk In 52 and 146 40-147.00 
For informat~on SASE to Norm. WAl IVB, RFD Box 57. West 
Baldwin. ME 04091 

NEW YORK: The Radlo Amateurs of Greater Syracuse 30th 
RAGS Hamfest. Saturday. October 5. New York State Fair- 
grounds off At 690 9 AM to 6 PM Flea market setup 7 30 
AM Flea market tables $6 Outdoor tailgating $3 Exh~bltors 
and dealers VE exams by pre-reg~stration. Speakers. ARRL 
forum, free parklng Admissm 53. Talk In on 31/91 and 90130 
For lnformat~on VIV Douglas. WA2PUU or Ed Swatiowsk~. 
WAZURK, PO Box 88. Llverpool. NY 13088 

- . -  

RHODE ISLAND: The RI Amateur FM Repeater Servlce w~ l l  
hold 11s annual Fall Flea Market and Auct~on, Saturday. 
September 22. Amerlcan Legion Falrmont Post 85. 870 Rtver 
St.. Woonsocket. Starts 9 AM Spaces 55 00 each Some other 
spaces ava~lable under pavilion. Auction noon to 5 PM. Ad- 
mission free Food and beveraaes available. Talk In on 34194 
and 52 stmplex For ~n~ormat~o; Richard Falrwealhcr KIKYI. 
127 Sherman Farm Rd . Harr~sv~lle. RI 02830 (401 1568.3468 

- - -  
MASSACHUSETTS. The Hampden County Rad~o Assoc~a 
tlon wlll be glvlng exams for all classes of Amateur Rad~o 
Ilcenses. Saturday. October 18, Hampden-W~lbraham Reg 
Hlgh School 621 Maln Street. W~lbraham at 9 AM Get Form 
610 by wrltlng to the club For upgrading brlng or~glnal and 
copy of current Ilcense, check for $4 payable to ARRUVEC 
Send completed appllcatmns to Yorke Phllbps. 235 Ames Rd 
Wllbraham, MA 01036 or slgn up that day Slgn up tlme 8 30 
AM Amateur radlo classes wlll be held In the Fall Send post 
card wlth name, address and phone number to Hampden 
County Rad~o Assoclatlon, PO Box 482 West Spr~ngl~eld MA 
01090 

OPERATING EVENTS 
"Things to do.. . " 

Rldlng Radto Operators - Amateur Rad~o Motorcycle Club 
Net meets every Thursday nlght at 0300 UTC a1 3888 kHz 
standard tlme and 7237 5 kHz dayllght savlng time An eastern 
USA group meets one hour earher at 3888 kHz year round 
Send buslness SASE to AGON. Galy McDuff~e RI 1 Box 464 
Bayard, NE 69334 and ask for net lnformatlon 

-- 

September 21: Celebrate Connect~cut's 350th anniversary 
wlth Connectlcut DX Assoc~at~on and the Newlngton Amateur 
Rad~o League Llsten for KWlV operatlng from the grounds 
of the State Capltol In Hanford For a speclal OSL card and 
o f f~c~a l  Connectlcut Tourlsm map send buslness SASE w~th  

390 to Dave Rose. KWlV. 13 Long Crosslng Road. East 
Hampton. CT 06423 

September 18: The L~ltle Brown Jug speclal event held by 
the Delaware Amateur Radio Associat~on, WBOLS, at the Dela- 
ware County Falr For a Delara OSL card SASE to WBOLS. 
Staff Stafford. 5987 Dublln Road. Delaware. OH 43015 

September 14: Members of the Utza-Shelby Emergency 
Communications Association (USECA) Utica, Mlch~gan, will 
operate KABKTV to celebrate the first alr-to-ground public 
telephone servlce Inaugurated between Chlcago and Detrott 
1957 For a certlflcate send large SASE to USECA. PO Box 
291. Utlca. MI 48087 

- -  - 

September 13: The Michigan Technological Universlty ARC 
will operate spec~al event statlon W8YY to celebrate the 
Unlverslty's Centennlal and the Club's Golden Anniversary 
Help support young Amateur Radto students For a com- 
memoratlve cerhficate send OSL and large SASE to Debble 
Parmer, c/o W8YY. W Wadsworth Hall. MTU. Houghton. MI 
4993 1 

- 

September 10-14: The Southern Count~es ARA wlll operate 
K2BR durrng the MISS America Pageant. Atlantic City. NJ 
SASE vla SCARA. Box 121, Llnwood. NJ 08221 

