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How To Use 
SMART PATCH What To 

Look For In A 
Phone Patch 
The h ~ s t  way to decide 
vhat patch is right for you 
s to first decide what a 
latch should do. A patch 
hould: 

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

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

Not depend on volume or 
squelch settings of your 
radio. It should work the 
same reqardless of what 

ABOVE. 

Now Mobile 
Operators Can 
Enjoy An 
Affordable 
Personal Phone 
Patch. . . 

Without an expensive 
rrpt.atc'r. 
Clsing any FM tranceiver 
as a base station. 
The secret is a SIMPLEX 
autopatch. The SMART 
PATCH. 

SMART PATCH 
I s  Easy To Install 
To ili\tnll SMART PATCH. 
connect the multicolored 
computer style nhhon cable 
to niic audio. receiver 
discriminator. P7T. and 
power. A modular phone 
cord is provided for con- 
nection to your phone sys- 
tem. Sound sirnl)le? . . . 
IT IS! 

I'litcing a call is simple. 
Send your access code 
from your mobile (exam- 
ple: '73). This brings up 
the Patch and you will 
hear dial tone transmitted 
from your base station. 
Since SMART PATCH is 
checking about once per 
second to see i f  you 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 sol.-e- 
one answer. Since the en- 
hanced control system of 
SMART PATCH is con- 
stantly checking to see if 
you wish to talk. you need 
to simply key your trans- 
mitter and then talk. 
That's right, you simply 
key your transmitter to 
interrupt the phone line. 
The base station auto- 
matically stops hansmit- 
ling after you key your 
mic. SMART PATCH d t m  
not require any special 
tone equipment to control 
your base station. It sam- 
ples vety high frequency 
noise present at your 
receivers discriminator to 
determine if a mobile is 
present. No words or sylla- 
bles are ever lost. 

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

Mobile (or remote base) 
11) phone line via Simplex 
base. (see fig 1 .) 

Mobile to Mobile via in- 
terconnected base sta- 
tions for extended range. 
(see fig. 2.) 

Telephone line to niohiie 
(or remote base). 

SMART PATCH uses 
SIMPLEX BASE STA- 
TION EQUIPMENT. Use 
your ordinary base sta- 
tion. SMART PATCH 
does this without inter- 
fering with the normal 
else of your radio. 

WARRANTY? 
Y t - 3 .  180 days of warran- 
ty protc~ction. You siniply 
can't go wrong. 
An FCC type accepted 
coupler is available for 
SMART PATCH. 

Communications Electronics Specialties, Inc. 
P.O. Rox 2930. Winter Park. Florida 32790 
Telephone: (305) 045-0474 Or call toll-hee (800)3273956 



pacesetter In  amateur radlo 

TS-930s "DX-t raordinary" 

We call it "DX-traordinary" because 
the TS-930s has now become the 
favorite rig of the serious contester! 
Its superior capability for full break-in 
split-frequency operation, the speed 
and convenience with which its eight 
memory channels can be accessed, 
its unsurpassed receiver dynamic 
range and its remarkable ability to 
select the desired signal during 
periods of heavy QRM, utilizing VET, 
Slope tuning, IF Notch filtering, and 
tuneable audio filtering, have all 
combined to make this the rig that 
gives you the EXTRA EDGE! 

The TS-930s is loaded with all 
the special features that you always 
wanted in an HF transceiver. Full 
coverage of the 160 through 10 
meter bands, including the new 
WARC frequencies, (easily modified 
for HF MARS), plus a general cover- 
age receiver that can tune any fre- 
quency from 150 kHz to 30 MHz. 
Operation in the SSB, CW, FSK, and 
AM modes, with selectable full or 
semi CW break-in. All solid-state, 
with 250 watts PEP input on SSB, 

CW, FSK, and 80 watts input on TS-930s Optional Accessories: 
AM. SWRIpower meter. Triple final AT-930 automatic antenna tuner, 
protection circuits plus two cooling SP-930 external speaker, with select- 
fans built-in. 10-Hz step synthesized able audio filters, YG-455C-1 (500 
frequency control. Available with Hz), YG-455CN-1 (250 Hz), YK- 
optional automatic antenna tuner 88C-1 (500 Hz) CW filter, YK-88A-1 
built-in, another industry first! Dual (6 kHz) AM filter, all plug-in type. 
digital VFO's. Eight memory chan- SO-1 commercial stability TCXO, 
nels that store both frequency and MC-6OA deluxe desk microphone, 
band information, with internal bat- MC-80 and MC-85 communications 
tery back-up, (batteries not supplied). microphones, MC-42s mobile hand 
Dual mode adjustable noise blankers, microphone, TL-922A linear amplifier 
especially effective in eliminating (not for CW QSK), SM-220 station 
"woodpecker" type interference. monitor, PC-1A phone patch, 
SSB IF slope tuning, for maximum SW-2000 SWRlpower meter. 160 - 
rejection of interference. CW vari- 6 meter, SWlOOA SWRlpower/volt 
able bandwidth, with pitch and side- meter 160-2m HS-4, HS-5, HS-6. 
tone control. IF notch filter. Tuneable and HS-7 headphones. 
audio peaking filter. Unique six digit Isn't it about time you stepped 
white fluorescent tube digital display into the winner's circle? 
is easy-on-the-eyes during those More information on the TS-930s 
long contests. RF speech processor, is available from authorized dealers 
for higher average "talk-power: SSB of Trio-Kenwood Communications, 
monitor circuit. 4-step RF 1111 West Walnut Street, 
attenuator. VOX. 
10-kHz marker. 

Compton, California 90220. 

AC power supply 
built-in, 120, 220, 
or 240 VAC. 

" 
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MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER INTERFACE HAS 
FM, A M  MODES, LED "SCOPE" TUNING ARRAY, RS-232 INTERFACE, VARIABLE 
SHIFT TUNING, 170/850 HzTRANSMIT, TRUE MARK-SPACE DETECTION. 

H8S front p l n d  ~MSlUvity mntrol. 
Noml /Revenr  rwltch eliminates retuning while 

checking for tnverted RTTY. Speaker jack. +250 
VOC loop output. 
Exrr 2205 slne rm glnmtor glves phase con- 

tinuous AFSK tones. Standard 2125 Hz mark and 
2295/2975 Hz space. Microphone lines: AFSK ~ u t ,  
AFSK round, PTT out and PTT ground. 

FsK &ng mr n m l v e n  wltn Fsn  input. 
FREE MFJ R T T Y / A S C I I / C W  software tor C-64/VIC-20. Has sharp 800 CW filter, and CW 

$ 1 79 95 Complete package ~ncludes MFJ-1229, software on tape, keying and e,ernal CW key jack, 
cables for C-64/VIC-20. Kantmnlu softwarn compatible rodnt. 

Englneerlng, psrfonnanm, value and frrturer Bullt-In RS-232 IntorfwJ,no extra cost. Exclusive TTURS-232 general purpose sockel 
sets MFJ's most advanced RTTY/ASCII/AMrOR/ Varlable shlfl tun!ng ,ets you copy any shift allows ~nterfacing to nearly any personal corn- 
CW computer interface apart from others. between 100 and 1000 Hz and any speed (5100 puter wlth most appropriate software. Available 

F M  (limiting) mode gives easy, trouble-free oper- WPM RTTY/CW and up to 300 baud ASCII). TTL/RS-232 lines: RTTY demod out. CW demod 
ation. Best for general use, off-shift copy, drift- Push button for 170 Hz shift. out (TTL only), CW-ID in, RTTY in. PTT in. 
ing signals, and moderate signal and ORM levels. Sharp mum-pole mark md space flltm give key In. All signal lines are buffered and can be in- 
A M  (non-llmltlng) mode gives superior per- true mark-space detection. Ganged pots give space verted using an internal DIP switch. 

formance under weak s~gnal conditions or when passband tuning with constant bandwidth. Factory Metal cablnet. Brushed aluminum front. 1 2 % ~  
there are strong nearby stations. adjusted trim pots for optimum filter performance. 2'/zx6 inches. 18 VDC or 110 VAC wlth optional 

Crosshair mark-space LED tunlng rmy slmu- Multl-pole actlw f l l ten are used for pre- AC adapter, MFJ-1312. $9.95. 
lates scope ellipse for easy, accurate tuning lim~ter, mark, space and post detection filter- Plugs between r lg and C M ,  VIC-20, Apple. TRS- 
even under poor signal-to-noise conditions. Mark ing. Has automatic threshold correction. This 80C. Atar~. TI-99 and other personal computers. 
and space outputs for true scope tuning. advanced design gives good copy under ORM, Use MFJ, Kantronlcs, AEA and other RTTY/ 

Transmits on both 170 Hz and 850 Hz shlft. weak signals and selective fading. ASCiI/AMTOR/CW software. 

MFJ ANTENNA BRIDGE MFJ-204 

MFJ Antbnna Brldgs. Trim your an- $79.95 
tenna for optimum performance qulckly 
and easily. Read antenna resistance up 
to 500ohms. Covers all hams bands be- 
low 30 MHz. Measure resonant f r e  
quency of antenna. Tells to lenghten or 
shorten antenna. Easy to use, connect 
antenna, set frequency, adjust bridge 
for meter null and read antenna resist- 
ance. Has frequency counter jack. Use 
as signal generator. Portable, self con- 
talned. 4x2~2 in. 9 V battery or 110 
VAC with adapter. MFJ-1312. 59.95. 

MlCROPHONE EQUALIZER 

MFJ*950 

$49.95 
I 

Greatly lmprwes transmitted SSB speech for maxi- 
mum talk power. Evens out speech peaks and valleys 
due to volce, microphone and room character~stics 
that makes speech hard to understand. Produces 
cleaner, more intellig~ble speech on receiving end. 
Greatly improves moblle operation by reducing bassy 
peaks due to acoustic resonances. Plugs between mic 
and rig. 4 pin mic jack, shlelded output cable. High, 
mid, low controls provtde * 12 db boost or cut at 490, 
1170. 2 ~ 0 0  HZ. Mic gain. onhff/bypass switch. 
"On" LED. 7xa6inches. 9 V battery. 12 VDC or 110 
VAC with adapter. MFJ-1312. $9.95. 

7-IN-1 RTTY OPERATING AID MFJ ELECTRONIC KEYER 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 1 OBLIOATION. IF NOT DELIGHTED, RETURN WITH- MFJ Ji DEALER. CALL TOLL-FREE 

IU30DAYS FOR PROMPTREFUND (LESS SHIPPING). 
One year unconditlonrl guarantee Made in USA. 800-647-1800. call 601-323-5869 

In Miss, and outs~de continental USA ,-, Add $4.00 each shlpplng/handltng Call or wrlte MFJ ENTERPRISES. INC. 
Box 494, Mississippi State. MS 34182 

Telex 53-4590 MFJ STKV 
for free catalog, over 100 products. 

indispensable. Improves any RTTY station. 
1. Cmsshajr LED uscopsw ~~~l~~ A ~ ~ ~ .  ~~k~~ 

tuning aulck and easy dead+n accuracy. T~~~ 
for maximum vert~cal and horizontal d~splay. 
2. scope Adapter. M ~ ~ ~ / s ~ ~ ~ ~  out~uts for scope, 
3. shift lndiutor. indicate 170, 425, 850 HZ 

shift, Especially useful for RTTY ham bands. 
sharp M~~ and spree ~ l , t ~ ~ .  ~ ~ ~ ~ t l ~  improves 

copy under crowded, fading and weak signal condi- 
tions. For 170, 425: 850 Hz shifts. 
5. NormaCReverseSwitch. Check for inverted RTTY 

w~thout clianglng sidebands and retuning. 
6. Output Level Control. Adjust signal level into TU. 
7. Limiter. Evens out signal variation for easier, 

smootheF copy. 
Plugs between receiver and TU. Mark Is 2125 Hz 

and Space is 2295. 2550, Or 2975 Hz. 10x2~6 inches. 
Uses floating 18 VDC or 110 VAC with AC adapter, 
MFJ-1317, $9.95. 

24/12 H 0 u R CLOC K/ID TIMER 
S&h to 24 hour UTC M F J - ) I  $19.95 

or 12 hour format! Bat- 
tery backup. ID tlmer a- *-) 
lefts every 9 minutes 
after reset. Red .6 in. 
LEDs. Synchronizable to WWV Alarm. Snooze func- 
tion. Minute, hour set switches. PM. alarm on lndlca- 
tors. Gray/Black cabinet. 5~2x3  in. 110 VAC. 60 Hz. 

t 

MFJ-407 D e l ~ x e  Elsctmnlc Keyer sends 
iambic, automatic, semi-auto Or manual. Use 
squeeze, single lever or straight key. Plus/ 
minus keying. 8 to 50 WPM. Speed, weight, 
tone, volume controls. On/Off. Tune. Semi- 
auto switches. Speaker. RF proof. 7 ~ 2 x 6  
inches. Uses 9 V battery. b 9  VDC or 110 VAC 
With AC adapter- MFJ-1305+ s.95. 

MFJ PORTABLE ANTENNA 
MFJ's M b l e  A n t s n ~  le ts iou operate 40. 

30.20, 15.10 meters from apartments. motels. 
camp sites, vacation spots, nearly any electri- 
cally clear location where space for a full size 
antenna is a problem. 

A tel-ping whip (extend to 54 in.) IS 
mounted on self-standing 6 x 3 ~  4 inch aluminum 
case. Built-in antenna tuner, field strenght me- 
ter, 50 feet RG-58 coax. Complete multi-band- 

$79.95 



polish until it shines 
It was a lazy afternoon. The air was warm, the sky was blue, and a soft sea breeze wafted 

gently across the deck. The place was Martinique, and a young radio operator from the 
SS Brasil - me - had the afternoon free. In those days my call sign was WMDT (all ships used 
four letters for identification), and I was at the halfway point in my fourth trip out to sea as a radio 
operator in the U.S. Merchant Marines. 

Thinking back now, I recall the slow, undulating motion of the ship, the immense expanse of ocean, 
and the fresh smell of sea breeze created by the water splashing against the fantail. It was a wonder- 
ful experience for a lad of 19 to be able to visit many foreign ports, operate a high-power shipboard 
radio station (with four receivers), to receive room and board - and be paid - for the privilege! 

On that lazy afternoon I decided to visit my counterparts (radio operators) aboard the SS France 
(FNRR). I suppose it was natural to want to see what equipment and antennas they had, what operating 
procedures they used, and in general, what their life was like aboard ship. 

While the radio room on the France was larger than the Brasil's, they had about the same comple- 
ment of transmitters and receivers as we had aboard our vessel, plus a high-resolution TV system 
used to pipe signals throughout the ship. Although our working conditions seemed similar, our feel- 
ings seemed to be quite different. The radio operators (there were about six, I believe) all appeared 
to be good, close friends, and they obviously enjoyed each other's company. I couldn't help but com- 
pare the atmosphere aboard my ship with that of the France. Though we were all friendly while on 
duty, we went our separate ways immediately after docking - I guess you could call our style "rug- 
ged individualism." I found myself preferring, however, the camaraderie shown by my new-found 
friends aboard this "foreign" liner. 

What is a visit to France (or a French ship) without tasting the food? I was invited to lunch. In 
the cafeteria we enjoyed an excellent meal, several glasses of good wine, and amicable conversa- 
tion. But suddenly my attention focused on one of the kitchen workers. I couldn't help noticing the 
considerable effort he was applying to the polishing of his equipment. Summoning up my best French, 
I went over to him and asked why he worked so hard. Were they that strict aboard the ship? 

First he laughed. Then he became quite serious and said something that I'll probably never forget: 
"This is my job. I want to do the best I can at it. If I thought it were 'beneath me' to do this job, 
I'd get another." 

I couldn't help thinking how many people I knew and had known who had what might be consid- 
ered very good jobs, yet complained, for one reason or another, that they should have been doing 
something else. We have so much in this wonderful country of ours. We have resources and resource- 
fullness. Our children have the opportunity to acquire an excellent education, and we have the facilities 
to train them - and ourselves - for many different interesting jobs. 

In Amateur Radio it's no different. We have the equipment, spectrum, technical resources, and 
obviously the time (just listen to some of our lengthy rag chews!) and yet I often come away from 
an evening on the air with the feeling that something's missing. We're all, it appears, "rugged indi- 
viduals" diligently protective of our own frequencies and thoughts, content to do the same thing 
day after day. (For those who know my operating habits, perhaps I'm a fine one to talk . . . I do 
zero in on chasing quite a bit of DX.) I guess what I'm trying to say is that I'd be very happy to see 
what we have appreciated more and used more fully. 

For my part I'm going to continue my experiments in antenna development and propagation studies, 
my two favorite technical subjects. But first I'm going to work on a more pressing problem - how 
to squeeze just two more hours into a 24-hour day. I don't think that's asking for too much. 

Rich Rosen, K2RR 
Editor-in-Chief 
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REALLOCATION OF THE TOP HALF OF 160 METERS TO RADIOLOCATION could take place in the 
very near future. In a mid-SZEZiiber Notice of Pro~osed Rule Makine. the Commission has 
proposed moving non-governmentA radiolocation operations from their present slot between the 
top end of AM broadcast and the bottom of 160 UP to 1900-2000 kHz. The shift is based on 
the WARC '79 upward expansion of AM broadcast, hisplacing present radiolocation operation. 

Ironically, The Importance Of Medium Frequency Radiolocation is being questioned in a 
Petition for Initiation of Inauirv Procedure filed bv the ARRL iust the dav before the FCC's 
NPRM was released. In it the 'league asks that the actual spect;um requirements of the 
individual radiolocation users be specified along with the actual number of such stations 
that might be active in any geographical area. Though the ARRL petition addressed the needs 
of all non-government radiolocation, it specifically asked the Commission to consider whether 
radiolocation's real needs are sufficient to justify taking over the 1900-2000 kHz slot. 

The League Has Now Petitioned The FCC To Withhold Consideration of the reallocation docket 
until after it considers the League's Inquiry Procedure petition. 

A BILL STRENGTHENING FEDERAL LAW ON MALICIOUS INTERFERENCE has been introduced in the 
U.S. Senate by Barry Goldwater, K7UGA. In his bill, S-2975, Sen. Goldwater would make any 
operator of equipment used to maliciously interfere with any form of radio communications 
(or radar) subject to Section 501 of the Communications Act if he continues after receipt 
of written notice to stop. Section 501 provides for fines up to $10,000 and two years in 
prison; under present law the fine for malicious interference is only $500. In addition, 
the equipment used to generate the malicious interference could also be siezed. 

RELIEF OF AMATEUR OPERATIONS FROM STATE AND LOCAL REGULATION is being sought by the ARRL. 
The League has asked the FCC to issue a "Declaratory Ruling of Limited Federal Preemption 
of stat; and Local Regulation of Amateur Radio station ~nstallation and Operation," to spell 
out just what limitations local and state authorities could place over federally-licensed 
Amateurs. A similar request regarding local regulation of TVRO satellite dishes was filed 
some time ago by United States Communications, Inc. 

Comments From Concerned Amateurs, Particularly Those who've had problems with local 
regulators, are being sought by the Commission. An original and four copies should go to 
the Secretary, FCC, 1919 M St., NW, Washington, D.C. by November 9; refer to PRB-1. A copy 
of those Comments, along with any supporting documentation, would also be very helpful to 
the ARRL in its efforts. USCI's proposal on behalf of TVRO owners has generated strong 
opposition from a number of governmental organizations, and it's almost certain they'll 
resist the League's request with equal fervor. 

THOUGH THERE'S BEEN NO REAL CHANGE IN THE 220 MHz SITUATION since last month's 
Presstop, there have been some interesting developments. "220 Notes" Publisher K9XI has 
requested a Congressional investigation of the FCC's Office of Science and Technology, 
based on concerns that the OST may have been improperly involved in the ST1 petition-that 
asked for reallocation of the 220-222 MHz slot to ACSB. "Westlink" reports Congress is 
getting plenty of mail on the subject, with Sen. Goldwater's office receiving about a 
thousand letters from concerned Amateurs and California Senator Pete Wilson almost 400. 

WA2MCTts Petition To Permit Novices All-Mode 220 Privileges has been denied and dis- 
missed bv the FCC. In denvine the ~etition Private Radio Bureau Chief Bob Foosaner 
noted that both the FCC anh ~ationai Telecommunications Information Administration (NTIA) 
are conducting on-going studies of future 216-225 MHz uses, so it is "not appropriate to 
consider petitions which could have a major impact on the 220 MHz band . . . "  at this time. 

A SPREAD SPECTRUM FREQUENCY HOPPING 2-METER BEACON IS NOW ON THE AIR from Falls Church, 
Virginia. Start an stop requenc es are , an MHz, on a -kHz spaced pseudo- 
random pattern. It's tran:mittingiMCW on A::rzw b:ni4iM7with a hop ::re of 10 hops per 
second, sending a series of Vs followed by the stat:ion ID. Contact N4EZV for details. 

EXTENSIVE CHANGES IN THE VEC PROGRAM HAVE BEEN PROPOSED by W6NLG on behalf of the Sunny- 
vale VEC Amateur Radio Club, the newly appointed California VEC. They'd like the prior 
notification requirement relaxed, and more leniency with respect to the exams Advanced 
class VE's can administer. They'd also limit any VEC to a maximum of 3 call areas, to 
provide for local control. An RM number has not been assigned at the present time. 

It Appears The FCC May Let The VEC Program Run As Is for the time being, until both 
it and the participants have enough experience to know what (if any) real bugs it has. How- 
ever, it may act favorably on RM-4835, which would shorten the delay period for retaking a 
failed exam from the present 30 days to 7, despite ARRL opposition. 

ARIZONA IS ADOPTING 20 KHz SPACING ON 2 METER'S TOP END, effective immediately. No 
more "odd digit" coordination for either new repeaters or for changes in existing machines 
will be permitted, and a statewide program to move all odd digit systems will begin soon. 

AN NPRM TO IMPLEMENT VARIOUS WARC BANDS IS DUE for FCC release very soon, possibly before 
this sees print. It's expected to include 24 an& 902 MHz as well as 10 MHz (still operating 
under temporary authorization), and probably other WARC changes as well. 

6 November 1984 
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'he new Kantronics 
allenger makes you the 
lner with superior 
mformance at a knockout - -  -. 
3 Challenger terminal unit is  
;igned for RTTY/ASCII/ 
ITOR operation with any of 
Kantronics software 

)grams. Compare our  
!cifications with the 
npetition, then check the ' 

, _ .ce. 
Challenger's four pole 

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

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

Kantronics Software 

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

i 
Hamtext - Includes all features 
of Hamsoft plus Text 

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

AFSK Output - Crystal controlled. Mark-2125Hz: Space- 
2295x2 (170 shift). Level lOOmvpp (35mvRMS) standard. 
Optional 500mvpp (175mvRMS). Output impedance 600 
ohm unbalanced. 
FSK Output - Open Collector +40 VDC Max. Polarity can 
be reversed. 
Scope Output - 10K ohm output impedance. 

PIC 
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Hamsoft/Amtor - Includes all 
features of Hamsoft plus 
communication in all three 
modes of AMTOR. 

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

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

PTT Output - Open Collector +40 VDC Max. 

Computer Connection - TTL Compatible. Inputs also 
RS232 level compatible. 
Power Requirements - 11 to 15 VDC (12VDC nominal) 
75ma 
Construction - Precision Extruded Aluminum Alloy 
Case 
Dimensions - 1.9"H x 5.9"W x 7"D 
Weight - 1% lbs. 

It3 Kantronics 
I 202 E. 23rd street 
Lawrence, Kansas 66044 



FRESH STOCK - N O T  SURPLUS 
TESTED - FULLY GUARANTEED 

PIN Rat~ng Ea 
MRF406 20W $14.50 
MRF412 80W 18.00 
MRF412A 80W 18.00 
MRF421 100W 25.00 
MRF421C l lOW 27.00 
MRF422' 150W 38.00 
MRF426' 25W 17.00 
MRF426A' 25W 17.00 
MRF433 13W 14.50 
MRF435' 150W 42.00 
MRF449 30W 12.00 
MRF449A 30W 11 .OO 
MRF450 50W 12.00 
MRF450A 50W 12.00 
MRF453 60W 15.00 
MRF453A 60W 15.00 
MRF454 80W 16.00 
MRF454A 80W 16.00 
MRF455 60W 12.00 
MRF455A 60W 12.00 
MRF458 80W 18.00 
MRF460 60W 16.50 
MRF475 12W 3.00 
MRF476 3W 2.50 
MRF477 40W 13.00 
MRF479 15W 10.00 
MRF485' 15W 6.00 
MRF492 90W 18.00 
SRF2072 75W 15.00 
CD2545 SOW 24.00 

Selected H~gh  G a ~ n  Matched Quads A 

Match Pr 
$32.00 

40.00 
40.00 
54.00 
58.00 
82.00 
40.00 
40.00 
32.00 
90.00 
27.00 
25.00 
27.00 
27.00 
33.00 
33.00 
35.00 
35.00 
27.00 
27.00 
40.00 
36.00 

9.00 
8.00 

29.00 
23.00 
15.00 
39.00 
33.00 
55.00 

.va~lable 

I 

2N6084 40W 12.00 29.00 
TMOS FET 

MRF137 30W $22.50 - 
MRF138 30W 35.00 - 
MRF140 150W 92.00 - 
MRF150 150W 80.00 - 
MRF172 BOW 65.00 - 
MRF174 125W 88.00 - 

VHF TRANSISTORS 

Techn~cal Assfstance & cross-reference 
fnformatfon on CD, PT RF SRF SD PINS 
Call Eng~neer~ng Dept (61 9) 744-0328 

I R F  Parts Catalog Ava~lable 
OEM & Quant~ty Discounts 231 

Mlnlrnum Order $20 Add $ 3  50 S h ~ p p ~ n g  
WE SHlP SAME DAY C.O.D.IVISAIMC 

I ORDERS ONLY: 800-854-1 927 
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comments 
wait for the mailman 
Dear HR: 

Thanks for bringing VHF and UHF 
out of the dark ages and into the 
daylight. As I sat here carefully cutting 
out W1 JR's article on propagation, 
(July, 1984) it occurred to me that it's 
the best primer I've ever read. The arti- 
cle now has a home on my research 
book shelf right next to authorities 
such as Natural Electromagnetic 
Phenomena, Electronic Density Pro- 
files in the Ionosphere and Exosphere, 
and other noteworthy journals and 
papers. 

WB3BGU1s series on VHF and UHF 
Antenna Design (May-October, 1984) 
helps clear the smoke screen on design 
that has snowed hams for years. I have 
built and put up some large arrays over 
the years; Stan's notes are the best 
guide ever written for hams. 

Since Rich Rosen took over as 
Editor-in-Chief, ham radio has moved 
to the number 1 position on my wait- 
for-the-mailman list. Keep up the great 
work. 

Sid Liberman, WAZFXB 
Woodbridge, New Jersey 

Model 28 printer 
Dear HR: 

I have a TRS80 Color C ~ m p u t e r , ~ ~  
Kantronic Software, and an MFJ 
TU-1224. I'd like to use my Model 28 
as a printer. Can someone out there 
show me how? 

John L. Gill 
6000 Duda Road 

House Springs, Missouri 63051 

cheers 
Dear HR: 

Regarding your July, 1984 editorial, 
"The Number 1 Question," thanks! 
Not exactly for spelling out how to 
write a magazine article, but for an- 
nouncing the birth of the "Superduper 
Louden-Boomer Metal Noodle." We in 
this area are using the "new and im- 
proved" version with extraordinary 
results and will shortly - yesterday, I 
believe - come out with an even more 
versatile one -the DASH 2 - on 
which I would be glad NOT to write a 
technical paper. 

Seriously, though, I enjoy ham radio 
very much. Keep up the good work! 

Frank Brumett, WB4ClZ 
Lexington, Kentucky 

wideband VCO design 
Dear HR: 

Your July, 1984, issue came just in 
time. I was showing my students how 
to use the Smith chart for finding the 
length of a transmission line to act as 
an inductor and I wanted a circuit to 
build. Alan Victor's article on wide- 
band VCO design was just what I 
needed. 

The circuit was easy to build, and 
because the resonator is shielded, it 
was immune to handling by the stu- 
dents. I was able to vary the frequen- 
cy of the Colpitts oscillator throughout 
the FM radio band for the students to 
hear. This circuit helped my students 
in applying theory to a practical 
application. 

Joe Avampato, W8DKR 
Fort Mill, South Carolina 

r 

In the May, 1984, article, "Remote-controlled 
40, 80, and 160-meter Vertical," reference 
was made to 4-inch O.D. irrigation pipe. 
Local inquiries produced the following infor- 
mation: 4-inch aluminum irrigation pipe with 
0.050 inch wall is available in lengths up to 
40 feet from Larchmont Engineering, P.O. 
Box 66, 11 Larchmont Lane, Lexington, 
Massachusetts 02173. The price is $2.38 per 
foot; other sizes are available. (Check your 
local phone book for additional sources.) 

For additional sources of Ledex, also 
specified in VV7LR's article, send an SASE 
to ham radio, Greenville, New Hampshire 
03048. 

Editor 
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EIMAC' 
new DX champion 
I I u d  

~ntinues 1 15 cm) high. Cool- 
mit its development of rellame ..., .~qu~rernents are modest 
tubes for HAM radio. and z ling socket, air 

chimn anode clamp are 
The new, rugged 3CX800A7 availal 
power triode provides kW PEP 

A data sheet and more informe input for voice service or 1 kW tion is available from Varian cw rating up to 30 MHz. Two EIMAC. Or the nearest Electron tubes will meet the new, higher Device Group sales office. Call power ratings authorized by the or write today. FCC. 
Varian EIMAC 

Designed for today's low profile, Vl Industrial Way 
compact linear amplifiers, the 

1 
nn Carlos, California 

3CX800A7 powernouse is only ~lephone: 4150592-122 
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TS-430s "Digital DX-terity!" 
Eight memories store frequency, AT-250 automatic antenna tuner was 
mode, and band data, with Lithium designed primarily with the TS-430s 
battery fnemory back-up. Memory in mind, and for those who prefer to 

Digital DX-terity...that Outstanding scan and programmable automatic "roll their own:' the AT-130 antenna 
attribute built into every KENWOOD band scan help speed up opera- tuner is available. The FM-430 FM 
TS-430s that lets you QSY from tions. An IF shift circuit, a tuneable unit is available for FM operations. 
band to band, frequency to fre- notch filter, and a Narrow-Wide 
quency, and from mode to mode 

The YK-88C (500 Hz) or YK-88CN 
switch for IF filter selection help (270 Hz) CW filters, the YK-88SN 

with the speed and ease that will eliminate QRM. It has a built-in SSB filter, and the YK-88A AM filter 
give you a position in DX speech processor, A fluorescent may be easily installed for S ~ ~ I O U S  
operations. tube digital display makes tuning 

KENWOOD'S TS-430S, a revo- 
DX-ing. An MC-6OA deluxe desk 

easy and fast. An all-mode squelch microphone. MC-80 and MC-85 
lutionary, ultra-compact, HF trans- circuit, a nolse blanker, and an RF communications microphones, an 
ceiver has already the hearts attenuator control help clean up the MC-42s mobile hand mic.. and an 
of radio Amateurs the world over. signal. And there's a VOX circuit, MC-55 8-pin mobile microphone, 
It covers 160-10 meters. including semI-break-,n, with slde-tone, are available, depending On your 
the new WARC bands All-in-all, it lust could be that the requirements. TL-922A linear ampli- 
fied for HF MARS). Its high expression "Digital DX-terity" is a bit fier (not for CW QSK), SM-220 sta- 
range receiver tunes from 150 kHz- of an understatement, tion monitor, PC-1A phone patch, 
30 MHz. It utilizes an innovative UP TS-430S Optional Accessories: SW-2000 SWRIpower meter 160 - 6 

'lrcuit for superior In typical KENWOOD fashion, there meter, SWlOOA SWRlpower/volt 
frequency stability and accuracy. are plenty of opt~onal accessories meter 160-2m, HS-4, HS-5, HS-6, 
Two digital VFO's allow fast split- for this great HF transceiver. There HS-7 headphones, are also available. 
frequency operations. A choice of 

is a special power supply, the 
USB, LSB, CW, or AM, with FM 

More information on the TS-430s 
PS-430. An external speaker, the is available from authorized dealers 

optional, are at the operators also available, And the of Trio-Kenwood Communications, 
tips' All Solid-state bracket is avail- 1111 West Walnut Street. 

Compton, California 90220. 

watts on FM (optional), or 60 
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You touch. It holds. 

$129* gets you the world's first It's the top model in the world cham- FROM THE WORLD LEADER 
handheld digital/analog pion Fluke 70 Series line - the first IN DIGITAL MULTIMETERS. 

multimeter with "Touch Hold:' 
The Fluke 77 

Its unique "Touch Holdw** function 
automatically senses and holds readings, 
leaving you free to concentrate on posi- 
tioning test leads without having to watch 
the display. 

Then, when you have a valid reading, it 

industrial quality autoranging multimeters 
to combine digital and analog displays. 
These tough, American-made meters fea- 
ture a three-year warranty and 2000+ 
hour battery life. 

So call now for the complete story on 
the Fluke 77 with "Touch Hold:' Because 
if you don't deserve the world's first, who 

signals you with an audible beep. in the world does? FLUKE 73 FLUKE 75 FLUKE 77 
The Fluke 77 is perfect for those test For the name of your distributor or a s I E 

i..i JI d dl la 1 ? d (la dls la . \& I  I 113 dl t 
situations where accessibility IS a problem, free brochure, call our toll-free hotline ,,, I,,: yhl,4 VIII ',,/ 
or when extra care IS needed for critical anytime 1-800-227-3800, Ext. 229. le"l d idr I?sI drllli t rpt  

Autoran e Aurl blr ronllnul Auri~hlt ~ o n l ~ n u ~  
measurements From outs tde  the u s call 1-402-496-1350, EX{ 229 o 7 . th!5lcdcacwfacy Autaringe rang:hotd r u I) ti111i tu!dl0n 

2000 a flour battery llte 0, t u i l ~  d aLLuracy Aut i lngr rang? h ~ l d  
3 ~ . i i l i  warranty 2Ml i Iiloui hll ery IIP 0 7" hd i dt  accura2 

3 y~r waildr '! 2(Xm t 'I,I~JI tll~ttrl, I le 
3 y a 1  warfanly 
ML PUI,IO t IIOISIPI 

' S w t e d  U S  Ihst price ellen~w July 1 IW 
" Palml [wdlnp 

Cq~ynghl Q lW JOhn Fluke Mlg Co Inc All rlghR r e s ~ r d  Ad No 4701-77 



rn -9fl ELECTRO-SCAN 84 

Your wisest choice in 

Features 
Economical 

Lock and Key 
On-Off Switch 

36 volt DC motor 
Precise positioning 

10 Turn 
Analoa Micro Svstems 

automatic dish positioners. 1 yearlimited warranty 
State-of-the-art circuitry 

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

dish positioners, contact. . . Modern, attractively styled control box 
Dial control always showing dish location 

ELECTRO-COM 5512 Savina Avenue Dayton, Ohio 45415 Phone (513) 832-2937 

More Details? CHECK-OFF Page 158 H 140 November 1984 13 



quiet! preamp at work 

Understanding preamplifiers 
means understanding 

all the important parameters 
of receiver performance 

For years, the standard technique employed by 
Radio Amateurs to improve receiver sensitivity has 
been to precede their receivers with one or more 
stages of preamplification. Invariably a preamplifier 
that performs well on the bench will actually degrade 
the actual on-the-air system sensitivity. This article ex- 
plores the relationship between gain, noise figure, 
bandwidth, distortion, and sensitivity in an attempt to 
answer the classic preamp question, "If a little is good, 
is a lot better?" 

sensitivity 
Sensitivity is a measure of the weakest input signal 

that will produce a specified output signal-to-noise 
ratio. We can quantify receiver performance in terms 
of minimum discernible signal sensitivity, which is the 
input level producing an output signal-to-noise ratio 
of unity; tangential signal sensitivity , which gen- 
erally refers to the input level needed to produce an 
output signal-plus-noise to noise ratio of 6 dB or the 
RF level required to produce a detected signal which 
is 8 dB above the RMS noise level1; or threshold, 
which refers to the input amplitude required to pro- 
duce a specified level of receiver quieting and is fre- 
quently employed in FM systems. All of these sensitiv- 

ity measures are a function of the receiver circuitry's 
internally generated noise, bandwidth, and distortion. 

Of these three parameters, the receive bandwidth 
can be considered fixed for a given application, and 
would ideally be wide enough to pass all the modula- 
tion sidebands of the desired signal, yet sufficiently 
narrow to exclude both background noise and any 
adjacent-channel signals. Because the response band- 
width of modern receivers is established primarily in 
the IF stages, it is relatively independent of the param- 
eters of any preamplifier employed. 

Both noise and distortion, on the other hand, are 
very much influenced by preamplifier performance. 
Most Radio Amateurs are now aware that preamplifier 
gain, by itself, does not necessarily assure an improve- 
ment in receiver sensitivity. Rather, to be beneficial 
in a system, the preamplifier must generate an inter- 
nal noise level significantly lower than that generated 
by the receiver it precedes. The noise relationships in 
a cascade of stages are quantified by the now-familiar 
Friis Equat i~n.~ A well-known rule of thumb derived 
from the Friis Equation is that if a preamp's gain ex- 
ceeds by at least 10 dB the noise figure of the receiver 
it precedes, the noise performance of the preamplifier 
will dominate the cascade. 

Yet the above relationship serves merely to confuse 
the Amateur who measures a new preamp at a region- 
al VHF Conference at, say, 3 dB noise figure for 15 
dB gain, brings it home, installs it in front of a 10 dB 
noise-figure receiver, and finds its sensitivity actually 
degraded. What has been overlooked? Probably the 
effects of distortion. 

distortion 
A linear amplifier is one whose output signal is an 

exact replica of the input signal, measured in either 

By H. Paul Shuch, NGTX, 14908 Sandy Lane, 
San Jose, California 95124 

14 November 1984 



fig. 2. Typical intermodulation distortion spectrum display. 
Note the next pair of "signals" (IMD) are 20 dB down from 
the primary two-tone output. 

SIGNAL 

the time or frequency domains, differing only in its in- 
creased amplitude. Try as we might, we cannot build 
truly linear amplifiers in the real world. Any non- 
linearity introduced by an amplifier will manifest itself 
as a deviation from sinusoidal response when viewed 
in the time domain, or as the generation of new fre- 
quencies when measured in the frequency domain. 

In a receive preamplifier, as in any non-linear device, 
the distortion products generated are integer multiples 
(harmonics) of the input frequency, plus their various 
sums and differences. Normally these distortion prod- 
ucts would not degrade receiver sensitivity, as they 
would fall outside of the receiver's passband. Rare, 

GENERATOR 
NO. I 

1, 

however, is the receiver to which only a single input 
signal is applied. In our crowded spectra, we can an- 
ticipate countless signals of varying amplitudes within 
the passbands of our preamplifiers, only one of which 
(at a time) can be said to constitute "signal." All poten- 
tially interfering waveforms must, from a communica- 
tions standpoint, be classified as noise. 

it is these multiple input signals that give rise to both 
intermodulation (mixing of in-band signals) and cross- 
modulation (mixing of signals from in-band with out- 
of-band) distortion. When the harmonics of one signal 
mix with the harmonics of another, the resulting distor- 
tion products can fall within the receiver passband, 
degrading sensitivity. 

POWER 
COMBINER 

SPECTRUM 

ANALYZER 

dynamic range 
Neglecting distortion effects, the weakest signal to 

which a receiver can respond is a function of its band- 
width and noise performance. If the multiple input sig- 
nals applied to a receive system are all relatively low 
in amplitude, their distortion products may fall below 
this sensitivity limit, and be negligible. But if the in- 
put signals are of sufficient amplitude, their distortion 
products may appear strong enough to degrade recep- 
tion of the desired signal. Thus, noise figure of a re- 
ceiver generally determines the weakest signal to 
which it can respond. Maximum spurious free input 
signal, a function of a receiver's linearity, establishes 
an upper limit for the range of signal amplitudes to 
which the receiver can respond without generating 
perceptible distortion. The difference between sensi- 
tivity and maximum spur-free input levels is called 
spurious-free dynamic range, and represents a primary 
limitation in receiver performance. 

Dynamic range is generally degraded by the addi- 
tion of a preamplifier in front of a receiver. Although 
the low inherent circuit noise of a preamplifier may 
significantly improve minimum discernible signal sen- 
sitivity, degradation occurs because any additional 
gain in a system increases the amplitude of the desired 
signal, but increases the amplitude of the distortion 
products at an even greater rate, diminishing the max- 
imum spurious-free input signal level. Thus, at least 
with respect to preamplifier gain, the old axiom, "If 
a little is good, a lot is better" can get us into trouble. 
Preamplifiers should be used only when actually nec- 
essary to improve weak-signal performance, and then 
only with as much gain as is actually necessary to 
establish the required system noise performance. 

Even so, preamplifiers can result in a net degrada- 
tion in system sensitivity. Some preamps are worse 
than others in this respect; as far as dynamic range 
is concerned, not all preamps are created equal. We 
need to measure and quantify their dynamic range, 
as well as their noise figure, in order to accurately pre- 
dict their impact on system performance. 41- 
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Mh 
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fig. 1. Two-tone intermodulation distortion test 
configuration. 
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1 2 0  P R I N T  "DO Y O U  W I S H  O U T P U T  R O U T E D  TO:' 
i 1 0  P t l l i T  . . . . . .  
1 4 0  P R I N T  ' P R I N ~ E R  (P)- 
1 5 0  I N P U T  ' or S C R E E N  (s)';PR$ 
1 6 0  I F  PR$-'P' O R  PR$-'p" O R  PR$-'S' O R  PR$--e- C O T O  2 0 0  
1 1 0  P R I N T  C L R $  
1 8 0  P R I N T  'YOU M U S T  R E S P O N D  W I T H  - P a  0 1  .Sp' : P R I N T  
1 9 0  C O T O  1 2 0  
2 0 0  ............................................. 
2 1 0  P R I N T  C L R $  
2 2 0  P R I N T  'TONES --> 
2 3 0  P R l N T  " 

I I. 

2 4 0  P R I N T  '. 
I I *  

2 5 0  P R l N T  ' 
I 1 -  
I 1 -  

2 6 0  P R I N T  ' L K O  - - >  I I I I' 
2 1 0  P R L R T  - 
2 8 0  P R I N T  '' 

I I I 1 -  
---------.-----. " : P R I N T  

2 9 0  P R I N T  ' F O R  TWO-TONE O U T P U T  S P E C T R U M  A S  I N D I C A T E D  A B O V E , "  
3 0 0  P R I N T  
3 1 0  I N P U T  "ENTER Tro-Tone O u t p u t  A m p l l t u d c ,  I n  d l .  *.TONES 
3 2 0  I N P U T  'ENTER Thlrd-Order I U D  A m p l l f u d e ,  In dB. '.IUD 
3 3 0  I N P U T  '"INTER S y ~ t e m  Gain. 
3 4 0  I N P U T  - I N T E R  S y s t e m  N o i s e  V l g u r e ,  

in d B  '.GAIN 
I n  dB '.NP 

I 5 0  I N P U T  * E N T E R  S y m t e m  S a n d w i d r h .  i n  kHz - . B Y  
3 6 0  13-TONES + ((TONES - I M D )  I 2 )  
3 7 0  H D S  - HP - I 4 4  + IO~(LOClBY)/LOCl10)) 
3 8 0  INNAX - 1~2/31'113-CAIN~>+lMDS/3> . . . . . .  

Y A N C L  - I N I A X  - WDS ............................................ 
P R I N T  CLR) 
P R I N T  '1NTERMODULATION k N A L I S I B  B Y  N I C R O C O M H "  
P R I N T  : P R I N T  
P R l N T  USING ' 1111 .1  dl. - ->  
P R I N T  

I 1 " ; T O N E S  

P R I N T  
I I .  
I 1  - 

P R I N T  i i .. 
P R I N T  USING ' 1111 .#  dB. - - >  1 1 1 l-;IHO 

8 P R I N T  
P I i l Y T  ................ I 1  I I -  ,, 
..... 

P R I N T  : P R I N T  
PRINT USING "SYSTEM G A I N  - I I I I . I  dB",CAIN 
P R I N T  USINC 'SYSTEM N O I S E  F I G U R E  - 1111.1 dB-:NP 
P R I N T  USING - S Y S T E M  B A N D W I D T H  - 1 1 l l . l  k H z - , S U  
o n ,  .,* 
P R I N T  USING " O U T P U T  T H I R D  O R D E R  I N T E R C E P T  P O I N T  - 1111.1 
P R I N T  USING "MINIHUM D I S C E R N I B L E  I N P U T  S I G N A L  - 1111.1 
P R I N T  USING -IlAXII(UI SPURIOUS-FREE I N P U T  S I C N A L  - 1111.1 
P R I N T  U S I N G  "SPURIOUS-FREE D I H A U I C  RANGE - t l l t . 1  ............................................ 
IF PI$-"5" O R  P R $ - ' a '  T H E N  C O T 0  8 0 0  
LYRIHT '.INTERMODULATION A N A L Y S I S  R Y  M l C R O C O H M "  
L P R I N T  . L P R I N T  
L P R I N T  U S I H C  ' # 1 1 1 . 1  dB. --> I I " .  TONES 
L I R L N T  
L P R L N T  

1 I " 

1 1  - 
6 1 0  L P R L N T  i i  - 
6 8 0  LFRLNT U S I N C  ' 1 1 1 1 . #  dB. - - >  I I I I"; IHO 
6 9 0  L P R I H T  
700 I . Y R I U T  

I I I I -  ,, 
--.-------------- ~~- . .  

7 1 0  L P R I N T  . L P R I N T  
7 2 0  L P R I N T  U S I N G  'SYSTEM G A I N  - t111 .1  d B - ; G A I N  
7 3 0  L P R I N T  U S I N G  "SYSTEM N O I S E  F I G U R E  - 1111.1 dB';NP 
1 4 0  L P R I H T  USING " S Y S T E M  B A N D W I D T H  - 1111.1 k H z " ; t Y  
7 5 0  I p l r M r  . . . . . . .  
7 6 0  L P R I N T  USING ' O U T P U T  T H I R D  O R D E R  I N T E R C E P T  P D l N T  - 1111.1 d 8 m . :  1 3  
7 1 0  L P R l H T  USING - MINIIIUM D I S C E R N I 1 L E  I N P U T  S I G N A L  - 1 t t t . t  ds;";nD~ 
7 8 0  L P R I N T  USING " M A X I H U M  SPURIOUS-CREE I N P U T  S I G N A L  - 1111.1 dBm"i1NIAX 
1 9 0  LPRlNT USING ' SPURLOUS-FREE D Y N A M I C  R A N G E  
7 9 2  L P R l H T  

- 111I.Y dE":RANCF 
~ ~. 