-~ - 

September 29: Fall Classlc Rad~o Exchange. 2000 UTC. 
Sunday to 0300 UTC, Monday Object to restore, operate and 
enjoy older equipment with Itke-m~nded hams Exchange 
name. RST, QTH, recerver and transmitter type Samestahon 
may be worked w~th different equ~pment comblnat~ons, each 
band, each mode CW call "CO CX", phone "CO Exchange" 
Send logs and SASE to Stu Stephens. KBSJ, 1407 Hollyrood 
Road. Sandusky. OH 44870 

-- - 

September 14: The West Alabama Amateur Radio Soclety 
(WAARS) will operate speclal event statlon WD4DAT from the 
campus of the Universlty of Alabama to cornmemorale the 
"Greatest College Football Coach in Hlstory" Paul 'Bear' 
Bryant 13002 to 24002. For a handsome commemorative 
certificate of the event send $1 and large SASE to WAARS. PO 
Box 1741. Tuscaloosa. AL 35403 

- .- 

September 17: The Eagle Rock ARC of Idaho Falls will com- 
memorate the 198th anniversary of the adoption of the 
Constltutlon of the Unlted States wtth spec~al event stations 
KX7C and NO78 For a spec~al commemoratlve OSL SASE 
to Eagle Rock ARC 

- .- ~ 

September 21: The Paul Bunyan Wlretess Assoc~atlon will 
operate a special event statlon from the sate of the Paul Bunyan 
Festlval near Bralnerd. MN. For a commemoratlve OSL SASE 
to Paul Bunyan Wireless Assoc , PO Box 354. Pequot Lakes, 
MN 56472. 

~ 

September 21: Minnesota QSO Party sponsored by the Paul 
Bunyan Wlreless Associat~on. 17002 Saturday to 17002 
Sunday Special awards for most contacts on phone, CW. 
mixed and QRP Send logs to George Carleton, AD0S. PO 
Box 43. Merrifleld. MN 56465 

~- 

September 12: The Columbiana County ARC will operate 
N8DKX to commemorate the annual Johnny Appleseed 
Festwal. For a certlflcate send large SASE and OSL to N8DKX. 
6008 Camp Blvd., Lisbon. OH 44432. 

- 
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~ommunica t ions"  modes. 
Whether it's FSTV, SSTV, FAX, 
OSCAR, EME, RTTY, PACKET 
or COMPUTERS, today's Radio 
Amateur is a highly skilled 
Communications Specialist! 

Providing full, in-depth 
coverage of these modes is our 
business and we've been d e  
ing it now tor over 19 years! 
And now we're expanding! 

lowa Residents Must 
AM 4 %  Sales Tax 

4% Added To All 
Charge Card Orders 

modern technology. 
Why not give us a try? Back issue 

samples are available for just $2.00 ppd. 
(Master Article indexes add $1 .00). 

Special Six Month Trial Subscription 
-S 10.00. U.S.ICanadalMexico Annual 
Subscription $20.00. (Foreign Subscrip- 
tions slightly higher). 

SPEC-COM'" 
Amateur Radio Specialized 

Communication Journal 
P.O. Box H 

Lowden, lowa 52255 
(319) 944-7669 (Membership Services) 

AMECO 
STUDY GUIDES 

ice, General, Advanced and Extra 
AMECO study guides are taken from the FCC Amateur Exam syllabus, PR 1035A and have 
answers keyed to the ARRL's recently released study material. These study guides are com- 
patable with ARRL and all other VEC exams. While nothing can guarantee that you will 
pass, AMECO study guides will make sure that you are fully prepared and ready-to-go when 
you sit for the exam. 
Each study guide has been written in a clear, precise easy-to-read format. Each question 
is fully explained. For subjects that need a more complete explanation, AMECO has cross 
referenced the Novice and General Class study guides with AMECO's AMATEUR RADIO 
THEORY COURSE, 102-01. 
27-01 Novice Class Softbound $2.25 
12-01 General Class Softbound $4.95 
26-01 Advanced Class Softbound $4.95 
17-01 Extra Class Softbound $4.95 
23-01 Novice Class Theory Course Softbound $3.75 
102-01 Amateur Radio Theory Course Softbound $6.95 
Order today! Get yourself ready to upgrade with AMECO Study guides. 

Please enclose $3.50 per order for shipping and handling. 

ham riidio-=-~ 
GREENVILLE, NH 03048 

BOOKs'mRE (603) 878-1 441 

solving a aiTTicuir 
TVI problem 

Just when I thought I had the neigh- 
borhood TVI-proofed a new neighbor 
called to tell me my station was caus- 
ing TVI to his cable service. 

After many fruitless attempts to help 
him solve the problem, I told him that 
his situation was, in my opinion, due 
to the shoddy, run-of-the-mill conver- 
ter that the cable company had pro- 
vided. He didn't believe me and con- 
tinued to write letters of complaint to 
the FCC. 

In due time two FCC field engineers 
from the New York City office came 
to my place, dragged a truckload of in- 
struments into the house, made a 
number of tests, gave my station a 
clean bill of health, and told the 
neighbor the TVI problem was his 
baby. Again I told the neighbor to get 
a better converter. 

When the cable company did noth- 
ing about the problem, the neighbor 
bought a completely shielded state-of- 
the-art, crystal-controlled converter 
that cleared up most of the TVI. 

We concluded that the residual in- 
terference may have been caused by 
reradiation from the neighbor's 
"Genie" automatic door units. 

A call to the manufacturer was met 
not only with a sympathetic reception 
but also with quick action. The manu- 
facturer's representative was familiar 
with the problem, which originated in 
the sequencer boards in the units. She 
said that even though the old units 
were out of warranty, the company 
would send new replacement boards 
at no charge provided the old boards 
were sent back. installing the new 
boards (Alliance, Inc. Part No. 21277R) 
removed the last trace of TVI. 

John Labaj, W2YW 
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We just struck gold with a miniature, high qual- 
ity and very reliable DTMF decoder at a rock 
bottom price of $59.95. Our DTD-I will decode 
5040, 4 digit codes with the security of wrong 
digit reset. It contains a crystal controlled, single 
chip DTMF decoder that works great in bad sig- 
nal to noise environments and provides latched 
and momentary outputs. Why carry that heavy 
gear when its size is only 1.25 x 2.0 x .4 inches 
and it comes with our etched in stone, legendary. 
one year warranty. 

~ C O M M U N / C A T / O N 5 ~  
Instead of sifting through the field.. .search- & SPECIALISTS 

42!> \\ [,!I! Avc.. O~:IIIVC.  ('A 926654296 
ing, use our super quick one day delivery and I , , ; , I  ~ ~ I . J ~ ~ ~ ) X - Z O ? I  . \ .AX (7131~73.3320 

rn 
I Entire U.S.A. 1-800-854-0547 

VIS* 
cash in on a rare find. IW m 



OUADS -TOWERS - QUADS - TOWERS - QUADS - 
I 

M UNDER NEW MANAGEMENT '2 D 

2 DO YOU WANT THE STRAIGHT z 
a 
a INFO ON QUADS? 1 
I d 

M lnfo on vertlbals, dlpoles, mln~quadt. + 
5 Yagls. including cvmparatlve performances? 
1 Without pulling any punches. 

Our references are ANY AMATEUR WHO 
I 

I 
M 

USES A SKYLANE OUAD 2 D 
0 Our pr~cos are lower lhan any comparable z 
4 
a oued 01 lower 
0 lnfo on qu#half a buck, and Info om BOTH !, 
I IowerspQd quads for a buck Charge due to 

rncressed cost of postage and prlntlng 3 z [ SKYLANE PRODUCTS I 

I 359 Glenwood Avenue '2 
M 

D 
o Satellite Beach. FL 32937 0 
4 

fn 
3 
0 

(305) 773-1342 I 

- savno - SM~MOI - savno - st l rmo l  - sovno 
f l  153 I AR-200 XL 

MEMUM DUTY ANTENNA ROTOR I 
Splect a Heading . Antenna 
Turns and Slops Aulomat~cally I 

. , ~.,,,.. . , , , I  .I.,,,,. , .,, . k?,.,) ,,,,.. 111,r. .,, : ,,,. 1 l ,  1 .,,, . ,,ir,,>,,.< .,,,,!,, r7,,<<,, d"<l *>PI~"c~Y"."~ . ill, -,I, \ l i lO W,I, 131, *O, l , i l rn '~ l r l~ '  
Cot,r,ccl\ auao ~wrln\ rrlll 'I 1:' VDC . f,rlli 3rsUrnhlr.O an0 ' c 5 l f ~ l  S L 4  95 



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 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

Just ask any of the many thousands of 
hams all over the world who have been 
enjoying my friendly good service 
for over a half a century. 73, Uncle Ben 

"Uncle Ben" Snyder. W2SOH 1 
the head man of 1 

CALL M E  ... WRITE M E  ... SEE M E  ... 
(516) 293-7995 For my prompt. At one of the world's larqest I 

Ham Supply Gel 

HAS THEM ALL! 
Kenwood TH21 AT, 

More Details, C H E C K  OFF Page 158 ,/ 210 September 1985 155 



Take it with you. 

ShackMasterm puts your home station in the palm of 
your hand. Whether portable, mobile, around the yard 
or around town you'll be linked through your handheld 
to your high performance equipment at home. Even call 
home from any Touch-Tone phone and operate. 
Scan the bands, change modes, select antennas, turn 
gear on and off - all from your Touch-Tone keypad. 
Check into nets, work skeds, ragchew and DX without 
being tied down to the shack. 