7 9 4  L P R I N T  
1 9 6  L P R I N T  
1 9 8  L Y R i N T  
8 0 0  .............................................. 
8 1 0  P R I N T  : P R I N T  
8 2 0  I N P U T  'TYPE < r e t u r n >  TO CONTINUE, -9. TO Q U I T  '.D$ 
8 3 0  IF D$ - "9" O R  O $  - " q "  T H E N  C O T O  8 5 0  
8 4 0  G O T 0  I D 0  

8 5 0  * 8 6 0  .-....................-................................................... 
8 7 0  . 
8 8 0  E Q U A T I O N S  E X E C U T E D  
8 9 0  . 
9 0 0  * t l I N L M U b t  O I E C E R N l l L E  S L C U A L  - -174 d B m 1 H z  I W P  ( d B )  + 1 0  " LOG I Y  ( H I )  
9 1 0  - 
9 2 0  'OUTPUT I N T E R C E P T  P O I N T  - P ( C o n e s 1  + [ P ( t o m e s )  - P ( I m d )  1 / 2 
9 3 0  . 
9 4 0  7?lAXIMUf4 I N P U T  S I C N A L  LEVEL - (213) ( I N T E R C E P T  - GAIN) + ( M .  D. 5. 13) 
9 5 0  
960  SPURIOUS P R e e  D Y N A M I C  R A N G E  - n A x I n u n  I N P U T  - M I N I M U M  D I S C E R N I B L E  SIGNAL 
9 7 0  

9 8 0  * 9 9 0  .......................................................................... 
1 0 0 0  E N D  

fig. 3. CP/M BASIC language program listing to determine 
spurious-free dynamic range from spectrum analyzer two- 
tone IMD measurements. 

gain compression 

SYSTEM GAIN - -6.0 d B  
SYSTEM NOISE FIGURE - 7.0 dB 
SYSTEM BANDWIDTH - 2.4 kHz 

OUTPUT THIRD ORDER INTERCEPT POINT - 4.0 dBm 
MINIMUM DISCERNIBLE INPUT SIGNAL - -133.2 d B m  
MAXIMUM SPURIOUS-FREE I N P U T  SIGNAL - -37.7 dBm 
SPURIOUS-FREE DYNAMIC RANGE - 95.5 dB 

fig. 4. IMD analysis of a double-balanced mixer with a 
+ 7 dBm injected LO level. 

proached, output signal changes will be unable to keep 
pace with the input. That is, the gain of the amplifier 
compresses at the upper end of its dynamic range. The 
output level at which the amplifier is exhibiting 1 dB 
less gain that it was under weak-signal conditions is 
referred to as its output !-dB compression point, and 
is an indicator of the amplifier's immunity to intermod- 
ulation and cross-modulation distortion. 

For a given noise figure, the preamplifier with the 
highest compression point will offer the greatest 
spurious-free dynamic range. But correlating the two 
parameters directly is difficult because the relationship 
between compression and distortion varies between 
active devices, and between circuit configurations. 

Another indicator of dynamic range relates to the 
fact that if you continue to increase the drive level to 
an amplifier beyond the compression point, the gain 
further decreases. Eventually, the amplification of the 
desired signal is degraded to a point at which its 
amplitude at the output of the amplifier, and those of 
the intermodulation distortion products, would be the 
same. The output level at which this should occur is 
called the output intercept point." Intercept point is 
more readily correlated to dynamic range than is com- 
pression point, but is difficult to measure directly. To 
best quantify dynamic range limitations, it is necessary 
to test the preamplifier in its actual operating environ- 
ment - that is, under multiple-signal conditions. 

two-tone testing 
In the method of dynamic range testing prevalent 

in industry, two sinusoidal signals of equal amplitude 
are applied to the input of the device under test, and 

Inferences about an amplifier's dynamic range can the resulting output spectrum monitored in the fre- 
be drawn by applying to its input a single signal of quency domain. The two input signals, or tones, may 
varying amplitude and observing the amplitude pres- be generated by summing the outputs of the two sig- 
ent at the output. In its linear region, the amplifier will nal generators in a power combiner, or by applying 
produce a 1-dB change in output signal amplitude for a single RF source to the LO input of a balanced mix- 
every 1-dB change in the applied signal. That is, the 

'For many amplifier circuits, this is a theoretical, rather than an attainable, 
gain of the amplifier is independent of level, because the active device may burn out before this output level is 
level. But as the upper limit of dynamic range is ap- reached. 

16 November 1984 





3AR CORPORATION 

llODEL 8050 DMM . . 

BLUE 

AWARDE TAYING ON THE JOB 
With ten: snds of 8050's presently in us 
of servic~ ironment, returns for any rea 

ra  hundrea unlrs. I hat'sstaying Power! Our buil,t-lr~ uvar 
mction was designed to keep the 8050 on the jo 
r shop. 

ZD FOR S 
; of thousi 
e and env 
. A  ..-!A- - 

~nsistor h 
A was de: 
future! 

FE, and I 
;igned to 

has a sur 
respond 

)er fa! 
to yo( e in all t y ~  

Ison are M . :- -..-- I- 
)es continuity beeper. This DM\ 
fell testing needs now and in the 

wad 

h e  8 AWARDED FOR EASE OF OPEF 
READABILITY AND SIZE 
The sinqle knob rotary switch is€ 

unde 
prote 
repai 

n 

IATION, 
b, not in 1 

!asy to set 
A .......,... AWARDED.FOR STAYING ACCURATE 

The accuracy of the 8050's sh~pped to date, far exceeds our 
published specifications. We took 5 units out of our stock at 

dom and tested them uslng the latest NBS traceable DMM 
ahrator' Here are the Results. . . 

rated Outpill OCVI 
Rang? Selling D C L  

" 3 

contact wiping action just iike the time plvVGll ~OM'S. The ler 
protected LCD readout with its bold 3-1/2 digit display makes 
easy to read, even in dimly lit areas. The ideal size (6-1/4" x 3-I/: 
x 1 ") it fits comfortably in one hand, and can be slipped into mo! 
shop coat pockets. Our optional Carrying Case (Model CC-0 
$9.90) was designed to allow in-case, no hands on meter use, and 
contains a separate probe storage compartment 

ran 
P?l 

as well. 

AWARDED FOR PRICEIPERFORMANCE 
The 8050 now costs If 
quantities of 1-3, $72.0 

more units, with nosacrifice il 
field maintainability. 

SOAR CORP. is the Prime Manufacturer of all it sells. Fc 
information on the 8050 or any of our other Digital Multi 
VOM's. Oscilloscopes, DC Power Supplies, Digital Temp 
Meters, Pulse Generators. Frequency Counters, AC Currel 
Meters and Energy Monitors. Write or call: 

.e, just $76.50 i ?ss than f 
0 for 4-9 1 
i quality c 

?ver befol 
~ieces anc 
onstructic 

1901 1992 1993 992 
nccuracy-- I d"P& 0 053- -0JOl- -0 I 5 1  -0 20P- 

111 u4 
lual Readlnq 190 4 
Ac~urat  )- - 0 211-- I 1 9 0 2  0 1 0 5 -  1 -0J01 1992 -0 1994 201- I 9 9 3  0 303.- 

)r mol 
meter 
eratul 1lt e5 

lual Read~ng 
rurac) 

1x14 I iwlJ i g a  1 ( 1-0 211- -0053 -0 050- 0 151- 0-101-- . . 

And I 

m 
Me guarantee accuracy for 1 full year. 

NORTH AMERICAN SOAR CORP. 
11 26 Cornell Avenue 
Cherry Hill, New Jersey 0 
(609) 488- 1060 

AWARDED FOR KEEPING UP WITH OUR 
ADVANCING TECHNOLOGY 
The 8050 measures DC and AC voltage from 0.1 mV through 
I DC, 750V AC; DC and AC current 0.1 pA through 10 Am- 1 ooo\ 

peres ; Resistance from 0.1 ohm through 20M ohms, test diodes, 

NORTH  SOA AH 
e Model 51 01 B, Accuracy DCV + 0.005Oh i-0.001 -1-5 p~ AMERICAN cor paratior 



INTERMODULATION ANALYSIS BY MICROCOMM INTERMODULATION ANALYSIS BY MICROCOMM 

-7.0 dBm --> 1 I  
I  I 
I I 
I I  

-65.0 dBm - ->  1 1 1 1  
I I I I  ----------------- 

SYSTEM GAIN -7.0 dB 
SYSTEM NOISE FIGURE - 8.0 d B  
SYSTEM BANDWIDTH - 2.4 kHz 

OUTPUT T H I R D  ORDER INTERCEPT POINT = 22.0 dBm 
MINIMUM DISCERNIBLE I N P U T  SIGNAL - -132.2 d B m  
MAXIMUM SPURIOUS-FREE I N P U T  SIGNAL - -24.7 dBm 
SPURIOUS-FREE DYNAMIC RANGE - 107.5 dB 

fig. 5. I M D  analysis of a double-balanced mixer with a 
+ 17 dBm injected LO level. 

er, a suitable audio signal generator to the mixer's IF 
input, and applying to the device under test the 
double-sideband (two-tone) signal appearing at the 
mixer's RF port. In either case, the two tones must 
be separated in frequency sufficiently to be individually 
resolved on the spectrum analyzer's display, yet suf- 
ficiently close in frequency to both fall within the re- 
sponse bandwidth of the device under test. 

A typical interconnection of instruments for two- 
tone dynamic range analysis is shown in fig. 1, and 
a typical resulting spectrum is displayed in fig. 2. Note 
that the distortion products of greatest amplitude (in 
this case, the pair of signals immediately adjacent to 
the two applied tones) are roughly two divisions, or 
20 dB, below the amplitude of the desired output 
tones. The intermodulation distortion level of this par- 
ticular amplifier, measured at this particular signal 
level, is thus -20 dB. 

If the vertical axis of the spectrum analyzer is cali- 
brated in absolute amplitude (typically in dBm), the 
output power per tone, the PEP output power (6 dB 
above the level of each individual tone), and power 
of the individual distortion products can be readily 
determined. And from these values, with minimal 
number crunching, we can determine the dynamic 
range of the preamplifier. 

data analysis 
The mathematical relationships applied next are, as 

is said in college texts, "beyond the scope of this 
course." However, I have included in fig. 3 a listing 
of a Micro-softTM BASIC program that performs the 
complete analysis. Although written to run under the 
CP/MTM operating system, the program can likely be 
modified to run on any of the popular home computers 
using their version of BASIC. Figures 4 through 8 are 
sample executions of the IMD program for various re- 
ceiver configurations. Comparing these printouts will 
enable us to draw some significant conclusions with 
regard to the utility of preamplifiers in VHF and UHF 
communications systems. 

-14.0 dBm --> I  I  
I  I  
I I 

-25.0 dBm --> 
I I 

I I I I  
I I I I  

SYSTEM GAIN - 12.0 d B  
SYSTEM NOISE FIGURE - 2.0 d B  
SYSTEM BANDWIDTH 2.4 kHz 

OUTPUT T H I R D  ORDER INTERCEPT P O I N T  - -8.5 dBm 
MINIMUK DISCERNIBLE I N P U T  SIGNAL - -138.2 d B m  
MAXIMUM SPURIOUS-FREE I N P U T  SIGNAL - -59.7 dBm 
SPURIOUS-FREE DYNAMIC RANGE - 78.5 dB 

fig. 6. I M D  analysis of a bipolar junction transistor 
preamplifier. 

mixer design considerations 
As a rule, balanced mixers offer excellent dynamic 

range and intermodulation distortion performance, al- 
though their weak-signal sensitivity leaves something 
to be desired. Mixers are designed to operate at dif- 
ferent levels of local oscillator injection, and general- 
ly, the higher the LO level employed, the higher will 
be the mixer's compression level. However, raising the 
LO injection above perhaps 5 milliwatts tends to de- 
grade mixer conversion efficiency and noise figure. 
Nonetheless, as figs. 3 and 4 indicate, so-called high 
level mixers offer sufficiently improved dynamic range 
to override the considerations of slightly degraded sen- 
sitivity, in most applications. 

Not shown in the computer runs, but worthy of con- 
sideration, are the so-called "starved LO" mixers. 
These devices use an extremely low LO injection level 
with external DC bias of their mixer diodes, and excel 
in low-noise performance. Their dynamic range, how- 
ever, is severely degraded, typically 12 to 15 dB below 
that of even the "low-level" balanced mixer shown in 
fig. 3. Thus, except in those applications in which it 
is impractical to generate 5 milliwatts or more of LO 
injection, starved LO operation should be avoided. 

The same is true for harmonic mixers. These devices 
are extremely popular in microwave TV receive con- 
verters, and employ LO injection at half the normal 
frequency, with the mixer diodes serving double duty 
as frequency multipliers. Obviously, the more frequen- 
cies we generate within a mixer, the more spurs will 
be available to bite us later. I recommend multiplying 
in a stage separate from that doing the heterodyne 
conversion. 

preamp design considerations 
Most receive preamplifiers operate with their active 

devices drawing relatively low quiescent current. This 
is done because high device current generates high 
thermal activity, which degrades noise performance 
significantly. Unfortunately, biasing any active device 
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I N T E R M O D U L A T I O N  A N A L Y S I S  B Y  M I C R O C O M M  

S Y S T E M  G A I N  - 17.0 d B  
S Y S T E M  N O I S E  F I G U R E  - 3.0 d B  
S Y S T E M  B A N D W I D T H  2 . 4  k H z  

O U T P U T  T H I R D  O R D E R  I N T E R C E P T  P O I N T  - -2.5 d B m  
M I N I M U M  D I S C E R N I B L E  I N P U T  S I G N A L  = -137.2 d B m  
M A X I M U M  S P U R I O U S - F R E E  I N P U T  S I G N A L  - -58.7 d B m  
S P U R I O U S - F R E E  D Y N A M I C  R A N G E  - 78.5 d B  

fig. 7. I M D  analysis of a MOSFET preamplifier. 

I N T E R M O D U L A T I O N  A N A L Y S I S  BY M I C K O C O M M  

S Y S T E M  G A I N  = 24.0 d B  
S Y S T E M  N O I S E  F I G U R E  = 1.0 d B  
S Y S T E M  B A N D W I D T H  = 2.4 k H z  

O U T P U T  T H I R D  O R D E R  I N T E R C E P T  P O I N T  = 11.0 d B m  
M I N I M U M  D I S C E R N I B L E  I N P U T  S I G N A L  = -139.2 d B m  
M A X I M U M  S P U R I O U S - F R E E  I N P U T  S I G N A L  = -55.1 d B m  
S P U R I O U S - F R E E  D Y N A M I C  R A N G E  - 84.1 d B  

fig. 8. I M D  analysis of a GaAs FET preamplifier. 

near cutoff tends to limit its dynamic range, such that 
the "optimum" bias point from a noise figure stand- 
point often coincides with the "worst" bias point as 
far as dynamic range and actual system sensitivity are 
concerned. Remember, although we talk about desir- 
ing high "signal to noise ratio," what we really need 
for maximum sensitivity is a signal level that is high 
relative to the sum of noise and distortion. If we can 
considerably reduce IMD interference by giving up 
some slight amount of noise performance, the overall 
system sensitivity has to improve! 

Joe Reisert, W1 JR - probably the most prominent 
UHF DXer of our time - has long advocated design- 
ing bias circuits for preamplifiers so that device quies- 
cent current can be readily and remotely ~ a r i e d . ~  This 
way the user can optimize noise figure when operating 
conditions call for it, and readily improve dynamic 
range, at a sacrifice in noise performance, should in- 
terference conditions dictate. Since all RF design is 
a series of compromises, Joe's approach seems to 
offer the best of all possible worlds. 

There has long been controversy in Amateur circles 
over the relative merits of bipolar junction transistors 
and MOS field effect devices as VHF preamplifiers. 
Bipolar advocates boast the excellent low-noise per- 
formance of these devices, while those preferring the 

NLTX TABLE L 
R b C I I Y L I I  D I N M I C  LANGL Z O M F A I I \ O N  ----------------------.--------.------------------------.-------.-----.-.---------.-- 

I  I  BTANDALD I  HIGH 1  BIPOLAR I MOS I  SaAr I  
1  LrYEL I  L w r L  I  IUNCTLON I  PIBI.D I ~ I ~ L D  I 

1 1  DdM 1 DBM I  TRUIS 1  tPsbCT 1  t F i i C T  I  
,_.........._...-............-...........-.........~...............-....~.~......~.., 

I  I  I 1 1 1 
C o n v c r ~ L o n G s l n ( d 8 1  I  - 6  - 1 1  I 2  1 1  2 1 1  

1  1 I  I  I  1  
N o l a o  Flgure ( d B )  I  1 1  8 1 2 1 1 I  1 I  

I ! I I  I  
Lm I n te rcep t  ( d l . )  I  +4 1  +22 I  - 8  1 - 2  I  t i 1  1  

I  I  I 1  I 
S S B  s e n ~ l c t v l t y  (dB.) 1 -113 1  - 1 1 2  I -LIB I -117 1 -119 1  

I  I  I  I  I  I  
Hartmum Input (dB.) 1 -16 1 -25 I -60 1 - I 9  ! -55 ! 

I  I  I  I  I  I  
D p a m l r  Range (dB) I  9 5  I  107 I  78 1 18 I  84 1 

I I 1 I 1 I -.----.-*-----.----.----..----.**-----------.--.---.-----.----..----...---..----..-- 
NOTE' H e a s u r e r n C a  " ~ C F  P e l f o r P d  a t  I & *  MIZ, w i t h  r r p r e a r n t a t l u e  d e v l c r s  

Resu i t s  a t  orher freqaencles " i l l  vary, but  omp part eons -111 he *, . , lac 

MOS devices cite their higher gain and stable opera- 
tion, which eliminates the need for neutralization. 
Figures 6 and 7 seem to indicate that neither device 
holds a clear advantage as far as overall system per- 
formance is concerned. The two representative am- 
plifiers I tested in preparing this manuscript exhibited 
identical dynamic range. 

Gallium-Arsenide Field Effect Transistors, on the 
other hand, are the undisputed winner in all areas of 
VHF and UHF performance. As indicated in fig. 8, the 
GaAs FET offers exceptional high gain, low noise, and 
wide dynamic range performance. If only they weren't 
so expensive! 

summary 
In evaluating receiver performance, it is necessary 

to consider dynamic range limitations, as well as noise 
figure, to select the combination of devices and cir- 
cuits that will yield the best overall sensitivity. Table 
1 summarizes the results of testing various competing 
mixer and preamplifier technologies. Although the 
tests were performed at 2 meters, we can generalize 
the results to other VHF and UHF bands as well. 

It appears that best receiver performance will be 
achieved by cascading a GaAs FET preamplifier with 
a high-level doubly-balanced mixer. Two-tone analysis 
confirms that such a combination has considerable im- 
munity to intermodulation and cross-modulation in- 
terference, while maintaining an impressively low- 
noise figure. 
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Advanced Computer Control 
. . . for your repeater 

The RG850 provides the most advanced 
technology available in repeater control. With 
"designed for the future" architecture that allows 
upgrade through software so that it will never be 
obsolete. Complete remote programmability with 
E2PROM via Touch-Tonem or your personal com- 
puter. Offering unique features including the 
highest quality synthesized speech and fully 
automatic scheduled operation. Plus voice 

response metering, synthesized remote base 
operation, paging, mailbox, and the most ad- 
vanced autopatch available - anywhere! De- 
signed for reliable, consistent, enjoyable operation 
in any system. Field proven in hundreds of 
commercial and amateur repeater installations. 
The RG850 will always be the leader in high 
performance repeater control. 

Available from $1 195** 

The RG85 -=- >F*? 

Repeater Controller 
The RG850's "little brother"! 
Remotely programmable ID'S, I 

i 
command codes, auto-dial RC-06C 

numbers, timers, 'and more. 
The R M 5  controller includes 
many of the features pio- 
neered by ACC such as syn- - OCC.= - 
thesized speech, remote base, paging, and more. Now any repeater budget can afford the benefits of 
an ACC controller! All just $895 (board) or $995 (rack mount).* 

The ITG32 Intelligent Touch-Tone NEW PRODUCTS - - - - -  - 

DVR 128 Digital Voice Recorder - Solid state 
voice storage and playback for remote recording 
of ID's and announcements, voice mail, and user 
diagnostics. I 
IVS 6/12 Intelligent Voting System - Six or 
twelve channel voting with DTMF remote control. 
In-band signal quality evaluation, audio equaliza- 
tion, and activity logging. I 
ShackMasterm - Remotely control your home 
station using Touch-Tone commands over the air 
or over the telephone. Patch yourself 
through your home equipment onto 
the HF bands, and to VHF and 
UHF frequencies. 

'Includes a one year limited warranty 
"Includes a two year limited warranty 

I Call us for more information on our complete line of amateur and 
commercial repeater control products. v 

I 1081 6 Northridge Square, Cupertino, CA 9501 4 (408) 749-8330 
QCC controls. Zo%E' inc. I 
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DIXIE ELECTRONICS 
IS LOUISIANA'S ONE STOP ELECTRONICS STORE. THERE 
ARE NO TURKEY DEALS. JUST SUPER GOOD PRICES AND 

PROMPT DELIVERY. CALL ROBIN, WB5UXA, TODAY AND 
GET ALL THE DETAILS ON THE LINES IN STOCK. 

AMATEUR RADIO EQUIPMENT SATELLITE EQUIPMENT 

TEN-TEC 

full line of RF and other cables TRACKER 

WE TALK TURKEY 
NO TURKEY DEALS 

fl 115 

HOLIDAY SPECIALS 
Whistler Radar Detectors Dixie Electronics 
Q 1200 $1 09 Robin Hudson, WBSUXA 

Q 2000 $1 49 LA WATS (800) 272-8293 
Spectrum $1 99 Out of state WATS (800) 535-8134 

Spectrum Remote $209 2418 S. Philippe Avenue Gonzales, LA 70737 
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a pulsewidth noise discriminator 
l mpulse noise control 

works on time duration 
rather than amplitude 

I think most hams would agree that the best 
impulse-noise squelch would be one that stopped each 
noise burst at its source. Unfortunately there are too 
many noise bursts arriving from too many directions 
to make such a thing possible. It's usually difficult to 
locate a local source; even if you do, the person re- 
sponsible for the noise is often unwilling or unable to 
cooperate. Once launched, these disturbances seem 
determined to enter our receiving systems; when they 
do, they're repeatedly amplified, modified, and 
stretched as they race from antenna terminals to 
speaker. In short, once admitted, these unfriendly sig- 
nals are actually made worse - often much worse - 
by your receiver's own circuits. 

What happens at the output after a burst of noise 
arrives at your receiver's input is quite predictable. 
Some of the fast-changing wave front is absorbed by 
the first tuned circuit, then released in the form of ring- 
ing at this filter's natural resonant frequency. The re- 
sulting damped oscillation is then translated by a local 
oscillator, resulting in a rapid rise at the input of the 
IF filter, which absorbs some of the energy and then 
releases it in the form of ringing at its resonant fre- 
quency . . . and so on. 

basic noise control methods 
Over the years a great many circuits have been tried 

in an effort to control impulse noise. Successful meth- 
ods have been of two basic types: the noise blanker 
and the noise limiter. The well known Lamb filter 
(often called a hole-puncher, noise silencer, or noise 
blanker) takes a sample of each noise pulse from a 
receiver stage as near to the antenna as possible and, 
using fast circuits, forms a blanking pulse that momen- 

tarily blocks the receiver's IF stage just before the ring- 
ing pulse of noise energy arrives. The blanking pulse 
is designed to embrace the ringing time caused by the 
filter characteristic. Some rise and fall time is usually 
added so the blanking function will not itself generate 
audible clicks at the receiver's output. This system has 
been around for a long time; properly designed, it 
works very well. But one problem with this technique 
is that it must be designed to go into action only on 
noise pulses that are significantly larger than desired 
signals in order to avoid the creation of excessive 
distortion. 

Another form of impulse noise control is called the 
"peak limiter" system. Again, this method is restricted 
to noise signals whose peak amplitudes are above that 
of desired signals. When a noise burst is received, the 
desired signal is momentarily suppressed and the in- 
terference is limited in peak amplitude. Perhaps the 
best features of this noise control system are its sim- 
plicity and its ability to reduce possible damage to our 
ears caused by otherwise nearly unlimited sharp audio 
sound transients. 

Neither method is effective in removing noise bursts 
of low to moderate amplitude, or of durations of great- 
er than a few microseconds, which usually includes 
those "woodpecker" style noise disturbances. The 
majority of disturbances fall in the latter category, with 
high amplitude disturbances in the minority. 

pulsewidth noise discriminator 

This article is about a third method that effectively 
handles a wide range of impulse noise amplitude levels 
and can be used either by itself or in conjunction with 
the more familiar methods described above. Further- 
more it can be added at the audio output of any re- 
ceiver. I have called this method the PND - Pulse- 
width Noise Discriminator. Rather than working on 
peak amplitudes, this system makes use of time dur- 
ation differences between the character of almost all 
desired signals and impulse noise. Impulse noise bursts 
at their origin exist for only a few nanoseconds to 

By Don E. Hildreth, WGNRW. P.O. Box 60003. 
Sunnyvale, California 94088 
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1- PRECISION RECTIFIER WITH A=lO -+ BUFFER AND FILTER +, PULSEWIDTH DISCRIMINATOR 

TlME DISCRIMINATION I R C / 4  SECONDS 
W M R E  R:11+39h+POT RESISTANCE SETTINQ 

Exs.pt .a IndloatM, dKlm.1 
I#IVOS of cap.elhnc* a n  In mkm. 

AND C :  O . 2 p F .  

hmdr frFk o(rt.m em In pk&c U I  AND ue ~ ~ 7 4 1  OR SIMILAR OR DUPL 1 4 ~ 0 .  ETC. 
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k - 1,WO M - l,WO,WO CRI - CRB IN4148  

ALL RESISTORS ARE 1 / 4 W .  5% 

fig. 1. Basic PND system. 

microseconds, but they are then transformed by re- 
ceiver circuits into ringing bursts lasting from a little 
less than one millisecond up to as much as ten milli- 
seconds, depending on the shape and bandwidth of 
the narrowest filter being used.' Concurrently, the 
vowel parts of desired SSB voice signals are fractions 
of a second long; even the shortest parts of CW are 
typically of 50 to 100 milliseconds duration for the "dit" 
and "space" lengths. 

Using this data, a basic pulse width discriminator 
is designed to ignore any signal until it has existed for 
a selectable period of time - 10 milliseconds, for ex- 
ample - and will consequently block a noise pulse 
stretched by a typical 100 Hz bandwidth filter. 

The circuit of fig. 1 is the basis of this sytem. When 
no signal is present, 01  and Q2 are ON and Q3 is OFF. 
When a signal arrives, the precision rectifier formed 
by U1 and U2 develops a negative gate that turns off 
Q1 and Q2. However, 03 remains off until the no- 
signal reverse charge of a nominal -2 volts on C, Q3's 
base to emitter capacitor, is bled off and reversed to 
the required level of approximately +0.7 volts by 
charging through R, which is made up of 1K + 39K 
+ the 500K pot setting. When 03 goes on, its collec- 
tor voltage drops. It is this signal that is used to ac- 
cept a desired signal or to reject those that are too 
short for completion of the timing cycle as determined 
by the effective value of R. A second and very desir- 
able feature of the basic pulsewidth discriminator part 
of the circuit is that it resets very quickly, thereby 
avoiding the integration of noise pulses provided they 
are not too close together (equal to or less than the 
selected time discrimination period). This feature signal. Using the specified circuit values, a minimum 
makes the full-wave rectification provided by U1 and of 1 volt RMS is required for normal operation. 
U2 plus a small amount of filtering necessary to avoid Fig. 2 shows what happens as a function of time. 
a functional dropout between the cycles of a desired Since the pulsewidth discriminator circuit would ig- 
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fig. 2. Idealized PND waveform. 
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nore a ringing or sinusoidal signal of any period, the 
incoming signal is transformed into a negative gate. 
An ideal gate pulse is shown for clarity. This use of 
an oscilloscope is convenient at the 02 and 03 emit- 
ter junction, to observe and measure the time discrim- 
ination performance. 

a PND application 
Fig. 3 shows an application in which an audio filter 

feeds the pulse noise discriminator and the output of 
the discriminator is used to key an audio white-noise 
generator for listening to CW. (Of course you can have 
it key a tone oscillator if your prefer.) The mixer con- 
trol is arranged to enable listening to CW directly 
through the filter, or to the noise generator, or to any 
mixture of the two. By connecting the control in this 
experimental way, you can test and experience how 
well this idea works: simply compare a non-noise dis- 
criminated 750 Hz CW output to the processed audio- 
noise CW output that is driven by the PND. 

In operation, the + 10 volt level at 03's collector is 
used to squelch noise output from the dual op-amp 

noise generator shown in fig. 3 or in the SSB output 
of fig. 4. When the PND system recognizes a signal, 
the 03 collector level drops, opening the transistor 
switch Q2 of fig. 3 or 01  of fig. 4. One undesirable 
feature of this noise control system relates to operating 
convenience: your receiver's output is normally OFF 
until a qualified signal appears. If you like to be aware 
of the noise floor, as I do, this can be a disadvantage, 
so I usually run the mixer control midway when look- 
ing for DX. Then, depending on conditions, I decide 
which way to twist this control. If I want to avoid the 
tinkling roar present when listening to a low-level signal 
through a narrow CW filter, I turn the control to ad- 
mit only the keyed-noise signal with its silence be- 
tween characters. But if I want to make use of the ear- 
brain filter capabilities (when there is more than one 
signal in the filter passband) then I turn the control 
to allow only the signal through the 750 Hz filterZ to 
reach the power amplifier. 

With the mixer control set toward keyed-noise oper- 
ation, and with the delay control set at minimum, 
slowly increase the receiver gain at a no-signal spot 
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Ercepl as indicslsd, decimal 
values 01 capacllan~e are In mtcro. 
bradt (,F); others are in plcolar. 
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+ IOV 
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fig. 3. A PND application. 
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RESISTORS 1/4 WATT UNLESS NOTED 

Except as indicated, decimal 
I~ IY~S OI capac~lance 81. m mtcm 
larads ("FA others are in ptsolar 
ads (pF); rssistaness are in Ohms. 
k = 1.W M = 1,000.ODO 

fig. 4. Combined PND and squelch for SSB. 

on the dial until the noise function starts to be heard 
sporadically. Increase the delay until the noise stops, 
then increase the delay just a bit more. This will match 
the delay to your filter bandwidth. If you are in a loca- 
tion that is too radio-quiet at the time, set the 500K 
pot at about mid-range for a nominal 12 millisecond 
delay. This will usually enable the rejection of noise 
pulses as they are stretched by a typical 100 Hz band- 
width filter. For best operation, the amplitude of a sig- 
nal being received should be adjusted by your receiv- 
er's output level control to just a little above that 
required for reliable keying of the noise generator. 
Once this is done, the control at the output of the filter 
is set so that either the perceived level of keyed noise 
or the tone level are about the same when the mixer 
control is in any position. Adjust the volume control 
for the overall listening level desired. Once all of these 
settings are made, you will usually work with only your 
receiver's output control and the mixer control. 

single sideband 
Although the electronic switch as driven by the PND 

system can follow code quite well, its use on SSB 
would result in choppy voice reception. To use PND 
on sideband it is best to insert a delay circuit between 
the PND circuitry and the electronic switch to keep 
the controlled audio stage ON for a short time after 
the PND has shut off. This technique was used with 
my laryngeal squelch3 and that part of the circuit is 
included in fig. 4. If you use the voice-filter s y~ tem,~  
you can either use PND to open both channels, or you 
can feed a sample of the vowel filter to PND and con- 
trol the consonant filter with the delay/switch combi- 
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nation. If you use the vowel filter, the delay setting 
is about the same as that used for CW. However, if 
the normal 3 kHz voice bandwidth is used the delay 
may usually be reduced to its minimum. The PND sys- 
tem, in its basic form shown here, is not as effective 
for SSB as it is when used to key the noise generator 
for CW, for although noise is rejected between a voice 
signal's ON times, it can appear in addition to the de- 
sired signal during the ON periods. Circuit develop- 
ment to improve on this problem is being studied, but 
requirements are much more complex. 

general considerations 
Although PND can handle most impulse noise prob- 

lems unaided by the more prevalent noise silencers, 
it is still best to have a Lamb-type noise blanker in ad- 
dition. Since the basic noise blanker blocks out noise 
bursts early in the receiver, it reduces the probability 
that strong pulses will drive one or several amplifier 
stages into heavy saturation, which can block a re- 
ceiver for periods much longer than the offending 
noise-pulse length, and this is something that PND 
cannot help. Also, the front-end blanker system can 
suppress auto ignition pulses produced by an engine 
at moderately high RPMs, while PND is limited to re- 
jecting auto ignition at idling RPMs when a 100 Hz 
bandwidth is used and at higher RPMs only when the 
bandwidth is increased. At the same time, PND can 
wipe out those woodpecker noise sources while their 
ON periods are too long for the Lamb blanker to han- 
dle. PND can be most effective when it is used in con- 
junction with either a blanker or a limiter, but use with 
a blanker is my first choice. 

Because we are accustomed to using noise floor as 
a guide - and with PND you lose this reference - 
it's easy to run up your receiver gain much too high. 
Unfortunately, when the gain is too high, the noise- 
floor itself, even without an antenna, creates what 
amounts to a constant ringing level as it is stuffed 
through filters. Moreover, since the noise-floor in linear 
receivers is not limited, amplitude variations on this 
ringing can make a weird form of noise-floor-generated 
CW by the PND. When vou hear this, iust back off - . 
on the gain control a little to achieve silence. 
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UST 1000 
Uniden's standard Satellite .Video Fine Tuning 
Receiver is a durable, low-cost, Polarity Indicator Light 
user-friendly satellite receiver \ Antenna Polarity Mode Switch 
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IMD and intercept points 
of cascaded stages 

Use this program 
to determine 

performance parameters 

Intercept point is a useful concept in predicting the 
spurious intermodulation products generated by com- 
ponents, systems, or subsystems. Only the second- 
order and third-order products are significant. The in- 
tercept point is the power level at which the spurious 
response equals the fundamental response. The value 
may be referred to the input or output. Usually the out- 
put is referenced for amplifiers and mixers, and the 

INTERCEPT POINT 

+ 30 d 0 m  1 

1 INPUT POWER fdBrnl 1 
I f ig .  1 .  Typical  second-order  r e s p o n s e .  I 

input for receivers. The intercept points for the second- 
order and third-order products may be the same or dif- 
ferent, depending on the circuit of the device. Typically 
the responses are plotted using log-log scales with the 
values in dBm as shown in figs. 1 and 2. 

Assuming two signals at frequencies fA and fB, and 
fA > fB, the second-order products are: fA + fB, 
fA - fB, 2fA, and 2fB. The second harmonics are not 
strictly intermodulation products, but may be predicted 
in the same manner except that their amplitudes are 
6 dB less than the sum and difference products. If the 
two fundamental frequencies are almost equal, the 
fA - fB term is near zero frequency and the remaining 
product is at about twice the fundamental frequen- 
cies. Half-octave filters can be used to attenuate the 
second-order products. Refer to fig. 3 for the worst 

, case with fA and fB at the band edges of a half-octave 
1 filter. 

Third-order intermodulation products present the 
I most serious problem for devices having bandwidths 
1 less than one-half octave. For two signals at frequen- 
1 cies fA and fB, the third-order products are: 2fA + fB, 

2fA - fB, 2fB + fA, and 2fB - fA. For a narrow- 
band device centered at 20 MHz, two signals, fa 
= 20.50 MHz and fB = 20.25 MHz, will generate the 
third-order product 2fB - fA at exactly 20 MHz. For 
three signals at frequencies fA, fB, and fc, the third- 
order products are: f fA +fB +fc. Third-order prod- 
ucts of three signals are seldom considered except for 
multi-frequency systems such as cable TV. 

measurement techniques 
For single or cascaded components, intercept point 

is measured by driving the device with two equal 
amplitude signals and measuring the fundamental out- 
puts and intarmodulation products on a spectrum 
analyzer. 

The concept of intercept point for a receiver is usual- 
ly limited to the RF front end. It is meaningless for the 
IF passband because of the nonlinearities of detection 

William Richardson, W31MG, 1003 Wagner 
Road, Baltimore, Maryland 21204 

28 November 1984 



and gain control, as well as the high overall gain. Two 
equal level signals, outside the IF passband but within 
or as close as possible to the RF passband, are selected 
so that an intermodulation product is at the receiver 
center frequency. Their levels are simultaneously in- 
creased until an output (intermod) signal of about 10 
dB signal-to-noise is observed. Record the level of the 
signals. Then the two signals are removed, and a single 
signal at the receiver center frequency is adjusted in 
level to produce the same output. Its level is also 
recorded. For third-order products the two signals are 
usually placed within the RF passband. However, for 
second-order products the signals fall out of the RF 
passband if the RF bandwidth is less than an octave. 
Refer to fig. 3. The most important second-order 
product in a receiver comes from a signal at one-half 
center frequency that doubles into the center frequen- 
cy. This latter measurement is made by increasing the 
amplitude of a signal at one-half the receiver center 
frequency until an output signal of about 10 dB signal- 
to-noise is observed. Record the input level. This signal 
source must be well filtered so that its second har- 
monic is well below the second-order response. Next 
the input signal is tuned to the receiver center frequen- 
cy and its level is adjusted to produce the same out- 
put, and this level is recorded. 

When connecting two signals to the input, the in- 
sertion loss of the combiner must be subtracted from 
each generator output. A second precaution is to 
make all measurements at least 10 dB below the 1 dB 
compression point. Otherwise the device will be 
operating in its large signal area. 

second-order products 
Refer to fig. 1. The slope of the second-order re- 

sponse is 2. As the fundamental output decreases by 
1 dB, the second-order intermodulation products de- 
crease by 2 dB. For two equal signals, the function 
may be expressed as: 

IP = P + IMR (1) 

IP is the second-order intercept point in dBm, Pis the 
fundamental response in dBm, and IMR is the ratio 
between the fundamental and second-order responses 
in dB. In the case of a receiver, P is the level of the 
two signals or half-frequency input, and IMR is the 
ratio of P to the level of the signal at center frequency. 

For example, if the fundamental outputs of an 
amplifier are - 10 dBm and the second-order inter- 
modulation products are - 45 dBm, the second-order 
intercept point is: 

Knowing the intercept point, this equation will predict 
the second-order intermodulation products for known 
signal levels. For a single input signal, the same 
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fig. 2. Typical third-order response. 
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fig. 3. Half-octave filter second-order products. 

methods can be used to calculate the intercept point 
if the second harmonic is measured, or to predict the 
second harmonic if the intercept point is known. How- 
ever, the second-harmonic response is 6 dB less than 
a second-order intermodulation product. 

The levels of the second-order intermodulation 
products are proportional to the product of the levels 
of the fundamental signals. For signals of unequal 
levels, the level of equal signals that produce the same 
intermodulation products can be calculated. If the 
levels are in dBm, add the two and divide by one-half. 
For two signals, one at -20 dBm and the other at 
- 26 dBm, the equivalent equal amplitude signals are 
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NOW 28';75/80M ROTATABLE 

.* "SLOPER" 

&\ Remotely tunes to VSWR of less than 1.3:1 from 3.5 to 4MHz. 
Remote controlled, motor-driven tuning system optimizes 
"sloper" at any frequency in the 75-80M band! 
Sloping configuration can result in FB ratios up to 20dB 
depending upon ground conductivity and propagation angle. 
Low-angle forward lobe for DX plus high angle for 
short-haul skip. 
Requires no ground (except for lightning protection). 
50 ohm coax feed plus 8 conductor control cable 
(not supplied). 
Outperforms some full size dipoles, inverted vee's 
and verticals. 
Light in weight (only 12 Ibs). Complete system requires 
only supporting mast and TV-type rotator (8 sq. ft. rating). 

40 meter model also available. Same characteristics. 
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APPLICATIONS: Cordless portable TV camera lor faces 8 other public servjce 
events, remote VCR, etc. Remote control of RIC airplanes or robots Show home 
vldeo tapes. computer programs, repeat SSTV to local ATVers DX depends on 
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2 AUDIO INPUTS for a low Z dynamic and l ~ n e  level audio input tound in most 
Wnable color cameras. VCRs. or home computers 
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packaging, and system operation. 

PRICE ONLY $159 del~vered via UPS surtace In the USA Techn~c~an class 
amateur llcense or hlgher required for purchase and operatron 

WHAT IS  REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV set wlth a 
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camera. VCR, or computer wlth a composite video output. S~mple, eh? 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more info on atv 
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SATELLITE TELEVISION RECEIVER 
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with dual conversion downconverter 

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

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
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each at -23 dBm. If the levels are in milliwatts, the 
equivalent equal signal levels are each: 

G G x  

- 

I 2 3 

IP gain 
stage dB ratio dB ratio 

1 +20 100 10 10 
2 +13  20 - 6  0.25 
3 +30 1000 20 100 

using cascaded stage equation 

1 1 

1 1 1 
= f i 0 . ( 0 . 2 5 ) . 1 0 0  + -+ 

= 0.0200 + 0.0224 + 0.0316 = 0.074 

IP = 182 = 22.6 dBm 

Alternate method 

Alp = 20 log [ I  + r&] 
For stages 1 and 2: 

Alp = 20 log [ l  + Jx]= 20 log 1.89 = 5.5 dB 

Combining stages 1 and 2 

IP = IPz - AIP = 13 - 5.5 = 7.5 dBm = 5.6 milliwatts 

Now cascade this with stage 3 

= 20 log 2.34 = = 7.4 dB 

IP = IP3 - AIP = 30 - 7.4 = 22.6 dBm 

Input intercept point = 22.6 - 34.0 = - 11.4 dBm 

fig. 4. Example shows two methods of calculating 
cascaded stages second-order intercept point. 

where AA and AB are individual signal levels. 

I 2 3 

IP gain 
stage dB ratio dB ratio 

1 +20 100 10 10 
2 + 13 20 - 6  0.25 
3 + 3 0 1 0 0 0  20 100 

using cascaded stage equation: 

1 = 1 . - 1 . I  
IP IPi.Gz.G3 IPz.G3 IP3 

-- 1 - - -. 1 + -1- + 1 
IP 100.(0.25).100 20.100 1000 

= 0.00040 + 0.00050 + 0.0010 = 0.0019 

IP = 526 = 27.2 dBm 

Alternate method 

Alp = 10 log 1 + -% [ l P i G z  1 
For stages 1 and 2 

Alp = 10log 1 + -20 = lo log 1.80 = 2.6dB i 1000.25 

Combining stages 1 and 2 

I 
IP = Ipz - AIP = 13 - 2.6 10.4 dBm = 11.0 milliwatts 

Now cascade this with stage 3 

= 1Olog1.91 = 2 . 8 d 5  
11.100 

IP = IPS - AIP .: 30 - 2.8 = 27.2 dBm 

Input intercept point = 27.2 - 24 = 3.2 dBm 

fig. 5. Example shows two methods of calculating 
cascaded stages third-order intercept point. 

If the second-order intercept point and gain of each 
stage are known, the overall intercept point of the 
cascaded stages may be found from the following 
formula: 

Each term of the formula has the intercept point of 
the stage multiplied by the gain of all of the following 
stages. The terms are numerical ratios, not dB or dBm. 
A look at each term will indicate the contribution of 
each stage to the overall system intercept point. 

Another method of calculating the overall intercept 
point of cascaded stages is to use the formula: 

The AIP is in dB and is subtracted from the second 
stage intercept point t o  give the overall intercept point 
of the two cascaded stages. For more than two stages, 
this formula is used for the first two stages, and that 
result is then used with the third stage and so forth. 

Both formulas assume the worst case in which the 
intermodulation products within each stage add in 
phase. If a linear stage is part of the system, it must 
be included with its actual gain (or loss) and an infinite 
intercept point. 

Refer to fig. 4 for sample calculations of the inter- 
cept point of three cascaded stages. The output in- 
tercept point is calculated. The input intercept point 
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FULL BREAK-IN 
WITH ANY AMPLIFIER r IF YOU OWN A 

Don't be limited to 
low Dower o~erat ion with vour .- 

expensive full break-in trinsceivb. You can run high 
power QSK CW and high power AMTOR. 
The DEO OSK 1500 is designed using the latest in solid 
state switching technology and will give you full break-in 
operation with any one of the currently available com- 
mercial amplifiers, homebrew too! Pin diodes provide 
ultra high speed, noiseless switching. All you need to 
do is connect two RF cables and two control cables, 
turn it on and you are ready to go, up to 1500 watts 
at 1.5-1 VSWR. Fully automatic bandswitching, 1.8 - 
30 MHz and mode selection, either CW or SSB, no 
cables to change. The QSK 1500 eliminates amplifier 
damage due to "hot switching" and gives you full 
receiver performance with an insertion loss less than 
.7 dB. typically .2 dB. 
90 dav limited warrantv. fl 14' For More Info Send QSL 
- -  

.I;:::: i~ *, $299.00 n]go] Please d0d $6 108 < f ~ q p ~ r l o  hXldh 
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(US only Fore~qn FOR Grovenor!) 
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NYIHIIAKICsnada (Collect) 315-437-3953 



equals the output intercept point reduced by the total 
gain. 

third-order products 
Refer to fig. 2. The slope of the third-order response 

is 3. As the fundamental output decreases by 1 dB, 
the third-order intermodulation products decrease by 

1 0  P R 1 N T " I N T T M C F r  T PCITNT [IF CACI[:&DFD STAGF'.;' 
20 F H 1 N T : f ' R I N T  
i n  f 'KTNT"?  SECIIND-CIKDFR INTECMIIDLII A T I O N "  
40 f 'M1Nr": l  THIRD-ORI ICR TNTERMIIOULATTON" 
:,0 INF'Ll1"SEL F C T  7 Of< 3 " : A L  
hi7 1NPLIT"FNTFR NUMBER f l F  ! i T A G F S " i C  
7D C l  L i  
1111 I OR N = l  TO I: 
v n  F'RINT"IN~~R INTFKI:IF'~ f ' n l N r  ~ I I R  STAI;I:*:N;"IN DPM" 
l f l l l  TNPLIT I i N I  
1  10 V R I N T 1 ' F N I T L  1 ;A IN f l f  S T A G € " : N ; " I N  DU' '  
l ? l l  INF 'OT C i N l  
1 3 0  NEXT N 
1 1 i l  [:I B 
150 f ' R I N T " I ~ ( t l ~ M l " ,  "1:AlNiI)E:) 
160 f ' R I N 1  
1 7 0  FOR N = l  111 [' 
1 8 0  P R T N r  T i N l , I . I N l  
1 9 0  NEXT N 
:'OII PRTNT: IN~UI~~TS D n i n  
:'III TI ~ :s - ' 'N ' '  i t i i ~  r:L 8 
.'?O T i  Fi$=''N'' THf N COTD 

fig. 6. TRS-80 Model Ill program listing determines the inter- 
cept point of cascaded stages. 

fig. 7. Three-stage device IMD intercept point calculation is 
simple with user-friendly program. 

3 dB. For equal signals, the curve may be expressed 
as: 

IP = P + 1/2(IMR) (41 

IP is the third-order intercept point in dBm, and IMR 
is the ratio between the fundamental and third-order 
responses in dB. For the case of a receiver, P is the 
level of the two input signals and IMR is the ratio of 
P to the level of the signal at center frequency. 