Exchange electronic mailbox messages with your 
family- like "I'll be late", or "All is OK". Ortalk with your 
family directly through Shackpatch", with you in remote 
control of your home station. Report traffic accidents or 
disabled motorists through your home phone while 
mobile or portable with PersonalPatchm 
All the power of your home station (and more) really can 
follow you anywhere.. . to find out more about 
ShackMasterm just write, send us your QSL, or call and 
talk with us at 408-749-8330. 

(CICC advanced 
computer 
controls, inc. 10816 Norfhr~dge Scluare . Cupert~no. CA 95014 (408) 749-8330 
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3F power supplies 
achieve high efficiency 

We have long come to expect the 
jower supply to be the one part of any 
,ystem that is heavy and hot. Typical 
near power supplies have power den- 
ities of about 0.25 watt/inch3, and 
 re about 35 percent efficient at con- 
lerting AC line power to usable DC. 
n recent years, however, switching 
upplies have improved the situation 
by converting the AC line to square 
vaves at about 20 kHz. This higher fre- 
luency permits switching schemes 
sing pulse width modulation as a 
egulation mechanism, which in turn 
eeps the input-output differential 
cross the regulator quite small. The 
esulting supplies have power densities 
~f about 1 watt/inch3, and efficiencies 
~f more than 60 percent. But this im- 
~rovement is not without a price. 
;witching supplies generate consider- 
~ble noise, and consequently require 
nore extensive filtering and shielding 
han linear supplies. Even so, their ef- 
iciency is excellent, and switching 
upplies are now the prevalent type in 
nost Amateur equipment. 

Recently, National Semiconductor 
(as made a significant advance in 
witching technology by developing a 
lower module (No. HS9151) that 
lperates at 1 MHz. This integrated 
lackage operates directly from the 120 
olt AC line and can deliver 5 volts at 
amperes with almost 80 percent effi- 
iency. Its small size gives it a power 
lensity of over 5 watts/inch3. As 
vould be expected, appropriate filter- 

ing is mandatory if you don't want to 
hear 1 MHz all over the spectrum. 
However, the high switching fre- 
quency makes filteringlshielding very 
manageable. This development surely 
signals the beginning of the end for 
bulky power supply components and 
frees valuable space in the new 
equipment designs for increased 
functionality. 

receiver technology 
makes new strides 

No matter what band we favor, part 
of our success or failure depends on 
the quality of the receiver we have 
working for us. Modern technology 
gives us the option to have nearly 
perfect receiving capability - if we 
choose. Sadly, much of today's excel- 
lent technology is not implemented in 
the latest production receivers. 

It's nearly impossible to find a "pro- 
fessional" grade communications re- 
ceiver whose front-end doesn't fall 
apart at the seams with input signals 
of only - 10 dBm, and many do much 
worse. Yet we've had balanced JFET 
front-end designs with 3rd order inter- 
cepts of over + 20 dBm for nearly 20 
years! The incremental cost for incor- 
porating these front-ends would be a 
few dollars in production. On the plus 
side, nearly all new VHF/UHF re- 
ceivers incorporate GaAs FET input 
stages, which give good noise figures 
and can handle large, complex input 
signals. 

Intermediate frequency and detector 
sections suffer similarly. The availa- 
bility of monolithic crystal and ceramic 

filters has resulted in uniformly good 
performance at IF frequencies up to 45 
MHz. However, few receivers offer 
multiple filters and all-mode detectors, 
even as options. Most of the necessary 
features are available in one or two 
ICs that could be added by the user if 
appropriate provisions were made dur- 
ing manufacture. Perhaps receiver de- 
signers could take a lesson from the 
computer people who leave empty 
card slots for expansion, or unpopu- 
lated sockets for memory expansion. 

Thanks to the TV industry, frequen- 
cy synthesis up to about 1 GHz is now 
relatively easy to achieve at modest 
cost. The Yaesu FRG-9600 is the first 
general coverage VHF/UHF receiver to 
use these low cost component assem- 
blies in a versatile, reasonably priced 
package. These sametechniques could 
be used to make high quality up-con- 
version (1st IF above the highest tuned 
frequency) receivers that would be 
image-free up through 450-500 MHz. 

Just as ideas have been borrowed 
from the TV industry, we should soon 
see broader incorporation of computer 
technology into key receiver functions. 
The fact that most current equipment 
is microprocessor controlled makes the 
inclusion of an RS-232 port fairly easy, 
for example. Some manufacturers offer 
this feature now - but it (or some- 
thing like it) will become almost a 
necessity as time goes by. Many of the 
advances now taking shape in the field 
of telecommunications are keyed to 
equipment that is computer controlled 
and highly adaptive. 
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Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5500 mV at 50 Ohms 

Operates on 12 Vdc @ l/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range. add infinite resolu- 
tion. AM. and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment . 