For example, if the fundamental outputs of an ampli- 
fier are - 10 dBm and the third-order interrnodulation 
products are -50 dBm, the third order intercept 
point is: 

IP = -10  + 1/2(40) = + 1 0  dBm 

Knowing the intercept point, the equation will predict 
the third-order intermodulation products for known 
signal levels. 

The levels of the third-order interrnodulation prod- 
ucts are proportional to (1)  the cube root of the 
product of three signals or (2) in the case of two 
signals, the cube root of the square of the higher level 
signal times the other. For signals of unequal levels, 
the equivalent equal level signals that produce the 
same intermodulation products can be calculated. If 
the levels are in dBm, for the two signals add 213 of 
the larger to 1 /3 the smaller. If one signal is at - 20 
dBm and the other at - 32 dBm, the equivalent equal 
level signals are at - 24 dBm. For three signals, add 
113 of each level in dBm. If the levels are in milliwatts, 
the equivalent levels are 

where AA is the highest level. 
If the third-order intercept point and gain of each 

stage are known, the overall intercept point of cas- 
caded stages may be found from the following 
formula: 

Each term of the formula has the intercept point of 
the stage multiplied by the gain of all the following 
stages. The terms are numerical ratios, not dB or dBm. 
A look at each term indicates the contribution of each 
stage to the overall system intercept point. 

Another method of calculating the overall intercept 
point of cascaded stages is to use the formula:* 

The AIP is in dB and is subtracted from the second- 

"Note differences between eqs. 2 and 4 and 3 and 5. - Editor. 
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by v' , K.Y.G. 
I 9 MHz CRYSTAL FILTERS 1 

Appll. Band. 
MODEL cation width Poles Prlce 

SSB 
SSB 
LSB 
US8 
SSB 
AM 
AM 
FM 
CW 

2 4 kHz 
24  kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 

12.0 kHz 
ma HZ . . . - . . . 

XF-9NB cw 5OiJ Hz 8 95.90 
XF.9P CW 250 Hz 8 131.20 
XF910 IF nolse 15 kHz 2 17.15 

I 10.7 MHz CRYSTAL FILTERS I 
XF107-A NBFM 12 kHz 
XFlO7.B NBFM 15 kHz 
XF107.C WBFM 30 kHz 
XF107-0 WBFM 36 kHz 
XF107.E P~xiData 40 kHz 
XM107-SO4 F M 14 kHz 
Export lnqulrles lnvlted Sh~pplng $3 75 

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

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $249 95 
1296 MHz GaAsFET MMk1296-144G 149 95 
4321435 MMc432-2WS) 74 95 
43SATV MMc434Ch x 84.95 
220 MHz M Mc220-28 69 95 
144 MHz MMc144.28 54 95 
Opt~ons: Low NF (2.0 dB max., 1.25 dB max.), olher bands 6 IF'S available 

LINEAR TRANSVERTERS 
1296 MHz I 8 W output. 2M ~n MMt1296-144-G $299 95 
432435 10 W output. 10M ln MMt432-28(S) 259 95 
144 MHz 10 W output. 10M in MM1144.28 169 95 
Other bands 8 IFs ava~lable. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W outpul UP1 296-20 439 95 
4321435 100 W output MML432-100 369 95 

50 W oulput MML432-50 199 95 
30 W output MML432-30LS 209 95 

144 MHz 100 W oulput MML144-100-LS 239 95 
50 W 0~ lpu l  MML14650S 149 95 
30 W output MMLt44-30LS 109 95 

All models include VOX TIR switching 
"L" models 1 or 3W drlve, other 

Shipping: FOB Concord, Mass. 

ANTENNAS 
420.450 MHz  MULTIBEAMS 
48 Element 701MBM48 15 7dBd 
88 Element 701MBM88 18 5dBd 

144-148 MHz  J-SLOTS 
8 over 8 Hor pol D812M 12 3 dBd $63 40 
8 by 8 Verr pol D812M-vert 12 3 dBd 79 95 
10 + 10 Twist lOXYl2M 11 3 dBd 69 95 

UHF LOOP YAGlS 
1250-1350 MHz29 loops 1296-LY 20dBI 47.95 
1650.1750 MHz29 loops 1691.LY 20dBi 57.95 
Order LooD.Yaai connector extra: Type N 514.95, SMA $5.95 

Send 4% ( 2  stamps) lor lull detalls of all your VHF 8 UHF equlp. 
ment and KVG crystal product requtrements 

stage intercept point to give the overall intercept point 
of the two cascaded stages. For more than two stages, 
this formula is used for the first two stages, and the 
result is then used with the third stage and so forth. 

Both formulas assume the worst case in which the 
intermodulation products within each stage add in 
phase. If a linear stage is part of the system, it must 
be included with its actual gain (or loss) and an infinite 
intercept point. 

Refer to fig. 5 for a sample calculation of third-order 
intercept point for three cascaded stages. The output 
intercept point is calculated. The input intercept point 
equals the output intercept point reduced by the total 
gain. 

1 computer program aids calculation 
Figure 6 lists the steps of a typical BASIC language 

computer program for calculating the second-order 
and third-order intercept points of cascaded stages if 
the values for the individual stages are known. 

Figure 7 is a TRS-80 Model IllTM printout showing 
a typical calculation of third-order IMD intercept point 
of a three-stage device. 

ham radio 

I ATV TRANSMITTER/CONVERTER I 
I ALL YOU NEED IN  ONE BOX I 

OVER 1 0  WATTS P E P  OUTPUT. Crystal control led continuous 
duty t ransm~l ter .  Spectfy 439 .25 .434 .0 .426 .25  standard or  other 
7 0  c m  frequency. 2 freq. o p t ~ o n  add $26.  
BASE, MOBILE,  or PORTABLE. Use the  bu~ l t t n  AC supply or  
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computer W ~ d e  bandw~d th  for broadcast qualtty color v ~ d e o  and 
computer graphics. Standard broadcast subcar r~er  sound whlch IS 

heard thru the N speaker. 

RECEIVE ON YOUR S T A N D A R D N S E T l u n e d  t o  channel 3 or 4 
S e ~ s l t t v e  varlcap luned N C - 2 L  downconverter covers s~mp lex  and 
repealer freq over the whole 420-450 mHz 7 0  c m  amateur band 

ATTRACTIVE 10 .5  x 3 x 9 CABINET.  

CALL OR WRITE FOR OUR CATALOG or more lnlcrmal~on on 
ATV antennas. transmlt modules cameras etc or who 15 on In your area 
See chapter 14 1984 ARRL Handbook 

TERMS Vtsa. Mastercard. or cash only UPS GODS by telephone or mall 
Postal money ordersandtelephoneordersusually shipped w~th ln  2 days All 
other checks must clear before sh~pment Transm~tt~ng equipment sold only 
to licensed amateurs verltlable In the 1984 call book 

(81 8) 447-4565 m-f 8am-6pm pst. @ P.C. ELECTRONICS ,,,, pax,on ,.. 
Tom W6ORG Maryann  WBGYSS Arcad la  CA 9 1  0 0 6  
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the Russian Woodpecker: 
a continuing nuisance 

What it is and 
what can be done 

It never fails. . . you're working some choice DX 
on 20 meters for your 300th country or you're in one 
of the Area traffic nets, trying to pass a message to 
another ham a thousand miles away. Suddenly, with- 
out warning, the band is shattered by something that 
sounds like a cross between a machine gun and a jack- 
hammer. No, it's not the neighbor's power saw or the 
family microwave oven . . . it's the Russian Wood- 
pecker in full operation. With the interference level run- 
ning 10 to 20 dB over S9, your much-needed contact 
is buried under this avalanche of QRM and heard no 
more. The only solution is to turn off the rig and cool 
down with a tall, cold 807. 

What is the Woodpecker? Why is it in operation? 
And why does the Soviet Union persist in creating this 
level of interference worldwide? What can we do 
about it? And what have other radio services and users 
of the spectrum done? This article will explore the 
aspects of this problem and suggest some possible 
solutions. 

Basically, the Russian Woodpecker is an extremely 
powerful over-the-horizon radar system. It operates 
over most of the HF band, with effective radiated 
power levels of some 10 to 50 megawatts. To under- 
stand the nature of this problem, we need to have a 
basic understanding of how OTHB (Over-The-Horizon- 
Backscatter) radar operates, some sense of the history 

of experimentation and operation in this field, and an 
educated awareness of Soviet diplomatic response to 
complaints about the interference their system is 
generating. 

basic radar operation 
It has long been recognized that radar can be 

operated on any frequency. The earliest radar systems 
- built by the British and responsible for much of that 

I nation's success during the Battle of Britain - were 
operated at a frequency around 30 MHz. This was due, 
in part, to 30 MHz being the highest frequency at 
which significant levels of power could be generated. 
Later radar systems were operated at much higher fre- 
quencies as technology developed tubes capable of 
generating multi-kilowatt levels of power at shorter and 
shorter wavelengths. Moving through the spectrum 
from VHF to UHF and finally into the microwave re- 
gions, radar engineers have traditionally sought the 
highest possible frequency of operation for several 
reasons. Shorter wavelengths bring increased target 
resolution and give the system, as a whole, increased 
immunity to interference, either natural or man-made. 
In addition, highly directional antennas become physi- 
cally smaller, making possible the design of mobile 
radar units with greater target discrimination. 

Unfortunately, all these radar systems suffer from 
a single common defect: they can operate only 
on line-of-sight. This means that at greater dis- 
tances, the target must be at higher altitudes in 
order to be detected. Aircraft or cruise missiles fly- 
ing at very low altitudes can escape radar detection 

By Bradley Wells, KR7L, 5053 37th Avenue, 
S. W., Seattle, Washington 98126 

November 1984 37 



until they are almost on top of the radar transmitter. signing a functional HF radar. Among these problems 
Thus, several aircraft flying at tree-top level could were the following: 
approach and neutralize radar installations undetected, 
leaving a blind spot through which an enemy could 
pour aircraft or missiles. This scenario, dealing with 
the problem of low level detection, has left many a 
defense planner, both American and Soviet, in a cold 
sweat. 

lower frequencies provided 
new opportunities 

It had been recognized by many that some form of 
high-frequency radar, utilizing backscatter techniques, 
could detect these low-level targets. Since the radar 
signal would be reflected off the ionosphere and 
illuminate the target from above, there would be no 
escape from this type of detection system. It was also 
recognized that there were several inherent problems 
in this approach. First, the ionosphere was thought 
to be in a state of continuous flux, unable to provide 
stable refraction characteristics for any length of time; 
second, there would be continuous interference both 
to and from other users of the HF spectrum; and, final- 
ly, the reception of backscattered signals would re- 
quire extremely complex detection systems. 

By the early 19701s, scientific inquiry and experi- 
ments brought new light to this gloomy picture. The 
widespread use of ionospheric sounders, both ground- 
based and satellite, had shown the ionosphere to be 
more stable than previously thought. It was discovered 
that the refractive characteristics of the ionosphere 
changed very little in the short term - that is, for 
periods of approximately 30 minutes, the ionosphere 
is remarkably homogeneous. During the course of a 
day, these characteristics change in response to shifts 
of solar flux and geomagnetic activity. This meant a 
radar system would have to be capable of operating 
over much of the HF band to provide coverage of 
selected areas. Simply put, the radar would have to 
be frequency-agile to follow these changes in the 
Maximum Usable Frequency (MUF). 

The explosion of computer technology made possi- 
ble the correlation and analysis of weak backscattered 
signals on a real-time basis. Using cross-correlation 
reception techniques coupled with the development 
of magnetic drums for data storage, high-speed com- 
puters were used to sort out interference in the 
system. These computers could not only discern a 
weak target signal from ground clutter but also selec- 
tively filter out other users of the HF spectrum. 

early OTHBs 
In the 19501s, the United States Naval Research 

Laboratory and other groups began small-scale experi- 
ments with OTHB radar. These early experiments led 
to the solution of some of the major problems in de- 

The return from prospective targets would be 40 to  
80 dB weaker than the ground return (i.e., ground 
clutter). 

It was not known whether sufficient angular resolu- 
tion could be developed at HF wavelengths to permit 
accurate target identification. 

Extremely precise doppler techniques would have 
to be used to permit identification. 

The magnitude of this doppler problem may be seen 
in the following equation: 

- 
fd represents the doppler shift, f, represents the radar 
carrier frequency, V, is the target relative velocity, and 
C is the speed of light. For aircraft type targets, the 
doppler shift varies from tenths of a Hertz upward to 
50 Hz. This is dependent upon the operating frequen- 
cy. The development of technologies to deal with 
these and other problems have resulted in the 
operation of both American and Soviet OTHB radar 
systems. 

Both the American CONUS OTH-B (Continental 
United States Over-The-Horizon Backscatter - see 
sidebar, page 43) and the Soviet Woodpecker share 
characteristics common to all HF radars. The inter- 
action of these characteristics may be seen from an 
examination of the radar range equation: 

where RMAX = 

PAV = 
GT = 
GR = 

A = 
a = 

Fp = 

maximum range 
average power 
gain of transmitting antenna 
gain of receiving antenna 
wavelength 
target cross section 
propagation effects factor 
coherent processing time 
noise powerlunit bandwidth 
signal to noise ratio required for 
detection 
system losses 

The major differences between HF and microwave 
radar systems are related to the following: 

Propagation effects - energy loss over ionospheric 
paths, polarization mismatch between transmitted and 
received signals, and gains or losses related to the 
dynamic nature of the transmission path. 

The amount of noise injected into the system by 
natural sources (i.e., distant thunderstorms) and, more 
importantly, by other users of the HF spectrum 
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(e.g., international broadcasting, Amateurs, Maritime 
mobile, etc. 1. 

Processing time (the number of hits integrated 
divided by the pulse-repetition frequency) - impor- 
tant since doppler radar requires a dwell time of Tc 
seconds to realize a frequency resolution of l / T c  
Hertz. 

The transmitted waveform for HF radar systems is 
similar to that of microwave systems. It can be CW, 
pulse, FM-CW, or some other coded mode of trans- 
mission. OTHB radar have different problems with de- 
tection at minimum ranges than do microwave radars. 
This is because of the existence of a skip zone - that 
region, familiar to all hams, from which no signal is 
received. This skip zone accounts for HF radar's in- 
ability to detect targets closer than 1000 km to the 
transmitter. 

A long pulse is used in HF radar to increase the sen- 
sitivity of the system and may reduce to interference 
levels associated with pulse modulation. In addition, 
the pulse repetition frequency is normally low to avoid 
range ambiguities. A PRF of 50 Hz will yield an un- 
ambigious range of some 3000 km. Individual pulse 
widths may range from tens of microseconds to 
several milliseconds depending upon the sensitivity 
desired and the desire to reduce interference to other 
services. 

antenna requirements are severe 
OTHB radar places more demands upon the anten- 
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na system than do other types of radar. The antenna 
must be physically large because of the low frequen- 
cies involved, be capable of handling very large 
amounts of power, exhibit gain and directivity over a 
wide range of frequencies, and be steerable in both 
elevation and azimuth. Typically the antenna consists 
of phased arrays of vertical bowtie driven elements in 
front of screen reflectors. The antenna lobes are 
steered in azimuth and elevation by shifting the phase 
relationships between individual active elements. 
Normally, separate antennas are used for transmitting 
and receiving. While this increases the problems of 
synchronizing the transmitter with the receiver, it is 
more than offset by the simplification of antenna con- 
struction. To place the first lobe as near horiziontal as 
possible, an extended ground screen is placed in front 
of the array. This ground screen may extend up to 
3000 meters in front of and be as wide as the antenna 
array. 

Changes in the ionosphere bring about changes in 
the MUF. HF radar adapts to these changing condi- 
tions by shifting its operating frequency. The iono- 
sphere is probed with a sounder and the profiles are 
updated constantly. This gives real-time information 
as to what the best operating frequency for coverage 
of a particular area of interest will be. The relationship 
between vertical profiles and transmission paths can 
be seen from figs. 1 and 2. As the transmission fre- 
quency approaches the MUF, the paths lengthen, pro- 
viding the maximum distance in a single hop transmis- 
sion. Operating at or near the MUF greatly reduces 
path losses. Since these radar systems are not limited 
to a few discrete bands of frequencies, as are other 
services (including hams), they can follow the MUF 
quite closely. 

The reliability of HF radar is related to antenna size, 
radiated power, and the range of frequencies used. 
These factors can overcome shortcomings in the relia- 
bility of the ionospheric paths. The ionosphere places 
limits on operation in both summer and winter, but 
for different reasons. In summer, ionization extends 
well into the lower regions, which normally contain 
neutral particles. Thus strengthened, the D-layer 
causes increased path loss. During the winter, de- 
creased solar radiation creates lower electron densities 
in the F-layer and results in lower frequencies being 
required for reliable transmission. Several other prob- 
lems exist because of changes within the ionosphere. 
These problems include the following: 

Propagation velocity is frequency dependent which 
places lower limits on pulse length and range 
resolution. 

The refractive characteristics of the ionosphere allow 
specific areas to be covered only by a narrow range 
of frequencies at any given moment. 
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table 1. Current capabilities of United States and USSR OTHB radars. 

range coverage: 1000-4000 km, with longer ranges possible through multiple-hop transmissions. 
angle coverage: 360 degrees in azimuth possible, but less than 120 degrees typical. 
range resolution: As low as 2 km, with 20-40 km typical. 
absolute range accuracy: 10-20 km, assuming accurate and timely assessments of the ionosphere and optimum operating frequency. 
angle resolution: Determined by beamwidth. It can be as low as 1 degree, which corresponds to 50 km at a range of 3000 km. 

Doppler resolution: Generally resolution of 1/10 Hz is possible. At an operating frequency of 20 MHz it corresponds to a target 

velocity of just under 2 MPH. 
level of interference: Dependent upon such factors as frequency of operation, antenna design, power level, type of modula- 

tion, area of illumination, and duration of operation at any particular frequency. 

The propagation medium is filled with unwanted 
clutter from meteor and auroral ionization in addition 
to other areas of scattering that compete with target 
returns. 

present OTHBs 
The current capabilities of OTHB radars, both 

American and Soviet, are shown in table 1. 

it all started with lvan The Terrible 
The initial evidence of Soviet OTHB radar capability 

surfaced in mid-1976. The first of these radar units, 
nicknamed "The Kiev Buzzsaw" or "lvan The Terri- 
ble" was a 2-million watt transmitter operating near 
the city of Kiev, augmented by a smaller installation 
near the Black Sea town of Nikolayev. From these 
initial efforts, the Soviets have expanded their system 
into a fully functional early-warning high-frequency 
radar. Most of the early information concerning the 
Russian Woodpecker, as it is now known, came from 
the worldwide efforts of Amateur Radio operators. 
Even today, little hard information is available con- 
cerning the physical make-up of these radar installa- 
tions. Western intelligence reports remain classified 
and, or course, the Russians appear reluctant to 
volunteer anything. 

The Woodpecker is part of some 7000 surveillance 
radar systems deployed at over 1200 sites across the 
length and breadth of the USSR. While it was initially 
thought that the Woodpecker was designed for air- 
craft or ship detection, recent information indicates 
that it is actually a ballistic missile early warning 
system. There are currently three of these OTHB 
radars in operation. Two of them pointed at the United 
States and the other was directed at central China. 
These radar systems operate in conjunction with sat- 
ellite detection systems to provide upwards of 30 min- 
utes warning of an ICBM strike launched from sites 
within the United States or China. This HF radar 
launch detection system is not as accurate or reliable 
as a satellite system, but the two working together give 
24 hour-a-day coverage of missile silos. 
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Since its beginning in 1976, the Soviet OTHB 
systems have increased their power and currently 
operate at the 20 to 50 megawatt level. Their system 
utilizes pulse modulation, in contrast to the American 
CONUS OTHB, which transmits FM-CW. The PRF 
(Pulse Repetition Frequency) is normally 10 per 
second, although additional analysis has suggested 
each pulse actually consists of a pulse train of up to 
twenty different square wave pulses with some less 
than two milliseconds long, giving an effective PRF 
of 800 pps. The modulation scheme employed by the 
Russians has undergone some evolutionary changes 
since the inception of this radar system. Currently, the 
modulation, though still a pulse system, causes the 
radar signal to be spread in frequency. This permits 
frequency compression on the receiving end and 
results in "processing gain" for the system as a whole. 
In addition, this spread-spectrum technique allows the 
detection system to more easily discriminate against 
other stations on frequency. Unfortunately, these 
wide-band signals have further increased the inter- 
ference levels to other, legitimate users of the HF 
band. 

Currently, the radar signals no longer sit on one fre- 
quency for extended periods of time, as they once did. 
This is due, in part, to the protests of other users of 
the HF spectrum, but also to the Soviets' efforts to 
utilize the optimum transmission frequency. At the 
present time, the signals move up and down the band 
in 100 kHz steps at intervals of 30 seconds to 10 
minutes. 

why hams are most affected 
It is also noteworthy that the Woodpecker chooses 

parts of the HF spectrum with low rates of RF oc- 
cupancy. Certain portions of the band have few users 
per unit time and those users operate with low levels 
of radiated power. These areas of the spectrum are 
a natural for radar operation, placing less stringent re- 
quirements on the detection system. As can be seen 
in fig. 3, the Amateur bands fit nicely into this 
category. This helps to explain why hams have 
suffered the most. In addition, Amateurs tend to have 
limited political "pull" with their governments and, 
thus, are less able to bring pressure to bear to curb 
this interference than are other users of the spectrum. 
Other services, such as international broadcasting, can 
overcome the Woodpecker by raising their effective 
radiated power into the megawatt range and thereby 
swamping out the Russian radar. 

Worldwide response to the Woodpecker arose 
almost immediately after its first transmission. In 
July, 1976, the Federal Communications Commission 
sent a telegram - prompted by complaints from ham 
operators about interference levels on the 20-meter 

I ALLOCATION 

FIXED 
MARINE  MOBILE 

INTERNATIONAL BROADCAST 
AMATEUR 

F IXED STATION 

I FREQUENCY (MHzJ I 
fig. 3. Typical power spectrum at HF. Note correlation 
with user allocation. Noise floor - 140 dBw 1140 dB 
below 1 watt). (Adapted from "Over-The-Horizon Radar 
on the HF Band," Proceedings of the IEEE, June. 1974.1 

band - to the Soviet Ministry of Post and Tele- 
communications. With no response from the USSR, 
the FCC sent three more cables. Still there was no 
response. In October, the FCC filed a formal complaint 
with the International Frequency Registration Board. 

Additional complaints poured in from Amateur, 
Maritime, and aeronautical operators in other coun- 
tries. In addition to the United States, and European 
nations, countries in the region of the Baltic Sea as 
well as Australia and New Zealand voiced strong pro- 
tests. Early in 1977, the Soviet Union admitted that 
their experiments might cause some interference to 
other radio facilities for short periods of time. As 
worldwide pressure mounted, the USSR agreed to cut 
back on these radar transmissions. In reality, the 
Woodpecker remained on the air for the same amount 
of time, but its signals moved back and forth through 
the HF band rather than staying in one spot for ex- 
tended periods of time. 

In 1979, this issue surfaced, but was never pressed, 
at the World Administrative Radio Conference. In 
retrospect, this was probably for the best. This con- 
ference resulted in substantial gains for the Amateur 
community that might never have come about if the 
Conference had been disrupted over the Woodpecker 
issue. 

Soviets ignore treaty 
The USSR is signatory to international telecom- 
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munications treaties that spell out, in detail, the alloca- 
tions for broadcasting. However, the Soviets have 
made full use of an escape clause included in all of 
these treaties. Simply put, a nation may ignore the 
treaty if such action is deemed to be in the best in- 
.terests of its national defense. In addition, telecom- 
munications treaties are only as good as a nation's will- 
ingness to abide by them. There is no practical way 
to force compliance by other countries. Most nations 
observe these treaties rather closely, however, realiz- 
ing that compliance is in the best interest of the world 
community. 

The current position of the United States was re- 
cently stated by Dr. William Schneider, Under Secre- 

" tary of State for Security Assistance, Science and 
Technology. In an interview, Schneider commented, 
"We are making every effort to encourage the USSR 
to comply with their treaty obligations. In this regard, 
I hope we will be more effective in the future than we 
have been in the past."' In reality, this means that the 
Soviets will continue to use the Woodpecker as long 
as it suits their needs or until they develop a completely 
accurate and reliable satellite surveillance system for of complaints on file and don't need any more.They 
ICBM launch detection. are fully aware of the problem and realize how little 

what can we do? 
So what can you do the next time the Woodpecker 

blows the 20-meter band apart? There's no point in 
complaining to the FCC or Department of State - 
they're not interested. They have literally thousands 
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they can do to change it. Cranking your keyer up to 
99 WPM and shooting a string of pulses in the direc- 
tion of the Soviet Union is equally futile. Because the 
radar is designed to ignore this type of interference, 
all this accomplishes is additional QRM for other hams. 

Perhaps the best solution to Woodpecker inter- 
ference lies in the field of electronics. The technology 
is available to eliminate this pest at the receiver. The 
newer transceivers, such as the Kenwood TS-930, the 
ICOM IC-751, and the Yaesu FT-1, among others, 
have dual noise blankers, one of which is designed to 
eliminate long pulse noise such as that from the Wood- 
pecker. This trend is likely to continue until most new 
rigs have this capability. 

All this doesn't help those of us who aren't quite 
ready to buy a new state-of-the-art transceiver. What 
can we do? We have two choices. The first is to build 
a custom noise blanker for our existing rigs. Circuits 
to eliminate the Woodpecker have been published in 
Amateur magazines and in the ARRL's Radio 
Amateur's Handbook. The second choice is the pur- 
chase of a "Moscow Muffler," a Woodpecker noise 
blanker manufactured by AEA (Advanced Electronics 
Applications) of Lynnwood, Washington. Installed be- 
tween the transceiver and antenna, this unit effectively 
blanks out the Woodpecker by means of an RF sensing 
unit that automatically takes it out of the circuit when 
the transmitter is keyed. The blanking width and syn- 
chronization are both adjustable. The basic sync rate 
may be switched between 10 and 16 Hz to allow for 
blanking when both OTHB radars are in operation. 

It does not appear that the Woodpecker will dis- 
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BANDWlOTH IN CHI FROM CARRIER FREOUENCr 

fig. 4. Spectral distribution of signal from the Russian 
Woodpecker (assuming 50 Mw carrier ERP, note that the 
Woodpecker still has 5000 watts ERP 50 kHz either side 
of center frequency). 
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fig. 5. Coverage of Soviet "Woodpecker" ICBM launch detection systems. (Note: this base map appeared in KR7L's "Fun- 
damentals of Grayline Propagation," ham radio, August, 1984, page 77. Azimuthal-equidistant map prepared by Bill Johnston, 
NCKR, 1808 Pomona Drive, Las Cruces, New Mexico 88001.) 

appear within the near future. The Soviet Union will vide the solution to a worldwide problem that ap- 
continue operation despite world opinion, as long as parently cannot be resolved by diplomatic methods. 
i t  deems the practice necessary. The ultimate prac- 
tical solution will be the inclusion into Amateur equip- 
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merit of noise blankers capable of removing this in- Under Secretary of State for security Assistance, Science and Technology 

terference. Advancing electronic technology will pro- Department of State, Washington, D. C.," CO, February. 1983. pages 11-13. 
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fig. 6. The MOSCOW MUFFLERm by Advanced Electronics 
Applications, Inc. This transceiver accessory is capable of re- 

.moving interference from the Woodpecker. 
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r SHORT CIRCWT HOTLINE - 
Building a current ham radio project? Call the  

Short Circuit Hotl ine any t ime  between 9 A M  and 
Noon. or  1 t o  3 P M  - Eastern t ime  - before you 
begin construction. We'll le t  you  k n o w  o f  any 
changes or  corrections tha t  should be made t o  the 
article describing your project. 

(See "Publisher's Log," April, 1984, page 6, for 
details.) - 603- 878- 1441 

The Alpha Delta ACTT AC ~ransi-  rap^^ is a plug-in-thewall 
surge protector that has two 120 volt grounded sockets, status 
light, circuit breaker and a unique 3 stage protection circuit. 

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

The ACTf is designed to reduce the hazards of lightning and induced 
surge voltages. It is not for direct strike protection. 

A l W L ' t l b  mMaul lKA~.mC.  

PO Box 571 
Centerville, OH 45459 

r /  107 (51 3) 435-4772 

gulck Simple Instoilatlon. operates on 2,6,10,15,20,30 
and40 meters.All c d l s  supplied. OnIy22-112 inches long. 
Weighs less than 2 Ibs. Supplied with 10 ft. RG 58 coax 
and counter poise. Whlp extends to 57 inches. Handles ' 
UP t 0 3 m ~ m .  
VSWR-1.1:I when tuned 
WeCamaedetdbonddhaB3Wpoduch 

la -r %.y - r- . - - - a*---*. 

CUR PROWCTS MADE 

4 RlILLL 111 
3n Products 

I At your vlstrlburors Wrlto or Call 
10 Canal Street, Br~stol PA 1W07 
(245) 768-5561 1 

ALL( 

BARB 
Qual~ty C o  
. . - .  

AM- - - 
Since 1932 



THE MOST AFFORDABLE - - - 

,-- - . 
1 

1 

REPEATER 
ALSO HAS THE MOST IMPRESSIVE . 

PERFORMANCE FEATURES 
(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) - 

I 
- ------------ 

JUST LOOK AT THESE PRICES! 

Band Kit WlmdKested - 
lOM,6M,2M.220 $680 $880 

440 $780 $980 

Both MI and wired unI& em corndata wiU! ell pati% modules. hardware, and cryslals 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also a~i / .¶ble tor mmole sita linking, cmssbend, and mmota base 

FEATURES: 
SENSITIVITY SECOND TO NONE; TYPICALLY 
0.15 uV ON VHF, 0.3 uV ON UHF. 

l SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144. R220. 
AND R451 SPECS IN RECEIVER AD BELOW. 

OTHER GREAT RECEIVER FEATURES: FLUlTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 
OFF-FREO TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

l CLEAN. EASY TUNE TRANSMITTER; UP TO 20 WAlTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

I HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
RECEIVER MODULES 

l T51 VHF FM EXCITER for lOM, 6M, 2M, 
220 MHzoradjacent bands. 2 Wattscontin- 
uous, up to 2'12 W intermittent. $68/kit. 

R144 Shorn I & 
l R144/R220 FM RCVRSfor2M or220 MHz. 

0.1 5uV sens.; 8 pole xtal filter 8 ceramic filter 
in i-f, helical resonatorfront end for exceptional 
selectivity, more than -100 dB at f 12 kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

l R451 FM RCVRSamebutforuhf.Tunedline 
front end, 0.3 uV sens. Kit only $1 38. 

l HELICALRESONATOR FILTERS available 
separately on pcb w/connectors. 

HRF-144for143-150MHz $38 
HRF-220 for 213-233 MHz $38 
HRF-432 for 420-450 MHz $48 

COR -2 KIT With audio mixer, local speaker 
amplifier, tail 8 tlme-out timers. Only $38. 

l COR-3 KIT as above, but with "courtesy 
beep". Only $58. 

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

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

l R76 FM RCVR for 10M, 6M, 2M, 220, or l AUTOPATCH KITS. Provide repeaterauto- 
commercial bands. As above, but w/oAFC or patch, reverse patch, phone line remote 
hel. res. K~ ts  only $1 18. T45l UHFFM EXClTER2t03Wattson450 control of repeater, secondary control via 
Also avail w/4 pole filter, only $98/kit. ham band or adjacent freq. Kit only $78. repeater receiver. Many other features. 

l R1 IOVHFAM RECEIVER kitforVHFaircraft V H F I  UHF LINEAR AMPLIFIERS. Useon Only $90. Requires DTMF Module. 
band or ham bands. Only $98. either FM orSSB. Power levelsfrom 101045 

l R110-259 SPACE SHUlTLE RECEIVER, 
Watts to go with exciters 8 xmtg converters. 
Several models. Kits from $78. 

kit only $98. 
l NEW - SIMPLEX AUTOPATCH 

Use with any transceiver. System includes 
DTMF 8 Autopatch modules above and new 

l A1 6 RFTlGHT BOX Deep drawn alum. case Timing module to provide simplexautopatch 
with tightcoverand no seams. 7 x8x2 inches. and reverse autopatch. Complete patch 
Designed especially lor repeaters. $20. system only $2OO/kit. Catlorwritefordetails. 
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1 Hamtronics Breaks 
. the Price Barrier! 

Exciter Antenna 
Input Range Output 

NoNeedtoPsyS80toS125 28-30 144-146 
for a GaAs FET Preamp. 28-29 105-146 

28-30 50-52 
27-27.4 144-144.4 
28-30 220-222' 

(Specify band) 50-54 220-224 
144-146 50-52 
50-54 144-1 48  

144-146 28-30 

Antenna Receiver 
Input Range Output 

144-1 48 432-436. 
VHF MODELS ^Add $20 for 2M input 

26-30 MHz Less Case $39 
46-56 MHz 

LNG-144 137-150 MHz 
LNG-220 21 0-230 MHz 
LNG-432 400-470 MHz 

30-46 MHz 220-224 144-148 
LNG-1 60 150-1 72 MHz 222-226 144-148 

UHF MODELS 

10 to 45 Watts. 

on any scanner. Wiredltested Only $88. 
P30Y VHF Kit less case 

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

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

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

receiver preamps with helical resonator filters in the world. 

built in.Thecombination of a low noiseamplifier 2. Exceptional quality and low prices due 
to large volume. 

helical resonator provides increased sensitivity with speaker, 
while reducing intermod and cross-band inter- Connectors- hardware' 3. Fastdeliwry; most kits shippedsame day 

ference in critical applications. See selectivity Only 4. Complete, professional inshuctlon 
curves at rlght. Gain = approx.12 dB. manuals. 

Model Tuning Range 
5. Prompt factory service avellable and 

free phone consultation. 
HRA-144 143-150 MHz 
HRA-220 213-233 MHz 
HRA432 420450 MHz you buy an FM-5 Transceiver kit. 7. Sell more repeater modules Man all 
HRA-( ) 150-1 74MHz $69 Where elsecan you get a complete transceiver other mfrs. and have for years. Can giw 

450470 MHz $79 for onlv $178 quality features tor much lower cost. 

More Details? CHECK-OFF Page 158 H 305 November 1984 47 



a double conversion 
portable SW receiver 

Modify an earlier design 
for additional coverage, 

built-in frequency counter 

- 
In the April, 1984 issue of ham radio, Jack described the construc- 
tion of a compact, portable, high performance shortwave receiver 
for the 46- through 100-meter bands.' This article provides a design 
for an extended coverage receiver based on that design, but offer- 
ing front-end RF tuning and a built-in frequency counter and power 
supply. Helpful circuit hints applicable to other receiver designs are 
also described. The April article should be reviewed for schematics, 
component values and contruction details. Figures 1.2, and 3 show 
several views of the new receiver from different angles, including 
component laqout and shielding requirements - Editor. 

fig. 1. Top row of controls includes antenna input, onfoff 
switch, RF bandswitching. Bonom row includes AF gain 
knob, RF tuning, main tuning. 

Good converter design calls for an examination of 
all mixing by-products for each choice of local 
oscillator and desired input signal range and minimizes 

1 in-band spurious  response^.^ The frequency conver- 
sion scheme finally decided upon extends front-end 1 coverage to include signals in the 9.3 to 10 MHz range. 
The incoming signal is downconverted to 3.3 to 4.0 

1 MHz using a crystal oscillator and active mixer. The 
, digital display is made to "track" by converting the 
I "3" MHz readout to "9" MHz simply by switching the 

"F" LED segment, thereby eliminating the need for 
elaborate frequency readout conversion schemes. To 
accomplish this a Cpole, 2-position CBK miniature 
switch performs the following functiens: 

supplies + 12 VDC to the converter board 
bandswitches the converter input 
bandswitches the converter output 
switches the "F" LED between "3" and "9" 

The converter has been designed for a broadband 
response and the RF and MIX trimmers should be 
stagger-tuned for flatest front-end response. The con- 
verter schematics and the wiring of the CONV band- 
switch are detailed in fig. 4. 

construction details 
In addition to the schematics and photos shown, 

the following information should be useful. 

Power transformer. This should supply 14 volts at 
120 mA. A 75-volt unit would probably be better to 
use because it would deliver (under load) a DC voltage 
closer to that of a car battery. Presently, power drain 

By Jack Perolo, PY2PE1Cr P.O. Box 2390, Sao 
Paolo, Brazil 
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fig. 2. Top view. At  top left is the4-digit display, wired to  the 
frequency counter below it. At top center is the S-meter, with 
CbK switches to its right. The input 9 MHz trap is at top right. 
The IF strip is below the S-meter, shielded with 1/16 inch 
aluminum sheet. At  bottom left is the 60:l ratio Muffett gear 
reducer connected with flexible coupling to the 104 pF variable 
capacitor. To the right of the variable capacitor is the power 
transformer, followed by the 9 MHz crystal filter. The back 
panel has provisions for two AF output jacks, DC power 
(12 volt) input jacks, and a 110 VAC connector (see fig. 3). 

is 120-125 mA with the 9 MHz converter on, dropping 
to about 100-105 mA with the converter off. (Saw off 
the original brackets; use a bolted pillar and pressure 
holder 'to keep it in place.) 

Space-saving techniques. In order to make room 
for the converter and power transformer, a new layout 
was developed. The audio strip PC board was 
redesigned and reduced in size, with all components 
vertically mounted. This reduced it from 1.57 x 2 
inches (40 x 50 mm) to 1.18 x 1 .R inches (30 x 40 mm). 

The PC board that houses the audio strip also in- 
cludes the power supply, the Zener diodes, and the 
front-end converter. The 1 116 inch thick epoxy board 
measures 2-318 x 3-1 I 2  inches (60 x 90 mm). Separate 
diodes were used in the supply to avoid confusion in 
case 110 VAC and external power were left on at the 
same time. 

Gear reducer. Zero backlash, Muffett size 1 with gear 
ratio 60:l. Available in the U.K. for $75.00. 

Cabinet. 2 x 6 x 6 inches (50 x 150 x 150 mm) HWD. 

fig. 3. Bottom view. At  top left are the audio frequency 
potentiometer and 524 pF Jackson RF trimmer. S-meter is 
at top center; below the S-meter is the PC board for power 
supply, AF strip and the front-end converter. The power 
supply electrolytic capacitors are at its right. At  left is the 
RFIMixer PC; notice shield between i t  and the front-end con- 
verter. The 110 VAC connector is at bottom. At  bottom right 
is the VFO PC board, with electronic bandswitching circuitry, 
shielded from both the RF PC and front end converter PC; 
the VFO PC board ends near the gear reducer, seen at bottom 
right. All RF transistors are mounted in sockets to  ease 
replacement in case of failure. 

ham band options 
The 80-meter band, covered in the earlier project, 

is included in the current version. The 40-meter band 
can be covered by the direct method or by the con- 
verter method. Using the direct method extends the 
coverage of the basic receiver to 7 MHz. (The MHz 
digit of the display must be read.) The converter op- 
tion would employ a 4 MHz crystal; the digit problem 
appears to be easier to solve, but some spurious sig- 
nals are likely to appear within the band. Coverage on 
30 and 20 meters can be implemented by modifying 
the front-end conversion using a single set of coils and 
electronically bandswitching the parallel capacitors and 
the oscillator crystal. One can cover 7, 10, and 14 MHz 
with the same basic converter by increasing PC board 
size slightly. 

The frequency counter can easily handle the fifth 
digit (tens of MHz) because the 7207 IC has provisions 
for it, but the power supply must be sized according- 
ly for the extra load. Care should also be taken in the 
layout and design of the front panel, which is presently 
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4 0 8 4 1  
W/SOCI(ET 

CoMs needed lor the c0nucn.r am L14 through L16 

cool dsscnpb~n 
~ 1 4 . ~ 1 5  RF con1 3 turns and 20 lurn* 

(No 26 enamel wlraJ, 
rsspartlr.ly an Irnfdon 
7-37-2 tornld R F  BOARD 

1.76 RF coil 20 turns 
(No 26 enamel wire) 
on Am,don 7-37-1  forold 9 0-10 0 

CONVERTER BOAR0 
L - - - - - - - - - - - -  

fig. 4. Schematics of the GP-78 converter and bandswitch wiring. (RF coils shown, L1 through L4, are detailed in 
reference 1.) Shielded bandswitch connections use miniature coaxial cable, type RG-174/U or equivalent. The 6.0 MHz 
crystal is a type HC-261U by ICM. Only the first two digits (DO) of the frequency display are shown, as the third and fourth 
digits are wired in parallel to digit No. 2. The new control added "RF PEAK" is a 5-24 pF Jackson miniature trimmer, con- 
trollable from the front panel lsee fig. 1). The remainder of this circuit (not shown) is identical to  the schematics shown 
in  reference 1. The converter shown could also be adapted to the earlier (or other) projects as a separate accessory. fitting 
into a 3 x 3 x 0.75 inch box, borrowing the + 12 volts from the receiver. 

very crowded; the addition of an extra digit would re- references 
quire widening the panel. 

1. Jack Perolo, PYZPElC. "Portable Shortwave Receiver," ham radio. April, 

acknowledgement 
1984, page 67. 
2. Jack Perolo, PYZPElC, "The Analytical Approach to Mixer Spurious 

Thanks go to Fernando, PY2DQU, for his support ca. Augusts lg71, page 24. 

and encouragement on this project. ham radio 
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computer technology: 
fast, fast, FAST! 
Some of the most dramatic 
changes in computer technology are 
taking place in architecture - that is, 
in the way computer logic is organited. 
This is necessary because electronic 
speeds are now so fast that the physi- 
cal distance between circuit elements 
has become a major limitation. To alle- 
viate this problem, the Cray supercom- 
puter features logic bays arranged in 
a circle so that all interconnects are not 
more than one circle diameter away. 

NASA has developed a design called 
the Massively Parallel Computer - and 
massive it is: over 16,000 identical 
processors are arranged in parallel. 
This approach allows an image proc- 
essing task that takes 8 hours on a 
conventional large mainframe to be 
reduced to only 17 minutes! Com- 
panies such as Cray, ETA, and Fujitsu 
are developing computers that will be 
10,000 times faster than an IBM PC by 
1987 or 1988. The implications of this 
kind of progress make exciting news 
for hams. Might it someday be possi- 
ble to contain a basic HF receiver on 
a single chip? A complete SSB receiver 
could actually consist of 3000 in- 
dividual receivers, each having 1 kHz 
bandwidth and tuned to a different 
part of the HF spectrum under com- 
puter control. Such a unit could repre- 
sent the ultimate in interference 
avoidance and MUF agility! 

cooling high-speed 
circuits 

Ever since the beginning of the 
electronic era, heat has been a prob- 
lem. The absence of effective ways to 
remove it at the device level continues 

to be a major limitation to present 
large-scale integration. Designers are 
now examining methods by which an 
IC substrate can be bonded to a 
porous metal carrier, with coolant cir- 
culated through the porous metal, 
then evaporated and recovered in a 
closed system. Using this method, 
thermal transfer can be improved to a 
rate 100 times better than with con- 
duction alone, with each LSI circuit 
containing its own refrigeration 
system. 

Also significant is the interest in run- 
ning VLSl circuits at the temperature 
of liquid nitrogen (77 degrees K). At 
this temperature electron mobilities go 
up, speed increases, and thermal effi- 
ciency improves. With modern tech- 
niques, even the cryogenic problems 
aren't too difficult. Look for examples 
of this approach to appear in commer- 
cial products before too long. 

Even more exotic are super-cold 
devices called Josephson junctions 
(JJ's). These are thin film devices that 
operate at 4 degrees K (the tempera- 
ture of liquid hydrogen), exhibit pico- 
second (one millionth of a micro- 
second) speed, and consume nearly 
zero power because they operate at 
superconducting temperatures. After 
spending nearly twenty years develop- 
ing J J's for supercomputer applica- 
tions, ISM recently threw in the towel 
because of the difficulty of manufac- 
turing the device and its support sys- 
tem. Work continues in Japan, how- 
ever, with Fujitsu pursuing research 
and the Ministry of International Trade 
and Industry (MITI) funding the de- 
velopment of a JJ analog-to-digital 
converter. With several GHz band- 
widths, such a device could make 
possible digital storage scopes with 
several hundred MHz capability, or 

low-noise digital VHF receivers with 
direct conversion to digital information 
at the front end. Although very low 
temperature devices have many attrac- 
tive characteristics, they may be dif- 
ficult to put to use -except in space, 
where the necessary low temperature 
is free. But the benefits are great 
enough to warrant a substantial con- 
tinued effort around the world. We 
should see some exciting break- 
throughs in the near future. 

faster antennas, too 
Take a look at what's happening 

in telecommunications. More and 
more information is being sent over 
each circuit; system bandwidths are 
being increased, and most data is now 
digitized before transmission. All this 
wideband data eventually goes to an 
antenna that radiates the signal. This 
means that the antenna has to have 
some measure of frequency independ- 
ence - that is, be'broadband. As data 
rates and information density increase, 
the pulse response of the system also 
becomes a consideration. 

It is now being observed that many 
antenna types don't exhibit adequate 
pulse response for present and con- 
templated data links. The problem is 
not an easy one to resolve. In order to 
radiate, antennas must depart from the 
distributed characteristics that give 
transmission lines their good pulse 
response. Much attention is now be- 
ing given to measuring the pulsehran- 
sient response of various antennas, 
and the relevant journals abound with 
complex math as a result. Perhaps all 
this effort will lead to new antennas 
that will couple the desired energy in- 
to space without acting as if they had 
all kinds of L & C hung across them. 

ham radio 
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I Ham MasterTape2 I 

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

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

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

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

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

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

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

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

The 6-hour course is available on three 
2-hour Beta I1 or VHS-SP cartridges for 
$199.95,for individual ,home or nonprofit 
Ham Club use. (High schools or colleges 
must order our Scholastic licensed 
version, $499.95 for Beta or VHS and 
$750 for 314" U-matic.) 

To order, call or write Larry Horne, 
N2NY at Ham MasterTapes, 136 East 
31st Street, New York NY 10016. Phone 
212-685-7844 or 673-0680 Mastercard 
and Visa accepted. New York state 
res~derits add appropr~ate sales tax. 

136 East 31st Street 
New ,or,, New ,or, loo16 
(212) 685-7844 673-0680 
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extending 
the modular 2-band receiver 

Add two boards 
- and build yourself 

an HF transceiver 
for SSB and CW 

In the July, 1983, issue of ham radio I presented a 
design for a practical, easy-to-use HF receiver with 
digital readout.' The simple addition of a converter to 
the front end extends the receiver's frequency 
coverage to VHF; the addition of just two  more boards 
turns the unit into an SSB/CW transceiver as well, 
see fig. 1. 

design concept 
Simply stated, an SSB transmitter amplifies voice, 
mixes it with a carrier frequency in such a way as to 
balance out the carrier, removes one sideband, and 
mixes the result up or down in frequency to the desired 
output frequency. 

In this design, see fig. 2, the audio from the 
microphone is amplified by a two-stage speech 
amplifier and applied to  a simple two-diode balanced 
modulator that removes the carrier, providing a signal 
that contains two  sidebands and a suppressed carrier. 
The carrier source is the BFO. By selecting either USB 
or LSB, the operating mode for the transmit signal is 
also selected. To  remove one of the sidebands, the 
signal is passed through the same crystal filter used 
for receive. Just as the unwanted sideband is removed 
on receive, the output from the crystal filter contains 
only one sideband. Because this sideband signal, how- 
ever, is too low in level to  allow the transmitting mix- 
er to function properly, an IF amplifier must be used 
to  increase the signal to  an effective level. The out- 
put of this stage is injected into the MC1496 double- 
balanced mixer IC, where it again mixes with the VFO 
to  produce outputs at 14 and 4 MHz (9 + 5 =- 14 and 
9 - 5 - 4). 1 he same filters as those used for receive 
are used here to rer-r~ove the undes~red output. The 
20-meter filter removes the 80-meter signal and vice- 
versa. 

The SSB signal present at the output of the band- 
pass filter is clean but at a very low level. A two-stage 
broadband amplifier has been designed for an output 
of about 10 watts (see fig. 3). The driver transistor 
is a 2N3866 which in turn drives a 2N5590 operating 
in class AB. The output at this power level is "clean" 
( low spurious/harmonic content) and requires no ad- 
ditional filtering. However, if you wish to drive a much 
higher output broadband amplifier, I would recom- 
mend adding low-pass filters for each band. Several 
articles on this subject have been published in this and 
other magazines. 

I operation 
The same mixing scheme used for SSB transmis- 

sion can be used to  generate CW. A twin-T oscillator 
serves the dual purpose of generating both a sine wave 
tone, used for monitoring, and the CW signal. When 
a clean tone of a single frequency is applied to an SSB 
transmitter, a single output frequency, separated from 
the removed carrier frequency by the frequency of the 
applied tone, is produced from the transmitter. For ex- 
ample, if a 1 kHz tone is injected into the SSB 
transmitter, a CW output offset by 1 kHz is generated. 
Conversely, if tuning in another station produces a 1 
kHz CW tone on receive, your transmitter will be on 
the exact transmitting frequency of the other station 
when you answer. ( A  similar method was used to  pro- 
duce C W  in the old Heathkit SB /HW series of 
transceivers.) 

To  send CW it's necessary t o  activate the transmit- 
ter by either manually switching to  transmit or, more 
easily, using the included 555 timer circuit. This keeps 
the transmitter on between the dots and dashes. The 
twin-T oscillator and the timer circuit are keyed at the 
same time; only the 555 timer is keyed in SSB. This 
timer stage switches all stages into transmit for a 
period determined by the adjustable time constants. 
In addition, the AGC for the IF amplifier must be 
disabled while In the transmit mode by grounding the 
AGC control pin 5 on the MC1350, through a 4.7 
k~lohrn resistor 

By James J. Forkin, WASTFS, 3210 Shadyway 
Drive, Pittsburgh, Pennsylvania 15227 
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I T R A N S M I T  BOARD 
r - - - - - - - - -  - 1 I 

TWO-BAND RECEIVER . - - - - - - - - - - - 

I POWER AMPLIFIER BOARD 

r - - - - - - - - -  

T O  TO 

J ANTENNA MIC  T o  P T T  

fig. 1. The interconnection diagram. Circuits within the dotted lines are on either the receive board on the left or the transmit 
board on the right. If more than 'one relay is used, wire the coil in parallel with the one shown. Use a protection diode 
as shown on each. Use shielded wiring on all audio circuits and 50-ohm coax on the transmitlreceive relay wiring. The 
new bandpass filter board is identical to the board described in the July, 1983, ham radio receiver article. 

construction 
The transmit modification is accomplished through 

the addition of two PC boards. One consists of the 
two-stage amplifier described above. (Component 
layout and printed circuit board artwork are detailed 
in figs. 4, and 5, respectively.) The other board, 
however, is the actual transmit conversion. Shown on 
the board, (component layout and printed circuit board 
artwork are detailed in figs. 6 and 7),from left to right, 
is the 1 kHz sidetone oscillator coupled through a panel 
switch to the speech amplifier stage in the CW mode. 
Next is the 555 timer stage, which holds the rig in 
transmit for a period of time adjusted by the trimmer 
pot. To the right of the timer is the transistor, used 
to switch the relays used in the various stages of the 
receiver. Next in line is the two-stage speech amplifier; 
note that the two stages are coupled by a jumper wire 
to simplify the addition of audio companders, proc- 

essors, or other components later. The balanced mod- 
ulator is next. Be careful to wind the toroid core exact- 
ly as shown, keeping all leads as short as possible. It 
is this stage that determines the ultimate levellamount 
of carrier suppression the transceiver will offer. The 
double-balanced mixer completes the board. 

switching 
It is important to switch the crystal filter and IF 

amplifier stage when going from receive to transmit. 
A single-pole, double-throw miniature relay mounted 
close to the input and output of this stage does this. 
Use shielded wire to and from the transmit board. 
(RG-174 miniature coax works well.) The front end 
filters must also be modified by adding two relays or 
alternatively, replaced with new filters exactly like 
those used for receive for the transmitter, thus 
eliminating the need for relay switching here. The only 
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SIOETONE OSCILLATOR +12V  
THROUGH RELAY 

0.01 
POLY 

KEY 
, O N D j  T O . 0 1  0 0 l T  ( 

P I N - O U T  
MC1496  

BOTTOM VIEW 

- .. 
TO P I N  2 OF 

LM38ON ON AUDIO L I N E  

RECEIVER BOAR0 1 0 1 

T I  10 TURNS T R I F I L A R  WOUND 
NO. 2 8  ON F T  5 0 - 6 1  
TOR010  CORE 

T 2  15 TURNS B l F l L A R  WOUND 
NO 3 0  ON F T 3 7 - 4 3  
TOR010 CORE 5 TURN LINK 

Ereept a8 lndlc.led, decimal 
Y~IYII of ~ap.cif#nce sm In micro. 
farrds bFj ;  othera ere In plcofrr- M IXER 
ads (pFj; r ~ s b t a n s . ~  are In ohms. 
k = 1.WO M r 1,WO.OW 

I - F  A M P L I F I E R  ( I N 1  

fig. 2. The schematic diagram of the transmitter board. 

disadvantage to the latter approach is the need to 
allow for weight and additional space; despite these 
disadvantages, replacing the filters rather than adding 
relays does simplify the modification. Use coax for the 
filters - keep the RF where i t  belongs! And don't 
forget that to pull the AGC voltage below 5 volts for 
maximum gain, you'll have to use another relay or add 
an extra set of contacts to one of the other relays to 
ground pin 5 of the IF amplifier through a 4.7 kilohm 
resistor. Should you choose to use diode switching 
instead of relays, you may wish to consult several ar- 
ticles that have been published on the subject for help 
with the design. 

For simplicity's sake, you may decide, as I did, to 
use relays. Several types of 5- and 12-volt DC relays 
are available on the surplus market. Use 12-volt relays 
if you can find them at a reasonable price, or wire three 
5-volt relays in series; they'll key reliably on 12 volts. 
Mount your relays to the board with double-sided 
foam tape or glue. Place a diode across each relay coil 
to  prevent voltage spikes. 

initial adjustments 
After completing the modification, make sure that 

the receiver still works. Realign it and check the BFO 
frequencies. When you're convinced that the receiver 
is working as well as it did before the modification, 
connect a dummy load to the antenna terminal and 
key the transmitter in the CW position. Check that all 

+ 12v +12v 

0 

INPUT 4 
3 

T I  12 B I F I L A R  TURNS L I  2 8  TURNS NO 3 0  ENAMEL 
NO 2 8  ENAMEL WIRE WIRE ON HIGH VALUE 
ON F T 5 0 - 3 7  TOR010 I / 2  WATT RESISTOR 
CORE 

T2, T3 5 B I F I L A R  TURNS Except as lndlcet.d, decimal 

NO 2 8  ENAMEL WlRE 
values of cap#ntencs are m mtcm 

ON TWO HOLE 8ALUN 
fafads (pFh Other6 a,. in pk0f.l 
ads (pFJ, rsr ls t~nser  ere In ohms 

CORES NO WT861515 k = 1,OW M = 1.000,OW 

fig. 3. The schematic diagram for the final amplifier 
board. The driver section is similar to the VFO buffer in 
the receiver and the final stage is patterned after the 
original design. 

--- 

relays switch as they should and adjust the 555 for a 
hold-in time of about 1 second. Check that the AGC 
voltage at pin 5 of the MC1350 is in fact dropping 
below 5 volts on transmit. Put the rig into SSB and 
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k VHF COMMUNICATIONS 
NOW FEA TURING STA TE-OF- THE-ART 
MOSFET REPEATER AMPLIFIERS 

41 11: 2 METER Power Amplifier 
-. ,.,,* .,..,, 2W in-30W out 

. . . . . - . 20W in-100W out 
u ...... . 

41 12: 220 MHz Power Amplifier 
a*... 

Y 2W in-25W out 

e 25W in-100W out 

41 14: 2 METER Power Amplifier 
2W input-100W OUTPUT 

Al l  above amplifiers designed 

for 13.8 VDC operation. 

SEE US ALSO FOR 
YOUR MOBILE AMPLIFIER NEEDS 

e m  COMMUNICATIONS 

ALSO FEATURING: ICOM, AEA. LARSEN, VAN GORDEN. VIBROPLEX. NYE-VIKING. LEADING EDGE. ARRL PUBLICATIONS. 
KAGLO, HAMTRONICS, PROWRITER. ELEPHANT DISKS. DEBCO. TRIONYX. 

915 N. Main St.. Jamestown. New York 14701 1716) 664-6345 

TILT OVER MOOELS 

Crank-ups to 100 11. 

' DESIGN EVOLUTION IN RF P.A.'s 

Linear (all mode) RF power amp with 
automatic TIR switching (adjustable 
delay) 
Receive preamp option. featuring 
GaAs FETS (lowest noise figure, bet- 
ter IMD). Device NF typically .5 dB. 
Thermal shutdown protection incor- 
porated 
Remote control available 
Rugged components and construe- 
tion provide for superior product 
quality and performance 
Affordably priced offering the best 

1. Models with G suffix have GaAs FET pre- performance per dollar 
amps. Non-G suff~x units have no preamp. 

Designed lCAS ratings, Illeets FCC 2. Covers full amateur band. Specify 10 MHz 
part 97 regulatiorts Bandwidth for 420-450 MHz Amplifier. 
1 year transistors warranty 

*.SEND FOR FURTHER INFORMATION*. 
Add $5 for shipping and handling 
(Cont. U.S.). Calif. residents add ap- 
plicable sales tax. Los Angeles. CA 90025 
Specificationslprice subject tochange 
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+IPV ON 
TRANSMI T 

0 

- 
i o  

INPUT 

5 0  OHMS 

1 
OUTPUT 

5 0  OHMS 

B l A S  
.0.1 - 

NOTES 
I KEEP ALL LEADS AS SHORT AS POSSIBLE 

+12V ON 
TRANSMIT 

2 ALL COMPONENTS MOUNT ON FOIL  SIDE OF BOARD 
3 MOUNT 2 1 5 5 9 0  FIRST TO HEATSINK AN0 THEN SPACE Ezcepl .s 1ndkal.d. d.elm.1 

BOARD ABOVE HEATSINK WITH WASHERS 5 0  THERE IS values 01 capdldne. a n  In m lcm 
NO STRAIN ON TRANSISTOR larsdr (,,FA olhert 8,. b plcoter 

4 USE 5 0  OHM COAX FOR INPUT/OUTPUT 
ads 1pFI resrslances .re In ohms * = 1.000 M = l.DW.000 

5 ADJUST BlAS FOR 75-BOmA WlTH NO SIGNAL ON 2 N S 5 9 0  

TRANSISTOR 
CAPACI TOR 

3/16"(5rnmJ RESISTOR FB ELECTROLYTIC 

t 

fig. 4. The parts layout for the RF amplifier board. Positive 12 volts is applied only on transmit. Set bias adjustment for 
an idle current in the final stage of 75 to 80 mA with no drive applied to the board. 

adjust the output stage for a resting current of 80 mA. level. Increase the drive level with the other trim pot 
With the rig in SSB there will be no drive to the final until no increases in output level f roh the transmitter 
stage. Put the switch back in CW. When keying, ad- are noted. Back off the adjustment slightly. CW tune- 
just the trim pot in the oscillator stage for sidetone up is completed. -+/I+ 

fig. 5. The foil side layout for the RF amplifier board. All parts on this board are mounted on the foil side. 
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I Publication: December 1,1984 Including shipment Illinois residents, Including shipment 
to U.S.A. points Jncl. tax & shipping to foreign countries 

I Single 1985 U.S. Callbook $25.00 $26.35 $26.50 
Single 1985 Foreign Callbook 24.00 25.30 25.50 

[3 SPECIAL OFFER: Order both 1985 Callbooks 
at the same time for shipment to one address. 45.00 47.50 

Set of 3, U.S. Supplements for 1985 15.00 15.95 
Set of 3,  Foreign Supplements for 1985 15.00 15.95 

Name Amount enclosed 

Address 

I radio amateur I I b k ca 00 
925 Sherwood Dr., Box 247. 
Lake Bluff, l L  60044, USA Tel: (312) 234-6600 
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A L L  DIODES IN914  OR I N 4 1 4 9  l#r#ds (,,FI. olhsn a n  In o lco l~ r  
ads ~ F L  teSlrl,nF,S are In ohms 

' OUT TO 

k = 1.000 M = 1.000.WO 
P IN  2 

L Y 3 8 0 N  
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TRANSMIT BALANCFD 

MlXFR MOOl~L ATOR 
SPEECH 

AMP1 I F l E R  
SEMI -  SIDETONE 

M E A M - I N  I 
fig. 6. The parts layout for the transmit board. (Note: On this board components are not mounted on the foil side.) Use 
shielded wire for all audio connections, and 50-ohm coax for all RF wiring. 

I fig. 7. The foil side layout for the transmitter board. I 
Next attach a microphone to the input. ( A  CB 

replacement microphone will be sufficient.) If the 
CWISSB switch has been wired correctly, the 
microphone will be connected to the input of the 
speech amplifier and the twin-T oscillator will be 
disconnected. When you press the PTT and whistle 
into the microphone, the RF output should increase. 
The level should be about the same as when transmit- 
ting CW, but may vary because of different output 
levels of various microphone elements. 

Disconnect the microphone and while still in SSB, 

key the transmitter with a jumper wire. While check- 
ing the output with a meter, or better still, an 
oscilloscope, adjust the trim pot in the balanced mix- 
er for minimum output and, consequently, maximum 
carrier suppression. If you can't see any change in the 
meter reading as you make this adjustment, you'll 
know you've either wound the coil in the balanced 
modulator incorrectly or caused some stage to oscillate 
because of poor wiring layout or failure to ground 
something. Check your construction step by step. You 
should see a definite null in output power. If everything 
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appears to be in order, go back and readjust everything 
until no further change occurs. Your new transceiver 
is now ready to be connected to the antenna. 

conclusion 
This complete transceiver will operate reliably and 

efficiently as long as care is taken to attach a matched 
50-ohm load. The output stage will not self-destruct 
if you have high SWR or forget to attach the anten- 
na, but output power will be low. The rig should run 
about 8 to 10 watts out into a matched antenna. I have 
worked all states on 20-meter sideband and find I re- 
quire no more power from the home station. 

A kit is available from the author to make the modi- 
fication described in this article. For details, please 
send an SASE to me at the address shown at the be- 
ginning of this article. 

ham radio 

Tubes 
..................... 3-4002 .................. .$85.00 7360 .$10.00 

3-5002 .................... .85.00 7735A.. ................... .27.50 
..................... 4-400A.. .................. .80.00 8 122 .1 10.00 
....................... 4CX250B ................. 50.00 81 56 .12.50 
....................... 5728.. .................... ..55.00 8643 .82.50 

811A ........................ 12.00 8844 ........................ 26.50 
..................... 81 3 ......................... .30.00 8873 .175.00 
...................... ........................ 61468 6.50 8874 195.00 
..................... 6360 ......................... .4.25 8877 .500.00 
....................... ..................... 68838.. .6.75 8908 .12.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF 2451SD1416 ..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 754 
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.. ........... ,250 ea. (RGBIu). ............ .$4.75 ea. 
.............. UG273lu 2.25 ea. Minimum Order $25.00 --- Allow $3.00 min. for UPS charges J 131 



ICOM Introduces the IC-R7lA IOOKHt to 
30MHz superlorgrade general covera e 

iver wlth Innovative features IncluJing 
oard frequency entry and wireless 
,te control (optional). 
bls easy-to-use and versatile receiver 

.- .-.MI for anyone wantlng to llsfen In to 
worldwide communclatlons. Demanding 
no previous shodwcrve recelm experience, 
the IC-R7lA wlll accommodate an SWL 
(shortwave listener), Ham (amateur radlo 
--rator), maritlme operator or 

merclal operator. 
rammable memory 

32 pr% ~nels, SSB/A /RlW/CW/FM (optlOnal), 
W s ,  rcannln selectable AGC and 

# blanker, the I8 :~74A ' s  verwtllity Is 
otched by any other commercial 
e unit In Ih price range. 
Sunorlor Recelvw Perfmanco. 

,I I" I"u I,l I, , ,, , ,",,h filter, pushing the digit keys In sequence or fre- 
clble AGC (mulul lutic Gain Control) quency. h e  frequency will be automatically 
ioise blanker provide easy-to-adjust entered without changing the main tuning 
reception, even in the presence of control. Memory channels may be called up 
interference or high noise levels. A switch, then 

signals. to 32. 
~plifier allows improved recept~on of 

recei 
keyb 
remc 

1 

and r 
clear 
strong 
preorr 
weak ! 

~ d z - l ~ ~ k e d  
3m providc 
2 rates are 

WQs/Memorles. A quc rock 
solid synthesized tuning systt 3s 
superb stability. Three tunin( PrO- 
vided: 10Hz / 50Hz / 1KHz. 

32 Tunable Wmorles. lhirty-two 
tunable memories, more than any other 
general coverage receiver on the market. 
offer instant recall of your favorite frequency. 
Each memory stores frequency, VFO and 
operating mode, and is backed byan internal 
lithium memory backup battery to maintain 
the memories for up to flve years. 

OptlOnS. FM, synthesized voice 
frequency readout (activated by SPEECH 
button), RCl I wireless remote controller, IC- 

-I--' 
coml 

\ 
than 
dual 
- - a a -  noln 
unmc 
grad 

I 1 
I I ltili7i ~< I~OM'S-DFM (Direct Feed Mixer), 

e to interference 

nals, and has a 
Keyboard Entry. ICOM introduces a CK70 DC adapter for 12 volt operation. 

unique feature to shortwave receivers ... MB12 mobile mounting bracket, two CW 
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NORTH AMERICAN SOAR corporation 

PEN-STYLE DIGITAL MULTlMETER 
MODEL 3100 

GREAT PRICE '49X)O 

- NEW! 
Hand Held LCD Display - Fast One Hand Operation 
SPECIFICATIONS 
M-y LCD 3'h dlglls maxlmum readlng of 1999fconllnu1ly beeper bullt-ln 
Range Aulo ranglng 
Polllrlly  automat!^ ondrallon for poslttve polanty mlnus ugn lor nepatlve polllnhl 
Orrmng. In&.tlm MBS t or -1 lndlcalton 
Data Mold Dala hold tn all ranges mth hold smtch on 
Low 8.mq Indlutkm B mark dtsplayed when banery drops M o w  opemtlng wnaQ0 
Sarnpllng 2 Tlmes second 
W a r  Supp(y SR44 battery (1 55V) X2 (Included) 
Power CornurnpUon 5 5mW 
sm fi x13i .  LWH (less probe lips) lmludes'h and 2 probes 

Add $2 50 For Sh~pp~ng 
STOCKING DISTRIBUTOR mmm 
@KCS ELECTRONICS 

CORPORATION 
SEMICONDUCTOR PARTS AND PRODUCTS 

1043 N. STADEM DR. 
TEMPE, AZ 85281 (602) 967-6945 

Call or Write tor FREE 
Semiconductor Parts & Products Catalog 

I MICROWAVE TV ANTENNA SYSTEMS 1 



receiving signals from space 

How to locate 

geostationary satellites 

from your QTH 

With the price of TV-Receive Only (TVROI ter- 
minals on its way down and the availability of chan- 
nels expanding, interest in geostationary satellites is 
increasing. This article describes how to locate these 
satellites from any given latitude and longitude in terms 
of azimuth, elevation, and range. 

Two programs are included - one in BASIC for the 
TRS-80TM (level II or similar) and the other for the 
Hewlett-Packard 67 or equivalent. While the mathe- 
matics are the same for each program, some minor 
changes have been made to accommodate the specific 
programming language used and the functions avail- 
able on each machine. For example, (cos/sin) is sub- 
stituted for (cot) because of the absence of the 
cotangent function on the HP-67 and in TRS-80 Level 
I1 BASIC. 

celestial mechanics 
For a satellite to always appear stationary above a 

particular point on earth, it must have the same period 
as the Earth - that is, 23 hours, 56 minutes, 4.09 
seconds or 86164.09 seconds. In order to have a period 
that matches that of the earth, the geostationary sat- 
tellite must be a specific height above earth. This 
measurement can be found by using the Newtonian 
law stating that the square of the velocity of an ob- 
ject (satellite in this case) is equal to the universal 
gravitational constant times the mass attracting the 

object (the Earth), divided by the distance of the ob- 
ject from the center of the mass (Earth). 

where V = velocity of satellite 
G = universal gravitational constant 

ME = Mass of Earth = 5.975 x 1024 kg 

D = distance from center of earth to 
satellite 

= (R + HI = radius of earth +'height 
of satellite above earth 

G and ME are constants and can be combined: 

which results in 

The period of one complete revolution of the satellite 
is equal to the distance it travels in orbit divided by 
its velocity or: 

But this is equal to 86,164 seconds (approximately 24 
hours) for it to be a geostationary satellite as explained 
above. 

By Dennis Mitchell, K8UR, 1 Cider Mill Lane, 
Upton, Massachusetts 01 568 
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fig. 1. Angles involved in calculating satellite's azimuth, elevation and range. 

- 
DESERVER 

By Nap1.n R d .  
sin (90 - Az) = ran 100 - a) Ian (tat) 
cor (AZ) = -cot (91 b n  Pa9 
A z  = cos- 1 1 -car  16) Ian 11ar)J 

fig. 2. Napier's rule illustrates the relationship between 
the satellite and the observer. 

Rearranging terms and solving for D: 

H (height of satellite above earth) = 42,168 - 6378 
= 35,790 km 
= 22,239 miles 

and VsAr = m- - * = 3.07.5 km/sec 
\ - 42,168 

finding azimuth, 
elevation, and range 

Fig. 1 shows the angles involved in finding the 
azimuth, elevation, and range of the satellite. 

Fig. 2, an exploded view of a section of the Earth, 
shows how the locations of the Earth's center, an 
observer, the Equator, and latitude are related. The 
difference in longitude and the sub-satellite point are 
also shown. 

By viewing figs. 1 and 2 and using Napier's rule with 
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table 1. List of the current C-band (3.74.2 GHzl geosyn- 
chronous satellites and their longitude. 

satellite name degrees west 

AURORA 1 143 
ANlK B 109 
ANlK C2 105 
ANlK D 104.5 
ANlK Ill 114 
COMSTAR l 128 
COMSTAR I1 95 
COMSTAR Ill 87 
COMSTAR IV 1 27 
GALAXY 1 128 
GALAXY ll 74 
SATCOM I-R 139 
SATCOM 11-R 72 
SATCOM Ill-R 131 
SATCOM ll 119 
SATCOM IV 83 
SBS l 100 
SBS I1 97 
SBS Ill 95 
TELSTAR 301 96 
USAT 1 85 
WESTAR 1 99 
WESTAR ll 79 
WESTAR Ill 91 
WESTAR IV 99 
WESTAR V 1 23 

L" ..-,, 
JO RW*** rills P R ~ R A H  ~11.1. COMPIITE THE AZIMIITH. EI.EVATION *** 
4 0  RPM*** AND RANGE TO CMSTATIONARY SATELI.ITES FOE TVRO **' 
xn wu**rrrnrr* av n r HTTCUIII-YHIIPII \ I I ,~I  srrrr+rrt*r;r***rt 
;? ;&b******* UPDATED SATE1.I.ITE L I S T  6 / 2 7 / 8 4  
55 RFfi**"**** 1 CIDER M I L L  L.N. llFTON.MA.01568 '****'**""***** 
hi, R~~.*"..***********trr***r********.***r********r*********** 
7,) 1:1,5 
81, PRINTTHHI(23):PRINT"FNTFH Y0llR 1ATITI'DF":GOYlIB IOO:LA=DD 
9<1 ~I' I:PRiNTllR$(23]:FRINT"FNTER YOUR I.ON(.ITIIDF".COSUR 100:l.ll=DD:CVT0 110 
100 I'RINT(l2h~l."DF,CREF.S-----":PRIN~3lL."MINlITFS-----":PRINT@388."SF,CONDS-----" 
I I O  PHiNTB18h.'~"::INPIITDn:PRlNTB3144'4tllllTFs---- "::INPIITPM:PRINT(I1RHWWW5F~0Nn~ 
120 PI-3.11159 
110  LA'I-STRS(DD)+STR$(ERI)+STR$(~S):DD=(W*~OISS)/~~DD~DD:RETI~RN 
11.0 RF3 
110 1NPLR"FNTER YOOR CITY3';T$: 1NPUT"ENTER YOUR STATE":TS !Cb=TS+", "+T$ 
Ih" "I C . . . . . . . . . 
170  I.A-P1~*1 AIIRO:I.O=PI'I.O/IR0 
IHO IPRINT" SATEI.I.ITC *," AZlNUTH / EI.EVATI0N / RANCF *"* IIICATDR" 
1'10 PR I ST" FOR "T1:PRINT"" 
1110 PR1NT"CATEI.I.TTE LONl: A7TMllTll EI.EVATl0N RANI.F ( k M I "  
210  PRINTTTRINC,$~~O.~'*~')  
2 i l l  READ 5S.5 
2 $0 I F  FI-"END" WEN I N l i  

table 2. Sample calculation of geosynchronous satellite 
azimuth, elevation, and range for an o b s e ~ e r  in  Upton, 
Massachusetts. 

satellite 

AURORA l 
ANIK B 
ANlK C2 
ANlK D 
ANlK Ill 
COMSTAR 1 
COMSTAR 11 
COMSTAR Ill 
COMSTAR IV 
GALAXY l 
GALAXY ll 
SATCOM I-R 
SATCOM Il-R 
SATCOM Ill-R 
SATCOM IV 
SBS 1 
SBS II 
SBS Ill 
TELSTAR 301 
USAT l 
WESTAR 11 
WESTAR Ill 
WESTAR IV 
WESTAR V 

longitude 

143 
1 09 
105 
104.5 
114 
1 28 
95 
87 

127 
128 
74 

1 39 
72 

131 
83 

100 
97 
95 
96 
85 
79 
91 
99 

123 

azimuth elevation range 
(km) 

257 5 41128 
228 28 38763 
224 30 38555 
223 30 38530 
233 25 39049 
245 15 39979 
212 35 38125 
202 38 37883 
244 16 39907 
245 15 39979 
1 83 41 37700 
254 7 40811 
180 41 37695 
248 13 40199 
196 39 37799 
218 33 38324 
215 34 38201 
212 35 38125 
213 35 38162 
199 39 37838 
190 40 37739 
207 37 37993 
217 33 38281 
24 1 19 39627 

If sin (Along) > 0 then Az = 360 - Az 
and the 

elevation angle = tan - l(cos(8) - 0.151)/sin(8)/ (91 

INI,IITS\ where: R/(R + H) = 6378/42168 = 0.151 
and: 

Range = V ( R  + H)2 + R2 - 2.(R + H).R cos 8 

program hints 
In the HP-67 program, the observer's latitude and 

longitude are replaced in decimal form. (Latitude is 
replaced in lines 3 through 7; longitude in lines 9 
through 13.) Don't forget to use your own numbers 
- not mine - in these steps. The only other entry 
is the satellite longitude taken from table 1; after en- 
try, hit key (A). Outputs are elevation, azimuth, and 
range in that order. 

fig. 3. BASIC language program listing used t o  determine 
geosynchronous satellite azimuth, elevation angle, and range The BASIC program, which should need no explan- 
from your QTH. ation, prompts the user for all inputs. As shown in 

table 2, outputs provide satellite name, azimuth, 
spherical trigonometry and some trigonometric iden- elevation, and range in kilometers. 
tities, the equations for azimuth, e!evation, and range Locating the geostationary satellite you're looking 
are: for among the many orbiting the Earth in the 

8 = cos - l[cos (lat) - cos(A long)] 
crowded "satellite belt" is getting more difficult, but 

17' 
with a computer program such as this and some good . - 

Az = cos - 1 [- tan(1at) cos (@)/sin (8)J (8) microwave gear, they can be found. ---JWG) 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

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

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

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

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other AMSAT Membership Benefits: 

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

Satellite Tracking Software 
Available for most popular PCs. 

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

Construction of Future Satellites For Your 
Enjoyment! 

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

AMSAT 
P.O. Box 27 

Washington, DC 20044 
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USERS OWN 

U T I T U D E  

ENTER mi 
tTV22-J 

f TAN 

fig. 4. HP-67 program listing for locating geosynchronous 
satellites. 

ham radio 

BEAM ANTENNA HANDBOOK 
by Bill Orr, WWI 

Recommended reading. Commonly asked questions like: What is the best 
element s acing? Can different yagi antennas be stacked without losing per- 
formance! DO monoband beams outperform tribanders? These questions 
and more are fully answered. Lots of construction projects, diagrams, and 
photos. 198 pages. 01977. 5th edition. 
[IRP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr, WGSAI 
Learn how to build simple, economical wire antennas. Apartment dwellers 
take note! Fool our landlord and your neighbors with some of the "invis- 
ible:' antennas i u n d  here. Well diagrammed. 192 pages. 01972. 2nd 
ed~tlon. 
ORP-WA Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr, W6SAI and Stuart Cowan, W 2 U  

Contains lots of well illustrated construction projects for vertical, long wire. 
and HFNHF beam antennas. There is an honest judgment of antenna gain 
figures, Information on the best and worst antenna locations and heights, a 
long look at the quad vs. the yagi antenna, information on baluns and how 
to use them, and new information on the popular Sloper and Delta Loop 
antennas. The text is based on proven data plus practical, on-the-air experi- 
ence. 190 pages. 01978. 1st edit~on. 
DRP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI - New 3rd Edition 
Includes NEW data for WARC bands 
The cublcal quad antenna is considered by many to be the best DX antenna 
because of its simple, lightweight design and high performance. You'll find 
quad designs for everything from the single element to the multi-element 
monster quad. There's a wealth of data on construction, feeding, tuning. 
and mounting quad antennas. 112 pages. 01982. 
ORP-CQ Softbound $6.95 
Please add $1.50 for one book. $2.50 for two or more books 
to cover shipping and handling. 

Ham Radio's Bookstore Greenville, NH 03048 



AMTOR RTTY 

- - w- -1 
HAL is  proud to announce the ARQlOOO code converter. This terminal not only supports the AMTOR amateur codes. but 
meets ALL of the commercial requirements of CClR Recommendation 476-2. The ARQl000 can be used with present and 
previous generation HAL RTTY products. In fact. any Baudot or ASCII full duplex terminal a t  data rates from 45  to 300 
baud may be used with the ARQ1000. Some of the outstanding features of the ARQ1000 are: 

Send/receive enor-free ARQ, FEC, and SEL-FEC modes 
Automatic listen mode for ARQ. FEC, and SEL-FEC 
Meets commercial requirements of CClR 476-2 
By-pass mode for normal RTTY without changing cables 
Programmable ARQ access code, SEL-CAL code and WRU 
Programmable codes stored in non-volatile EEPROM 
Keyboard control of normal send/receive functions 
3 0  Front panel indicators and 11 control switches 

Interfacing for loop. RS232, or TTL I/O 
"Handshaking" control for printer and keyboard or tape 
Self-contained with 120/240V. 50 /60  Hz power supply 
Cabinet matches style and size of HAL CT2200 
Table or rack mounting 
Built-in M1700 modem option available 
Encryption option available for commercial users 
3%" x 17" x 10'/2" 

The ARQlOOO Is commerdal-quality equipment that will give you the outstanding performance you expect from a HAL 
product. Write for full details and specifications of the ARQ1000. 

BY POPULAR REQUEST 

F 
- - -- - . - - -. - . - - - -  .- 

By pdpular request - the new CT2200. Our slogan I s  "When Our Customers Talk. We Listenn-and we have been Iletening. 
The CT2200 includes these often requested features: 

New AMTOR connections for use with ARQlOOO Expanded HERE IS storage for a total of 88 characters 
Keyboard programming of all 8 "brag-tape" messages Non-volatile storage of HERE IS. "brag-tape," and SEL-CAL code 
Programmable selective call code 3%" x 1 7 " x  101h" 

All of the proven CT2100 features are retained. Some of these features are: 
Tuning scope outputs (a MUST for AMTOR) Built-in demodulator for high tones, low tones. " 1 0 3 .  or "202" modem tones 

3 6  or 7 2  character display lines 2 pages of 72  character lines or 4 pages of 3 6  character lines Split screen or full screen display 
Baudot or ASCII, 4 5  to 1200 baud Full or half duplex Morse code send/receive at 5 to 99 wpm Send/receive loop 

connection Automatic transmit/receive control (KOS) Audio. RS232C. or Loop I/O On-screen tuning and status indicators 
Clearly labeled front panel switches, not obscure keyboard key combinations Separate convenient lap-size keyboard 

Internal 120/240, 50 /60  Hz power supply Attractive shielded metal cabinet 

In addition. an update kit is  available s o  that all CT2100 ownem can update their CT 2100's t o  include CT2200 features. 
The kit even includes a new CT2200 front panell Rather than making a proven product obsolete. HAL put even more 
behind the buttons. Pick up a CT2200 at  your favorite HAL dealer and join the RTTY fun. Write for our full RTTY catalog. 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana, IL 61801 (217) 367-7373 TWX 910-245-0784 

- 

M o r e  Details? CHECK-OFF P a g e  158 f l  159 November 1984 71 
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I YOUR VERY BEST 

I SOURCE FOR without 
I 

~Lng doubt! 

I i 6 STORE BUYING POWER ASSURES TOP VALUES. 
BIG, COMPLETE STOCKS. GET WHAT YOU WANT WHEN YOU WANT IT. 
MORE SAVINGS BY FREE SHIPMENT., MOST ITEMS THAT CAN BE SHIPPED 
UPS SURFACE (Continental U.S.A.) 
TOLL-FREE PHONE (Except California and Arizona). 

1 

PRICE REDUCTION '" , 8; THE IDEAL 
' I  ' PAIR FOR ~ IC-730 I 

MOBILE 
OSCAR 

TRANSCEIVER ; IC-271 A* IC-471 A * 
I 2M 25 WAlTS ALL MODE 430-450MHz ALL MODE 

SMALL! only 3.7" high. 9.5" wide and 10" deep. RETAIL PRICE 5699.00 RETAIL PRICE 5799.00 
Provides 10 to 80 meter coverage. I; 

' 8 

100W MODEL AVAILABLE 
, BIG VALUE! CHECK IT OUT! j; CALL FOR YOUR SPECIAL PRICE 

-. 

I 

I 

CALL NOW FOR I IC-751 
IC-751, ICOM's brllllant transceiver, sets a new 

lC-745 
YOUR LOW 9 ham bands General coverage recelver 

8 hlgh standard of companson wrth high-tech ad- * 16 rnemones * Scannlng * Pass-band tur 
vancements and the supenor quallty essential SALE PRICE VanaMe NB and AGC Elght accessone 

; for compet~tlve-grade performance and optlons are also available 

An Important breakthrough In compact mobile equipment. I 
Only 1'12 x 5f/z" but full-featured including internal speaker. 
25W of power, 10 full-function tunable memories, memory I 

and band scan, priority scan. Includes mic. w/16 bunon ! 
Touchtone. 
ALSO *IC-27H HIGH POWER VERSION , I  
AND IC-37A, 220MHz 

IC- 4 7 ~ ,  ~ O C M  SAVE! 

n-/ rw 
GENERAL 

COVERAGE 
RECEIVER 

Superior grade receiver 

CHECK w/100kHz to 30MHz general 
coverage and features 

DOWN- TO- EARTH that include keyboard 

PRICES. frequency entry. 

1.2 GHz EQUIPMENT 

I PLUSCOMPLETr 

UHF FM MOBILE TRANSCEIVER 

CALL FOR INFORMATION. 
IC-RP1210 

UHF FM REPEATER LOW PRICES! 
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I 

HERE'S WHERE 
YOU GET THOSE 

LOW, LOW PRICES ON 

PLUS FREE SHIPMENT i TF-"GOOA MOST ITEMS UPS SURFACE (Conttnental U S A ) 

CALL NOW O R  
DROP INTO ANY OF 

'59-??:A T M - 4 1 1 ~  OUR SIX LOCATIONS 

SALE! 
I 9-3016 SALE $199.95 

El016 SALE 5249.95 

1; 8-108 SALE 5'59.95 

II E23A SALE S 89.95 

11 D l O l O  SALE $289.95 

j 
BIRD 

AND 

ELEMENTS iql9* 
i 

SUPER SAVINGS! CALL! 1 :  CALL FOR PRICES 1/ 

TOP CHOICE FOR OSCAR 

i DON'T MISS 
THESE 

BARGAINS! 

MA-40 SALE S549 ' I  ROTOR SALE 

4e. r srcr rusuua T o w E a  I ~ ~ - 3 4 *  S A L ~  $329 
, KT-34XA SALE $469 

MA-550 SALE 5899 
55' 3 SECT TUBULAR TOWER 1 1  40M-2 SALE $309 , 

CALL FOR LOW LOW PRICES 
. IN STOCK ' 80 THRU 11.M KLM ANTENNAS so9.95 ' i5d." i 

I 

FREE SHPPJENT 
UPS SURFACE (Continental U.S.) (MOST ITEMS) 

POLL- FPEE PHONE 
I N C L U D I N G  A L A S K A  AND H A W A I I  

Rnfl-R!?jA-finb!e r u V  w w  

i (  dkt arlo lrrzona cu\r ,,?erl pleas< phone or vtslr lrcled storecl 

PHONE HOURS: 9:30AM to 5:30PM PACIFIC TIME. *- * 
f STORE HOURS: lOAM to 5:30PM Mon. through Sat. 

ANAHEIM, CA 928Ol OAKLAND, CA 94609 SAN DIEGO, CA 92123 
2620 W La Palma. 2811 Telegraph Ave . 5375 Kearny V~lla Rd 

1 (714) 761 -3033. (213) 860-2040. (415) 451-5757 (619) 560-4900 
Behreen D~sneyland 6 Knons Berry Farm Hwy 24 Downtown Lett 27th on-ramp Hwy 163 d Clatremont Mesa Blvd 

BURLINGAME. CA O M 0  
. . .  

PHOENIX, AZ 85015 VAN NUYS, CA 91401 
6265 Sepulveda Blvd . 999 Howard Ave . 1702 W Camelback Rd . 

(415) 342-5757. (602) 242-3515. (818) 988-2212 
5 m~les south on 101 from S F AIW East o l  H~ghwey 17 San Doeqo Fwy at V~clory Blvd 

I / . ^  d l j  . . i . r  . , , t i  . . a,* . , 1 , 91. ‘ ' - . . I r Y ~i "r, ~ ) L B ,  - . U ~ . A  I .hi.' . r n c i > u . ~  . n ill . 0 w. 

ml  1 
U > i d r  n . r ' i Y L . A  r r  n 7 . n i  i . l i  L . t i  ( y ( Ma - , r  " . ' r  A,.. , I .  A V I , I ~ . X A H I R C ~ ? ~ I  l(lilI . C i O h l * i  OLik. NI U .T(UIL . T T h  ' I  . "!C 4 
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I1 

Pnces. spac,hcarmns, descnpmmns sublect ro change wrlhour nonce Cabl and Anlona restdenls please add  sales tax 1: 
- 
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WHAT THE COMPETITION CALLS 
"NO LOST WORDS OR SYLLABLES" 

WE CALL NOISE 
NOISE NOISE THE COMPETITION: "HI HONEY (BURST) M FIXING YOUR (BURST)VORITE ~UPPqitk::) 

BAR'BECU E HAM B(Ztk::) GERS. THEY Wl(itk::) BE READY AT 6:(i:k:F) Wl LL YOU MA(iUOA:ET) 
IT IN TIME?(t:kSSET)" 
Samples (heard as bursts of noise) displace your phone party's audio for as long as it takes your transceiver to TlR. 
The above example assumes a transceiver TIR time of about 150 mS (typical) 

PRIVATE PATCH II: " HI HONEY I AM FIXING YOUR FAVORITE SUPPER.. .BARBECUE 
HAMBURGERS. THEY WlLL BE READY AT 6:30. WlLL YOU MAKE IT IN TIME?" 
Thousands of PRIVATE PATCH II owners are enjoying the commercial communications quality that only a VOX 
based, simplex autopatch can deliver. 

PRIVATE PATCH II IS PRICED AT LESS THAN HALF OF OUR 
COMPETITORS "FAVORITE COMMERCIAL SIMPLEX VOX PATCH" 

SAMPLING VS. PRIVATE PATCH II 
The performance of a samplingpatch is totally dependent on 
the TIR speed of your radio. Such is not the case with PRIVATE 
PATCH II. PRIVATE PATCH II will give excellent results with 
any radio. Synthesized and relay switched types included. 

PRIVATE PATCH II requires only three connections to your 
radio (MIC, PTT and SPKR audio). If these connections are 
made inside your radio PRIVATE PATCH II does not interfere 
with the normal use of your radio. Otherwise for a quick and 
easy interface you may plug PRIVATE PATCH II Into the MIC 
and SPKR jacks. A 10 minute job! Unlike sampling patches, 
connections are not required to the squelch, discriminator or 
power. And best of all, modifications are never required. 

Controlling and talking through PRIVATE PATCH II is almost 
always quicker and easier than using a sampling patch. This 
is because you may talk or send control commands the instant 
you press the P l l  button. The ability to break in or take con- 
trol is assured by interrupt control logic. The interrupt con- 
troller creates a window (similar to sampling) but is seldom 
heard in normal quick back and forth communication. With 
a sampling patch you press the MIC button for one to five 
seconds before talking on each and every transmission. This 
is very frustrating for the mobile, and causes confusion for 
each party. 

The sampling process reduces the effective range of your base 
radio. This is because i f  a sample, and a signal fade coincide, 
the sampling patch thinks the mobile is not transmitting. This 
causes a sampling patch to become erratic at ranges still very 
useable by PRIVATE PATCH II. PRIVATE PATCH II will not 
diminish the range of your system. 

PRIVATE PATCH II has two more range extending tricks not 
available to a noise sampled autopatch. 
1. You may use a linear amplifier with no loss of performance 
2. You can operate through any repeater from your base 

station. 

FEATURES 
CW ID (free ID chip) Selectable tone or pulse dialing User pro- 

grammable toll restrict = Five digit access code * Ringback (reverse 
patch) Busy channel ringback inhibit (will not transmit on top of 
someone) Threelsix minute "time-out" timer is resettable from the 
mobile 115 VAC power supply Modular phone jack and seven 
foot cord.. .and many more. 

ALSO 
*/ 14 day return privilege - when ordered factory direct. 
H One year warranty - compare to their six months. 

CONTACT A LOCAL DEALER TODAY 
AMATEUR ELECTRONIC SUPPLY HENRY RADIO N6G DISTRIBUTING CORP. 

Milwaukee WI. Wlcklllle OH. Lo5 Angeles CA. Anahelm CA. Mtarn~ FL 
Orlando FI. Clearwaler FL. Butler MO 
Las Vsgas NV PACE ENGINEERING 

JUNS ELECTRONICS Tucson AZ 
COLES COMMUNICATIONS Culver Clly CA. Reno NV THE HAM SHACK 

San Anton10 TX MIAMI RADIO CENTER CORP. Evansvtlle IN 
ERICKSON COMMUNICATIONS Mlam~ FL 

Chlcago IL CANADA: 
MIKES ELECTRONICS DOLLARD ELECTRONICS 

HAM RADIO OUTLET Ft Lauderdale Vanc.rruver. BC 
Anahrlm CA Eurllnoame CA. 
Oakland CA. San &go CA 
Van Nuys CA. Phoennx A 2  

CONNECT 
SYSTEMS 

INCORPORATED 

23731 MADISON ST., TORRANCE, CA 90505 
PHONE: (21 3) 373-6803 
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more about radials 
Antenna experimentation is one 
field in which the enthusiast doesn't 
need an advanced degree in electron- 
ics and a room full of expensive test 
equipment. Sometimes a twenty-five 
cent "instrument" can provide mean- 
ingful results for the investigator. 

A case in point: the experiments 
of Ralph, W8HXC, and Don, AF86, 
which were designed to determine the 
effectiveness of quarter-wave radials 
on various 2-meter vertical antennas. 
The tests, conducted intermittently 
over a period of 5 years, pointed out 
some interesting aspects of radials that 
help to remove some of the mystery 
of VHF antennas. 

The original investigation was de- 
signed to determine the best way to 
decouple the shield of a coaxial feed- 
line from the field of the VHF anten- 
na. The goal was to make the anten- 
na do all the work, and to prevent the 
feedine from becoming part of the 
antenna. Only by making the feedline 
"inert" to the field of the antenna 
could the antenna do its job of laying 
down a low-angle signal. 

To determine the degree of RF on 
the outer surface of the coaxial line, 
the simple "RF-sniffer" shown in fig. 
1 was built. It was used to detect cur- 
rent loops on the antenna elements, 
the feedline, and supporting mast and 
structure. Made out of junk box parts, 
the simple device worked well with 
transmitter powers as low as 7 watts. 

The "sniffer" consisted of a 144- 

ri:Lm;l 

7 2" 

150.8mm) 

N 0 . 2 9  

Excspl m i  bd1cat.d. d*clm.l 

1 
vab*l of oapacltance *re In mlcro. 
farad8 (pFk o1h.n a n  In pbofar. 
ads lpfk r*slst#nc*a a n  In ohms. 
k - 1.000 M - 1.W0.000 

fig. 1. The RF "Sniffer" for 144 MHz is 
built on a cut-down ping-pong paddle. 
Capacitor is adjusted for greatest lamp 
illumination at the test frequency. 

MHz resonant circuit with a pilot lamp 
indicator, all mounted on a wooden 
handle. The capacitor was adjusted for 
maximum glow of the lamp (resonance) 
when held near the RF source used in 
the experiments. 