*HAM norLlwrlp 
THE PROVEN MONEYMAKER 

The "Ham Hotline" 1s a complete 
mailing l ~ s t  o f  novlce a m a t e u r  radio 
o p e r a t o r s  and c u r r e n t  hams who have 
renewed. upgraded or modified t h e i r  FCC 
licenses . These ham e n t h u s i a s t s  have 
proven to be excellent p r o s p e c t s  for radio 
equipment. accessories and p u b l i c a t i o n s  . 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average o f  8.000 
names and addresses each m o n t h  . And. 
because we know the H o t l i n e  is t h e  most 
u p - t o - d a t e  amateur radio listing available . 
we'll g u a r a n t e e  98% deliverability . 

T a r g e t  your sales e f f o r t s  t o  your most 
likely buyers . Call DCC D a t a  Service to- 
day and begin your s u b s c r i p t i o n  lo the 
"Ham Hotllne" . . .  t h e  proven 
moneymaker . 

DCC Data Servlce, Inc . 
1990 M Street, N.W. Suite 610 

Washington, D.C. 20036 
(202) 452-1419 fl 747 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
G e t  s ta te -o f - the -a r t  performance . 

M o s t  types ava~lable 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC I m p r o v e m e n t  

Audio Bandpass Filter 
Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR $7 

SARTORI ASSOCIATES. WBDA 
BOX 832085 

RICHARDSON . TX 75083 
214-494-3093 J 1 9  
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THE STANDARD OF EXCELLENCE 
The world of CK RTTX and new DUAL AMTOR* k as close as 
your jingertips with the new brilZiant(y innovative state-of-the-art 
microcomputer controlled EXL5000E. 
Au~omatic Scnder/Receiver: Due to the most up to date computer Wide Range of Trmmll t lng m d  R d v l n g :  h',~ise c w e  transmttung 
technology. just a con3ole and keyboard can accomplish complete ocd can be set from the keyboard at any rate between 5-100 WPM 
automatic send/receivc of Morse Code (CW). Baudot Code (RTTI very word per minute). AUTOTRACK on receive. For communica- 
ASCII Code (RTTY) and new ARQ/FEC (AMTOR). ,n in Baudot and ASCII Codes, rate is variable by a kcyhoard in- 
Code: Morse (CW includes Kana), Baudot (RTTY). ASCII (RTTY runion betwecn 12-300 Baud when using RTTY Modcm and b n d  
JlS (RTTY ). ARQ/FEC (AMTOR). I 24CO Baud when using TTL level. The variable speedfe~lat~makes 
rhnn r tn r !  Alnhnhct. Fieurcs. Svmbols. Smcial Characters. Kana. the unit ideal for amateur, business and ~ o m m ~ s c .  . ..r..-. ... . .--~ ~ - .  -, 
Rulll-in-Monitor: 5 "high resolution, dciay;d persistence gr&n mo 
tor - nrovidcs ~ h a r n  clear imaec with no iiclrle or iitter even under 

ni- PI 
fr 

re-load Function: The buffer memorysan<lore the message5 wrlttcn 
om thc keyboard instead o f s c ~ g  thcm ~mmcd~ately. The stored . -~ . - ~~ - -  ~ ~. ~ - . . 

fl~loresccnt lighting. Also has a provision for composite video sign1 cssages can be sent wilha~;yboard command. 
output. RUEOUT'Jmndon: You can correct mistakes while writing 
TimcClock: Displays Month. Date. Hour and Minulc on thc scree essnz&n-fhe buffer memory. Misspellings can also ~ e r & d J P h i l e  

~Tnformalion issli l l<~the buffer memory. - - i Tlme/Transmlsion/Rrcelving Feature: The built-in timer enables 
completely automatic TWRX without operator's attendance. ulomatkCR/IP: WhilCiransmitting. CRfCP a ~ t v m & ~ $ + c n t l  
Sclcal (Sclrctive Calling)Systrm: With this feature, the unjlontqi; ,~er)l64,72oi80charaners. / - \  

ccives messages following a preset code. Built-in D d t l a t o r  for . T,,woR~ MODE opermlloar~racters &I be lrhn~mlttedby word 
High Performance: Newly designed highgpc-Y dcmodu*td).. ' , , krdupings. not..eyery charqter.from the Nffer memory with 
has receiving capability of as fasti~1.Mnaud. Thrcesrqp shifts %lcr.t kcyhoa~d-in2truction. 
either 170Hr. 425Hzor RSDH7ihift witkanul-tindtuncconrrolol LWEMODE operation: ~hafacktevs can_he&:nsm.itted by line group- 
space channel foroddT6fts. HlGH~&Iark ~ r e ~ u c n c ~  2125Hz)/LO\V '- ings-from the bhffer mcmory. 
(Mark F ~ I C K C $  1275Hz) tone pair 9ele.3, Mark only or Spxuonl ~ORPWRAP!AROUND opanlodft ;? :vi&~e, WO/.- 
copyt5pnbility for selective fading. ARQ/FEC fea!ures incorpok R*P-A~OUND prmnlstkeIqt5vord oEhe 1inefron66iitting in  