The first experiments conducted 
were on a homebrew 114-wave 
groundplane antenna. It was found 
that the outside of the coax line, which 
dropped down beneath the ground- 
plane antenna, was "hot" and ex- 
hibited a standing wave of energy 
along it that could be detected with the 
"sniffer." Excellent feedline isolation 
was achieved by simply wrapping the 
RG-58lU feedline into a two-turn coil 
1-1 12 inches in diameter directly below 
the antenna. This little RF choke de- 
coupled the feedline so that it was 
isolated from the antenna. 

The next experiment was with an 
extended half-wave vertical antenna. 
RF was found on the feedline, and 
adding the choke in the feedline 
accomplished little. The outside of 
the line was still coupled to the an- 
tenna. Four quarter-wave radial rods 
were added to the antenna immediate- 
ly below the matching coil (fig. 2). It 
was necessary to readjust the anten- 
na for best SWR; however, the feed- 
line isolation was not improved, and 
the radials did not seem "hot"with RF 
energy. 

The last experiment, which was 
more meaningful, used a 518-wave- 
length antenna (48-inch long radiator) 
and a two-turn base matching coil 
(fig. 3). The feedline was carried down 
inside the metal supporting mast and 
a set of four quarter-wave radials with 
a clamping arrangement that allowed 
the radials to be placed anywhere on 
the mast was added. 

Initially, the radials were positioned 
at the base of the antenna loading coil 
and the coil feedpoint was adjusted for 
best SWR indication. When a near- 
perfect match was achieved, the RF 
"sniffer" was used to examine the 
feedline. Unhappily, the feedline and 
mast indicated pronounced current 
loops over the entire length! The 
feedline and support pipe had become 
part of the antenna in spite of the 
radials, which were supposed to iso- 
late the antenna from the feedline. In 
addition it was discovered that there 
was very little RF in the radials, a 
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sure indication they were not doing 
their job. 

Further experimentation proved that 
moving the radials down the mast, 
away from the antenna base, changed 
the SWR reading and required feed- 
point readjustment. By cut-and-try a 
combination of feedpoint adjustment 
and radial position yielded excellent 
SWR, radials "hot" with RF and no 
detectable current loops on either 
the feedline or the supporting mast be- 
low the radials. Measurement placed 
this optimum radial position 3/8-wave- 
length below the base of the antenna. 
The radial angle was finally set at 
45 degrees to the horizontal for best 
SWR. 

Further tests with this antenna and 
with a car-mounted antenna of the 
same general type led to the inter- 
esting discovery that 518-wavelength 
long radials attached at the base of the 
518-wavelength antenna provided the 
same excellent feedline isolation as did 
114-wavelength radials attached 318- 
wavelength down the structure. A final 
experiment showed that radials could 
be attached to the mast at any point 
up to 318-wavelength beneath the 
antenna base provided that the sum of 
radial length and distance from the 
antenna base totalled 5/8-wavelength. 

Don, AF8B, points out that the 
518-wavelength vertical antenna plus 
the 518-wavelength long radial system 
is the same overall electrical length as 
an extended double-Zepp antenna. 

The conclusion of the experiments 
is that radial length cannot be taken for 
granted and, in the case of an ex- 
tended antenna, may not be 114- 
wavelength long. The important di- 
mension is the overall length of an- 
tenna plus radial. The test to determine 
radial length is to use a "Sniffer" to 
make sure the RF remains in the radials 
and not on the outside of the coaxial 
feedline. (Thanks to Don, AF8B, for 
supplying data on the W8HXC and 
AF8B experiments. 

the Australian 
wideband dipole 

Reader interest has been aroused 
by my description of the so-called 
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"Australian dipole" wideband antenna 
(January, 1983, page 67). It seems that 
there is a whole family of wideband 
HF antennas and other related prod- 
ucts of this type manufactured by 
Antenna Engineering Australia PTY. 
Ltd., Box 191, Croydon, Victoria 3136, 
Australia. Contact Ian R.H. Wade, 
Sales Manager, for further informa- 
tion. The correct name of the anten- 
na described in my January column is 
Model 632 Travelling Wave D@ole. 

- 

TEST 
c RADIALS 

(41 

; :+METAL SUPPORT PIPE 
WITU COAX RUNNINO 
ALONO SIDE 

fig. 2. Test radials were added to ex- 
tended 1/2 wave antenna. 

6 5 / B  WAVELENGTH 
ANTENNA 

MOVEABLE CLAMP WITH FOUR 
RADIALS MOUNTED ON I T .  

fig. 3. S/&wavelength "gain" antenna 
was mounted to support pipe and feed- 
line passed down inside the pipe. A set 
of 1ICwave radials with a mounting 
clamp was placed on the pipe. Radials 
could be moved up and down with 
reference to the base of the antenna. 

the K4EF "all-band" antenna 

Several years ago Ev Brown, K4EF, 
described a wire antenna that would 
cover all HF Amateur bands between 
80 and 10 meters (ham radio, May 
1977, page 10). Since then he's done 
a lot of work on his design and has 
devised a new configuration that has 
several advantages over the old one. 
The new antenna covers the 160-meter 
band, uses four support points instead 
of five, and occupies less space. In 
addition, because the elements are 
arranged in a V-configuration, it pro- 
vides some signal gain on the higher 
frequency bands. 

A plan view of the new antenna 
design is shown in fig. 4. The array 
consists of five long wires arranged in 
a semicircle. The antenna is fed at 
points F-F with a 4-to-1 balun and a 
50-ohm transmission line. In actual 
use, one of the two elements at the left 
of the illustration is used with one of 
the three wires at the right. The wires 
can be selected from the operating 
position with a remote switch. For ex- 
ample, if the 353-foot wire is added to 
the 313-foot wire, an element 666 feet 
long is produced. An odd number of 
half waves is required to produce 
approximately 200 ohms feedpoint im- 
pedance at or near the element center. 
The chart of table 1 shows the odd- 
halfwave resonances in this combina- 
tion. As can be seen, the bandwidth 
coverage is enormous (see column 31, 
and when you consider that the 666- 
foot combination is merely one of six, 
the complete configuration provides 
wide spectrum coverage with very low 
SWR. A simple computer program 
could calculate all of the resonances 
and bandwidths for all elements. The 
results could then be combined to 
determine what frequency gaps (if 
any) exist in the complete array 
coverage. 

As Ev says, ". . . it is difficult to 
convey to a ham who has never 
used an all-band, broadband antenna 
just how convenient it is. During con- 
tests, changing bandsis accomplished 
by flipping the bandswitch. Checking 
band conditions is done in an instant. 



My FOC friends frequently ask to get 
credit for another band and find me 
waiting for them. Perhaps the most 
important aspect of the idea is that it 
encourages the operator to use the 
whole spectrum available." 

F ,  

the W2TBZ quad-loop 
beam antenna 

I had not seen Sid, W2TBZ, for over 
15 years and our OSOs on the air were 
few and far between. "Keep In touch," 
I had said, and just recently I heard 
from him - with a new antenna idea 
that he was using with great success 
on 15 and 20 meters. 

To stay in touch with his friends, Sid 
needed an inexpensive wire beam that 
could be easily erected and would pro- 
vide a modest amount of gain and a 
low angle of radiation. Various anten- 
nas were tried, and the final version, 
a 2-loop Quad beam is shown in fig. 
5. Estimated gain of this bidirectional 
array is about 4.5 dB over a dipole. 

The antenna consists of two side- 
by-side Quad loops, horizontally polar- 
ized and driven in phase. The feed 
system consists of two equal lengths 

353'  
(107 6 m l  

l1372m) <450+ 1100 9rn) 
313' 

195 4m) 

SPACE ENDS OF 
THESE LEQS 4 TO PO 
FEET ll 2 TO 6 r m l  

300 191.4m) 
APlRT 

FEED WITH 4.1 BALUN 
AND 5 0  OHM COAX 

of 300-ohm TV line and a 1-to-1 balun. The 40-foot masts support the an- 
The feedpoint impedance of a single tenna. The figure4 radiation pattern is 
loop in this configuration runs about at right angles to the plane of the 
120 ohms, so parallel-connected loops array. The pattern is sharper than that 
provide a terminal impedance close to of a dipole, being about 60 degrees 
60 ohms. This provides a good match between the half-power ( - 3 dB) 
to a 50-ohm transmission line system. points. -Wb+ 

.*m.n, 
1.ngth ~nt.t.ur b n d  ntonant fnpu.nr1.s 

h . l  160 80 40 30 20 (8 I5 I2 10 

613 3S10 7l90 10 4 19 4 24 8 28 0 
831 3950 6050 10 I 1 1 9  210 2 4 1  288 
966 3650 I4 0 21 4 30 2 
684 3565 2B 4 
750 IMO 
803 tazo 

fig. 4. Two legs of antenna comprise an 
element. For example, the 363-foot leg 
plus the 313-foot leg form an element 
666-feet long. The chart shows reso- 
nance at 38#) kHz, 14.0 MHz, 21.4 MHz, 
and 30.2 MHz. Other combinations pro- 
vide additional resonant frequencies. 
(Top view of antenna shown.) 

table 1. Odd halfwave resonances in 666 feet of wire. 

electrical resonant 
bend length frequency bandwidth 

meters halfwaves (MHz) to 2:l SWR points 

80 3 2.179 2.142 to 2.216 
5 3.657 3.597 to 3.717 
7 5.134 5.057 to 5.211 
9 6.612 6.512 to 6.712 

11 8.089 7.969 to 8.209 
13 9.567 9.427 to 9.707 
15 11.044 10.879 to 11.184 
17 12.522 12.342 to 12.702 

20 19 13.999 13.789 to 14.209 
21 15.477 15.244 to 15.709 
23 16.954 16.999 to 17.208 
25 18.432 18.155 to 18.709 
27 19.909 19.610 to 20.207 

15 29 21 386 21.065 to 21.706 
31 22.864 22.521 to 23.206 
33 24.341 23.975 to 24.706 
35 25.819 25.431 to 26.206 
37 27.296 26.886 to 27.705 

10 39 28.774 28.342 to 29.205 
41 30.251 29.797 to 30.704 

Note: The 666-foot element Isummarized above) is only one of six element combinations. Single element 
switch will provide erlormous coverage of HF spectrum wlth low SWR. 

INSULATOR ( T I P  I WIRE OR NYLON ROPE 
0 

c 40' (12 Lm) SUPPORT 
SO OHM COAX 

40' (12.2m) SUPPORT -D 

TO SHACK e OVERALL LENGTH OF LOOPS = (IN FEET--IN METERS. DIV IDE RESULT BY 3.281 f ~ n t  
DIMENSION 'W EQUAL TO ONE SIDE OF LOOP. 

4. 
fig. 5. The W2TBZ loop beam. The phasing lines are made of 300-ohm TV line. Length 

468 x velocity factor of 300-ohm line. Balun is supported at center of phasing line = -- 
~ M H Z  

of lower nylon rope. 
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interesting reading! 

Brings rou From time to time I like to recom- 
mend interesting books or periodicals 
that provide information that otherwise 
may be unobtainable, and that are of 
general interest to Radio Amateurs. 

This month's recommendation is The 
Monitoring Times, published month- 
ly by Grove Enterprises, Inc., 140 
Dog Branch Road, Brasstown, North 
Carolina 28902. The subscription rate 
is $10.50 for one year. 

The Monitoring Times is full of time- 
ly information about what's going on 
in the HF/VHF spectrum. The editor 
and publisher is Bob Grove, WA4PYQ. 
This newspaper covers items of inter- 
est not generally found in Amateur 
publications. I look forward with inter- 
est to each issue! The latest informa- 
tion on the mysterious "beacon" and 
"numbers" stations may be found in 
this publication, as well as up-to-date 
information and interesting stories of 
other aspects of radio communication. 

Some of the columns in Monitor- 
ing Times are "High Seas Radio," 
"Signals from Space," "Utility In- 
trigue," "RTTY / FAX," and "Pirate 
Radio." There's also a good review of 
some of the new communications re- 
ceivers in the present issue of this 
interesting publication. 

Good luck, Bob - you have a 
winner! 

ham radio 
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AEA introduces rne IV~ODEL rn  I - 1 

PACKET CONTROLLER. Through 
an arrangement with TAPR (1 
Packet Radio, Inc.), AEA brin 
the proven performance c 
TAPR kit board and software In a 
rugged metal package, fully wired 
and tested with a full year's war- 
ranty and with all the free appli- 
cations assistance you can stand. 

- 
'uscon 
gs YOU 
~f the 
.- .- - 

your exi 
ninal (or 
the rapi 
,. - 

io and 
0, you 
mding 

Using only sting rad~ 
RS232 terr compute1 
can join dly exp: 
packet radlo community. Operare 
on VHF, HF or satellite and talk to 
more than 1000 existing packet 
users. Store messages addressed 
to you automatically and read them 
from your printer o 
Easy to hook-up!! E DRAKE R-4/T-4X 

OWNERS AVOID j 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types ava~lable 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filter 
Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR $7 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 # 210 
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Call today for the rest of the story: 
2( 

Advanced Electronic Applications 
P.O. BOX C-2160 
Lynnwood, WA 98036 -- --------- ----- 
I 1 
,All right, AEA, send me info fast! I 
ITo: AEA, P.O. BOX C-2160, I 
I Lynnwood, WA 98036 I 
I I 
I- I 

I I 
I 

I Address 

I 
I 
I 

1 C i t y . e .  Zlp I 

1- I 
Dale 
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CRANKUP SALE! These rugged crsnkup tow. 
.n now avalleble f rom Texas 

ELECTRONICS CO. 
FREIGHT PREPAID Towers! AII models  s v s ~ ~ s b ~ s  

O n  Sale for tremendous rsv. 

towers s n  shipped d l m t l y  
f rom theTrI-Ex factoty  to you1 

Check these lealures: 
A l l  aleel construction model TBR 160 HD 

IN STOCK for IMMEDIATE 

In Stock Now-Fast 
NOW n * p ~  L M ~  P* New Model TBR-160HD (High 
HGI~SS 3711 9- 11. 1 119 Power 160 meter Base 
HOS?SII 5211 9 w 11. 11049 Resonator) $49 00 

Model RMK-11 (roof mount kit 
w l t h  mult~band rad~al klt 53900. 

K l 7 l M O  lo f t  lam ll I= W3b 36 0 11 20 5 11 9 0 59 11 $694 $579 
WTSI 51011 205119OSq l lS1154S999  
LM354 54 0 11 21 0 11 I 6  sq ll 12010 S1599 

ROHN GUYED TOWERS 

10 R Stack Sections 

2% 537 50 256 $46 50 
$ 95 10 4CD MINI-PRODUCTS HO-1 45G $107 50 55G $127 50 
st19 15 4CD LIST 5182.50 SALE 5159 

All  200.250.450 and 550 A e m r a k r  
In Stock at Dlrcount Ricer - CALL1 

205BAS 5 el 20 mlr Beam 
155BAS 5-el 15.mrr Beam 
lO5BAS 5.ellO.mlr Beam 
204BAS 4.el20-mtr Beam 
640s 4 e16-mtr Beam 

--- 668s 6 el 6-mlr Beam 
ANTENNA WIRE & ACCESSORIES 
14 Ga Slranded Copperweld 
450 Ohm t i  D Llne 

-&TEXAS TOWERS (21 Telephone 4) 422-7306 [ml Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am 5pm 
1108 Summlt Ave., Suite 4 Plano, Texas 75074 Sat: Sam - 1 pm I 

pp~ - 
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ICOM IC 751A LIST PRICE $1 R-757GX LIST PRICE $829 3.5WllWIO 1W / 
CALL FOR SPECIAL SALE PRI 142-149995 MHz 

LCD Display 
Programmable I 
PL Option .. 

List 339.95 ,-, 

SALE $299.95! 
lCOM lC.745 LIST PRICE $999 TS.430S LIST PRICE 5899.95 FT.726R LIST PRICE $829 
CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! ST144rP.. . . . . . . . . . .  $259.95 

. . . . . . . . . .  ~i1.2500 2 . 5 ~ 1 3 ~  r n ~  ST222rP.. .CALL! 
(Swltch8M*) 2 Metn . . . . . . . . . .  TOP OF T H E  LINE HT H8ndheld T r a n r c e l m  FT-208R 2M HT ST442rP.. .CALL! . D#q,tal  LCD R e a d o u t  Small Size- Small Pda-  
B I ~  Per i o rmance t  FT-708R 440 MHz HT SANTEC Accessories 

Oplnonal 5W B a t t e r y  
S m e t e r  F u n c t t o n  

. 1m M#.rn,,,,"5 . . . . .  w i L ~ t t > ~ u n ~  Anck UP SM3 Speaker Mic. $34.95 
10 M e m o r ~ e s  ~ ~ a n i ,  an0 Memory scan . . .  
O l t s e t  Storage ST-LC Leather Case. $34.95 

ST-500 NiCad Battery. . $29.95 
ST4OC Base Charger. . $69.95 

MY-POWER LABS 
HL.3OV Reg .  589.95 
S A L E  559.95 

C R I - 2 0 0  List $299 S A L E  1269.95! 
List $339.95 Sale $299.95 
'L 

Deluxe AC Supply List $199 
Both Items-Yours for S1169! 

Full Featured! 

'Sale Prices Too Low To Print- 
CALL & SAVE St! 

4229 2KW Tuner Klt S189.95! 

nr mmn m. s1ar.s * ma.= 
Fullv tlerlranlcally RcquUICd- 5mV Manmum ROW Tha I n l a h c e  I1 A q .  5269.95 Slla $239.95 

Currenl I lrnll!ng b CraMr Plolnllan Clrcults 
M Serss Wtln Meter - A Serns W ~ l h o ~ t  Mrler 

8100 7M Vro !OW W W  IOA 1159 
RIOIB 2M Vcr IOW lbnW ?OA $749 
B O l 6  ?M V r r  XIW INIW 111 1199 
C?? 220 No ?W JUW 5A 1 79 M F J  1224 C O M P U T E R  I N T E R F A C E  589.95 
C106 230 v r s  l o w   OW 101 $119 
CIO!Z 770 V ~ S  IOW l n v w  mr $259 2028 Noise Bridge.. . . . . . . . . . . .  .$59.95 
~ ? a  440 NO ?W m w  AA 111s 250 2KW Oil Load.. . . . . . . . . . . . .  .$35.95 
D l O l O N  440 No (OW IUIW 20A 1789 

Telephone - TEXAS TOWERS (214p122-7306 mCl Div. of Texas RF Distributors Inc. 1108 Summit Ave., Suite 4 Plano, Texas 75074 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM I 
- -- 
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* r c . a s c ~ ~  10 & Dual Axis  Rotor 

As a leading manufacturer of precision motor drive systems, we believe the newly 
developed DRIO is the finest dual drive system for satellite antennas. To provide you 
the highest level of performance and convenience, the DRIO Dual Axis Rotor features: 

COMPACT CONTROL UNIT WITH SELF CONTAINED AC POWER SUPPLY 
,* SINGLE DUAL SCALE METER (AZIMUTH/ELEVATION) 

SINGLE 8 WIRE CONTROL CABLE (BELDEN TYPE) 
STANDARD TOWER TOP MOUNTING 

I 

ACCEPTS 1% INCH ANTENNA BOOM 
SERVICEABLE WITHOUT ANTENNA REMOVAL 
DYNETIC SYSTEMS' HIGH TORQUE, 
PRECISION GEARMOTORS 

h-, 

NOW AVAILABLE 
for immediate delivery H 147 

Our DRlO will out-perform any combination of conventional rotors + $ +  i 
popularly used, and is  supplied ready to mount, including the rotor, . &q d .. k 
control unit, and all stainless steel mounting hardware. (less cable) : +!& ~ 4 ~ -  ' 

:or immediate ordering in 
~ndividuals and dealers cc 

612-441-4303 

formal 
311 or M 

DYmETilC bPbTEh 
19128 INDUSTRIAL BOULEVA 
ELK RIVER, M N  55330 



make your own PC boards 
using silk 

A step-by-step guide to 
easy, inexpensive duplication 

of simple circuits 

A t  least t w o  silk-screen approaches to PC board 
duplication will work for reproducing relatively simple 
circuits. One is based on the use of printing film, and 
the other is based on the use of a photo-sensitizing 
material that can be applied directly to a silk screen 
or to a board. I have found both of these techniques 
to be quite satisfactory, and I consider them to be 
superior to the usual board photo-sensitizing approach 
for all but the most sophisticated circuit configura- 
tions. The screen-sensitization technique can be used 
with "LIFT-ITmTM patterns or by applying sensitizer 
directly on the board if one is certain replication will 
not be necessary. The printing-film approach is suit- 
able for relatively simple circuits such as those used 
for RF voltmeter probes. 

In order to produce a conductive pattern on a cir- 
cuit board it is necessary to transfer a drawn pattern 
to the copper on a board. This requires the applica- 
tion of material that will protect the desired conduc- 
tor area from an etchant. Of the various methods 
available, silk-screen techniques are probably the least 
expensive and most convenient solution to the typical 
multi-board problems encountered by hams. (Where 
only single boards are required, the photo-sensitizing 
method can be applied directly to the board.) 

board preparation 

screen techniques 
inch, far less than the 20 cents or more charged for 
sensitized boards. 

First I cut the board to size with a bandsaw. Metal 
shears or a pair of tinsnips can also be used. The board 
may also be scored with a linoleum knife and sepa- 
rated. After the boards have been cut to size, the 
edges and corners should be deburred to avoid cut- 
ting the silk in the process of inking. If the board is 
badly corroded the copper surface should be scoured 
with 600 grit emery, and finally with a cleaning powder 
such as "Old Dutch Cleanser," one that is free of 
chlorides and phosphates. An all-over clean copper 
lustre is required to assure efficient etching. 

mounting frame preparation 
Two kinds of mounting frames can be used. 

Because the boards I use are seldom larger than 3 by 
5 inches, I purchased some 314-inch square wood 
strips and cut them into 6- and &inch lengths. Using 
picture frame clamps, I assembled these pieces into 
frames having outer dimensions of about 7 by 9 in- 
ches, gluing the pieces of wood together with white 
glue and inserting 2-inch long wood screws through 
the joints and reinforcing the joints with flat L brackets 
measuring 1-1 I2 inches on each side (see fig. 1). After 
assembly, the forms should be protected with shellac 
to improve their resistance to water. I use these frames 
for board applications having continuous use, such as 
power supply configurations. 

It is difficult to get enough tension on the screen 
to minimize under-flow with this arrangement. I have 
found it convenient to attach 7-inch pieces of flat 
aluminum stock about 314 of an inch wide on the in- 
side of the long sides. These can be used to stretch 
the screen tightly. Beware of sharp corners on the ten- 
sioning bars; any burrs or sharp edges or corners will 
cut the silk. I cut slots in the bars and use screws to 
hold them in place. Much less underflow results. 

I buy my copper-clad material (copper one side) at By Keats A. Pullen, Jr., W300M, 2807 Jeru- 
hamfests, usually for less than one cent per square salem Road, Kingsville, Maryland 21087 
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fig. 1. Wood silk-screen printing frame with pattern. The 
irregular outer edge of the wood frame is caused by the 
silk. I didn't use the cardboard reinforcement with this 
frame. 

J 

WINO NUT 

FLAT STOCK 

fig. 2. The metal screen printing frame. The cardboard 
reinforcement is used here. 

- 

The second kind of frame can be made from or- 
dinary aluminum stock available in most hardware 
stores. I use 314-inch angle and 314-inch flat stock. 
One clamping surface for holding the screen is fixed; 
the other is moveable. There are two fixed elements, 
the second being used for application of the required 
tension. One of the fixed angle pieces is reinforced to 
the flat bars with corner braces for additional stiffness. 
The moveable angle is coupled to the second angle 
piece with 114 x 20 inch threaded rod; wing nuts are 
used for adjusting tension on the silk. 

The one fixed angle element and the moveable one 
are arranged so that the two ends of the screen, sup- 
ported by cardboard as explained in the next section, 

can be clamped tightly to the two members. In this 
way, ample tension can be applied to the screen for 
use in printing (see fig. 2) .  

screen preparation 
The silk screen is prepared by washing, again with 

the cleanser, and thorough rinsing. A monofilament 
nylon screen material of the finest possible mesh is 
best and will give the finest resolution and minimum 
problem from etch-through resulting from blockage 
of ink penetration by the screen material itself. The 
screen must be stretched as tightly as possible when 
used, since only then can sufficient contact of the pat- 
tern and the copper be achieved, minimizing "run- 
under." 

To protect twisting the thread pattern of the screen 
material, use cardboard bracing strips on each tension 
edge, leaving enough silk to wrap around the strip. 
The silk can then be stapled to the cardboard strip and 
the combination tacked on the frame or clamped as 
required. This way the stress can be distributed uni- 
formly on the silk. 

using printing film 
Since there are two possible ways the screen master 

can be used, each method is considered separately. 
I have found orange printing film to be useful and easy 
to prepare for simple circuits. In using it, one simply 
marks off and removes narrow ribbons of film to form 
conductors, lifting them from the backing material. 
The material removed represents a current path. Care 
should be taken to minimize the cutting of the back- 
ing, a plastic, nylon-type material, as the transfer of 
the film to the silk is most easily accomplished if the 
film has been cut through without scoring the backing. 

I have made some simple tools for preparing the 
film. One type, for cutting conductor paths, consists 
of two halves of a double-edged razor blade mounted 
on opposite sides of a piece of used copper-clad (see 
fig. 3). This will cut both sides of a conductor path 
at one time, and help in making sure that the length 
of the cut is correct. These cuts can extend to about 
a hundredth of an inch into an adjacent pad or across 
an intersecting path to simplify the removal of the 
material. This ribbon is then picked up with an 
XactoTM knife or a pin and removed. Pads can be cut 
with a tool made by taking a short length of 1 /Cinch 
rod, center-drilling it on a lathe or drill press, and cut- 
ting down its outside diameter to the size of the pad 
required. 

When the pattern has been prepared, it may be at- 
tached to the silk screen material by stretching the 
screen tightly over the pattern and patting the screen 
with a piece of cheesecloth wetted with lacquer thin- 
ner (use a gentle push, not a sliding motion). You will 
be able to see where the attachment is satisfactory. 
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TWO HALVES OF A 
DOUBLE-EDGE0 RAZOR 
BLADE - - MOUNTED ON 
OPPOSITE SIDES 

+PIECE OF COPPER- 
CLAD CIRCUIT BOARD 

fig. 3. Special tools for use with printing film. 

You will want to go back and redo any imperfectly im- 
bedded areas. When the combination has dried com- 
pletely, carefully peel off the backing, resticking if 
required. 

photo-sensitized silk screen 
The silk can also have the required pattern applied 

to it by the use of a photographic sensitizing techni- 
que. The sensitizer I have used is the Hunt Manufac- 
turing Company Printing Photo Emulsion Kit No. 4533. 
This contains two components which are mixed just 
prior to use. Instructions are provided with the 
package. A leaflet on screen printing is also available. 

To prepare the photo screen, mount the screen 
material on the frame you have chosen and apply the 
mixed sensitizer in a thin, smooth layer on both sides 
of the screen. (You can expedite drying by blowing 
coolair from a hair dryer on to the screen.) After mix- 
ing, handle the coated screen in semi-darkness only. 
If the image to be transferred is closest to the back 
of your image master, you expose with that surface 
adjacent to the sensitive surface and expose through 
it. (Lift-it masters are exposed from the top, whereas 
drafted masters will be exposed from the bottom; see 
figs. 4 and 5). The master should be between the light 
and the sensitive layer, and the image as viewed from 
the top should be as required. A transparent cover 
should be placed on top of the master and weighted 
so as to assure close contact between the master and 
the screen. (I use a No. 2 photoflood in a reflector 
about 14 inches from the work, for about six minutes.) 
The exposed silk is then washed and rinsed im- 
mediately. 

inking 
After the circuit board has been scoured and 

prepared for use, and the screen with the appropriate 
pattern is in tight contact with it, the inking can be 
begun. The ink must be reasonably thick, yet it must 
spread through the open areas of the screen. At the 

LIGHT 
SOURCE u / I \ 

I I \  

/ I \  
/ I \  

I I BASE\  

fig. 4. Arrangement for preparing a screen master from 
a Lift-it of a photo copy of a circuit. 

LlOHT 
SOURCE u I I \ 

I I \  

I l l  
I I  I 
I l l  
I I  I FRAME 

I l l  

I l l  

EMULSION LAYER 

fig. 5. Arrangement for preparing a screen master from 
a board drawing positive master. 

same time it must be able to be completely removed 
from the stencil screen without leaving residues or 
damaging the screen. It must dry "hard" - that is, 
it must, after drying, be resistant to the etchant. 

A bead of ink is spread along the short length of 
the circuit to be printed, and then spread along the 
image of the circuit. I use a piece of PlexiglassTM or 
other transparent acrylic as a spreading tool. It should 
be an inch wide or wider, and can be wide enough 
to cover the entire width of small boards. (All burrs 
and sharp edges should be removed from the spreader 
prior to use. To re-use, simply peel off the dried ink.) 
Acrylic inks such as the Hunt Permanent Acrylic 
Screen Printing Ink or the Liquitex Permanent Acrylic 
Ink are suitable. 

After the printed board is dry, the image can be 
touched up by usng pin or a needle to repair breaks, 
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or an Xacto knife to scrape away any run-unders that 
may have occurred. I usually use a hair dryer with heat 
to speed the drying in this phase of production. 

I print as many boards as I need in rapid succession 
and then wash out the screen master with a thorough 
spray of water. (Printing inks are soluble in water un- 
til they dry; after drying, they become impervious to 
water but can be peeled or scraped off.) 

initial artwork preparation 
When the photographic screen method is used, it 

is necessary to work from some kind of master. These 
masters may be those printed in a magazine (either 
positive or negative) or some you have prepared from 
any of the various commercial materials. Each ap- 
proach is discussed here. 

A complex circuit or one available as a circuit pat- 
tern in an article can be made into a screen by com- 
bining a photocopy of the layout with the silk-screen 
process. The photocopy can provide increased con- 
trast, if necessary, and eliminate the need to cut the 
magazine. If the original is positive, make a Lift-it from 
the photocopy and use it to expose the screen. If the 
original is a negative, make the Lift-it copy and then 
print it directly onto a piece of high-contrast 4 x 5 inch 
cut film. This will give a positive that can be used to 
sensitize the screen again. (With a negative, the print 
may be made directly from the Lift-it to the board using 
the Hunt preparation if you prefer. This works, par- 
ticularly if the hardener is used as described later.) 

I make some of my masters on tracing vellum using 
extremely thin transfer materials such as those made 
by Vector. Ruled India ink lines are suitable for con- 
ductors. Transfers used for pads and IC sockets finish 
the circuit layout. The result is a simple, direct step- 
by-step process. 

washing and etching 
Washing must be done at several points in this proc- 

ess. The boards should be washed thoroughly and 
carefully after scouring.The screen material should be 
washed thoroughly from both sides to remove any siz- 
ing and acrylic ink. With the photo-sensitization proc- 
ess, it is spray-washed from both sides to remove the 
filler from the pattern. 

With both the exposed photo-screen and the inked 
screen, I use a discarded spray bottle for washing, 
which must be done immediately after completion. A 
fine but fairly hard spray is best. 

I generally use ferric chloride as an etchant. Either 
plastic or glass trays may be used with it; I use 
PryexTM glass trays so I can heat the etchant and 
thereby speed the operation. My heater is an electric 
plate warmer with two switches added to the line cord, 
one with a diode connected across its points for the 
convenience of two heat levels. 
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After etching, the board should be washed thor- 
oughly. You'll find the ink softened enough to peel 
off, leaving the copper with the dull appearance of 
cuprous oxide. If you wish to apply tinning solution, 
the copper must be made bright once again by the use 
of 600 grit paper used lightly as needed and scouring. 
Hardened ink can be dissolved in lacquer thinner. 

hardening 
The photo-emulsion image on the screen can be 

hardened by treating it with Hunt's "PermanizerHTM 
No. 4529. The developed and dried image on the silk 
screen is painted with this material, and the combina- 
tion dried with cool air. The use of a water spray wash 
with cold water once again opens the mesh where the 
pattern is. 
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when you are transmlttlng 
FULL 16-KEY TOUCHTONE' PAD: Keyboard 
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are fully adjustable 
TRUE FM: Not phase modulation Unsurpassed 
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For the active CW operator, there is nothing more fun than operating with t t  or DX" CW DX 
simulator. For the person who has never liked CW, Doctor DX will show you wha n is. Doctor DX 
has something for everyone from the aspiring Novice to the experienced Amateur txtra Class licen- 

Q 
see. And you need no FCC license to operate Doctor DX! 

With Doctor DX, all you need is a Commodore-64 computer, a key (or keyer), a' set. Ther 
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need for an expensive transceiver, amplifier and antenna farm to enjoy the thril iing "rar' 
No more TVI or dead bands! Doctor DX is more than the most sophisticated CW trainer ever 
oped, it is your DXpedition ticket to anywhere in the world at a very affordablc 

Doctor DX simulates real H.F. CW band conditions. All the stations you will 
the computer. As you tune up and down the particular band you have selected, you WIII rlear reallsllr; 
sounding stations in contact with other stations (some within your skip zone). There is also the normal 
QRN and QRM one would expect to hear in the real world. All call letters heard are totally random (sub- 
ject to the country's callsign assignment rules). The prefixes are weighted according td the Amateur 
Radio population density, with 304 possible countries represented. The speed c i s  opera 
the lower portion of the bands is much faster than those operating in the uppf ;egment 

F 
"operators" are also more polished in the lower portion of the bands. 

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

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

The Doctor DX CW trainer is a totally new concept in Amateur Radio. See whi I exciten 
about. Send for full details, and see your dealer for a demonstration. 
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3456 Fremont Avenue, North 

Minneapolis, MN 5541 2 i 
Store Hours: Mon.-Fri. 9-6, Saturday 9-3 

For service call: (612) 521-4662 
For orders call: 1-800-328-6365 '1 
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For good clean, competitive fun, Doctor DXTM shows your score and QSO rate for continuous moni- 
toring of your improved CW operating skills. The DDX-64 can be a vehicle for fairly settling those club 
rivalries by competing with your friends under identical operating conditions. 

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

In addition to the two AEA contests, we are offering award certificates for achieving certain mile- 
stones. You will be automatically alerted when you have achieved these milestones by a display at the 
bottom of the monitor screen. 

AEA DrDXCC is achieved when you have worked 100 different countries, regardless of the frequen- 
cy band or the amount of time operated. DOCTOR DX WAZ can be earned by working all 40 CQWW 
zones of the world, without regard to the band or duration of operating time. The DOCTOR DX HONOR 
ROLL is reserved for top notch operators capable of working 250 countries without regard for band or 
operating time. Additional endorsement awards are available for each additional 10 countries worked 
up to300(out of 304possible)countries. AEA5 BAND Dr DXCC isaverydifficult award toachieve. It re- 
quires working 100 countries on each of five different bands, without regard for the amount of operat- 
ing time. 

Each award can be obtained by filling out a photocopy of the award application form (supplied) 
along with the score information and qualifying check sum from your screen display. Please enclose 
$3.00 to cover handling costs for each certificate ($1.00 for Honor Roll endorsements). Awards will 
only be granted to owners having a Doctor DX warranty card on file. -. is no need to ever be bored with your hobby again just because the bands are dead or you are 

lnt bound. Try Amateur Radio's own version of Solitaire - DOCTOR DX. 
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t strength and produce fading condi- 
tions for some paths, conditions on 

FORECASTER 
Garth Stonehocker, K0RYW 

winter DX netic storms, occurs on propagation 

The winter DX season is here. One 
characteristic of winter is a steep rise 
in the daily MUF peak followed by an 
early decline to a deeper predawn min- 
imum. This makes for shorter daytime 
DX operating time in the higher HF 
bands, but for more nighttime DX on 
the lower frequency bands. Signal 
strengths are higher because of lower 
absorption of energy and less propa- 
gated or local atmospheric noise (by 
this time of year, thunderstorms are 
fewer and more distant). 

Absorption is a result of the loss of 
energy from the signal as it collides 
with ions on its path through the D 
region (about 100-120 miles, or 60-80 
km, above the earth). How much 
energy is absorbed per transit of the 
D region depends on the location of 
the sun, and is a function of cosine X, 
the zenith angle to the sun. Maximum 
absorption occurs at the subsolar point 
(directly under the sun); absorption de- 
creases as the signal transit moves 
away from the subsolar point in any di- 
rection. In our winter the subsolar 
point moves down to 23 degrees south 
latitude, resulting in less absorption. At 
the same time the earth is closer to the 
sun by 2 percent. The net result is still 
less absorption in winter. The degree 
of absorption is related to and follows 
the changes in the ultraviolet output of 
the sun. (It takes slightly over 8 min- 
utes for a change on the sun to begin 
affecting our ionosphere. A measure 
of this is the daily solar flux at 2800 
MHz recorded in Ottawa, Canada, and 
broadcast at 18 minutes after the hour 
by radio station WWV. Another 
source of absorption, caused by in- 
creased particle influx during geomag- 

paths through or along the auroral 
zone (60-80 degrees latitude). An in- 
dication of this cause is an increase in 
the geomagnetic K (greater than 4) 
and A (greater than 30) indices, also 
broadcast from WWV. 

On any propagation path, absorp- 
tion increases with the number of tran- 
sits of the D region and also varies in- 
versely with frequency. Therefore in 
working DX it pays to use the higher 
frequency bands to obtain more dis- 
tance per hop (resulting in fewer tran- 
sits) and less signal loss. This is why 
we generally think of 6, 10, or 15 
meters for DXing. But in winter, we 
have the opportunity to work DX on 
the lower frequency bands with less 
QRN and lower signal loss than at any 
other time of the year. 

Lower signal loss is something to 
look forward to, but you can't count 
on it. Sometimes in winter, signals are 
poor for several days at a time. This 
is caused by anomalous absorption, 
which will be discussed in next 
month's column. 

last-minute forecast 
The low HF bands, 160 through 30 

meters, are expected to be the favored 
bands of operation during the first two 
weeks of November, with higher 
bands providing the best DX during 
the last two weeks of the month. The 
solar radio flux should be about the 
same as last year's values, yet higher 
than it's been in the last month or two. 
Some possibility of recurrent geomag- 
netic storms still exists, with greatest 
probability of occurrence on Novem- 
ber 4, 9, 14, 18, and 28. Remember: 
even though disturbances affect signal 

other paths may actually improve. 
November is the month during 

which numerous meteor showers oc- 
cur. Shower activity should begin on 
October 26 and last until November 22. 
A shower maximum of ten per hour is 
expected during the Taurids meteor 
shower from the 3rd through the 10th. 
Lunar perigee is on the 20th; full moon 
is the 8th. 

A total eclipse of the sun will occur 
on November 22 and 23 in the south 
Pacific, starting at 2013 UT in the 
Philippines and New Zealand, travel- 
ing east to Antarctica, and ending at 
0133 UT. You might want to schedule 
some contacts with ZL and KC4 land 
for some unusual DX. 

band-by-band summary 
Ten, fifteen, and twenty meters will be 
open from morning to early evening al- 
most every day, and to most areas of 
the world. The openings on the higher 
of these bands will be shorter and will 
occur closer to local noon. Transequa- 
torial propagation on these bands will 
more likely occur toward evening dur- 
ing conditions of high solar flux and a 
disturbed geomagnetic field. Absorp- 
tion effects are not too noticeable. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
on those days that coincide with high 
solar flux values. Nighttime DX will be 
good except after days of very high 
MUF conditions and the winter 
anomaly. The usable distance is ex- 
pected to be somewhat greater than 
that achieved on 80 at night. 

Eighty and one-sixty meters are the 
nighttime DXer's bands. The bands 
open just before sunset and last until 
the sun comes up on the path of in- 
terest. Except for daytime short-skip 
signal strengths, high solar flux values 
don't affect these bands much. The 
anomaly will affect day and night sig- 
nal strength on some days. 

ham radio 
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DISTRIBUTORS 

UNITED STATES 
A-TECH 

Kansas 91 3-582-581 9 
BROOKS (Franchise) 

201 -583-2800 

CAYSON ELECT. 
Mississippi 601 -862-21 32 

DULANEY's 
Oklahoma 405-528-051 1 

ECHOSPHERE 
Sacramento, Ca. 880-338-5477 
Englewood, Co. 800-521-9282 
Dallas, Tx. 800-521 -9282 
Knoxville, Tn. 880-223-1 507 
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ELECTRONICS, INC. 

Terre Haute, In. 800-457-3330 

I.Z.C.C. 
Arkansas 501 -771 -2800 

KAUL-TRONICS 
Wisconsin 608-647-8902 

NAT'L MICRO DYNAMICS 
Tennessee 6 1 5-892-3901 

SATELLITE DATA 
Florida 8 1 3-823-7669 

SAT-VIEW DISTRIBUTORS 
New York 31 5-822-6900 

SATELLITE EARTH STATIONS 
Louisiana 800-762-2 1 1 0 
Texas 5 1 2-385-0738 

D.H. SATELLITE 
T.V. INC. 

Prairie Du Chien, Wi. 
608-326-8406 

S.R.C. INDUSTRIES 
Ontario, Or. 503-889-7261 

SATELLITE MARKETING 
Douglasville, Ga. 800-438-2807 

TENN-SAT 
Tennessee 41 5-349-71 80 

M & M VIDEO 
Carson City, Nv. 702-882-5786 

CANADA 
STARSCAN 

Kelowna, B.C. 604-763-4266 

C.L. BLUE 
Saskatoon, Sask. 306-242-51 33 

CANADIAN MICRO-TECH 
Ontario 

WESTERN and 
EASTERN SATELLITE 
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Joe's done it again - a column of interest 
to HF'ers and VHF'ers alike. - Ed. 

high dynamic range 
strong signals. It sounds simple All is not lost. The antennas can be 

receivers enough, but how strong is that local? part of the solution. If you use a direc- 
Mention high dynamic range and 
you'll really get a discussion going. 
Everyone has a story and a solution. 
We'd all like to believe that our re- 
ceivers or transmitters are always 
clean, and that any splatter or other 
obnoxious noise has to be coming 
from somebody else's poor receiver or 
dirty or overdriven linear amplifier. 
Because all aspects of the situation, 
both on the transmit and receive side, 
are seldom separated, the problem is 
rarely resolved. 

A few years ago, after lots of arm- 
twisting by Jim Stitt, WA80NQ, I 
tackled this dilemma. The main goal 
was to improve Jim's 6-meter receiver 
sufficiently so he could be sure it 
wasn't the culprit in these situations. 
Then his station could be more com- 
petitive in the VHF contests and he'd 
be able to operate alongside the strong 
local transmitters - assuming they 
were also clean (more on this later). 

The end product was a high dy- 
namic range 6-meter receive converter 
with an extra transmitter LO (local 
oscillator) output. Since this month's 
ham radio emphasizes receivers, I 
decided to discuss this subject in some 
detail and examine some of the prob- 
lems, limitations, and solutions for 
such a design. Typical recommended 
circuits for a 6-meter receive converter 
will then be shown. 

high dynamic range 
What is high dynamic range? One 

answer is that it describes transmitter 
or receiver design that allows copying 
weak DX signals in close proximity to 

Let's assume that a big 6-meter station 
is only 1 mile (1.6 km) distant and runs 
the legal limit of 1.5 kW PEP output 
through a feedline with a 1 dB loss to 
a 10 dB gain antenna pointed at your 
receiving antenna. If you're using a 
dipole receiving antenna broadside to 
this signal and have no feedline loss, 
the signal at the input to your receiver 
will be approximately 0 dBm or 1 
milliwatt, about 130 dB above the 
noise floor in a typical VHF receiver! 
If you also have a 10 dB gain antenna, 
the signal received (when aimed at this 
source) will be + 10 dBm (10 milli- 
watts) - more power than is used for 
the LO in most Amateur receivers! If 
the distance between stations is doubl- 
ed, the signal will drop by 6 dB but still 
be quite respectable. 

Recently I tested the dynamic range 
of a well-designed Amateur &meter 
converter that uses a single JFET 
preamplifier and a standard level ( + 7 
dBm or 5 milliwatts) DBM (doubly- 
balanced mixer). When two equal 
signals of - 20 dBm (23 millivolts or 10 
microwatts) were present at the input 
to the converter, spurious signals or 
IMD (intermodulation distortion) were 
generated and only 30 dB below the 
desired outputs. This is hardly high 
dynamic range! These spurs or IMD 
products usually appear as sidebands 
or additional signals spaced equally 
above and below the normal signals by 
the difference between the input fre- 
quencies (see fig. 1 ). When the IMD 
gets worse, additional spurs appear 
alongside the first sidebands as is also 
seen in the photo in fig. 1. 

tional antenna with a clean pattern, 
moving your antenna back and forth 
can place a null on a strong signal.' If 
overload is still present, one solution 
is to place an attenuator at your 
receiver input (more on this later); on 
VHF, especially on 6 meters, where the 
local ambient noise is usually high, the 
weak signal will still be good copy 
while the local (interfering signal) will 
have been "knocked" down. 

is the receiver at fault? 
Before proceeding, it may be worth 

mentioning the transmitter. Typically 
speaking, it would be desirable for all 
Amateurs to transmit a clean signal. 
But what is a clean transmitted signal? 
Typical Amateur linears call for IMD 
products to be at least 30 dB below the 
desired signals. However, if the re- 
ceived signal is 130 dB above the 
noise, 30 dB IMD isn't going to be 
much help 3 kHz from the other sta- 
tion's frequency. You'll just have to 
QSY further away. 

Therefore, before you accuse the 
other station of "hitting it too hard," 
perform one simple test. First observe 
the splatter several kHz away on a 
relative basis or on your receiver "S" 
meter. Next, place an appropriate at- 
tenuator (10 dB recommended, see 
fig. 2) at the input to your receiver or 
converter (or use the internal attenua- 
tor if one is an integral part of your 
receiver) and then recheck the splat- 
ter level. If the received level drops by 
approximately the insertion loss of the 
attenuator, the transmitter is the 
culprit and the transmitting station is 
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fig. 1. A spectrum analyzer shows the 28 MHz  IF output of a typical 6-meter converter as 
described in the text. Input signals are approximately 50.1 and 50.2 MHz at - 20 dBm each. 

either overdriving its equipment or 
your frequency is just too close for 
comfort. However, if the splatter drops 
by more than the attenuator value (it 
could be up to 3 times less!), your 
receiver is surely part of the problem. 

Assuming that the problem is the 
receiver (maybe in some future column 
we'll examine transmitter and power 
amplifier requirements in greater de- 
tail), there are design approaches that 
will enhance receiver performance. 

general receiver 
design requirements 

The old saw "If you can't hear them, 
you can't work them" still applies to 
high dynamic range receivers. Low 
noise figure, sufficient RF selectivity to 
reject images and undesired out of 
band signals plus a clean local oscilla- 
tor are still required. 