.-'Crystal Controlled AFSK Mndulatnr: A transceivcr~ithout FSK- vo and makes the s e f h  e;ibiy rmb. --, > * 

funclion can transmit in RTTY modow Giilizing the hikh stability ~ C H ~ ~ o i l ~ i o n :  With a keyboardimlructton. rmived data can be 
crystal-controlled modulator controlkd~by the com~uter, . , q read Bnd.sent out at the sam.W:This function enables a cassette 
Photocoupler CW. FSKMey hull1 In: Veg high voltage, high cucrcnr , ',tape rccoiilcr to be &%.a back-up memory, and a system cmn be .;a, - ;': photocoupler~tvc~ i~~rov id  )for CW. I S K  keytng. : ! rreated j u s t J k f ~ 6 x  which uses paper tape. 
ConvenienlAWl Key Amngqncnl: The keyhoard&yout /;-&dl ' 

' 
CursMCinlrol Function: Full cursor control (upidown. left/right) is 

arrwgeinml witti funhion keys. Automa!ic i n s e r ~ i m o ~  LTR7FIC; ,/8i.~ilablc from the keyboard. Test Message Function: "RY" 2nd 
, >  > codemakes operaiion a breeze-. 

-. 
_f - "QBF" test messages can he repeated with this function. 

~ a l t c r y  ~ w k - u p  Memom ~ a r a  ip i6&litid.6ick-ar,p m d ~ .  MARK-AND-BREAK (SPACCAND-BREAK) Sydem: Eil 
covering 72 characters x Xhannclr Bnd 24 chap.tc~<> 8 channels, i s  or space lone can he used to copy RTTY. 
retained even when the external p o w e r s ~ ~ i s  removed. Messages Varimble CW weighls: For CW transmission. weights (ratio 
can be recalled from a keyboar&mtri~ction and some particular 'ah) can kchanged within the limitsof 1:3-1:6. 
channels can be read o u m f i n ~ ~ o u s l y .  You can write nicssagcq intt udlo Monilor Cirruit: A built-in audio monitor circuit with an auto- 
any channel wbilP6ceiving. atic transmic/reccive switch enables chcckingof the transmitting and 
I s r p c ~ c i t y  Ilirplay Memory: Covers up to 1.280 characterr. reiving slate. I n  receive mode, it i s  possible tocheck theoutput of  the 

,, .Scfc;n Format contains40charactcrs x I6 lines X 2 pages. ark filter, thc space filter and AGC amplifier prior to the filters. 
Screen Display TypcAhead Ruffer CW Practice Function: The unit reads 
Memory: A IClhcharacter buffer .... . . ,.,.. . . . -.. . . . . . , data from the hand key and displays the 
memory i s  displayed on the lower part of characters on thescrecn. CW keyingout- 
the screen. The characters move to the put circuit worksaccording to Ihe key 
left erasing one by one as soon as they 
arc transmitted. Mcssages can he written 
during the rqceiving state for transmis- 
rion with battery back-up memory or 
SEND function. 
Funclion Display System: Each function 
(aiode. channel number. speed, etc.) i s  
displayed on lhe screen. 
Printer Interface: Centronics Para Com- 
patible interface enables easy connection 
of a low-cost dot printer for hard copy. 

ther mark 

of  dot to 

operation. 
CW Random Ccnmtor: Output of  CW 
random signal canbe used asCW reading 
practice. Bargnph LED Meter lor 
Tuning: Tuning of CW and RTTY is 
very easy with the hargraph LED meter. 
In  addition. provision has beet 
attachment of an oscilloscope 

n made for 
to aid 

tuning. 
Built-in AC/DC: Power supplvtr swllcn- 
able as required; 100-120 VAC 
VAC/50/CIOHz + I3:RVDC. 
Color: Light grey with dark gr 
matcher most current transceil 
Dimenrlonr: 363(W) x IZI(H 
35 ] (Dl  mm: Terminal Unit. 

ey trim - 
vers. , " 