In order to obtain low noise figure, 
a preamplifier is usually required ahead 
of the first mixer. Herein lies the prob- 

7T TYPF I 

" T "  T Y P F  

fig. 2. Typical 10 dB attenuator pads for 
testing or improving the dynamic range 
of a receiver. 

with obtaining the desired noise figure. 
The desired or total system noise 
figure can be determined from: 

Iem. Any gain ahead of the mixer will 
NF (totnl) NFI + (NF2 - ]) /GI  

decrease the dynamic range. There + (NF3 - I)/C;IC2. etc. (I) 
fore, the preamplifier gain must be - 

kept as low as possible, consistent where G is gain and N F  is noise fac- 

order not to distort the signals prior to 
the first mixer (more on this later). 

For good performance you need 
adequate RF selectivity ahead of the 
mixer, which means additional losses 
that further increase the noise figure. 
Again, these losses can be handled (as 
we shall soon see) by the proper 
choice of RF filter characteristics and 
by optimizing the location of the filters 
in the receiver chain. 

Let's not forget the choice of IF and 
its effect on selectivity, images and 
spurious responses. For 6 meters I per- 
sonally favor a 28 MHz IF with a 22 
MHz LO, rather than a 14 MHz IF with 
the 36 MHz LO used on some of the 
older converters. Spurious signal 
analysis reveals that a 28 MHz IF is 
slightly less susceptible to   birdie^."^ 
Also, a 28 MHz IF is far less likely to 
respond to IF breakthrough. The lat- 
ter term refers to leakage at the IF fre- 
quency that permits normal signals in 
this spectrum to also be received. The 
20-meter band is a good example since 
propagation yields signals of high in- 
tensity, especially during the days 
when 6 meters is hot. Although 
10-meter IF breakthrough can be a 
-. -- - . - - - -. . - .. . - - - - 
'Everyth~ng's relat~ve Joe, who afqo operates 160 
meters, would probably agree that In contrast, 6 meter 
amb~ent nose 1s low Editor 
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problem, the number and strength of 
stations present is usually less, 
especially below 28.3 MHz. 

High dynamic range mixers that re- 
quire moderate LO power (10-100 milli- 
watts) are usually required. Also the 
LO must be very clean with low phase 
noise (more on this later) and should 
be followed by an amplifier to boost 
the level high enough to adequately 
drive the mixer. 

Finally, if the overall system nbise 
figure is to be realized, the mixer must 
usually be followed by a low noise 
figure postamplifier with a high 
dynamic range. The IF receiver should 
also have high dynamic range and a 
moderate (10 dB or so) noise figure. 

preamplifiers 
Surely the preamplifier is one of the 

most important aspects of a good 
receiver. However, obtaining high 
dynamic range and low noise figure 
simultaneously and with a reasonable 
input and output VSWR is difficult. 
Devices (transistor, FET, etc.) with low 
inherent noise figure are common. 
However, increasing preamplifier 
dynamic range usually requires in- 
creased device current or a device with 
greater current-carrying capacity. This, 
in turn, usually increases the noise 
figure and the overall gain, the exact 
opposite of the desired effect! 

Before discussing different pre- 
amplifiers in detail, it may be well to  
mention the subject of the linearity in 
an active device. Just because an am- 
plifier is operated in class "A" doesn't 
mean it is free from distortion. Every 
amplifier, regardless of its type and 
power, has a point beyond which the 
output signal will no longer be an ex- 
act replica of the input signal. Hence 
distortion will occur. 

Over the years various methods 
have been devised to measure distor- 
tion. The most frequently used test is 
for 1 dB compression. This is defined 
as the CW power level where the out- 
put signal increases 9 dB for an input 
power increase of 10 dB. Most class 
"A" amplifiers can only increase out- 
put power by 2-6 dB beyond this level, 
as shown in fig. 3. Amplifiers often are 
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fig. 3. A high dynamic range preamplifier 
(fig. 6 )  input versus output level response 
with typical IMD levels and compression 
levels. 

heavily distorting a signal 5-10 dB 
before it reaches compression levels; 
consequently, this is not a good point 
for referencing distortion. Further- 
more, some devices are more non- 
linear than others, especially when ap- 
proaching the compression point. 

In 1967, McVay wrote his classic ref- 
erence paper on the third-order in- 
tercept point, a new method of 
measuring dynamic range.4 Basically, 
what this method does is to determine 
distortion based on a two-signal IMD 
test performed in a similar manner to 
that used to specify single sideband 
linear amplifiers. The third-order in- 
tercept point is then determined either 
mathematically or by use of nomo- 
graph (see fig. 3). The distortion can 
then be calculated or read off the 
nomograph for any power level on any 
device if the third-order intercept point 
is known. Suitable nomographs are 
available in reference 4 and from most 
commercial amplifier manufacturers. 

In most of the work I have done on 
high dynamic range, I have used the 
intercept point test method. Several 
things are immediately apparent. The 
IMD products increase at three times 
the rate of the desired output signal 

level change. Hence, the ratio between 
the output signal level and distortion 
will change on a 2 for 1 basis. For ex- 
ample, if the IMD products from two 
equal level signals are 60 dB below the 
desired output signal level and the 
signal level is increased by 1 dB, the 
IMD products will now be only 58 dB 
below the desired output level. A 10 
dB input signal increase will decrease 
the IMD difference by 20 dB. This can 
be seen graphically in fig. 3. There- 
fore, once IMD becomes apparent, it 
will usually degrade very rapidly, per- 
haps even on a greater than 2-to-1 
basis, with increased signal level! This 
is common on many active devices 
whenever the IMD is less than 60 dB 
below the output levels. 

A search was launched for the ideal 
First a low-gain (12-13 

dB) grounded-gate J310 JFET pream- 
plifier was designed (after all, FETs are 
supposed to have such great dynamic 
range and low noise figures). The re- 
sults were fair. On a typical circuit the 
output compression point was + 14 
dBm (250 milliwatts). The IMD was 
down 60 dB for -3.5 dBm (0.45 
milliwatts) output per signal for an out- 
put third-order intercept point of 
+26.5 dBm (450 milliwatts). However, 
the noise figure was over 4 dB with no 
input matching. When input noise 
figure matching was added, the gain 
increased and the input impedance 
match degraded - both detrimental to 
the desired results. Also, the overall 
selectivity for this preamplifier was in- 
adequate for the final converter. 

Before proceeding with the next 
preamplifier design, some re-examina- 
tion was in order. Previous experience 
with modular circuits led to the con- 
clusion that in a high dynamic range 
receiver all circuits should have good 
input and output VSWR at .a common 
impedance such as 50 ohms.5 This 
would allow easy interchange between 
filters, amplifiers, mixers, and LOs, as 
well as facilitate any future improve- 
ments or changes, especially when 
new or improved devices became 
available. 

With this in mind, the search for a 
low-noise high dynamic range pre- 
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fig. 4. A high dynamic range 14 dB 
gain preamplifier using RF feedback for 
wide bandwidth. (See text for complete 
specifications.) 

for -60 dB IMD were -4  dBm (0.4 
milliwatts) for an output intercept point 
of +26 dBm (400 rnilliwatts). Higher 
output power could be obtained with 
still higher I,. Unfortunately, when 
high feedback and high I, are used, 
the noise figure also increases. In this 
case the noise figure was already 
about 4 dB for an I, of 25 mA. Adding 
more current or a 4:1 output trans- 
former would have resulted in an 
undesirable increased noise figure and 
equally undesirable increased gain. 

Not being totally content with this 
amplifier, I tried one of the less expen- 
sive (approximately $8.25 each) broad- 
band hybrid amplifiers, a Motorola 
MWA 130, which exhibits a + 19 dBm 
(95 milliwatts) compression point. For 
60 dB IMD, the outputs were +4.77 

fig. 5. A spectrum analyzer photograph of the output of the high dynamic range amplifier 
(fig. 6.) with two equal level input signals at approximately 50.1 and 50.2 MHz at 
0 dBm each. 

amplifier with good input and output 
VSWR began. A preamplifier was de- 
signed around the 2N5109 transistor, 
a CATV favorite, using shunt and 
series feedback to obtain a matched in- 
put and output impedance (fig. 4). 
The VSWR was less than 1.5:l from 
1 to 70 MHz range while the IMD was 

acceptable but only with high (25 mA) 
I, (collector current). Typical outputs 
dBm (3 milliwatts) for an output in- 
tercept point of + 34.8 dBm (3 watts), 
a substantial improvement over the 
home-brew circuit. However, the cur- 
rent drain was 60 mA and the noise 
figure was about 6.5 dB at 50 MHz, 

similar to the performance of the 
2N5109 circuit just described, when its 
current was raised to the same level. 
Also, the gain - over 15 dB - was 
too high for this application. 

I finally tested one of my favorite 
preamplifiers, a single transformer 
lossless feedback type using a com- 
mon base circuit similar to the one 
designed by Norton.= Although it is 
more complex to construct, the results 
are well worth the effort. Using a 
medium gain (9 dB) configuration, the 
output power and IMD were outstan- 
ding, provided the emitter current was 
moderate (17 mA). Output compres- 
sion was typically +20 dBm (100 
milliwatts). IMD was down 60 dB for 
+9  dBm (8 milliwatts) output, for an 
output intercept point of + 39 dBm (8 
watts)! The typical IMD versus input 
and output for this circuit is shown in 
fig. 3 and a typical two-tone spectrum 
display is shown in fig. 5. As a bonus, 
if the preamplifier is properly con- 
structed, the bandwidth is greater than 
1.8 to 200 MHz with a 2:1 maximum 
VSWR and 10-150 MHz for a 1.2:1 
VSWR! Truly this was the circuit I was 
searching for (fig. 6). 

A big key to the success of a high 
dynamic range preamplifier is the type 
of transistor chosen. Many RF devices 
will work well but not always have the 
same noise figure, bandwidth, or IMD. 
In the lossless feedback case, the noise 
figure was typically 1.5 to 2 dB max- 
imum when using the NEC NE41632B 
transistor, but a 2N5109 had a noise 
figure of 2.5 to 3 dB in the same cir- 
cuit. In addition, previous work show- 
ed that the most linear transistors were 
those which were specifically design- 
ed for CATV and class "A" linear 
operation with a very constant DC cur- 
rent gain (hfe) over a wide range of 
collector current. In the CATV busi- 
ness, which is particularly interested in 
IMD, these devices are frequently re- 
ferred to as large area multiple emitter 
structures. The NE41632B and the 
2N5109 are both included in this cate- 
gory. (For those who do not have easy 
access to the NE41632B transistor or 
the balun core shown in fig. 66, I have 
made arrangements for PROTO-FAB, 
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74 Wedgemere Drive, Lowell, Massa- 
chusetts 01852, to provide them at a 
nominal cost. Write them for price and 
delivery information. ) 

Caution: This circuit has been 
modified and has a higher dynamic 
range than the original Norton circuit. 
However, his original circuit is 
patented (U. S. Patent No. 3,891,934, 
issued June 24, 1975, to David E. Nor- 
ton and Allen F. Podelll. Therefore, 
any attempt to duplicate this circuit for 
profit may violate the rights held b y the 
Anzac Division of Adams Russell, Inc. 

RF filtering 
It goes without saying that high 

dynamic range cannot be obtained if 
spurious frequencies or high power 
out-of-band signals are present in the 
receiver. Hence RF filtering is very im- 
portant. It was pointed out in a prior 
article that the type of input filtering 
chosen can lessen the chances of 
destruction from HF signals or light- 
ning entering the first preamplifier of 
a re~e iver .~  

In my August column I discussed 
the problems of multiple pole filtering 
such as VSWR distortion and increas- 
ed losses. Hence it was decided to use 
a simple low-loss single pole bandpass 
filter with a pseudo-highpass response 
at the input to the receiver.' In this 
case a 5 MHz bandwidth was chosen 
because it would allow reception of 48 
MHz European video carriers as well as 
52 MHz VKIZL DX with little degrada- 
tion at either frequency, but still reject 
other services. This filter has a nominal 
insertion loss of 0.75 dB, less than a 
multi-section type. The schematic is 
shown in fig. 7, with its typical fre- 
quency response in fig. 8. The input 
filter chosen doesn't have sufficient 
out-of-band rejection by itself. Hence 
a post filter (fig. 9) with the same 
bandwidth (5 MHz) but higher inser- 
tion loss (2 dB typical) is required. Its 
frequency response is shown in fig. 
10. The filter topography may be 
somewhat new; it was developed by 
this author and William K. Talley while 
at the Mitre Corporation in an effort to 
obtain a symmetrical attenuation ver- 
sus frequency response.' This filter 

FB (ernle bead r v p ~  nfll rr lr lcl l  
0 1  NEC NC116328 or e4Y1vdlCnl 12". l C x l  lor Iuppller I 
r l  I J 5 turns ratlo Iranrlarmcr wound u,ch No 3 2  A W G  erlameled 

wre on a l a , ,  mle ProOvclr l lpe 2843002402 n l l m  rare (See 
,e., ,or 5vppl'e'l ( P I I e n ,  v s m i n q  her" I 

fig. 6A. A low-noise wide bandwidth high dynamic range preamplifier using transformer 
coupled lossless feedback. (See text for further specifications.) 

design is available in computer-aided 
design form in reference 2. Since this 
filter is placed after the preamplifier, 
the loss has a minimal impact on 
overall system noise figure. As a 
bonus, the extra insertion loss of the 
filter will improve the overall system 
dynamic range accordingly. 

mixers 
In prior work I had experienced poor 

I F , , S (  ~ , n d  one complete turn 01 NO 32 I W G  enampled wlre fnrougn roe 
balun core from pol", A fo B 
I W m d  Zhree complela $urns o l  #he sdme wlre lrom polnl C la D To ald In 
ldeOllllCdtlon when ,he lranrlormer IS romplefed place a small inof  In the 
.,re a, E,d,f,"D Dolnl C 

gate MOSFETs and single-ended bi- 
polar and JFET mixers. However, de- 
spite conversion loss, DBMs have al- 
ways performed very well in my circuit 
 design^.^,^,^ Hence, when striving for 
high dynamic range, I decided from 
my prior experience that DBMs "are 
the only way to fly." They are easy to 
drive with a reasonable 50-ohm impe- 
dance match at all ports, a goal stated 
earlier. Also, because of their balanced 
structure, they tend to cancel any A M  
present on the local oscillator, a prob- 
lem which is particularly prevalent if 
phase-locked LOs are used. 

However, when striving for high dy- 
namic range, DBMs must be treated 
properly. Attenuator pads on the RF 
and LO ports are a must to terminate 
undesired mixer generated products 
and the LO as well as to terminate any 

dynamic range with the more common 
Amateur type of mixers such as dual- 

fig. 6B. Balun core is available from 
PROTO-FAB, 74 Wedgemere Drive, 
Lowell, Massachusetts 01852, at nominal 
cost. 

I Wl"d 5 comp,e,e ruror of ,he same w,rc from porntr D lo E 
a str lp end o tw,rc logether and 

5 Slnp and lm the remalolng wires and connect them lo the propor point In fh? 
wrcurf the 8 ~ o p r e v e n t c o n n e ~ ~ o g t h @  lead ~ntac l  unlll the final wlrcr tran5formerfn~orrect1y are soldered m p l c e  leave 'he smdIhmof 0" 

d7 
item deseriplion 

C1 2.20 pF varlabie Capacilor. 
L1 approximately 0.28 PH. 9 turns No. 24 AWG enameled wire on 

Micrometals lypa T50-10 or equivalent tamid. 

fig. 7. A recommended input filter for a 
6-meter high dynamic range receive con- 
verter. (See text for specifications.) 
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r rqyq~A~] 
Item descr#plrao 

~ 1 . 2 . 3  2-20 pF lrrmmer capacmr 
L1.2.3 approxlmalely 0.42 pH ,nductor 11 lurnr of No. 24 AWG 

enameled wre on M,cromeIels type TSO-I0 or equlvalsnr rorotd 

fig. 9. A recommended three-section bandpass filter for a 6-meter receive converter. 
(See text for specifications.l 
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fig. 10. The attenuation-versus frequency response of the 6-meter bandpass filter shown 
in fig. 9. 

- 

i ,  

in-line filters in their proper impe- 
d a n c e ~ . ~  Likewise, a diplexer should be 
added to the IF output port if low IMD 
is to be maintained.8,10 

Many DBMs were tested, with the 
Mini-Circuits Labs TAK-1 H selected as 
the best overall mixer on a cost-versus- 
performance basis. For comparison, 
some of the data taken on this and 
some other popular DBMs are 
summed up on table 1. The final cir- 
cuit using the TAK-1 H is shown in fig. 
11. This mixer requires higher LO 
power ( +  17 dBm or 50 milliwattsl 
than the more common DBMs usual- 
ly seen in Amateur equipment, but this 
is a definite need if high dynamic range 
is to be obtained. Due to the 3 dB pad 
on the LO port of the DBM, the LO 
power required by the overall circuit in 
fig. 11 is +20 dBm (100 milliwatts). 
The RF and LO bandwidth are 2 to 500 
MHz. Hence, this circuit has consid- 
erably more capability than meets the 
eye. 

A few final remarks on DBMs are in 
order. Although the so-called high dy- 
namic range mixers (those specified 
for use with + 17 dBm or 50 milliwatts 
LO), are recommended, the typical 
DBMs specified with a +7 dBm (5 
milliwatts) LO can be used, but with 
5 to 10 dB lower LO and dynamic 
range. Sometimes DBMs are not read- 
ily available in single quantity. This can 
often be handled by getting a group of 

0 10 20 30 . 40 SO 60 70 80 9 0 ,  100 

FREQUENCY IN MHz 

fig. 8. The attenuation-versus-frequency response of the bandpass filter shown in 
fig. 7. 

persons together to buy the minimum 
quantity. PROTO-FAB, as mentioned 
earlier, has also agreed to make the 
TAK-1 H DBM available at a reasonable 
price. Finally, many DBMs are now 
showing up at flea markets at some 
pretty good prices, so shop around. 
You may not find the exact DBM de- 
sired but you may be willing to accept 
slightly lower performance as a com- 
promise. If you adopt the modular ap- 
proach suggested, it will be easy to 
upgrade performance at a later date. 

local oscillators 
My favorite crystal oscillator is the 

overtone C ~ l p i t t s . ~ . ~  The frequency of 
the LO is determined by the IF chosen, 
as discussed above. It has great stabil- 
ity and low phase noise, a requirement 
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table I. Typical measured data on commonly used DBMS. Input signals are at 50. LO at 22, and IF at 28 MHz.  1 
input output 

LO compression intercept approximate 
(dBm) (dBm) (dBm) cost quantity 

of any high-performance receiver. 
Phase noise, caused by poor design in 
the phase lock loops employed, is 
typically poor in many of the trans- 
ceivers presently available. Phase noise 
generates noise on the LO, which, in 
turn, causes strong signals to be heard 
several kHz away. 

As shown in reference 8, the output 
of this LO is only about + 10 dBm (10 
milliwatts). Therefore, an amplifier is 
required if a high level DBM is used. 
I t  was decided not to fight the class 
"C" type of amplifier, but to go class 
"A" because there would be improved 
linearity and less possibility of gen- 
erating LO noise. Since design of the 
2N5109 feedback amplifier had already 
been completed (fig. 41, the bias 
values were modified slightly for use 
as the LO amplifier. A simple 1 I2  A 
low-pass filter followed this amplifier 
to keep any harmonics from reaching 
the mixer circuitry.' 

When the preliminary design was 
completed for WA80NQ, it was decid- 
ed to take the LO output through a 
two-way power splitter for use on both 
the receive and transmit mixer. This 
was more power than required by the 
transmit mixer, and also dropped the 
output power substantially on the re- 
ceive side. So a unique connection 
was made at the output of the oscilla- 
tor in conjunction with the attenuator 
usually used at this point.' The result 
is a secondary output sufficient to 
drive a standard level DBM ( + 7 dBm) 
in a transverter similar to those designs 
in reference 9. If this output is not 
needed, terminate it with 51 ohms for 

ttem descnptron I I 
C1,2  lor 14 MHz IF, 220 pF 

for 28 MHz IF. 100 pF 
L1.2 lor 14 MHz IF, approximately 0.50 ,zH. 12 turns 01 No. 24 AWG on 

Micrometals 150-10 toroid or equivalent. 
lor 28 MHz IF, approximately 0.28 !AH, 9 turns 01 No 24 AWG on 
Micrometals type 150.10 or equivalent torold. 

M I  Mini-Circuits 7AK-1H DBM or equivalent. (See text lor suppliers.) 

fig. 11. Recommended D B M  circuit for a high dynamic range receiving converter with 
a 14 or 28 MHz  IF. (See text for full capabilities.) 

possible future use and to insure that 
the oscillator is seeing the proper 
match. The final LO schematic is 
shown in fig. 12 and delivers +20 
dBm (700 milliwatts) at the output con- 
nector, the power required by the mix- 
er circuit in fig. 11. 

postamplification 
As already stated, the DBM type of 

mixer has conversion loss and, there- 
fore, must be followed by a low-noise 
postamplifier if the system noise figure 
is to be preserved. The signal levels at 
this point are about equal to those 
present at the input to the preamplifier. 

Therefore, the preamplifier already 
used is an excellent candidate for this 
amplifier since it has a good impe- 
dance match, low noise figure and 
high dynamic range. This is also a rec- 
ommended circuit for HF, 10-meter 
OSCAR reception, interface with ex- 
isting VHFIUHF converters, or other 
applications where moderate gain, low 
noise figure and high dynamic range 
are required over a broad bandwidth. 
In my shack, I have a DPDT coax 
switch which allows me to bypass the 
postamplifier when strong signals are 
present, thereby increasing dynamic 
range. --- VdL- + 
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OUTPUT TO TRANSMITTER MIXER (SEE T E X T ]  

Item 22 MHz (28 MHz IF) 36 MHz (14 MHz IF) 

C1 50 pF 24 pF 
C2 200 pF 100 pF 
C3 33 pF 20 pF 
C4.CL 150 pF 100 pF 
C5 300 pF ZOO pF 
L1 11 lurnn No 24 on 750-10 tomld 9 lurnr No. 24 on T50-10 lorold 
L2.L3 10 turns NO 24 on 750.10 torold 8 turns NO 24 on 750.10 toro*a 
XI 22 MHz Ih,rd o r e r l ~ n e  Senel 36 MHz thtrd orenone serer 

made crvslal mode ervrlal , ~ 

rC1 8 vall 3 rermtnal regulator 78LO8 or equlvalenl 
L4 6.8 ,pH RF choke 
0 1  IN2222 Iranrrrtor 
0 2  2N5109 l rens~r lor  

(use a small gear-type heal sank on 0 2 )  

fig. 12. Recommended 22 or 36 MHz LO for a 6-meter high dynamic range receive converter. (See text for output levels.) 

IF requirements 
At this point it must be obvious that 

the converter presented has to be fol- 
lowed by a high dynamic range IF re- 
ceiver if the true capabilities are to be 
realized. Bypassing the postamplifier 
or inserting an adjustable attenuator 
after the receive converter can also 
help improve dynamic range, but the 
ultimate limits will probably be limited 
by the IF receiver. Fortunately, the 
commercial manufacturers are improv- 
ing the HF gear that is now being mar- 
keted. Furthermore, a converter of the 
type just described, in conjunction 
with one of the more modern HF re- 
ceivers, will definitely outperform any 
presently available equipment that is 
solely devoted to the VHF or UHF 
spectrum. 

construction 

The 6-meter converter was designed 

using a modular a p p r o a ~ h . ~  The final and feedthrough-type capacitors on 
block diagram is shown in fig. 13. the power supply lines. Each box has 
Each circuit was placed in a cast alu- a piece of double-clad PC board at- 
minum box such as the Pomona 2417, tached to the cover for point-to-point 
Bud CU 1231124 or equivalent with wiring and grounded, as previously 
BNC type inputloutput connectors discussed in reference 8. The final 

INPUT 

FILTER 
AMPLIFIER FILTER DlPLEXER 

+ 2 0 d 8 m  1100 M ILL IWATTS I  

-4 + 7 d B m  TO TRANSMITTER MIXER 

0 1  2N5109 or equrvstent C 
fig. 13. Overall block diagram of a recommended high dynamic range Bmeter converter. 
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result is a versatile unit with no ap- 
parent RF pickup or interaction be- 
tween modules. 

Construction of the circuits is quite 
straightforward. Leads should be kept 
short, especially on the filters. High- 
quality trimmers with low lead induc- 
tance such as the ceramic, mylar, or 
teflon types should be used. The trans- 
former construction hints (fig. 6B) for 
the preamplifier should be followed 
carefully and the leads on the capaci- 
tors, especially on the base bypass, 
should be kept as short as possible. If 
a different DBM is used, check the pin 
designations as some manufacturers 
use different pin-outs. 

tune-up and performance 
Very little tuning is required. The in- 

put filter can be easily aligned by tun- 
ing for maximum signal at 50.1 MHz. 
The second filter may require more ef- 
fort. It is best tuned with a sweep set- 
up. However, on the tests I conduct- 
ed, it was very close to nominal if all 
capacitors are tuned for maximum sig- 
nal at 50 MHz in a matched test setup 
and then inserted in the chain. All the 
LO requires is to be tuned for maxi- 
mum output. Properly aligned, the 
converter described has typically a 5 
MHz bandwidth, a gain of about 4 to 
6 dB and a noise figure less than 6 dB. 

future designs 
The state of the art is constantly im- 

proving. If a modular approach is used 
on this receive converter, new or im- 
proved circuit5 can be easily added or 
changed as prices decrease or parts 
become available. If you don't change 
the IF frequency, you'll probably never 
have to build another LO. If a lower LO 
power is required, just add an appro- 
priate attenuator on the output. Higher 
dynamic range mixers are slowly de- 
creasing in price while increasing in 
performance. Table 1 can be used as 
a guide to selection of DBMs. 

Finally, our IF receivers must be im- 

a variable LO and some additional 
design to prevent phase noise and 
birdies. 

Again, I have rambled on and writ- 
ten a more lengthy column than I in- 
tended. However, I feel that the 
material presented is broad enough in 
scope and should be worthwhile re- 
gardless of frequency. As stated 
earlier, even using more conventional 
circuits such as standard level DBMs 
and JFETs, a substantial improvement 
can be made over most existing re- 
ceive converters. After all, the prin- 
ciples discussed are usable at any fre- 
quency if time and money are no 
object! 

I hope this material will encourage 
you and others to try to improve re- 
ceiver dynamic range and thereby 
make life more enjoyable. The cost to 
build such a high dynamic range re- 
ceive converter is really not that much 
more than that of a conventional con- 
verter. If the dynamic range of the 
receive circuits is improved, transmit- 
ters can be evaluated more effective- 
ly. Who knows, you too may find a 
way to improve these circuits! (Is there 
any interest in designs for higher 
bands?) 
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important VHFIUHF events 
in November, 1984 
November 2: 0330 UTC, predicted 

peak of Taurids 
meteor shower 

November 16: 2100 UTC, predicted 
peak of Leonids 
meteor shower 

November 21 : EME perigee 

ham radio 

ICOM's new 
IC-02A/T represents 
the latest in state-of- 
the-art handheld ra- 
dios. The IC-02AIT 
uses a microproces- 
ser to control this ra- 
dio. The IC-OPAIT will 
scan, has 10 memor- 
ies, stores offset fre- 
quency in memory, 

has keyboard'seledable PL tones 
and an ~nternal lithium battery 
memory back up. 
Uses IC-2 series accessories. 
Standard 3 watts or 5 watts with 
optional high power battery pack. 

Call Ham Shack today for more ~nformatlon 
and your prlce on thls and the resl of the 

ICOM rad~o llne -= (812) 422-0231 RSI- 

SAY YOU SAW IT 

HAM RADIO 
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SATELLITE SYSTEMS 
312 12th Ave. So. 

Nampa, Idaho 83651 
(208) 466-6727 
1-800-654-0795 

3 DIGIT LED READOUT 
MANUAL EAST-WEST CONTROL 

MOTOR DRIVE RESET TO -000 
36 VOLT DC MOTOR 
125' CONTROL CABLE 

CONSOLE ONLY 
ZINC PLATED FINISH 

COMPLET'E UNIT 

CONTROL CONSOLE 
ONLY (In kH form) Control your dish from your 

living room . . . rain or shine. 

RTTY TODAY 
MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 
Thls brand new book IS the only RTTY handbook available mat covers 
all facets of R r r Y  operation from the green key' generation to per- 
sonal computers Author Dave lngram K4TWJ noted RTTY enthuslast 
wrltes tn a personable easy to-understand style that w ~ l l  appeal to all 
levels of RT IY lnterest RTTY TODAY 1s fully ~llustrated w ~ t h  photos 
diagrams. R l l Y  stahon set ups and equipment to help ensure full under- 
stand~ng of the mater~al 11 chapters cover an overvlew of RTTY opera 
t ~ o n  operatlnq parameters. home computers, equ~p~nent you can bulld. 
ded~cated systems and complete chapters on RTTY SWLlng wlth 
trequenc~es codes and omer helpful hlnts and t~ps  Old tlme RTTY users 
and novlces al~ke w~ll flnd thls book extremely useful 1984 
95 rllustrat~ons 1st edtbon 8% x 11 

Order yours today $89 5 
rllor (I 75 sh~pp~n~ 

UNIVERSAL ELECTRONICS 
4555 Groves Rd. Suite 3 Columbus, OH 43232 

(614) 866-4605 
Dealer l n a u ~ r ~ e s  l n v ~ t e d  / 224 

I Let u s  q u o t e  y o u  p 2 3 s  on any of 
. . I . , , m.,. .,,, , r I (.,.. I ..,. ,,. ,,.. . . ,. I AN-' ART SERVICES Your ~ r o d u c t  f r o m  
I W  RF 1 I b . I  0 1 Y Inr I ,  dH S ~ R O  I .I YII mlOll1l? C1adIC F1< 

, . 
 FA^: 
PLA' I ;:::;;:: 

i '  
C 

FABTROI 
P O  Rox 975 

WRITE OR C-,, Columbia TI. 
For Ll lernture o r  Ouotaa (615) 381-1143 

JRS 
Distributors 
646 W. Market Street 
York, PA 17404 
(717) 854-8624 

Friendly 

Personalized Service 

Full Line of 
Amateur Radio Equipment. 

Factory Authorized 
Kenwood and ICOM dealer. 

Call us today 

Jim, K3JFL Jean K30AU 
Dale, KA3KOL / 173 

Llsl a d~rectory of all messages 
Scan d~rectory of messages 
User selectable baud rates 
Automat~c date and time keeplng 
Automarlc tlme out feature 
Automat~c ID of your call 
Automar~c ~ndlcat~on of memory used 
3 modes - MSO. SYSOP 8 Dlrect RTTY 
Works wllh or without dlsk dr~ve 
Spec~flcally for VIC 20 (8 k mln) or C64 

Software package lncludes -manual, program dls- 
kene or cassette and Interface cable 

549.95 plus $1.90 postage 
(Kantronlcs lnteriaces add $5 00) 

Ph. (818) 957-7550 

Commuoication 
3131 Footh~ll Blvd . # H  . La Crescenta. CA 91214 

FM-7033 (440-rnHz). . . . . . $329 
FREE UPS Brown Shippinq-Add $1.65 for COD 
N.C. Res Add 4 '  l o .  Sales lax. Sorry No Cards. 
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TWO LOCATIONS 

In ldaho 
3 12  12th Ave. So. 

Nampa, ldaho 8365 1 
(208) 466-6727 

T O  SERVE YOU 

In Texas 
6 0 1 2  W. 34th St. 

Houston, Texas 77092 
(71 3) 957-5 140  

I 

Television Systems 
4;; I(\\ RECEIVING ANTENNA 

DOWNLINK SIGNAL - / 

I\ FEED ASSEMBLY 

( 1 I &WN CONVERTER RECEIVER 
7--- 1 

+ - _ I  

El 
NSS PB 3 MOTORDRIVE 

----.. ...-. .. ... I 
SATELLITE 

lV RECEIVER 

MD9 - 9' Dish 
-. - -- 

7--- - \ 
WILSON YM 1000 SYSTEM Consists of: - Wilson YM 1000, 100" LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All --_ Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions , , ~~~~l $1 628 

P--- 
-.=-LDI '?Y .'/ OPTIONS WITH SYSTEM 

9 ft. Wilson Mesh ADD . . . . . . . . . . . . . . . . . . . . . . . . . $100 
NSS Memory Tracker ADD . . . . . . . . . . . . . . . . . . . . . . . $ 100 

YMIOOO I0 ft. Prodelin ADD 5400 1 1 f ~ .  Radarmesh dish ADD . $250 
- -- - -. - - - -- -- -. - - - 

- - - - - - -- - - - - - - -- - - - - - - - - - - .- -- -- - - - - - - 
- 

1 

Consists of: 
WILSON YM400 SYSTEM 

I - >  

I " - ---  Wilson YM400, 100" LNA, NSS Deluxe Feed, W~lson MD9 Dish, Feed Assembly, All 
Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions ~~~l $1 393 

YM400. 
OPTIONS WITH SYSTEM 
9 ft. W~lsorl M?sh ADD 
NSS Memory Tracker ADD z E ~  
10 fr Prodelin ADD 5400 1 1 ft. Radarmesh d ~ s h  ADD $250 

- -- - - --- - - .- - - - - -- - - - 

r /  192 Call Toll Free 
4 

gJ "-;ref Nampa, Idaho Houston, Texas 
1-800-654-0795 1 -800-52 1 -8300 

NSS P B 3  Motor Drive, 



ROHN. 
"FOLD-OVER'' 

TOWERS 
EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are qubkly and 
easily Installed. The "Fold-Over" is safe 
and easy to service. 

ADAPTABILITY 
ROHN has smral sizes lo fit your appllca- 
tions or you can purchase the "Fold-Over" 
components to convert your ROHN tower 
into a "Fold-Over". 

HOT DIP GALVANIZED 
All ROHN lowers am hot dip galvanized 
after fabricatton. 

REPUTATION 
ROHN Is one 01 the leading tower manufac- 
turers. with over 25 years 01 experlance. 

Write todav for eomolete delal ls.  

the half-wave 
transmission line 
in bridge measurements 

With the increasing availability of in- 
expensive, accurate RF impedance 
bridges, Amateurs are discovering 
how useful such a bridge can be in 
building and understanding antenna 
systems. However, unless bridge 
measurements are taken directly at the 
antenna, which is generally imprac- 
tical, the effect of line length has to be 
taken into consideration when making 
calculations to determine the actual 
antenna impedance. This can be ac- 
complished rigorously (by exact math- 
ematical solution)' or in this case, 
simplified as in eq. 1. The transmission 
line is considered lossless, which for 
short lines is a valid assumption. 

Zin - jZ, tan + 
ZANT = 

Z, - jZi ,  tan + 2, (11 

where ZANT = antenna impedance 
Zin = transmission line 

impedance 
measured at bridge 
terminals 

Z,  = characteristic 
transmission line 
impedance 

+ = electrical length of 
transmission line in 
degrees 

Now as everyone knows, regardless 
of the antenna or transmission line im- 
pedance, measurements made in mul- 
tiple half-wavelengths repeat - i.e. 
the same value is seen regardless of 
whether measurements are taken di- 

rectly at the antenna terminals or at 
an electrical half-wavelength along a 
transmission line. This is where I got 
into trouble. I measured the antenna 
impedance through a transmission line 
that was exactly one-half wavelength 
(180 degrees) at 3.75 MHz. Then I per- 
formed the same measurement (of the 
antenna) at 4.0 MHz without chang- 
ing the transmission line length. How 
much difference could that make? 

First off, my 180 degree half wave- 
length line at 3.75 MHz is actually 
(4.0)(180)/3.75 = 192 degrees elec- 
trical length at 4.0 MHz.  And my 
measured impedance at the end of the 
line at 4 MHz was 175 + j 100 ohms 
impedance. 

Substituting the values in eq. 1, I 
found: 

ZANT = 70.8 + j 99.7 ohms impedance 

Well, my bridge had measured 
175 + j 100 ohms, and my true calcu- 
lated antenna impedance actually was 
70.8 + j 99.7 ohms! That's really a 
large difference, and yet the electrical 
length of the line was only 12 degrees 
longer, or 6.7 percent longer. 

So don't be fooled as I was into 
thinking that if you use an electrical 
half wavelength line at mid-band, your 
band end measurements will be close 
unless you actually correct for the few 
degrees as I first neglected to do. 

Naturally, all antenna measurement 
calculations could have been done 
using a Smith chart, but to me the 
equation shows the impedance rela- 
tionships involved more clearly. 

Although the example was given for 
the 80-meter band, the same equation 
can be used for other bands, either for 
a band center half wavelength line, or 
as a general equation for use with any 
length of coax line, as long as you 
know the electrical length. And after 
I applied the technique just described, 
my previously measured data was 
much more meaningful. 

reference 
1 .  F .E .  Terrnan, Radio Engineers Handbook, McGraw- 
Hill, 1943, page 186. 

William Vissers, K4KI 
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H s r ~ t l - h t ~ l r l  Tr.~r]\c ....... 
Deluxe models Regular SALE 
IC-02A for 2 meters $ 319 00 28g9' 

..... IC-02AT w/DTMF 349 00 29995 
IC-04A for 440 MHz TBA 

..... IC-04AT w/DTMF 379 00 339" 

Standard models Regular SALE 
IC-2A for 2 meters $ 239.50 21495 

...... IC-2AT with TTP 269.50 21g9' 
... SP-3 External base statlon speaker 49.50 IC-3A for 220 MHz 269.95 23495 ... ...... IC-3AT wlth TTP 299.95 23g9' 
... IC-4A for 440 MHz 269.95 23495 

...... IC-4AT with TTP 299.95 239" 

AH-1 5.band moblle antenna wltuner 289.00 25gq1 BC-35 Drop ~n desk charger . all baner~es .... 69.00 

FL-30 SSB filter (passband tuning) 59.50 
FL-44A SSB 'liter (2nd IF) .......... 15'.00 144" EX-106 FM optlon .................. 125.00 11295 HM-9 Speaker m~crophone .................... 34.50 
FL-45 500 Hz CW l~l ter ............. 59.50 BC-IOA Memory back.up .......... 8.50 HSlO Boom microphone/headset ............. 19.50 
EX-195 Marker un11 ................ 39.00 SM-2 Electret desk microphone .... 39.00 HS-1OSA Vox unit lor HS.10 (dlx only) ..... 19.50 
EX-202 LDA~nlerface; 730/2KWAHH1 27.50 
EX-203 150 Hz CW aud~o f~lter ..... 39.00 
EX-205 Transverter swltchlng unit 29.00 
SM-5 8.p1n electret desk mlcrophone 39.00 
HM-10 Scann~ng mob~le mlcrophone 39 50 
ME-5 Mob~le mount ................ 19.50 AG-20/EX-338 2m preamplifier .... 56.95 

IC-720A 9.band xcvr/.l.30 MHz rcvr $ 1349 00 899" IC-471~ 2Sw 430.450 SSB/CW/FM xcvr 799.00 6999% 
FL-32 500 Hz CW filter ............. 59.50 PS-25 Internal power supply ....... 99.00 89" 
FL-34 5.2 kHz AM fllter ............ 49.50 EX-310 Volce synthesizer .......... 39.95 

CR-64 Hlgh stablllty oscillator xtal 56.00 
R-70 100 Khz-30 Mhz d~gltal recelver 749.00 599" 

.................... EX-257 FM unit 38.00 
IC-7072 Transceive interface . 720A 112.50 

.......... FL-44A SSB l~l ter (2nd IF) 159.00 144" 
..... W FL-63 250 Hz CW f~lter (1st lh 48.50 

IC-751 9-band xcvri 1-30 MHz rcvr $1399 00 1199 95 SP-3 External speaker ............. 4950 

FL-70 2.8 Khz wide SSB filter ...... 46.50 

Nicad battery pack 
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INSIDE V I E W  - RS-12A 

MODEL RS-5OA 

RM-A Series 
v-, 7 

b 
MODEL RM-35A 

r 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

r*m 
MODEL RS-35M 

VS-M SERIES 

MODEL VS-20M 

RS-S SERIES 

MODEL RS-12s 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH OUAUTY RUGGED RELIABLE 

RS md VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE 13 8 VDC * 0 05 vdh 
frwn excwsswe current 6 continuous shorted output (Internally Adjustable 11 -1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 
atcept RS-4A 6 low Itne) 
MAINTAIN REGULATION & LOW RIPPLE at low llne 
Input Voltage 
HEAW D U N  HEAT SINK CHASSIS MOUNT FUSE 

*THREECONDUCTORPOWERCORD 
ONE YEAR WARRANTY MADE IN U.S A 

MODEL RS-5OM mia MODEL VS-5OM 
19" X 5 % RACK MOUNT POWER SUPPLIES 

Continuous ICf' Sire (IN) *~PP~W 
Modd Duty (AMPS) (AMPS) HXWXO Wt. (Ibs.) 

RM-35A 25 3 5 5 % .  19.12% 38 

RM-50A 37 50 5% . 19. 12% 50 

Continuous ICS' Size (IN) Shlpplng 
MODEL Dub (Amps) (Amps) H x W X D  Wt (Ibs) 
RS- 4A 3 4 3% ~ 6 %  x 9  5 
RS- 7A 5 7 3% x 6% x 9 9 
RS-7B 5 7 4 . 711, . lo3/. 10 
RS-1OA 7 5 10 4 x 7 % x 1 0 %  11 
RS-12A 9 12 4 % ~ 8 x 9  13 
RS-20A 16 20 5 ~ 9 ~ 1 0 % ,  18 
RS-35A 25 35 5 x  11 x 11 27 
RS-50A 37 50 6 x 13% x 11 46 

Swltchable volt and Amp meter 

Conflnuous ICS' Slzs (IN) Shlpplng 
MODEL Dub (Amps) (Amps) H x W x D  Wt (Ibs) 

-RS-12M 9 12 4 % ~ 8 ~ 9  13 

RS-2OM RS-50M RS-35M 3 25 16 7 50 35 20 6 5 x 9 ~  5 x  x 13% 11 x 10% x 11 11 46 27 18 

Seperate Volt and Amp Meters 
Output Voltage adlustable from 2-15 volts 
Current llmlt adjustable from 1 5 amps to Full Load 

Contlnuws Duty ICS* 
(Amps) (Amps) Slzs (IN) Shipping 

MODEL e t s m e t w ~ c @ s v o c  @13 8V H x W x O  Wt (lbs) 
VS-?OM 16 9 4 20 5 x 9 ~  10% 20 
VS-35M 25 15 7 35 5~ 11 x 11 29 
VS-50M 37 22 10 50 6 x  13% x 11 46 

BUII~ ~n speaker 

Continous ICS' Slzs (IN) Shipping 
MOOEL Dub (Amps) Amps H x W x D  Wt (Ibs) 
RS 7s 5 7 4 x 7% x 10% 10 
RS.1OS 7 5 10 4 x 7% x 10% 12 
RS-lOL(Fof1TR) 7.5 10 4 . 9 . 1 3  13 
RS-12s 9 12 4 X x 8 x 9  13 
RS-20s 16 20 5 ~ 9 ~ 1 0 %  18 



design superhet coilsets 
with a microcomputer 

Improve tracking 
with a one-minute 

interactive program 

The design of superhet coilsets to ensure track- 
ing for correct simultaneous tuning of preselector and 
oscillator circuits has taken on an undeserved air of 
mystery. Some receiver designers have avoided the 
problem by resorting to pre-peaked narrow-band cir- 
cuits (not exactly ideal) or separate tuning of the pre- 
selector circuits, a throwback to the 1920s. 

The project that led to  this article was a receiver for 
150-1560 kHz and 2.5-20 MHz in 6 bands with an IF 
of 1650 kHz. All the parts, including a zero-tempera- 
ture coefficient (Invar) three-section tuning capacitor, 
were available. The specifications for the coilset - in- 
volving 18 coils, 18 trimmers, and 6 padders - had 
to be calculated. But how? 

the one-minute solution 
Years ago I found a set of formulae in the literature 

that seemed practical to use, although their derivation 
was not entirely clear to me. Using them, I wound and 
trimmed coilsets for my home-brew receivers. Because 
the receivers had worked well I hoped they would also 
track reasonably well. The problem wasthat calculating 

a single set took a whole day using a slide-rule and 
even after the advent of the pocket calculators, several 
hours. Half the time was spent in making mistakes and 

1 a quarter of the time in wondering if I had discovered 

1 all of them. I decided to write a design program based 
' on the existing formulae to produce faster and more 

reliable results. Written in BASIC, the prograrn re- 
duced the chore to less than a minute! 

Thereafter I added a subprogram for plotting the 
actual tracking curve on the screen. Such a curve 
shows the difference between the sum of signal and 
intermediate frequency on the one hand and the os- 
cillator frequency on the other, for an entire tuning 
range. Ideally, it should be a straight line of zero error 
value. Without the aid of a computer, this would have 
taken me many hours to do. With the computer, the 
task took only a few seconds. As I watched, aghast, 
the errors ran off the screen as the program kept crash- 
ing for all types of designs. 

After much thought, I concluded that the algorithms 
(published in a reliable journal) did not include the 
effect of stray capacitances such as coil winding 
capacitances. Even a few pF caused substantial track- 
ing errors, up to 200 kHz or more. 

An exhaustive search of the international literature 
led me to believe that tracking equations are avoided 
like the plague. Perhaps the subject is thought to be 
too boring and too difficult for Amateurs. I did find, 
however, two articles that were not over my head, but 
neither one could pass the computer test! A third arti- 
cle used complex math such as Vieta's theorem and 

By Frithjof A.S. Sterrenburg, Westerstraat 47, 
Sijbekarspel, The Netherlands 
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SIGNAL CIRCUIT OSCILLATOR CIRCUIT 

F ----------------- 

fig. 2. Runge's Remedy: trimmer and ~adder .  

SMALL LO 

higher order polynomials, but the values given in the 
examples did not check with the formulae supplied! 
For instance, a trimmer of 46.36 pF in parallel with a 
tuning capacitor of 20-500 pF was said to give a tun- 
ing range of 1.5-5.0 MHz, whereas the actual value 
would be 1.5-4.3040 MHz. I almost gave up, but finally 
- in the absence of any information I could both 
understand and trust - I decided to try to work out 
the whole thing from the beginning. This is the result, 
but as you can imagine, I sometimes wonder how 
many published superhet designs really track. 

: 

the principle 

ONLY 

IDEAL 
TRACKING 

C If= 
MAX MIN 

In a superhet all signals (f,) are mixed with a 
variable oscillator frequency Vo) to produce a fixed 
intermediate frequency V;). The better solution is to 
choose an LO frequency higher than the incoming sig- 
nals ( fo  = fs + fi) as this reduces spurious responses 
due to oscillator harmonics. We will consider this case 
only; the alternative (fb < f,) is analagous with the 
proviso that the signal and oscillator coils are ex- 
changed in the equations. The tuning capacitor will 
have identical sections; this is the reason tricks are 

TUNING CAP 

fig. 1. Why superhets require measures to ensure 
tracking. 

necessary - with different sections for the tuning ca- 
pacitor good tracking can be obtained, but such com- 
ponents are not readily available. The general equa- 
tion for resonance is: 

25330 f 2 = -- -- (MHz, pF and pH) (1 A) L . C  

and from this it is clear that tuning is not a linear 
function. If the oscillator coil (LO) were given less in- 
ductance than the signal coil L, to obtain a high fo, 
the rate of change of fs and f ,  would never yield a 
constant differencefi. Fig. 1 shows the ideal track- 
ing curve and the error resulting from using a smaller 
Lo only. If the receiver is made to track near the cen- 
ter of the tuning range (point C), fo will be too high 
at the high end and too low at the low end. This could 
mean attenuation of the signal by 30 dB if you were 
using potted inductors in the 150-1600 kHz range. 