Wamnly: One Year Limited 
SpdIkattmSubIm lo C k n t t  

Everything built in - ..,... ing else to buy! I 
relex: 80-3 

EXCLUSIVE DISTRIBUTOR: DEALER INQUIRIES INVITED FOR YOUR NEAREST DEALER OR TO ORDER: - 
AMATEUR-WHOLESALE ELECTRONICS TOLL FREE. . .800327-5102 11 1-1 

Telephone (305) 233-3631 8817 S.W. 129th Terrace. Miami. Florida 33176 i356 - - 
MANUFACTURER: 

OTONO CORPORATION 
98 Motosoja Machi. Maebashi-Shi. 371. Japan 

'Dual Amlor: Commerriolqualrly. the EXL-SWF incorporates rvo romplrrel~~seporulemodemsto fully support the amateur Amtor 
recommcndationr 476-2 for commercial requiremnts. 

coder and a, 

b J 
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Message 
MasterTM O - -. 
Real-voice message system 

;E MASTER 
? 480 

For any repeater or base 

NOW you can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening to you speak, store messages in  memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you - any messages in any language and in your own 
voice! 

Message Master connects easily to any radiosystem for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

Create messages Just by talklng. Message  master'^ 
'real-volce' technique saves YOUR VOICE In dlgita 
memory to dellver messages in  your own volce, Ian 
guage and dlalect. 

Mailbox-style operation gives individual messagl 
deilvery sewlce to 100 system users. 

Easlly added to any repeater or base station for re 
mote operation wlth only four connections. 

Special features Include callsign ldentlfications, t a~  
messages, and bulletin messages. 

exchange messages between your radio'system and the 
telephone network. Digital message storage provides instant playback a 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets Your exact needs from2 to 
With 8 minutes of message storage it can store mlnutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

would you like your callsign identifications, Serving all your repeater needs 
tail messages, and bulletin messagessent in 
real-voice? t,,lessage M~~~~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PEK 

too. Record several identification messages FORMANCE LEADERS with real voice, more autodial number! 

and it  will evensend adifferent IDeach time. more synthesized voice and more features. 

~ l m o s t  like magic. Message Master knows - Mark 3 Repeaters offer the winning combination of high pel 
when to send identifications and tail mes- formance and high value. - 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receiver 
you make another wasted call. to choose in harsh RF environments. 

Commercial users: Ask for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. 

I: COMING SOON: A 4-channel n - ~ 

rc 107 
ceiver voting system which ope 
ates on true signal-to-noise ratio 
extend your coverage by linking 
remote receivers. 

KENDECOM INC. 
MICRO CONTROL SPECIA 

23 Elm Park 

. . 
Groveland, MA 01834 

. ,. . 
. ... (61 7) 372-3442 
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. " with the monev iou ve saved. 
~ii: is j~i l l~~li  I II: perfnr~iiance 

li)r \nur tloll:~r, thc clioice is clear. 
\~ICISII's 171"i7(;S. 

Yo\vlierc e l a  \\.ill you fi~ltl  

so ni;~n\. I l l :  fe:~turt.s p:~cketl illto otlc 
conip:~ct, mol3ile-rt~:1tly p;~ck;~ge. At ;I 

price tli;~t's got the competition 
13:1fflctl. 

]:or st:lrters. e:~ch 757 
inclutles an electronic keyer. (300-Hz 
C\Y' filter. Ah! 2nd Fhl motles. AI: 
speech processor. And :I 25-kllz 
ni:~rker generator. All at no extra 
ch:lrge. 

And working the IIX h a  
I ~ P V P ~  heen easier with tlual \TOs. 

Ic*-hutton \:FO/memo~y sw 
-hquenc)i operation, eigh~ 

, ..-.. 
sing 
split, 

I 

-. . 
ap for 

nicmories. :111(l 1>11sIi-l~11tto11 t~l~ick 
Illelllon. :u1tl I3:111tl sc:lll. 

'I'lic '5' :~lso Ic~a \ou listc~i 
fro111 500 kllz to i 0  11112 \villi its 
Iligli-lwrfor~i~:~ricc gc~icl.;il covel.;~ge 
receiver. 'l'lie tr:~~isniitter cowrs 100 
tllrougli lo nietcn, i~iclutlir~g tlie 
ne\\.\\AK(: h;~ntls, \\!it11 100 \\.:!Its out- 
put on sitIel~;uitl. I:)! :~ntl (>\: 

(3\' huffi \\.ill eniov the 
tlelights of ti l l1 ()Sh: operntic;n. lllus 
the rn:lssive Iie:~aink ant1 tluct-flow 
cooling s!stem :~llow continuous 
Kn1' oper;~tion for up to 30 minutes. 
llse the FP-757HI) he:~\+duh power 
supply option for continuous-duh 
applic:~tions. 