A technique that solves this tracking problem, 
patented as far back as 1924 by W.T. Runge, is shown 
in fig. 2; a trimmer, Ct curtails the tuning capacitor 
and has the greatest effect at the high frequency end 
of the tuning range while the padder capacitor, Cp, 
does the same thing for the low end. This you know 
if you have ever aligned a receiver, but it is less wide- 
ly known that adjustment of Ct and Cp only is not 
enough. Fig. 3 shows a situation in which perfect 
tracking is obtained at both ends of the tuning range 
with nevertheless a substantial error in the middle, in 
this case because Lo is too small. Tracking, therefore, 
requires the determination and adjustment of C,, Lo, 
and Cp at three frequencies and the curve will then 
approach a straight line with zero error at three points. 
Residual errors can be further reduced by shifting the 
outer two tracking points to the middle which will then 
result in a curve similar to that in fig. 4. 

The circuits shown in fig. 2 represent an idealized 
case; fig. 5 represents the actual situation including 
stray capacitances. As indicated by the vertical lines, 
a clear distinction should be made between the left 
half (all circuit elements associated with the coils) and 
the right half (all capacitances associated with the tun- 
ing capacitors and the receiver - for example, input 
capacitance of the active elements). 

circuit elements 
Both for practical and theoretical considerations all 

right half receiver sections must be identical. One im- 
portant case to be considered is a Colpitts-type 
oscillator with capacitive divider, indicated by C, and 
C,, in fig. 5.  An equivalent capacitor, C,, is therefore 
added to the signal sections, where 

The winding capacitance of the coils, C,, is a problem 
because it is largely unpredictable (depending on 
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TWO - POINT TRACKING 

I , 
I 

w -  - TUNING RANGE - --  

fig. 3. Two-point tracking is not enough! 

winding technique) and is different for L, and Lo. I 
solved the problem by combining C, with C, to form 
"coil capacitances" C,, and C,,. The computer will 
ask you whether that value seems realistic; you can 
find out by simply winding a trial coil that resonates 
at the desired frequency with the tuning capacitor 
used. Then find its self-resonant frequency (without 
the tuning capacitor) with a dipper and from this derive 
its C,. The same applies to the minimum and maxi- 
mum capacitance of the tuning capacitor, Cmi, and 
C,,, and the wiring stray capacitance C,. These are 
the known and unknown values of the circuit elements 
we shall work with. 

calculating the values for 
the signal coils 

These are easy to calculate. They are tuned by the 
combination on the right, which varies with tuning 
from a high to a low value: 

Using the general resonance formula, it is seen that 
if a tuning range starts at fL low frequency, an 
idealized coil without C,, would tune to maximum 
frequency. 

Let the desired top frequency by fH and let R = 
fH/fL then: 

Therefore: R2 = (CH + Ccs)/(C~ + Ccs) (6B) 

or: CH + C,, = R2 . (CL + Ccs) (6C) 

and from this it follows that the maximum allowed total 
capacitance across the signal coil (trimmer plus 
winding capacitance) can be 

I I ACTUAL TRACKING -, I 
IDEAL TRACKING 

Y i  I 
0 ,  I 

E 1 
I 

I 
1 I 

I 

b- TUNING RANGE -- ___c( 

1 fig. 4. Three-point tracking. I 

ADJUST 

L~ AT rr  

CCI AT f 3  

REPEAT UNTIL 

Cmor 
OPTIMAL 

w I '  - 
41 1 1 1 ADJUST I 

Cp AT t I  

TRIMMER Lo AT I2 
Cl AT I 3  

REPEAT UNTIL - OPTIMAL 

fig. 5. The actual tuned circuits. I 

Allowing a reasonable value for the trimmer, you'll 
have to determine whether this leaves enough for the 
winding capacitance, by employing the procedure 
mentioned above - using a trial coil and dipper - 
if you're not sure. 

example 
Design a coil set for the medium wave band that 

tunes from 520-1620 kHz and incorporates a non- 
Colpitts oscillator. The tuning capacitor to be used pro- 
vides from 15-500 pF capacitance and the stray 
capacitance is 15 pF. C,, when evaluated turns out 
to be 25.7 pF which is a low value for this range. The 
medium wave band, with a frequency ratio of over 1 :3 
requires an approximate 1 :I0 capacitance ratio and this 
leaves little leeway for strays. 

The value of the signal coil is: 

L, = 25330/fL2 . CH (1B) 
and in this example L, = 173.25 pH 
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The signal circuits are now completely defined; addi- 
tional preselector circuits must be identical. 

determining the tracking points 
One tracking point must be at the center of the 

range. This can be found by taking the geometric 
means of the two end frequencies: ifL.fi. The 
outer tracking points must be shifted slightly toward 
the center. The amount will vary with the tuning range. 
Empirically, the following factor gives good results: 

Q = 1 + ( f ~ / 4 0  . f ~ )  (7) 

You can easily change this factor in the program and 
observe the result on the display. The greatest devia- 
tion will occur at the high end, which is acceptable 
because the bandwidth of the signal coils is also a 
maximum there. The tracking (and trim-) points are: 

fi = fL . Q (low end) (8) 
fi = WH (center) (91 
f3 = ~ H / Q  (top end) (101 

which calculates to be 560,918, and 1503 kHz, respec- 
tively in the example outlined earlier. As the operator 
tunes to these frequencies, he will set the tuning ca- 
pacitor to values that can be calculated from the res- 
onance formula after subtracting Ccs. These values 
(for the right half of the signal sections) are: 

In the oscillator section, the total capacitance to the 
right will be the same as above (Cs and C,  are iden- 
tical), so with the three capacitances C l ,  C2, and C3 
the oscillator must tune to fi + f;:, f2 + J;. and f3 + f;.. 
determining the 
oscillator circuit elements 

Taking into account the total coil capacitance for 
the oscillator circuit and the padder, gives the follow- 
ing three equations: 

Let's tackle the padder first. Define the ratio (fi + 

f i ) / ( f3  + fi) as "A" and call (ft + h)/(f3 + f) as 
"6," then by dividing eq. 14/eq. 16 we find that: 

Similarly, division of eq. 15 by eq. 16 yields: 

These two equations can be used to solve for Cp: 

(This looks neater when the terms in parentheses are 
called X, Y, and Z respectively, as in the program.) 
Cco is found by entering Cp in eq. 17 or 18 and then: 

This completes the coilset design. In this example: 
Cp = 585.7pF, C,, = 41.9 pF, Lo = 

84.66 p H  for fi = 450 kHz. 

tracking curve 
Plotting the tracking curve on the screen depends 

on the graphic capability of your microcomputer. High 
resolution plotting in assembly language is definitely 
not necessary: what you want to see is the general 
trend and the peak errors, not an accurate graph. The 
method used in plotting the tracking curve is described 
below. 

First the tuning range is divided into as many equal 
sections as the micro has columns. Because of 
rounding off, the range must be extended above fH; 
otherwise, the plot sometimes won't reach this value. 
For a 40-column machine and half a column extra 
margin the command would be: 
for f = fL to fH + (fH - fL)/80 step (fH - fL)/40 

For each f calculate the total capacitance across the 
signal coil: 

C = 25330/(L, . Jz) (1c) 
Cp ' Lo (141 fi + f, = 25330/ J Cco + c~-+-~ So the capacitance to the right of the lines is equal 

to C ,  = C - Ccx. From this we can calculate the 
' P  ' ' 2  . Lo (151 f2 + f, = 253301 \/ Cco + cp+-G oscillator frequency correspnding to J 

(20) 
'P  ' ' 3  . Lo (16) f3 + f, = 25330/J  Cco + cg + c, 

The solution to these equations means that the track- Then print fo - f - f, together with f for a tracking 
ing error is indeed made equal to zero at these points. table or use fo - f - f, as the row- and f as the 
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AEA BRINGS You ANOTHER 

BREAKTHROUGH 
THE TI-1 

RTTY TUNING INDICATOR 

SHOWN ACTUAL S 

TRUE SPECTRAL DISPLAY SHOWS BOTH MARK AND SPACE TONES 
lOhz RESOLUTION FOR THE TUNING ACCURACY OF A SCOPE 
WITHOUT THE EXPENSE OF A SCOPE 
ALLOWS FAST AND EASY TUNING OF RTTY SIGNALS 
IDEAL FOR DIFFICULT TO TUNE AMTOR SIGNALS 
DISPLAYS 170,425 AND 850hz STANDARD SHIFTS 
SHOWS NON-STANDARD SHIFTS FOR EASY TUNING 
AUDIO DRIVEN = EASY TO HOOK UP - COMPACT SIZE 
BUILT IN SPEAKER - CAN BE SWITCHED ON OR OFF 
WORKS WlTH ANY INTERFACE 
DOES NOT REQUIRE SCOPE OUTPUTS 
REQUIRES 12vdc AT LESS THAN 6 0 m a  
COMPLETE WlTH MANUAL AND CONNECTORS 
SUGGESTED RETAIL $1 19.95 

c & A ROBERTS, INC. AEA Brings you the 
Breakthrough! 

1851 1 Hawthorne Blvd., Torrance, CA 90504 
21 3-370-7451 24 Hours call 21 3-834-5868 
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column parameter. To avoid crashing from incorrect 
row data, first display the table and examine the size 
of the error values, then enter a corrective multiplica- 
tion factor via an INPUT command if necessary. 

For this example the errors (rounded off) were 
-3.2, +4.26, -6.97 and +8.5 kHz. This indicates 
excellent tracking and implies that everything is cor- 
rect - an assurance I never had before. 

--- 

- - - 

the program 
The program listing in table 1 was written for the 

TI-9914A which is suitable for this application because 
of its upper and lower case capability, which makes 
for easy reading, its wide choice of variables, and high 
degree of precision in mathematics. Note that when 
the program runs, very small values are subtracted 
from other very small values so that you may have to 
use double precision. I have left out everything that 
is not essential and used the simplest BASIC com- 
mands for easy translation. One version I have draws 
all coils and capacitors in HiRes and inserts their values 
next to them for added finese. The listing takes less 
than 4k of memory, and can still be adapted for your 
particular machine. A printer is not necessary; the pro- 
gram warns you to "NOTE" the values displayed. 

fig. 6. Series and parallel bandspreading. 

Cb, 
IDENTICAL FOR 

\ I  - ALL SECTIONS 

bandspreading 
As supplied, the program already includes parallel 

bandspreading, because parallel capacitance is added 
in the form of C,, by your independent choice of fH.  
But let's look at bandspreading in more detail (fig. 6).  

Parallel bandspreading with Cbp improves the tuning 
curve. Ordinary tuning capacitors provide logarithmic 
coverage, with compression at the high end. For 
straight-line frequency coverage you need a tuning 
capacitor with pointed plates (the BC-221 has one), 
but these are exceptionally rare. Adding Cbp reduces 
the top end compression. The disadvantage of adding 
parallel capacitance is that the LIC ratio of the tuned 
circuit is lowered and Q is reduced, especially at the 
high end. You may assume that the effect on the Q 
is acceptable if Cbp is smaller than: 
2 . {CL + reasonable value for trimmer (e.g. I5 pF) 
+ value found for C,} 

Series bandspreading Cbs raises the LIC ratio, but 

7 c& 

table 1. Program listing for superhet coilset design. 

7 s i; ?F 
100 CALI. CLEAK 
IlO,,PRINT " 5IIPERHETETEHODYNE COCLSETS": : : : : : :" to r  Haln R o d l o  M a g a r l n e m t :  
: : by  F r l l h ~ o f  A.S. Ste r r enburg" :  : : :" ** l q t j 4  **": : : : : : : 
120 FUR UI.I.AY=I TI) 1000 
130 NEXT DELAY 
140 CAL.L CL.EAR 
145 REM l o r  r u l p ~ r t s  t y p ~  o s c l l l a t o !  
I 5 0  INPlrl "does t h e  o s r t l l a t u r  have r i a j l d c l r ~ v e  r l l v l r l c r J  r/n":A$ 
I h O  I F  AP="yg'  Tl l tN 170 ELSE 230 
17(1 l N P l l r  " r l l t c r  Cx.C'v ":CX,CY 
1811 ( F = ( r X * r Y  I/(CX+CY) 
1YII ( AI.1. ( ' I  FAR 
2111: I'KINI' "a81 p x t r a  p .~r , l l le l  condrnaer I'P ~ n f " : ( I . , " ~ l '  w j l l  he i ; p e c l t l v d  f o r  t I l , , i l  
~r1.31 hvc-I ~ o n s  1 8 ,  Lt~e f l t , a l p r ~ n r - o u t "  
21, I'flK 11I:l AY=l  Ill l ~ l l l l l  
!il Nt.XT D I I  AY 
' 11) , AI i I : r,jn 
;I' HbM i l e t  l n r  t u t ~ l # l f i  ~ d n q e  
,411 IN l ' l l l  ' ' c r n t ~ t  # r # 1 r 1 , r n ~ # 3 1  L ~ ~ > . I I  L L . ~ ! > L C .  ,111 11111111: L ~ ~ r i ~ l c ~ l i ~ ~ ~ r  !p i  ) " . ( M I  

CS 

.50 IPKINI' : 
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A LIMITED INTRODUCTORY 

FOR HAMS ONLY 
DURING NOVEMBER 1984 

For only $12 (one-third off our 
regular price) we'll send you one 
year (4 issues) of Audio Amateur 
and a free gift-a pair of self-powered 
speaker overload indicator kits 
worth $10. Just for trying Audio 
Amateur! And we guarantee your 
satisfaction. Money back if you're 
not satisfied for any reason. Keep 
the kits, keep the magazines. You 
can't lose. 

At Audio Amateur 
we're just as serious 
about high quality 

sound as you are about 
clean tr&smissions. 

For 15 years now we've been pub- 
lishing very high quality audio sys- 
tem circuits that are fun to build, 
outstanding in performance and low 
cost. Plus lots of mod articles on up- 
dating old gear for superior perfor- 
mance. If you like building ham proj- 
ects, you'll like Audio Amateur 
magazine. 
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Send one year of Audio Amateur a t  $1  2 and 
m y  free kits. I enclose Ucheck OMC U Visa. 

- -- 
NAME 

-- - 
ADDRESS 

-- - - -- -- - - - - -- - - 
CITY STATE ZIP 

CARD NUMBER 

-- -. - 
CAFEHOLDER SIGNATURE EXPIRE DATE 

Audio Amateur, Peterborough, N. H. 03458 
Oubide USA add $4.00 per year for postage. .................... 

tuning at the top end is even more compressed. Series 
and parallel bandspread techniques can, of course, be 
combined. For series bandspreading, a series capacitor 
Cbs is added to the right hand side and this is identi- 
cal for all tuning capacitor sections. In fact, we con- 
struct a new tuning capacitor with different Cmin and 
C,, and then run the program as normally. 

To determine Cb, for a desired range we define new 
constants. Let C,, = j, desired range k = fH/fL, m 
= CH, n = CL and the unknown bandspread 
capacitor = b. Then starting with the equation for the 
tuning range: 

you will arrive at this: 

NOW let's call k2 . n + (k2 - I )  . j = p and 
(k2 - 1) . j . n = q, then: 

If we call the two fractions "rY'and ''s" respective- 
ly, this is the common equation b2 + r . b - s = o. 
One root is negative, the other is the value of the band- 
spread capacitor: 

Although all bandspread capacitors have been lumped 
with the right hand half of the circuits in this deriva- 
tion, they are switched for other ranges and will there- 
fore be physically present in the left hand half (in the 
coil cans, for instance). In the end, you can properly 
combine all the capacitances calculated. 

conclusion 
Although any coilset can now be designed in a few 

minutes, the main value of this project was something 
else. For the first time, I could plot tracking curves, 
and these showed that all the literature I could lay 
hands on gave unreliable formulas! The microcom- 
puter freed me from the nightmare of calculating, so 
I could begin to think and rediscover a bit of neglected 
theory for myself. A microcomputer may have its prac- 
tical uses, but above all, it's a powerful tool for 
learning! 

ham radia 
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P. 0. Bar 280298 Dallas, Tenas 75228 
p B e  Ge MICRO ( 2 l 4 1 2 7 I - 5 5 4 6 a  r j  rn ma 
I Big Computer Mfg. Makes $900,000 Goof!! 

COMPUTER/DISK DRIVE 
SWITCHING POWER SUPPLY 

ORIGINALLY DESIGNED TO RUN A 2-80 
BASED SINGLE BOARD COMPUTER 

WITH TWO 5-1/4 IN. DISK DRIVES AND 
CRT MONITOR. 

BRAND NEW: UNUSED! $3750~~ 
ADD $1.50 PER UNIT FOR UPS 

SPECS: + 5VDC 5 AMPS MAX 
# I  + 12 VDC 2.8 AMPS MAX 
#2 + 12 VDC 2.0 AMPS MAX 

- 12 VDC .5 AMPS MAX 

INPUT: 115 or 230 VAC 60Hz 

SIZE: 6-118 x 7-318 In. 
HIGH EFFICIENCY SWITCHER MFG. 
BY CAL. DC IN USA! 

The poor Purchasing Agent bought about 10 times as many of these DC 
switchers as his company would ever use! We were told that even in 
10,000 piece lots they paid over $72 each for these multi-output 
switchers. When this large computer manufacturer discontinued their 
2-80 Computer, guess what the Big Boss found in the back warehouse; 
several truckloads of unused $72.00 power supplies. Fortunately we 
heard about the deal and made the surplus buy of the decade. Even 
though we bought a huge quantity, please order early to avoid 
disappointment. Please do not confuse these high quality American 
made power supplies with the cheap import units sold by others. 
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TERMS: IUnleas aaecltlad elnewherel Add $1.50 aostaae. we nav balance. Orden over $50.00 add 85U for inrurance. No C.O.D. Texas Rer. add 6% Tax. 90 Dav Money Back 
~uarant&on an itkmn. A I~  GGa aubjkct lo prior h e .  ~;icer rubj&cl to change wlthoul notice. Foreign order - US funds only. We cannot ship to Mexico. Couniileaotherlhan 
Cmada, add $3.50 shipping m d  handling. 
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9. 0. Box 280298 Dallas, Tewas 75228 rBe 6 M lC RO (2141 271-5546 pq ~ ~ I I I F A ~  

1 64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 
RUNS CP/M* 2.2! I 

PROCESSED ON A STRICT, 
FIRST COME. FIRST SERVED 
BASIS! ORDER EARLY! 
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receiver sweep alignment system 
No sweep generator? 

Try these handy 

throwaway circuits 

OSClL LATOR 
CONTROLLED 

OSCILLOTOR 
( U N I T  UNDER 

/ VCOI 
T E S  T I  

fig. 1. Sweep generator; the CRT (Cathode Ray Tube) 
displays relative amplitude of the swept filter output. 

O I O D E  

O E T E C T O R  

/ F I G  6 1  

SAWTOOTH 
O S C I L L A T O R  

( F I G  51 

fig. 2. Minimal configuration sweep system uses the 
receiver LO (Local Oscillatorl as the VCO (Voltage 
Controlled Oscillator). 

When a circuit just "doesn't sound right," the ob- 
vious solution is to use a sweep generator to evaluate 
and align the filters. But a sweep generator may not 
be available; for most of us, it's too expensive a piece 
of equipment for the occasional use it receives. 

This article describes how I approached this problem 
in the development of an SSB receiver by adding a 
few extra circuits during construction, then removing 
and discarding them after use. A separate signal gen- 
erator and oscilloscope were also required. 

sweep measurement basics 
Fig. 1 illustrates a typical sweep measurement sys- 

tem. The sawtooth oscillator generates a voltage 
"ramp" which tunes the voltage controlled oscillator 
frequency across the filter passband. For small fre- 
quency changes, the voltage controlled oscillator often 
uses a varactor ("varicap") diode to change circuit 
capacitance. The amplitude of the RF/IF signal com- 
ing through the filter varies with (and helps define - 
Ed.) the filter's frequency response, and is detected 
by the diode detector. The detector output is displayed 
by the oscilloscope vertical channel while the sawtooth 
oscillator drives the oscilloscope horizontal channel in 
step. The resulting display plots the filter's amplitude 
versus frequency response. This display is used to 
align filters since it gives an instant indication of cir- 
cuit adjustment results. This is very handy when a 

1 large number of interrelated circuit manipulations must 
be made. 

The proposed minimal sweep alignment system uses 
the existing receiver local oscillator as the voltage con- 
trolled oscillator. This is similar to a panoramic receiver 
with a much smaller sweep range. Fig. 2 shows this 
scheme as implemented in an HF SSB receiver proj- 
ect. Three new circuits are added; a varactor tuning 

, diode, a diode AM detector, and a sawtooth oscillator 
circuit. 

detailed circuit description 
Because the three circuits were designed to be dis- 

By Cliff Klinert, WBGBIH, 1126 Division Street, 
National City, California 92050 
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carded after use, careful consideration was given to provided a sweep output connection, the external 0s- 
parts availability. cillator might not have been required. The varactor cir- 

The familiar 1 N4000-series of silicon rectifiers make cuit requires a linear sawtooth voltage providing a 74 
good "varactor" diodes when biased in the linear to 24 volt ramp per frequency sweep. Simple sawtooth 
region. Fig. 3 shows the varactor tuning circuit using 
a 1 N4007 connected to a typical 5 MHz oscillator tank 
circuit. The circuit was tested by applying an adjust- 
able DC bias voltage and measuring the correspond- 
ing frequency with a counter. Fig. 4 shows the results 
of this experiment for DC bias voltages from 14 to al- 
most 28 volts. Note that the curve is almost linear. 
Good linearity throughout the sweep system is re- 
quired to provide an undistorted picture of the filter's 
passband response. 

The sawtooth oscillator, the heart of the system, 
generates a periodic linearly increasing voltage ramp 
waveform. If the oscilloscope used in this project had 

35pF  
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fig. 5. The sawtooth oscillator uses an inexpensive IC (MC1458) to both generate the ramp waveform and buffer its output. 
Mylar capacitors are used for best results. 
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VARACTOR DIODE B I A S  VOLTAGE (VOLTS) 

fig. 4. Varactor diode tuning curve is a plot of actual data 
taken from the circuit of fig. 3. The range of the swept 
frequency is adequate for the SSB filter tested. 

m 

fig. 3. The varactor diode acting as a voltage variable 
capacitor changes the resonant frequency of an LC cir- 
cuit in step with a varying DC bias. 



oscillator circuits are normally designed around uni- 
junction transistors and in this case, to keep costs 
down, a less expensive IC, an MC1458, (U1 of fig. 51, 
was used. The 0.22 pF capacitor is charged by a 
2N2222 constant current source until the MC1458 
"triggers" and briefly shorts the capacitor back to the 
positive supply voltage line. The cycle is then im- 
mediately repeated. Since the 2N2222 collector cur- 
rent is determined by its base and emitter bias circuit, 
it is nearly constant while charging the 0.22 pF capac- 
itor. This constant current ensures a linear capacitor 
voltage rise with time. The other half of the MC1458, 
U1 B, is used as a voltage follower and provides a low 

impedance, higher current version of the sawtooth 
voltage at its output. The 2.5 Megohm potentiometer 
controls the amount of frequency excursion, while the 
25 kilohm potentiometer tunes the voltage controlled 
oscillator frequency. 

The diode detector provides a DC voltage that is 
proportional to the RF swept signal output amplitude. 
A hot carrier diode such as a 1 N5711, shown in fig. 
6A, can be used. If a hot carrier diode is not available, 
an inexpensive germanium diode that is slightly for- 
ward biased can be used in its place as shown in fig. 
6B. A DC return is required for the biased diode, and 
the diode impedance decreases as the current in- 

fig. 7. Oscilloscope photographs. Unless otherwise noted. the sweep speed is 5 milliseconds per division and vertical sensitivity 
is 0.1 volt per division. The unit under test is a 9.0 MHz SSB IF amplifier using an MC1350 and surplus crystal filter. 

fig. 7A. This shows a typical frequency sweep about 3.5 kHz fig. 78. The second channel is used to display the sawtooth 
wide. signal showing its relationship to  the frequency sweep. 

fig. 7C. The sweep speed is too low (10 milliseconds per fig. 7D. The IF amplifier is "flat topping." The gain or input 
division). This indicates that the speed should be adjusted signal must be reduced to remove the distortion at the top 
to provide the desired display. of the display. 
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creases. A high impedance tuned circuit will be "short- 
ed out" by the biased diode. Adjusting the diode bias 
control will produce a sharp peak in the detected signal 
output. Reducing the control's resistance near zero 
will, of course, destroy the diode. A silicon diode such 
as. a 1 N914 works very poorly as a detector. I 

construction and installation , 
proceed smoothly 

The circuit requires 24 volts DC which can be pro- 
vided by either a bench power supply or batteries. 
Connect the varactor circuit (fig. 3) to the receiver 
local oscillator. Apply a variable DC bias voltage and 

.adjust the varactor-tuned circuit to achieve results sim- 
ilar to those in fig. 4. Make a notation of the voltage 
variation required to obtain the full frequency sweep. 

IN5711 TO SCOPE 

OUTPUT Z . 5 Y  

TO IF 
OUTPUT 

9 V D C  T 

output. 

fig. 6. The diode detector is connected between the IF 
or filter output coupling link and the oscilloscope ver- 
tical input. The detector can also be used at the audio 

!! Assemble the sawtooth oscillator (fig. 5) and check 
the results with the oscilloscope. The output voltage - 
should be capable of a swing nearly equal to the power 
supply limits with a period of approximately 50 milli- 
seconds. The circuit can be assembled on a circuit 
board, but for temporary use, just solder the compo- 
nents together by their leads on the bench. Stray noise 
pickup may be a problem, but the large signal makes 
this unlikely. The varactor diode circuit is quite sensi- 
tive because of its high impedance, but no problems 
were encountered when connected to the sawtooth 
oscillator output. 

Connect the detector probe (fig. 6) to the receiver 
IF amplifier output at a point of maximum available 
signal. Some experimentation is necessary with a sig- .. . 
nal generator and oscilloscope to obtain the maximum 

fig. 7E. Crystal filter load impedance is too low, resulting in detected output without saturating the IF amplifier. 
a noticeable loss of audio frequency response and confusion 
in setting the BFO frequency. 

fig. 7F. The crystal filter load impedance is high, about 6000 
ohms. 

fig. 7G. The best response was obtained with approximately 
3000 ohms load impedance. This is an unusually high load im- 
pedance for a crystal filter, and may indicate some problem 
in the filter. 
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1 WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SATELLITE 
TELEVISION 

, .MAGAZINE STV 
A monthly of 100-plus pages, has all you 
need to know about where to find equip- 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

$24.95 per yr. (1 2 monthly issues) 
$ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 

If you already have a dish, then you need 

-the best in satellite TV programming. 

* Weekly Updated Listings * All Scheduled Channels * Complete Movie Listing * All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visa@ MastercardB accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV '" /Onsat '" 
P.O. Box 2384 - Dept. PS 
Shelby, NC 281 51 -2384 

Subscription calls only 
Toll Free 1-800-438-2020 

r /  211 ti R 
-- 
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The oscilloscope must be DC coupled with at least 0.1 
volt per cm sensitivity. 

Connect the sawtooth oscillator output to the varac- 
tor circuit. It's easier to start with a relatively low 
sweep amplitude when finding the frequency, so re- 
duce the sweep signal amplitude in the beginning. 
Connect the diode detector output to the oscilloscope 
vertical input and synchronize the oscilloscope sweep 
from the sawtooth oscillator signal. The sawtooth sig- 
nal could also be connected to the oscilloscope hori- 
zontal amplifier input if access is available. Tune the 
receiver to the signal generator frequency and make 
adjustments as required. Slowly increase the sawtooth 
signal amplitude until a sweep display indication is ob- 
tained. Fig. 7 shows the results obtained from an SSB 
crystal filter sweep. In this case, the crystal filter out- 
put impedance was varied with a potentiometer in 
series with the filter output. The photographs show 
IF sweeps, but similar results were obtained by con- 
necting the detector to the outputs of the product de- 
tector and audio amplifier. This provides analysis of 
other points in the receiving system that would be use- 
ful for troubleshooting or design evaluation. 

conclusions 
This article presented the concept of using expend- 

able circuits as built-in test equipment for use during 
project construction. A handy sawtooth oscillator was 
presented for those who collect simple circuits for 
afternoon projects. This oscillator will find many ap- 
plications in oscilloscope or spectrum analysis projects. 
No construction details were presented, since the con- 
cept was to show that circuits can be assembled with- 
out circuit boards for prototype or temporary use and 
discarded later. 

ham radio 

COMPUTER PROGRAMS FOR THE 
RADIO AMATEUR 

by Wayne Overbeck, NGNB, and Jim 
Steffen, KC6A 

NOW WITH DISKS 
Here's the flrst source book of computer programs for the 
Radlo Amateur Bes~des coverlng computer bas~cs, thls 
book glves you programs that will help you log, determine 
sunr~selsunset times, track the Moon's path across the 
sky, use Greyl~ne propagatlon and set up record systems 
for WAS. DXCC and VUCC, or any other award You can 
e~ther buy the book alone or you can buy the book wlth 
the programs already on dlsk Take full advantage of your 
computer with thls well wrlnen source book (01984 1st 
edltlon, 327 pages 

HA-0657 Softbound $16.95 
nHA-0657 with program $29.95 

specify computer (see llst below) 
OProgram disk alone $19.95 
Programs available for Apple II (00s  and CP/M) IBM 
(00s). TRS-80 Model I and Model Ill and Commodore 
C-64 Please mark your order wlth the program dlsk you 
want 



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 
tho head man of I 

" H A M  HEADQUARTERS, 
U S A R "  ... Since 1925' 1 

CALL ME ... WRITE ME ... SEE ME ... 
(51 6) 293-7995 For my prompt, At one of the world's largest 

I 

l~~lsors personal reply. Ham Supply Centers! 

HAS THEM ALL! 
KENWOOD 

KENWOOD TS-711A 

Ed- 

I , 1 I KENWOOD TS-830 

More Details? CHECK-OFF Page 158 r /  164 November 1984 129 



~cs~RP- 
R 
Y l? John J Meshna Jr, Inc.""-~ 

19 Allcrton Street I.vnn. MA 01904 *'re]: 1617) 595-2275 

E! COLOR X-Y DISPLAY 
in , -  ' Thru a special purchase we got hold of 50 brand new 19 " 

color displays. They were made by Wells Gardner for one 
of the largest arcade video game manufacturers in the world. 
The displays feature built in red, green and blue amplifiers, 

? 19"  
color tube made by Wells Gardner. User supplied 

external horizontal and vertical scan oscillators which allows 
precise user control over screen resolution. A real plus! 

$ Requires 25 V - 0 - 25 V input for amps, available separately. 
3 Some spec's for you technical people: signal inputs "X" 

horizontal 16 V P-P -+8 V, "Y" vertical 12 V P-P +6 V; 

I "Z" beam drive, 4 V max brightness, 1.0 volt black level. 
Writing rates "X" amp is .O 5 inchlusec, "Y" amp is 
.0375 inchlusec. Great for making your own video games, 
oscilloscope monitors, or adapting for home computer use. 

I Supplied with schematic. X199.00 ea. 
Shpg. Wt. 45 Lbs. MOT-1 9 C 2 1  $375.00 

Multi-Voltage 
MICRO- 
PROCESSOR 
POWER 
SUPPLY 
BOARD 

This regulated multi-voltage switching power supply board 
is made by KEPCO (their part no. M I<M 1 7 4 KF ) and is still 
in production (. . . regular price 16 12 4.9  5 ). It was originally 
part of the Zorba portable PC. The four outputs are as 
follows: & +5 VDC @ 5 A, +12 VDC (m 2.8 A, +12 VDC 8 2  A, 
and -1 2 VDC W .5 A. The +12 VDC C 2 A is very heavily 
filtered so it could be used on a glitch free monitor. The 
- 12 VDC 6 . 5  A can be changed to -5 VDC just by changing 
the onboard 79 12 regulator chip t o  a 7905. The board's 
lightweight and small size should make it perfect for many 
projects. All new and provided with a schematic. The 
input is jumper selectable 1 10 1220. New, unused. 
Quanity prices available. $49.95 
Shpg. Wt. 2 Lbs. ea. SPL-4 7 1-33 B 21 $90.00 

EPSON 
PRINTERS 

Two surplus printers 
made for the 
computer industry 
by Shimshu Seikil 
Epson. One prints 
alpha-numeric 
characters and the 
other prints numer- 
ic characters olus 

Supplied with schematic. Quantity pricing available. other symbois. These 
may have been intended for use in cash registers but other 
uses come to mind. Good enough to print program listings, 
using hard copy verification on timing devices or just for 
parts. Heck, the price is right. Runs on +5 V end 12 V. 
With  ino out d a t a  S h ~ g .  Wt. 8 Lbs. (either printer). I 

8 CAD CAM KEYBOARD 

I We otllv have ;I verv limited quantity o f  t l ~ ~ s c ,  high relial)ility, 
beautifully layed out 8 bit, serial output keyboards. These 
were made by Keytronics for use in a Cad-Cam system. The 
board is made up  of 3 sections. The typewriter format 
section has 2 control keys plus full upper and lower case 

~ l p h a  numeric type" SPL-4 6'5 -3 3 A - $17.50 
Numeric only SPL-466-33A $15.00 I 

LOGIC and 
DISC DRIVE I 
POWER SUPPLIES 

alpha-numerics. The 4 2- keyswitch pad. when used with 
appropriate logic, allows extensive, precise manipulations 
of displayed data such as close up, moving information, 
sketching, etc. The third section consists of 2 7 keys 
which include a numeric scratch pad, 4 way cursor control 
plus some command keys. On board are 3 LSI's including Dual Outputs: +12 or +I5 vdc3 -and - 12 or - 15 vdc 3 - 
an Intersit IM6 4 0 2, INS8 04 8 ,  and NS2 7 16 UV PROM I shpg. weight 6 Ib. Model no. PS-5 A $3 0 .OO 
which contains the programs for manipulating data, plus Triple Outputs: 5 vdc 6 +12 or+15 vdcl ampand-12 or 
other circuitry and an alert beeper. The keyboard require6 -15 vdc 1 m. S h x  *%. Model m. PS6A $35.00 
+5 V and -12 V. Each one will come with schematics. New 
and unused. Sl~pg. Wt. 4 Lbs. KYBRD No. 6 S 45 . O O  

I 
than 10 0 on hand - Order Now ! 

2 call (617) 595-2275 and Charge It! 

I 2 New, surplus power supplies made b N. J. E . Both feature 11 5 12 30 
50160 Hz. lnputs, fully @?ted and l%!tered d c. outputs, built-in a d  
'ustable wernoltage protect~on, and bu~lt-in adjustable current limiting 
h e  supplies are enclosed and come with data 2 models listed below. I 

. - .  
W 

Send for our free 72 page catalogue jam packed with goodies. $ - 
%- surplus Computer and Electronic Materials ?5?5?5?5?d 
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John J Meshna Jr, Inc. 
DUAL FLOPPY DISC DRIVES 

BRAND NEW, single sided, dual floppy disc drives made for  Digital Equip- 
ment Corp. (DECI. This beautiful piece of computer hardware consists of 2 
Sliugart compatible TEAC 4 0  track, double density, 5%" mini-floppy disc 
drives brand new in the case with their own regulated, switching power sup- 
ply, cooling fan & on/off switch. Each unit also comes with a line cord & 
documentation. These were made for DEC, but  are also compatible with 
other personal computers such as IBM, TRS 8 0  models I, II, & the Color 
Computer, and other Snugart compatible interfaces. Naturally, you supply 
the cables and disc controller card t o  suit your particular system. The RX- 
180 AB runs off of 1151230 VAC 50160 Hz. wlout any modifications t o  
the drives. Each system comes in the  original factory box and are guaran- 
teed functional. A blockbuster of a buy !! 
Shpg. wt. 21 Ib. stock no. RX 180AB $250.00 
RX 180 AB modified t o  run w/ the  TI 9914A $285.00 
Disc drive cable for Radio Shack Model l $1 5.00 

1 HIGH SPEED KSR PRINTER TERMINAL .. - 
World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are 
now in stock ready fo r  shipment to you. This has t o  be one  of t h e  finest letter qual- 
ity printers ever offered a t  a bargain price. These terminals can be  used as an RS 232 
asynchronous communications terminal or used in the local mode  as a typewriter. 
The  terminals were removed f rom service for upgrading. Highlights of these machines 
are: Standard RS 232, full duplex, asynchronous data comm., fully formed upper and 
lower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or  1200 
BPS, 80 columns on pin feed paper, and less weight & size than an  ASR 35 teletype 
with far less racket. They are virtually electronically foolproof as every pc board is 
Pico fuse protected. Should  your machine not  work, just check t h e  on board fuses & 
9 o u t  of 10 times tha t  is where the  problem lies. Schematics are  provided w/ each ma- 
chine sold. Current price of this machine new is over $2000.00 ! Our meager price for 

- 

this fantastic printer is only 10% of this: $200.00 each!!! Visually inspected prior t o  
shipment t o  insure completeness. Shpd. truck freight collect. $200.00 

IBhl745 SELECTRlC BASED 
TYPEWRITER PRINTERS 

These rugged, handsome printers were made for one of the giants 
of the computer industry. They can be used as a standard type- 
writer or as a vrinter in a wortl procesqing svstem for true 
letter quality printing. solenoids were added t o  the selectric mechanism 
w h ~ c h  disabled the manual repeat function but still allows electronic 
repeat functions. I t  uses standard IBM typing balls. The voltage 
requirements are standard 11 5 VAC, 5 VDC a t  1 OOma, and 2 4 VDC a t  
4 amps. All are new in factory boxes, but may require adjustments. 
We provide literature and schematics with 1 ribbon and cleaning tools. 
With the addition of our Centronics t o  Selectric 110 adapter, you could 
easlly interface this printer to  almost any micro computer system. 
Typewriter Printer stock no. RE 1000 A $ 375.00, 745 manual $30.00 
Shpg wt approx. 8 0  Lbs, shpd by truck, collect. 

CENTRONICS TO SELECTPIC INTERFACE 
This interface w~l l  adapt a Hedactron Selectric 110 typewriter mechanism 
to  he used as a parallel ASCII compatible pnnter. The parallel inpul 
port provldes compat~bili ty t o  Centronics standards for both "busy" 
and "ncknowledge" protocols. The interface requires only +5 VDC a t  
350 ma. This interface is fully built, less power supply, 1s guarenteed 

Send S.A.S.E. for  free data sheet overational. and comes with data. Shve wt. 15 Ibs DE 201 A .$245.00 
-- 

These compact. lightweight switching power supply boards - n 

were origlrially made for the Texas Instrument 9 9  14 A 
micro computer. It measures onlv 4 -3 14 x 4 -1 I8 x 1-1 I 4  " 
a n d p u t s o u r + 5 V D C Q  1.2A,--5VDC@O.l2OA,and 
+12VDC@.350A. Inputis14.4VAC to21.6VAC. Asim 
transformer o r  plug in the wall adapter will do. Our 
SPL 4 6 1-33 supply listed below is perfect for this boarcl. 
Each one IS new, ind~vidually packaged with data. For 
s l~o r t  money, you can get a nice little power supply or 
spare parts for your TI 9 9  14 A. Shpg. Wt. 1 Lb. 
Power Suvalv Board SP-53A $10.00 

AC Adapter for same, Sllpg. Wt. 2 Lbs. 
SP-461-33 $6.50 

REGULATED 
LOGIC @@ 
POWER 
SUPPLY 
BOARD I-; - 
for 

I 
Phone Orders accepted o n  MC, VISA, or AMEX Surplus ElectronicMa&rial Send  f o r  o u r  free 72 page catalogue jam 
N o  COD'S. Tel. 1-617-595-2275 H 182 packed with goodies. 



t 1 

TYPE PRICE 

TUBES 
- -- TYPE TYPE PRICE 

2C3917289 5 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 
3CX4OOU7/8961 255.00 4687 P.O.R. 8106 5.00 
3CX1000A7/8283 526.00 5675 42.00 8117A 225.00 
3CX3000F1/8239 567.00 572 1 250.00 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/U165 69.00 5837 232.50 8233 60.00 
4-125A/4D21 79.00 586 1 140.00 8236 35.00 
4-250A/5D22 98.00 5867A 185.00 8295/PL172 500.00 
4-400A/8438 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/AZ9909 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 6156 110.00 8683 95.00 
4CX600J/8809 835.00 6159 13.85 8877 465.00 
4CX1000A/8168 242.50" 61598 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 
4CX10000D/8171 1255.00 6293 24.00 6L6GC 5.03 
4CX15000A/8281 1500.00 6326 P.O.R. 6CA7/EL34 5.38 
4CW80OF 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 160.00 6GJ5A 6.20 
4PR65A/8187 175.00 6907 79.00 6GK6 6.00 
4PR1000A/8189 590.00 692216DJ8 5.00 6HB5 6.00 
4X150A/7034 60.00 6939 22.00 6HF5 8.73 
4X150D/7609 95.00 7094 250.00 6JG6A 6.28 
4X250B 45.00 7 117 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 721 1 100.00 6JS6C 7.25 
5CX1500A 660.00 7213 300.00* 6KN6 5.05 
KT88 27.50 7214 300.00* 6KD6 8.25 
416B 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 7289/2C39 34.00 6LQ6 G.E. 7.00 
572B/T160L 49.95 7325 P.O.R. 6LQ6/6MJ6 Sy lvan ia  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 * = USED 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) 242-3037 

Toll Free Numbr parts may be new or 

800-528-0 1 80 
surplus,  and par ts  may be  
substituted with comparable parts 
if we are out of  stock of an item." 

a T z  electroqac~ 
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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"FILTERS" 
COLLINS Mechanical Fi 1 ter #526-9724-010 MODEL F455Z32F 

4 5 5 ~ 2  at 3.2KHz wide. May be other mdels lxlt equivalent. May be used or new. $15.99 

ATLAS Crystal Fi 1 t e r s  
5.595-2.7/8/LSBI 5.595-2.7/LSB 
8 ple 2.7KHz wide Upper sideband. Impedence 8000hs l5pf In/800ohrru; Opf out. 19.99 

5.595-2.7/8/U, 5.595-2.7/USB 
8 pole 2.7Khz wide Upper sideband. Impedence 80bhs 15pf In/80bh Opf out. 19.99 
5.595-.500/4, 5.595-.500/4/CW 
4 ple 500 cycles wide CW. Impedance 800ohrru; 15pf In/800oh Opf out. 19.99 

9.OUSB/CM 
6 p l e  2.7KHz wide at 6dB. Impedance 68001Pns 7pf In/300ohs 8pf out. CW-1599Hz 19.99 

KOKUSAI ELECTRIC CO, Mechanical Filter #MF-455-ZL/ZU-21H 
455KHz at Center Frequency of 453.5KC. Carrier kequency of 455KHz 2.36KC Bandwidth. 
Upper sideband. (ZU) 19.99 
bwer sideband. (ZL) 19.99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRYSTAL F I  LTERS 
NIKKO FX-07800~ 7. amz  $10.00 
' E d  FEC-103-2 10.6935MHz 10.00 
SDK SCH-113A 11.2735MHz 10.00 
TAMA TF-3lH250 C? 3179.3KH~ 19.99 
RCO/CD 001019880 10.7MHz 2ple l5KHz bardwidth 5.00 
Wl0ROI.A 4884863B01 11.7MHz 2ple 15KHz bardwidth 5.00 
PTI 535K 12MHz 2ple 15KHz bandwidth 5.00 
PTI 5426C 21.4MHz 2p1e 15KIIz bandwidth 5.00 
PTI 1479 10.7MIIz 8ple bardwidth 7.5KHz at 3dB, 5KHz at 6dB 20.00 
C C E m  A10300 45MHz 2ple 15KHz bsrdwidth 6.00 
FEEC EPXF-15700 20.6MHz 36KHz wide 10.00 
FILTECH 2131 CF' 7.825MHz 10.00 

.............................................................................. 