And of o 
757's highly :ma( 

:re's the 
e. It's the 

~,erftlct \\,:I\ to gclt :ill tlic' 111: perfor- 
ni:uice you clesire. \\.it11 mo~lc\ Itlfi 
over to :1p131\ t o \ ~ ~ r t l  c~tlier ll:uii gc:lr. 
lll~rli:~ps :I po\ver S I I ~ I ~ I \ ~  for I):ISV st:\- 
1io11 use. Ail :ui tc~i~i :~ or :aitc~i~l:I 
tulier. o r  \vli:~tevrr c ln  m:tkes your 
o p e ~ ~ t i o ~ i  ccwiiplrte. 

So :ak your cle:~ler todrty 
:113out Y~esu's 1;1'757(;S. 'I'll? most 
celehr;~ted HI: price, performer on 
the air. 

YAESU 
Fti1.sr1 l.'k~i,trvltic:~ C'o~rorolior/ 
6851 ll'ii//hii// l l ' ( i~: /+/I ,  

C.1 9072.j (213 )-(i.3.1- - 
"- -FII Cincitlnnti Smfice Center 

'0 Gold B~rk I)IY?o, Htt?tii/lo?/ 
$5011 151.3) 5'7-1 . j  



Rel~ahle. . i : I  sol~r i  st;>;.. I : .  , ' .  

Solid  stat^ des~gn perm~ts Input power 1'5 . i { o  1 4 ) ~ r ~ l  I I \  i I 1 ,  # ! " ~ t  I :,upply 
DigRal DX-terity-that outstanding of 250 watts PEP on SSB, 200 watts DC " SP-43U extr>rnal spe;ikt3r ' MB-430 
attribute built into every Kenwood on Cb', 110 watts on FM (optronal). or rnobilc mounting brackel AT-130 - -  .- 
TS-430s lets you OSY from band to 60 watts on AM. Final amp1 
band, frequency to frequency and tion clrcu~ls and a cool~ng , .- meters, ~ n c l  WAHC bar 
mode to mode with the speed and fan are blllll-ln. v ;.- 4 
ease that will help you earn that Memory channel: 
dominant DX position from the Elght meniory channels /7;,>2;:8.i.B 
shack or from the mobile! store freq~tency, . -. mode . - 

and Dand data Cnannel 8 
may be programmed for 
spl~t frequency operat~on 
A front pariel sw~tch 
allows eac h memory 
channel Icr operate as an 
~ndep~ndrxrit VFO or as a 
hxed f r ~ o o ~ n c v  A I~ thn~m I 

~ f ~ e r  protec- conlpact dnt?rina lilner covers 8u lu  
- - 

ids 

ters, lncl. WARC 
-922A 2 kW PEP 

(500 Hz) or YK-88CN 
(270 Hz) CW fllters 

'. a YK-88SN (1.8 kHz) 
7 narrow SSB f~lter * YK-88A 

' 16 kHz) AM fllter MC-42s 
a t  I k ' - U1' I OWN hand mlc MC-6OA/ 

up stored ~nformat~on. 80185 tieluve desk mlcs. SW-20001 
8 Programm;%ble. multi-function scan 200A SWRlpower meters SW-100A 

Speech processor built-in. SWRlpoweri volt meter PC-1A phone 
Dual r!iortal VFOs. ~ a t c h  HS-4 HS-5. HS-6. HS-7 

d 

VOX c l r c t ~ ~ t ,  plus s ~ m l  4 headphones 1 
1 f jO  Ihrc)t~qti 10 ~i~~t : l~?rs,  <I:, we:ll ;is [III, break-in with sidetone. 
new30. 17, and 12 meter WARC bands. 
H ~ g h  dynam~c range, general coverage 
recelver tunes from 150 kHz to 30 MHz. 
Easrly modifled for HF MARS opcratron. 
Superb interference reduction 
Ellrnlnate ORM w~ th  the IF sh~ft and 
tuneable notch filter. A noise blanker 
supresses ~ g n ~ t ~ o n  noise. Squelch, RF 
attenuator. and RIT are also ~ r o v ~ d e d .  
Optional IF filters may be added for 
o[~timum interference reduct~on. 
CL,TUIPIC~ s e w r e  mdnuai$ are . )vadahl~ 10, all l r c  K?,n)ood r ranc rvv? r i  .>r 1 riio\r acreszoiier 
!.,F" jlw.'i,onr anilurnce% are suhlPcr rn itlanor &vlrlli~,l! ilolir @ or iiDfio,,!ic,n 

TRIO-KENWOOD COMMUNICATIONS 
1 1 1 1  VI,,C.l \V;11t,,,1 sl,e,,l 
c<lml~lf~.~ c Iill!~,~,,;, Qrl??I? 
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