CERAMIC FILTERS 
AXEL 4F449 12.6KC Bandpass Fllter 3dB bandwidth 1.6KH.z frm 11.8-13.4KHz 10.00 
CLEVITE TD-01A 455KHzt2KHz bandwidth 4-7% at 3dB 5.00 

T34-12D36A 455MlztlKHz bandwidth 6dR mn 12KHz, 6WB mx 36KHz 10.00 
m T A  -4 5 5B 455IQIz 2.50 

BFB4 55L 455KHz 3.50 
ClW455E 455KHz t5.5KHz at 3dB , t8Ml.z at 6dB , tl6KHz at 5CdB 6.65 
CFM455D 455KHz t-7KHz at 3dB , t1OKHz at 6dB , t20KHz at 50dB 6.65 
CFR4 5 5E 455KHz t5.5KHz at 3dB , +-8KHz at 6dB , tl6KHz at 60dB 8.00 
Cml455B 455KHz t2KHz bandwidth tl5KHz at 6dB, t30KHz at 4- 2.90 
Cml455C 455KHz t2KHz bandwidth +-12.5KHz at 6dB , t24KHz at 40dB 2.90 
CE'U455G 455KHz tlKHz bandwidth t4.5KHz at 6dB , t1OKHz at 40dB 2.90 
CE'U4 55H 455KHz tU<Hz bardwidth +-3KIIz at 6dB , t9KHz at 40dB 2.90 
Cml455I 455KHz t U H z  bandwidth t2KHz at 6dB , t6KHz at 4WB 2.90 
CFW4 55D 455KHz t10KHz at 6dB , +-20KHz at 4WB 2.90 
CEW455H 455KHz t3KHz at €dB , t9KHz at 4WR 2.90 
SFB455D 455KHz 2.50 
SFD455D 455KHz t2KHz , 3dB bandwidth 4.5KHz tlKHz 5.00 
SF'ElO. 7MA 10.7MHz 280KHz t50KHz at 3dB , 650KHz at 2CdB 2.50 
SFE10.7MS 10,7MHz 230KHz t50KHz at MB , 570KHz at 20dB 2.50 
SFG10.7MA 10.7MHz 10.00 

NIPPON LF-B4/CE'U4551 455KHz tlKHz 2.90 
LF-B6/CFU455H 455KHz i-lKHz 2.90 
IF-B8 455KHz 2.90 
LE'-C18 455KH~ 10.00 

MKIN CF455q/BFU455K 455KHz t2KHz 5.00 
MATSUSHIRA EFC-IA55K 455KH~ 7.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPECTRA PHYSICS INC, Model 088 HeNe LASER TUBES 
POWER OUTPUT 1.6MW. BEAM DIA. .75W  BEN^^ DIR. 2 . 7 ~ ~  CjKV STARTING VOLTAGE CC 
68K OHM lW\?T BALLAST lOOOVDC tlOOVDC At 3.7MA $59.99 

ROTRON MUFFIN FANS Model MARK4/FIU2AL 
1 1 5 ~ ~ ~  14i.m~~ 50/608S IMPEDENCE PRUECED-F 88)FM at 5085 $ 7.99 
105CFM at 60Bs TdESE ARE NEW 

Toll Free Number Al l  parts may be new or 

QH GyIZ elect rowcg 800-528-01 I30 
surplus a n d  par ts  may be  
subst~tuted with comparable parts 
11 we are out of stock of an Item 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (For Orders on'y) For information call: (602) 212-3031 

r I 
More Details? CHECK-OFF Page 158 November 1984 5 133 



1 4 

,mF; n RF TRANSISTORS PRICE mF.' I'R I(,?.' PRIc?: - - - - 
2211561 $25.00  2N5920 $ 70.00 40608 RCA $ 2 . 4 8  BFY9O $ 1.50  
2N1562 25.00 2N5921 80.00 40673 RCA 2.50 BLW60C5 15.00 
2N1692 25 .00  LN5922 10 .00  40894 RCA 1.00 BLX67 12.25 
2N2857 I . 5 5  2N5923 25 .00  60247 RCA 25.00 BLX67C3 12.25 
2N2857JAN 4 .10  2N5941 23 .00  61206 RCA 100.00 BLX93C3 22.2 1 
LN2857JANT.Y 4. 50 2215942 40.00 62800A RCA 60.00  BLY87A 7. 50 
2N2876 11.50 LN5944 10.35 62803 RCA 100.00 BLY88C3 13.08 
2N2947 18.35 2N5945 10.00 430414/3990RCA 50.00 BLY89C 11.00 
2NL948 13.00 2N5946 12.00 3457159 RCA 20.00 BLY90 45 .00  
2N2949 15.50 2N5947 9 .20  3729685-2 RCA 75.00 BLY92 13.30 
2N3l l8  5.00 2N6080 6.00 3729701-2 RCA 50.00 BLY94C 45.00  
2N3119 4.00 2N6081 7.00 1753883 RCA 50.00 RLY351 10.00 
2N3134 1 .15  2N6082 9 .00  615467-902 25.00 BLY568ClCF 30.00 
2N3287 4.90 LN6083 9 .50  615467-903 40.00 C2M70-28R 92.70  
2N 3288 4.40 2N6084 12.00 2SC568 2.50 C25-28 57.00 
2N3309 4 .85  2N6094 11.00 2SC703 16.00 C4005 2.50 
2N3175 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20.00 
LN3478 1 ZN6096 16. 10 2SC781 2.80 CD1899 20.00 
2N355J 1.55 LN6097 20 .70  2SC1018 1 .00  CD1920 10.00 
2N 1551JAN 2.90 LN6105 21.00 2SC1042 24 .00  CD2188 18 .00  
2N36 32 15.50 2N613b 21 .85  2SC1070 2 .50  CD2545 24 .00  
2N3733 11.00 2Nbl6b 40.24 2S(:11'16 2.50 CD2664A 16.00 
2N1818 5.00 2N6267 142.00 2SC1239 2 .50  CD3167 92 .70  
2N386h 1.30 2N6J04 1 .50  ZSCIZ51 24.00 CDJ353 95.00 
2N3866,JAN 2.20 2N6 168 30.00 2SC 1306 2 .90  ~ ~ 3 4 3 5  26.30 
2N3866JANTX 3.80 2N6439 55. 11 ZSC1107 5 - 5 0  CO3900 152.95 
ZN3866.JANTXV 4.70 2N6459 18.00 2SC1424 2.80 ~ ~ 2 5 - 1 2  20.00 
2N3866A.JAN'I'XV 5. 3 0  2N6567 10.06 2SC1600 5.00 CM40-12 27.90 
2N.13924 3.15 2N6603 13.50 2SC1678 2 .00  CM40-28 56.90 
2N39L6 16.10 2N6604 13.50 2SC1729 32.40 CME50-12 30.00 
ZN3927 17.25 LN6679 44.00 25(:1760 1.50 CTC2001 42 .00  
2N3948 1 .75  IN6680 80.00 2SC1909 4 .00  CTC2005 55.00 
Z N  1950 25.00 021-1 15.00 2SC1945 10.00 CTC30G5 70.00 
2N3959 1.85 01-80703T4 65.00 2SC1946 40.00 CTC1460 20.00 
2N4012 11.00 35C05 15.00 2SC1947 10.00 DVL820S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2.50 OXL1003P70 22.00 
2N404 1 14.00 103-1 28.00 2SC1974 4.00 UXI.2001P70 19.00 
2N4072 1 .80  103-2 28.00 2SC2166 5.50 DXL2002P70 14.00 
2N4080 4 .53  104P1 18.00 2SC2237 72.00 DXLl50lAPlOOF 47.00 
2N4127 21.00 163PI 10.00 2SC2695 47.00 EF.16015 12.00 
2N4416 2 .25  181-3 15.00 A2X1698 ['OR EFJ40 17 24.00 
2N4427 1.25 210-2 10.00 A3-I2 14 .45  EFJ4021 24.00 
2N4428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 75.00 
2N4430 11.80 281-1 15.00 A209 10.00 EN15745 20.00 
2N4927 3.90 282-1 30.00 A283 b. 00 1'.J9540 16.00 
2N4957 3.45 482 7.50 A28 15 6.00 FSX52WF 58.00 
2N4959 2. j0 564-1 25 .00  A1610 19.00 (;65739 25.00 
2N5016 18.40 698-3 15.00 AF102 2.50 (365386 Z5.00 
2N5026 15.00 703-1 15.00 A n 1 2  2 .  50 (.M02901\ 2.50 
2N5070 18.40 704 4 .00  AR7 115 20.00 HE!l76 4 .95  
2N5090 13.80 709-2 11.00 AT41435-5 h .  35 HEI'S9002 11.40 
2N5108 3.45 711 4.00 82-82 10.70 tlEPS3003 70.00 
2N5109 1.70 733-2 15.00 B3-12 10.85 HEPSI005 10.00 
2N5160 7.45 798-2 25.00 812-12 15.70 HEPS3006 19 . Y O  
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEI1S3001 Z5.00 
2N5179 1 .04  3683P1 15.00 BF25-35 56.25 HEPS3O10 11.34 
2N52 I6  56.00 3992 25.00 840-12 19.25 HFH003 10.00 
2N5470 75.00 4164Pl 15.00 870- 12 55.00 HFET2204 117.00 
2N5583 3.45 4243Pl 28.00 BF27ZA 2.50 HP35821 38.00 
2N5589 9 .77  4340P3 18.00 BFt!85 2.50 HP35826B 12.00 
2N5590 10.92 4387P1 27.50 BFR2 1 2.50 HP35826E 32.00 
2N5591 13.80 7104-1 28.00 BFR90 1.00 HP35831E 30.0G 
2N5596 99 .00  7249-2 10.50 BFR9 1 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 RF'S12 2 .50  HF35859E 75.00 
2N564 1 12.42 7794-1 10. 50 RFW L6A 2.50 HP 35866E 4lr. 00  
2N5642 14.03 7795 15.00 RFWL7 2.50 HXTR2101 44.00 
2N5643 25.50 7795-1 15.00 BFW92 1.50 HXTR3101 i.Oi) 
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 BFXb5 2.50 HXTR6105 31.00 
2N5691 18.00 40279 KCA 10.00 RFX84 2.50 HXTR6106 33.00 
2N5764 27 .00  40280 RCA 4.62 IsFX85 2.50 ,1310 1.00 
2N5836 J . 4 5  40281 RCA 10.00 BFX86 2.50 .J02000 10.00 
2N5842 8 .45  40282 RCA 20.00 BFX89 1.00 JO200l 25.00 
2N5847 19 .90  40290 RCA 2. 80 RFYll 2.50 504045 24.00 
2N5849 20 .00  40292 KCA 11.05 BFY 18 2 - 5 0  KD5522 25 .00  
2N59 13 3.25 40294 RCA 2 .50  BIT19 2.50 KJ5522 25.00 
2N59 16 36.00 40341 RCA 21.00  BFY 39 2.50 MI106 13.75 

Toll Free Number , ,A , ,  ma, be ,,, PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surp lus ,  and  par ts  may be 
substituted w ~ t h  comparable parts 

(For orders only) I' we are out of stock of an Item " 

For information call: (602) 242-3037 

+' 
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RF TRANSISTORS (CONTINUED) 
M1107 $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 MKF466 18.97 NE13783 61.00 SD1012 10.00 
M1134 13.40 MRF472 1.50 NE21889 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 
M9587 7.00 MKF479 8 .05  NE73436 2.50 SD1013-7 10.00 
M9588 5.20 MRF492 23.00 NE77362ER 100.00 SDlOl6 15.00 
M9622 5 .95  MRF502 1.04 NE98260ER 100.00 SD1016-5 15.00 
M9623 7.95 MRFSO3 6.00 PRT8637 25.00 SD1018-4 13.00 
M9624 9 .95  MRF504 7.00 PT3127A 5.00 SDL018-6 13.00 
M9625 15.95 MKF509 5 .00  PT3127B 5 .00  SD1018-7 13.00 
M9630 14.00 MRF511 10.69 PT3127C 20.00 SO1018-15 13.00 
M9740 27.90 MRF515 2.00 PT3127D 20.00  SD1020-5 10.00 
M9741 27 .90  MRF517 2.00 PT3127E 20.00 SD1028 15.00 
M9755 16.00 MKF525 3 . 4 5  PT3190 20.00 SD1030 12.00 
M9780 5.50 MRF559 1.76 PT3194 20.00 SD1030-2 12.00 
M9827 11.00 MKF587 11.00 PT3195 20.00 SD1040 5.00 
M9848 35.00 MRF605 20.00 PT3537 7.80 SDL040-2 20.00 
M9850 13.50 MRF618 25.00 PT4 166E 20.00 SD1040-4 10.00 
M9851 20.00 MKF626 12.00 PT4L76D 25.00 SDL040-6 5.00 
M9860 8 . 2 5  MRF628 8.65 IJT4L86B 5.00 SD1043 12.00 
M9887 2.80 MRF629 3.45 ~ ~ 4 2 0 9  25.00 SD1043-1 10.00 
M9908 6 .95  MRF641 25.30 PT4209C/5645 25.00 SD1045 3.75 
M9965 12.00 MRF644 27.60 l"1'4556 24.60 SU1049-1 2.00 
MM1500 25.00 MKF646 29.90 PT4570 7.50 SD1053 4.00 
MM1550 10.00 MRF648 3 . 3 5  I'T4577 20.00 SD1057 10.00 
MM1552 50.00 MKF816 15.00 l"14590 5.00 SD1065 4.75 
MM1553 50.00 MRF823 20.00 t'T4612 20.00 SD1068 15.00 
MM1607 8 .45  MRF846 44.85 PT4628 20.00 SD1074-2 18.00 
EM1614 10.00 MRF892 35.50 PT4640 20.00 ~ ~ 1 0 7 4 - 4  28.00 
MM1810 15.00 MKF894 46.00 PT4642 20.00 SD1074-5 28.00 
MM1810 15.00 MRF901 3 Lead 1.00 PI5632 4.70 SDl07b 18.50 
MM1943 1 .80  MRF901 4 Lead 2.00 PT5749 25.00 SD1077 4.00 
MM2608 5.00 MRF902/2N6603.lAN 15.00 PT66 12 25.00 SD1077-4 4.00 
MM3375A 17.10 MRF902B 18.40 PT6619 20 .00  SD1077-6 4.00 
MM4429 10.00 MRF904 2.30 P767118 25.00 SUL078-6 24.00 
MM8000 1.15 MRF905 2. 55 1'1'6709 25.00 SDl080-7 7.50 
MM8006 2.30 MRF9II 2 .  50 1'16720 25.00 ~ ~ 1 0 8 0 - 8  6.00 
MM8011 25.00 MKF965 2 .55  1'1'8510 15.00 ST)1080-9 3.00 
MPSU31 1 - 0 1  MRF96b J .55  1'1'8524 25.00 SU1084 8.00 
MRA202.1-1.5 42.50 MRFl000M 32. 77 l"1'8609 25.00 SD1087 15.00 
MKF134 10.50 MRF1004M JL.05 P1'8633 25.00 SD1088 22.00 
MHF136 16.00 MRF2001 41.74 PT8639 25.00 S01088-8 22.00 
MRFl7 l 35.00 MRF2005 54 .97  1'1'8659 25.00 SD1089-5 15.00 
MRF208 11.50 MKF5176 24.00 PT8679 25.00 SD1090 15.00 
MKFLl? I .  0 MRF8004 2. 10 I"1'8708 20.00 SD1094 15.00 
MRF221 10.00 MSC1720-12 225.00 1'1'8709 20.00 SD1095 15.00 
MRF22 J 1 3.110 MSC1821-3 125.00 P'i'8727 29 .00  SO1098-1 30.00 
MKF224 13.50 MSC1821-10 225.00 PT8731 25.00 SDl l00  5 .00  
MKF227 1.45 MSC2001 30.00 1'78742 19.10 SD1109 18.00 
MR17230 2.00 MSC2010 93.00 PT8787 25.00 SD1115-2 7.50 
FIKF23I 10.00 MSCLZLJ-I0 245.00 PT8828 25.00 SD1115-3 7.50 
MRF232 12.07 MSC2302 POR PT9700 25.00 SD1115-7 2.10 
MRF2 3 7 1.15 MSC3000 35.00 PT9702 25.00 SD1116 5.00 
MRF238 11.80 MSC3001 38.00 PT9783 16.50 SD1118 22.00 
MRFZ J'J 17.25 MSC72OOL POK l"r9784 32.70 SD1119 5.00 
MRF245 35.65 MSC73001 I'OR l"r9790 56.00 SD1124 50.00 
MRFL4 7 3 1.00 MSCB0064 35.00 P'r?lORI 20.00 Sl)l132-1 15.00 
MRF304 36.00 MSC80091 10.00 ~ ~ 3 1 9 6 2  20.00 SD1132-4 12.00 
MRF306 50.00 MSC80099 1 . 0 0  PTX6680 20.00 SD1133 9 .50  
MRF31'3 11.15 MSC80593 POR RE11754 25.00 ~ n 1 1 3 3 - 1  10.00 
MRF314 29.2 1 MSC80758 POK RE1789 25.00 SU1134-1 2.50 
MRF315 28.86 MSC82001 33.00 RF35 16.00 SD1134-4 12.00 
MHF3l6 55 .43  MSC82014 13.00 KF85 17.50 SD1134-17 12.00 
MRF717 63.94 MSC82020M 130.00 RFllO 21.00 SD1135 10.25 
MHF412 18.00 MSC82030 33.00 S50-I2 23.80 SD1135-3 12.00 
MRP420 20.12 MSC83001 40.00 53006 15.00 SD1136 12.50 
MRF42 1 25.00 MSC83003 82.00 S3007 10.00 SD1136-2 12.50 
MRF422 38.00 MSC83005 70.00 S3031 22.00 SD1143-1 10.00 
MRF427 17.25 MSC83026 POR SCA3522 8.00 SD1143-3 17.00 
MRF428 63.00 MSC83303 POR SCA3523 5.00 SD1144 4.00 
MRF4 3 3 12.07 MSC84900 60.00 SD345 5.00 SD1145-5 15.30 
MRF449IA 12.65 MT4150 14.40 Sl)i+45 5 .00  SD1146 15.00 
MRF450/A 14.37 MT5126 25.00 SD1004 15.00 SD1147 15.00 
MRF452/A 17.00 MT5596(2N) 99.00 SDL007 15.00 SD1188 10.00 
MRF453/A 18.40 MT5768(2N) 95.00 SD1007-2 15.00 SD1189 24.00 
MRF454/A 20.12 MT8762 25.00 SD1007-4 15.00 SD1200 1.50 
MRF455/A 16.00 NE02136 2.00 SD1007-5 15.00 SD1201-2 15.00 

ToII Free Number A I I  parts may be new or 

800-528-01 80 surplus and parts may be 
subst~tuted w~th comparable parts (For only) I f  W e  are 0"' 0' " O C ~  0"'"" Item 

elect roq,acs 
For information call: 1602) 242-3037 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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RF Transistors (continued) 

Relays 
RNC To Banana Plug Coax Cable RG-58 36 inch or  RNC t o  N Coax Cable RC-58 36 inch. 

$7 .99  or  2 For $13.99 or  10 For $50.00 $ 8 . 9 9  or 2 For $15.99 or  10 For $60.00 

COAXIAL R E X  SWITCHES S P '  

'4 :::er:16-lolo2-8 FXR FXR 
Part // 300-11182 Part 11 300-11173 cD+ , 115Vac Type  RNC DC t o  3 (:Hz. l2OVac T y p e  BNC DC t o  4 CHz. 12OVac T y p e  BNC Same 
FSN 5985-543- 1225 FSN 5985-543- 1850 

s 
/ $29.99 $39.99 $39.99 
\1 

TEWS WYESTK: -COD * C m m M  
FWON PWid 4 US F M I  Umy ao* W -S O * c k  (nh 

COO~A-OI.~*~I~-WMII ~ ~ ~ m n c u t o m r - ~ t ~ n m w ~ u n  ~ q a d . r , o r ~ . ~ a a r n  w m m  
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P081A0E: Mlnlmum shlwl and handllng In 1heU.S.. C.nmU, and M m l m  la $3.00 lorpmund shlp 
ments all othar cwn l r l a  Is%.50. Air r a t a  am available at the tlme 01 your order. All lwelpn ordsn 
please Include 25% o l  the ordered amount lor shlpplnp and handllnp C.0 D 's are shipped AIR 
ONLY 

PREPAID ORDERS: OIdsra must be nccomwnled by a check. 

PRICES: R I C a  am s u b l ~ t t o  change wlthoul notice. 

PURCHASE ORDERS: We accept purchass orders only t h y  am acMmpanlsd by a check. 
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CWDn CUDS We am mx -maw UASTERARD VISA. AND AMERICAN EXPRESS 

DATA w m  m h a r  .ma .n*s an s t o c ~  m d~ - ~ I I  m w  mm dm m omv 

RESTOCK CHARGES: I1 parts am mlurned to MHZ ELECTRONICS INC d w  l o  c v s t ~  enor the 
customer wlll be held responsible l w  all lees Incurred and wlli be c h a r m  a (5% REST&K 
CHARGE wllh the remainder In CREDIT ONLY The lollowlnp must accompany any return. A cop of 
OUI ~nvotce, return authorlzallon numbst whlch must be obtelndd rlw to shlpplnp Ihe mdrchand;se 
back Returns must be done wllhln 10 DAYS of recelpl of parcel leturn aulhorllatlon numbers can 
bB oblatned bv calllno 16021 2428916 w notllvlno us bv msl card Return aulhorlzatlonn wlll not be 

Orcwrav m.m. sn,pOd m urn u w  .n p~o.d * t h  n.8 ~ u o n r n  v * r e  r .n OM d swch m .n 
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ua 6.- np m re rw Ins .rwv c.4 tn our.* r a t  tow- Is sn mw on," 4 .or am .XZ?oZ;lLZPc'Z 
a-ang , ~ ~ m . %  n.el*cn ma* am am- 
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gwen out on our Wl ;umber 

SALES T M :  ARIZONA resldente mu81 .dd 0% sales t u .  unless a 81 
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sons In ~ 4 . 7 0 ~ ~  are subiec! to the 8 8  sales tax 

HOURS MoMarlhruFl(d..(82Q.m 1 ~ 1 t Q ~ m  S.I&W80.m 104tQpm SHOATAGE OR DAMAGE: All clalms lor shwtsges or damages muat bs Mde wlthln S DAYS of 
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II rou *1.h ID ham II s h l d  tnmUQl tM Mln them In S5m.l- mkh I* .bdlll-I 10 m IWWw bMl+w am4* number whlch can be oblalned by contactlnp us at (BOZ) 242a916 or ssndln a p a t  card Authorlza- 
. u ~ . T T ~  tlons canno1 be on WI 800 number All Items must be properly packed l ~ l t u n s  are not proparly 
~ ~ ~ ~ ~ w ~ n ! u r ~ r n l l l u o g n r m n * .  packed make ~ u r e  to conlsct the canler so that they can come oul and Inspat Ihe packags belwe 

11 8s returned to us Customers whlch do not notlly us within this Ilme period wlll be held responsible 
O(IMn Form NI om.v I- am lmlubd -4ln )au -l)Or).' (.Zm* 'I*'- lor lhfl enlre order as we will canslder the order complete 
- M I  

I PART& We m.r the r lm l  to W t I t u t e  or replac* any l t m  d t h  a pan01 equal cun?pS~rabI CUR 800 NYMOER tS STRICTLY FOR ORDERS ONLY (800) Y U 3 8 0  INFORMATON CALLS ARE 
speclflcatlon TAKEN ON (€42) 2420916 or (602) 2423037 

For information call: (602) 242-3037 
A l l  p a r t s  may b e  new  or 

S U ~ P I U S  a n d  p a r t s  m a y  b e  Toll FW Number electroq~ctlcp substituted W I ~  comparable pans  

2111 W. CAMELBACK ROAD 11 we are out of stock of an I tem 
800.528-01 80 

PHOENIX, ARIZONA 05015 1 (For orden only) 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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\ WAS $39.95 retail 
\ NOW $9.95 

SAVE 75% off the 
' regular retail price 

SUPER deal with the publisher allows us to drop the price of the Bill 
Orr RADIO HANDBOOK to the low, low price of just $9.95! 

RADIO HANDBOOK by Wisam On; WGSAI 
Some selected subjects covered include: 
Electronic Fundamentals FM and Repeaters 
Semiconductor Devices RFI 
Vacuum Tube Principles Equipment Design 
Special Microwave Tubes Transmitter Keying and Control 
Radio Frequency Power Amplifiers Power Supplies 
SSB Transmission and Reception Radiation and Propagation 
Amplification of RF Energy The Transmission Line 
Frequency Synthesis Antenna Matching Systems 

HF General Purpose Antennas 
Fixed Directive Arrays 
Rotary Beam Antennas 
VHF & UHF Antennas 
Test Equipment 
The Oscilloscope 
Construction Practices 
Electronics Math and Calculations 

This book certainly is one of the finest reference sources available today. The 
22nd edition reflects the very latest in state-of-the-art techniques in a compre- 
hensive single source reference book. Invaluable for hams, electronics techni- 
cians, design engineers, and hobbyists alike. Over 1,000 pages of information 
found in earlier editions plus more on antennas, amplifiers, theory, and semi- 
conductors to name just a few of the updated sections. The Radio Handbook is 
chock-full of practical, tested projects that run from high powered RF amplifiers 
and state-of-the-art equipment to "Weekender" type projects to upgrade overall 
station performance. This book will be of interest to all levels of electronic ex- 
pertise. At this special price, you can't afford to pass up a value like this. Order 
yours today. 1 136 pages. 0 1  981. 22nd edition. 
021874 Hardbound Limited quantities are available. Order now. $9.95 

Please add $3.00 to cover shipping & handling. 
This is the very latest edition. No new edition is about to be issued. This is not a close out. 

ham 
~ ~ ~ ~ o - ~ ~ ~ ~ ~ B O O K S T O R E  
GREENVILLE, NH 03048 (603) 878-1 441 
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I . 20 MHz DUAL TRACE OSCILLOSCOPE 45 MHz DUAL SWEEP OSCILLOSCOPE 
Unsurpassed quallly at an unwatable prce. the Rsmsey osc~llowope TM &my 525 1% dual I,- uora d * m v a r  5 - a p  "rill tn* tnc>wl#r n eulo m rignai 

compares lo others costing hundreds more Fealures ~nctude a com $3gggS* M a ,  *w 10 mrmc! cl..! mnng nurw "err smn .,u ~'maol nl+ r r a u s n c ~  rsr- 

pononl lestrng cvcult l w  leslstor. capamlor. dtgllal ctrcutl and d lMe lorm. onsr In.,",.. lncluM "..L.M. ,r- m". m c.IIPlr.,so " r p  ,,m ..- 
,,om 0 S Yon 1% 0 2 "SlOl" . fuil" XII"IY*. rrPCp flm . X S  r w w  .nryn,lcll",n . l." $79995* 

IeSlkng TV vldpl sync llller . wnde bendwldth R hlgh senslllvlty . 8"- 
lernal grellcule lronl panel trace rotalor . Z al ls . h q h  wrnslltvlly IT- a u r r a  C l l l  CH2 LINt t *,anal an6 INirnd IV -l ltonl iun* I y 

X-y m e  . r utaled powr supply butll-4" caltbrala rock solid 
tnn z ..tr lnpll. urn dl*snr" ol CHI am 1.H2 w r r s f a v  61w.m ar ** l r r s  

Irl(lger8ng ' L ~ A  - add $10 W per unlt la poslage, ovsrsear o r d m  
S- M 1- ~uqp . !  - ado I-". . =,n-s- 'USA - m sfo m O, 

add 1 5 2  01 lolal order lor mured  %"dace mall 
vnll lol p l 5 l . g  a r m s  0 r d . l .  W 154a ol W.1 ada lor #-re4 r v l l r r  mall 

RAMSEY 0-1 100 
M M  MULTITESTER 
r ~ ~ ( I # ~ , . I C I  , d r i l l  rt.18abl6 .tvs#qned l o  
~ c . 1 ~ 1 1  P a wtdp v i l r~ r i y  ol  rqiitpmenl 
FP.IIIIIPS I ~ C I L J ~ P  . mtlrol back 
Scnlr. double- lew~led prPClllOn 
movlnq cot1 . double OVP~IOR~ pro. 
l e ~ t # o r l  . an deal low cosl llnol lor 
Ihs beginner or as a spare back-up 
""ll 

NEW RAMSEY 1200 
M M  MULTITESTER 

decibel scale. 70K voll mpler~ng 
rystPm . 3 " mtrrored SCIIIP . 
polarity rw8lrh . 70 mensurfng 
ranqes salety probes . htqh 
m m c t  DIBSIIC CBSP 

RAMSEY D-3100 
DIGITAL MULTIMETER 
P I *  banlc. accur.8ir. i l # q ~ l ~ l  mRR-  
sxrrt.inents al  ,nr> ami#,nqly low 
' 0 5 1  tn lhne color ~0dq.d pllrh 
birllona speeds rnnqP srlectlon 

abs plasttc 1~11 stand . recessad 
mpul lacis . overlond prolocllon 
on all ranqes 3 ,  dnqll LCD dls- 
play w t n  aulo zero, nulo polar~ty 
R low BAT mdtcalar 

$4995 l"ll"d'"d 
benmry included 

CT-7D 7 DlGlT 525 MHz 
COUNTER 
Lan s,,,~i,ly '11 .a breakthrough prlce Features 

i Ir,.a~utmcy rangeseach wlth pre amp dual 
s ~ l t - r l ~ ~ t ~ l t ~  gale ltmes . gate acltrl ly tndlcalor . !,Umv i,,l 13U MHZ typlcal sensltlvlly v lde 
I r e ~ t ~ ~ n c y  ~r l r lqe % ppm accuracy 

$1 1 995 ;IC3'd1b"Idw 
CT-:O k ~ l  . . . . . . . . . . . . .  SW.85 

. . . . . . . . . . . . . . . . . . . .  BP-4 nlcad pack. 8.95 

DM-700 DIGITAL MULTIMETER 
F'r,,ir~ssto,~,~l QU,%I,[+ , ~ t  ,$ hot,hy~,,l p r1< f .  fea. 
1~r.5 8nclutl~ l h  dIll,rl.ol rsnqw nnrf '? lunc- 
!tons . :I dlq,! ~ r l c l i  LEP cl8>play auto- 
mallc decimal placemPnl . alilomatlr. polarlty 

$1 1 995 :::3'dlgI:"p., 
DM-IW krl . . . . . . . . . . . .  SBB.85 

. . . . . . . . . . . . . . . . .  4.95 

CT-90 9 DlGlT 600 MHz 
COUNTER 
TI,.. !I,,,,,! w r .  .. llole lor  less lhan UW Fealurtn 3 
~ ~ I ~ r l . t h l ~  4,111. ltmes 9 dlgmts gale lndocalor . rl#spl,8y h t ~ l d  . 25mV (a 150 MHz typlcal sen- 
IN*Y\IY . IU MHZ IlmeDase lor WWV calobralton 

I ppm accuracy 

$1 4995 ; " z g l e -  
CT-90 i l l  . . . . . . . . . . . . . . . . .  SlZe.85 
OV-1 0 1 PPM oven tunebase.. . . . . . . . .  .59.95 
BP-4 nlcad pack..  . . . . . . . . . . . . . . . . . . . . . .  8.95 

PS-2 AUDIO MULTIPLIER 
The Ps-7 ,-, h,trlrly lor t,,rln r e s t , l u . ~ ~  nudl0 
resolul~on rne.~s#~rrmPnlp mt~l I8pl~v.  lJP 4" Ire- 
quency . qrl..ll lor PL llme n#easurc.montr) 

mulltpl~e% hy I0  or 1Ml . 0 01 H, rerolul#on 6 
bu8lt-tn signal prmmp/~ondtl8onrr 

$4995 ,, 
PS..' k c ,  . . . . . . . . . . . . . . . . . . . . . .  sa.es 

CT-125 9 DlGlT 1.2 GHz 
COUNTER 
A 'I d1q81 cuiirller lhat wlll Oulperlorm unlls cosl- 
onq nur>drr,d\ more gale lndocalor 24mV O 
I50 MHz lyplcal senliltlvnly 9 dlqlt display 

1 ppm accuracy dtsplay hold . dual ~ n p u t ~  
~ 4 t h  preamps 

PR-2 COUNTER PREAMP 
Thr PR-2 $7 (deal lor mearurinq weak s1gna15 
lrom 10 to 1 OOU MHz . llat 15 db qann BNC 
COnneClOrs . great lor sh8lltnq A F  . )deal 
receaverlTV preamp 

54495 ,"Ed$:- 
PR 2 k ~ t  . . . . . . . . . . . . . . . . . .  $34.85 

CT-50 8 DIGIT 600 MHz 
COUNTER 
A r+.r~,.~~mlcv .,!I benchcounter wtlh opl~onal  
IPC( .~V~.  I~POIIP~C~ adapter, whlch turns !he CT- 
50 ~nlr ,  .t d~gi la l  readoul lor  mosl any recelvsr 
35 mV $2, I50 MHz typtcal sensltovtty . 8 dtgil 

display 1 npm accuracy 

$1 6995 ,, 
CT-50 k t  .................. $139.% 
RA-I r~cetver adapler k l l . .  . . . . . . . . . . . . . .  14.95 

PS-1 B 600 MHz PRESCALER 
Extends Ihr r arqe ol  your pir,hrnt r ocrn1r.r 10 
6W MHz 7 ~ l d q e  pr?amp . rlhvldc. hv 10 rlr- 
cullry . sens#t$vily 25mV (a, I',O MHz HNC 
conneclors . rlrlves any cotrnirr 
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products 

the Century 22 
Ten-Tec has announced the return of the Ten- 

Tec Century transceiver. The Century 22 is a 
50-wan, &band CW transceiver that features a 
variable audio filter, automatic gain control, an 
SWR bridge, automatic level control, and an 
electronically switched "S" meter. 

The Century 22 measures 4 x 10 x 10.5 in- 
ches 125 x 101 x 29 cm), weighs 6 pounds (2.7 
kg), and is priced at $389. 

For information, contact Ten-Tec. Inc., 
Sevierville, Tennessee 37862. 

7-band scanning radio 
Heath Company has introduced the only kit- 

built scanner to cover aircraft, marine and public 
service bands, all in one unit. The GR-740 
40-Channel Scanning Radio covers all seven 
UHFlVHF radio bands, scans 40 user-selected 
frequencies and provides direct access to any 
frequency in the seven bands. 

The 24-key keyboard is divided into program 
and operate sections for simplified operation. 
Forty different channels (frequencies) are easi- 
ly programmed into the two 20-channel memow 
banks. Either bank can be scanned at five or 15 
channels per second; the GR-740's search can 
be programmed or changed at the touch of a 
bunon. A priority channel can be sampled every 
two seconds, with interruption when a signal is 
detected. 

Patented track tuning permits receiving fre- 
quencies across the full band without ad- 
justments; circuitry is automatically aligned to 
each monitored frequency. A large digital, front- 
panel display shows the channels and features 
selected. All circuit boards are factory-assembled 
and pre-aligned to ensure that even the first-time 
kit builder can build and operate one of the 
world's best scanning radios, with a minimum 
of time and at a substantial savings. 

For more information about the GR-740 
40-Channel Scanning Radio, contact Heath 
Company, Dept. 150-315, Benton Harbor. 
Michigan 49022. 

Circle lJOl on Reader Sewice Card. 

TAPR packet radio 
controller 

Advanced Electronic Applications, Inc. has an- 
nounced the introduction of the Model PKT-1, 
packet radio controller, through an arrangement 
with Tucson Amateur Packet Radio, Inc. 
(TAPR), Tucson, Arizona. While the end user 
price is $589.95, Amateur Radio operators can 
take advantage of a discounted price of $499.95 
through participating AEA dealers. 

The PKT-1 is a packaged and warranted ver- 
sion of the well-known do-it-yourself TAPR kit 
board with version 3.1 software. The purchase 
price includes application assistance and a year's 
conditional warranty. 

Packet Radio is a burst mode of data or text 
transmission utilizing AFSK, FSK, or PSK 
modulation. On VHF it runs at 1200 Baud typical- 
ly and uses CRC error checking, ensuring an ex- 
tremely low error rate. Multiple users may share 
a simplex or duplex channel simultaneously on 
a timeshare multiplexed basis. 

a E~ ODER:: KIT 
. .  . .  . ' .  . / I  -... 

DTMF Receiver Kit  Cornplptr DTMr 
F?ect.~vrr [SS I TrJ1) 
R e c r t v ~  all 16 ?tan 1 .KLC,L:~:,:E,-. 
nepdprl * ' O ~ t ~ ~ 1 r t t h ~ r h r . x  or 
RCD fnrrnat 

CMOS low power 129rna @ 12 V D C J 
Excellent speech Immunity 
Includes3 58Mhz crystal 22 pun I C sock~.t., rnslstor 
and capacalors da la  sheet. schernatncs 
"D~g l t  Valnd' d~tectnon, DV"gors high af ter  a valid 
tone paw I S  sensed 
Mnkpvnurown 'SELLCALL" rPoeaterdncoder el(: 

p l m m m l l l l l q  

I FREECATALOG! I 
I Features Hard-to-Find Tools [ 
w and Test Equipment I 

I Jensei's new catalog features hard-to- 

I find precis~on tools, tool kits, tool cases 
I 

and test equipment used by ham radio I 
operators, hobbyists, sc~entists. en- fl I gmeers. laboratories and government I agencies. Call or write for your tree copy ) 
.,.A,.., 1uuay. ' JENSENl 7815 S. 46th Street 

I 
Phoenix. AZ 85040 1 I TOOLS INC. (602) 968-6231 - 

Any packet station using the PKT-1 may 
operate as a store-and-forward repeater 
(Digipeater) for someone else's transmission 
while concurrently functioning as a regular 
packet station. Up to 8 Digipeating stations may 
be used between two terminal stations. 
Digipeating allows routing the transmission path 
around obstacles blocking a line-of-sight 
radio path and allows extending the link beyond 
line-of-sight distances. 

For detailed information, contact Advanced 
Electronic Applications, Inc., P.O. Box C2160, 
Lynnwood, Washington 98036-0918 

Circle IJI1 on Reader Sewice Card. 
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COMMODORE 
-USER WRI'ITES SOFIIIIARE- 

Supporting all COMMODORE computars 
Wronsn by users, for users 

+ GAMES * UTILITIES EDUCATIONAL * 
VIC eem 

Vlc 2 0  c u l l r ~  tlorrr U 1 thru 1 1  
5 0  + programs per collect~on-Tape/D~rkS10.00each 

COMMODORE 64" 
64 col lecl~r ,ns * 1 lhru 1 1  

2 5  + programs per co l l ~c~~on -Tape lD l sk f  10.00 each 
PE*Ia'/CRMw sottwmra Avmilmbl. 

Other products ava~labla arm 

P.D.I. PROGRAM MANUAL - $6.00 
Each Vic 20 and Commodore 64 pogram will hwm 
instructions operation. use. commands and 0th.r 
information to make using it as aasy as possibla. 

DINSEI*': R-t Switch 
SERIAL CARLES 

UW;I,t'm" Operat~on Status Indimtot ------------------------ 
Pric8m include U.S. shipping and handling onh. 

CHECK MONEYOROERS. V I S A d M A S E R C A R D  
acceptad NO C 0 0 ' s  

Wrtte For A Free Flyer Or Send 60C In Coan Or Stamps 
For A Complete Celalog 

'PUBLIC DOMAIW", INC 
Y204 

5025 S. Rangp l~ne  Rri W Mlllon. OH 45383 
10:W a m - 5 00 p rn EST - Mon rhru Frl. 

(5131 698.5638 or (5131 339-1725 



I 
- .  -. . - - - . . 

W. Slocr AEA ARRL, Alpk.. A m .  A n t m a  S p c m l ~ s l s .  Aslatic. 
Ast-on B 8 K B b I 8a.n. Bench.#. Bird. Bult.mu1. CDE. CES. Collins. 
C o m m ~ n ~ ~ . l ~ o n s  Sow Cmnect~. .  C0r~c1.11 Cubs  1Sw.n) Culhcrall 1 I 

" A a u l  Sm H m b l m  Empanol" Dmra.  Oentron. 680m.x. Owhe, El0 [Alpha). Etmac. Eneomm. Hell 
, , , ...., zIndd, Hrcx Husllsr ( N . r r l r ~ ~ c s l .  Hy Gain Icom. KLM Kwnlroncr. 

N / i l , . ~ l .  l l i i F i t h i i ~ ' ~ ~ 1 * < 1 ~ ,  ' 1  1 5 1  I ?  ' 6 7 C  .,,,. ". (.U w I .  IDnnwa). MFJ J W  Ml l ls t  MtntProducIs. Mirape. 
r r  8 . .  . i i A ( > t  , ,.,I . C * r  c ,,, u,,l I ,  EOVIPUFNT :,* ,,,, 51r,,,rr.,l N s r l r m k r  N*. Vfkb-. Palmor .  RF Pmducls. Radio Amslsvr Callboo*. 
MI I t " " ,  S l O 1 ,  A M  I.,' P F u ,.,, ,,,,, ,, ,,,, Robol. Rahrra l l  Coll8nl. Saxlon. Shwa. Swan. l s l a l .  Tempo. Tan Tee. 
I n , , ,  1 1  1 1 , ,  " P U  , , , , ,  , Tokyo HI Power. Trkonyx TUBES. W2AU Ham,, W ~ l r m .  Yasru nam and 

, r , r r  ,,." .I P U  P.n,ng, n,rr.. c,.,, ~ ~ t ~ ~ . .  Cm-rcl.l R*dlol. V-. Vabro(lle-. Cunls. 118 E l  W=om Duplarer*. .,, ,, ,,,,,,, ,,,,,.,, Repealerr Phalpr w. Fanon Intnrcanr Scennerr. CcysI.11 .R.dlo 

AUTHORIZED D lSTS  M C K A Y  D Y M E K  F O R  "'""""' Pub1'c'tion5 
SHORTWAVE IRTlLEX A N T E N N A S  "Swing St. h 51.I1on RECEIVERS WE NOW STOCK COMMERCIAL COYMUNICATIONSSYSTEMS 

DEALERINUUIRIES INVITED PnONE IN VOUROADEU h BE REIMBURSED 
s"bl.*.: 0.1 ..P,I.c. S! s1.1,on.. 

IND."F; Trl#n.Bwy SI.llon" 
COIN.I)CIAL RADIO# - 1 . okd  " n r l o d  011 sr.ml.". 

Bus: Broadway R6 t o  S p r l n g  S I  
Amatour Radlo & Computsr Coursss Olvon On Our Pnmlsos, Call 

ram-nn strtn r- st.t(rn -- 

L ~ p e r l  O r d e r s  S h l p p e d  I m n u d l a 1 e l v .  T I L L X  (2 .7010 
- - - -  -- - - 

uop ler 
~indlng 

+ VHF and 
P,...,,.,.,. 

+ RS232C I 
l nterface 

UHF 
n 

Computer 
! 

PPLER $ 

& 

R synrnes~zed Voice : NO necelver moos 
Direction * 

* 
: Digital an1 
Circular 0 

: 90 Day W; 

New Technorogy (patent pending) converts any VHF or UHF FM receiver Into 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 detection. Call or write for full details and prices. 

IS, INC. 5540 E. Charter Oak, (607) 998-1151 
Scottsdale, AZ 85254 

:Mobile or 

: 12 VDC 01 

+ 

Fixed 

)eration 

arranty 
. . 
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C-64 V-20 T-1000 
SATELLITE TRACKING PROC. 

TIMEX 1 ZX - I6K 
Vic-~asic $19.95 

Also Avail. w/RS & STS 

AUTOTRAK ROTOR 
CONTROLLER 

Automat ic  Antenna Tracker 
NOW Available $149.95 

SASE for full details 

1296 & PHASE 111 
MAKl UTV 1200 - 549995 
MAKl20W AMP - $43Oo0 

SPOCCRUMrn 
5717 N E  56th, SEATTLE, W A  98105 

206-641-7461 , 218 
L 

OUADS - TOWERS - OUADS - TOWERS -0UADS - 
I UNDER NEW MANAGEMENT s D 2 DO YOU WANT THE STRAIGHT P 
3 
a INFO ON QUADS? I 
I 

lnfo on vert~@ls. dipoles, rn~n~-qua@s, 2 ! Yag~s. ~nclud~ng tornparatre performances? 
Wlthout pulling any pwlches. ' Our references are ANY AWATEUR WHO I 

I 
In USES A SKYLANE QUAD F! D 2 Our p r l c e s  ard sr t h a n  any comparable ; 
3 Ect o r  t o w e r  
0 lnfo on qu&'half a buck, and ~nfo on$BOTH !, 
I towerskd quads tor a buok Charge due to 0 
$ ~ncrdased cost of postage and prlntlng 

ln 

SKYLANE PRO~UCTS I 
I 

In 
359 Glenwwd Avenue 2 D 

0 Satell~te Beach. FL 32937 o 
4 ln 
3 
0 

(305) 773-1342 I 

- savno - S Y ~ O I  - savno - w3nol-  savno 
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AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO. IL 60618 

31 2-975- 1290 

ELECTRONIC COMPONENTS 6 SUPPLIES 
R F  C O N N E C T O R S  IDC C O N N E C T O R S  

UG C O N N E C T O R S  D - S U B M I N I A T U R E  

A U D I O  C O N N E C T O R S  T E S T  E O l J l P  

L I N E A R  IC S T R A N S I S T O R S  

D I G I T A L  lC S DIODES 
T R A N S F O R M E R S  T R I M  CAPS 

M E T E R S  R E L A Y S  

C O M P l J T E R  C A B L E S  S W I T C H E S  

D I S K E T T E S  T O O L S  

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 , 121 



N R O  cable 
Nemal Electronics International of North 

Miami, Florida, has introduced a new addition 
to its line of direct burial combination cable for 
use in TVRO installations. Nemal type-4 satellite 
control cable is the first combination cable 
available to the satellite industry containing an 
RG-6/U, 18 gauge, 95 percent copper shielded 
signalcable. SCC-4 also contains two conduc- 
tors of 12 gauge, three conductors of 18 gauge, 
three conductors of 20 gauge shielded plus drain 
wire, and three conductors of 22 gauge shielded 
plus drain wire. 

All Nemal satellite control cables utilize a 
patented direct-burial polyethylene jacket as well 
as tinned copper drain wires. Nemal also offers 
a complete line of over 500 types of cable, con- 
nectors, and SMATV products. 

For additional information, contact Nemal 
Electronics International, Inc., 12240 N.E. 14th 
Avenue, North Miami, Florida 33161. 

Circle 1303 on Reader Service Card. 

outdoor scanner antenna 
Hamtronics, Inc. has announced a new anten- 

na for scanner and monitor buffs. The compact 
ACT-1 Power Antenna, which may be installed 
easily on the side of a house, outside a window, 
in an attic, etc., without any special masts or 
brackets, is a broadband whip antenna with a 
low-noise preamplifier in its base. Although 
smaller than a full-size outdoor antenna (only 25 
inches tall), the ACT-1 provides good coverage 
of distant signals and often outperforms larger 
antennas because of its active booster amplifier. 
A low-noise microwave transistor in the preamp 
provides excellent results from 30 MHz right up 
through the new 800-MHz band, and covers low- 
band, high-band, and UHF. 

The ACT-1 Power Antenna is mounted to any 
flat vertical surface with four wood screws. The 
50-foot cable plugs directly into the "antenna" 
and "12V" jacks on the rear of most scanner 
radios. If your particular scanner doesn't have 

I 

IS... 

hoi le~l ~tclwn, one rises to the top, CI:NTC:RION. 
Resi~les hav~ng the ;~dv;~nt;lgc o t  pe;~k pertc>rm;~nce ;~ncl reli;~hle qu;~ l~ty  
;lssur;lnce manilgenient h:~cke~l hv the most sophistic;~te~l RF testing 
equipment. Centurion cives vou the qu;~lirv vist~:~l appe;lr;\ncr $0 ~mpc~rt;lnr 
in the sale c>t your rildio. 

Centurion i s  the most pc>pul;~r originnl equlpnient antennil ;Inlung 1e;l~ling 
m;tn~lt;~cturers o t  h;ln~l-held n~dios. ; ~ n ~ l  viariety o i  swles i\ ;~nc>thcr rr;lson. 

C:enturion h:is rre:lrrd manv Llitierent ~ lode ls  with nine sr;~n~l;~rLi stvles to 
C~LNISC trom, inclu~ling 1/4 w;l\.e models J c ~ i ~ n e ~ l  tor high ;tnLl Ic>w h;lnci 
VHF and UHF. l i Z  w;lve g;lln moclels tor UHF ; ln~ i  518 w;l\,e relescop~ng 
modelz tor VHF. Fe;ltilred In the st;~nd;~r~l line ;Ire niin~;~t[rre nlcv~lcl tor 
UHF ;lnd VHF ;lnd pagers. Twentv-five ditterent cirnnectors ;Ire now 
;cvatl.lhle. .And in the event the connector you neeci h;~s nor vet hern 
invented, Cen t~~r ion  will ~iesign ; ~ n ~ i  ni;ln~~t;~ctllrc ~t to meet vour 
specitic.lticrns. 

Everv ;lntenn;i is h~crcrty-tc~nc~l. Fielcl-tcrn:thlr models ;arc ;~lscj ,~\.;til;~hlr. 
When you want the hrst looking, hest pcrtorni~ng ;tntenn:l tc>r vour r;t~i~t>s, 
it's DUCK SOUP when vou speciti Centurion. 

V WAC CENTURION w't) !:\ 4 i b 3  

DESIGN ENGINEERS 
CONSIDER OPPORTUNITIES IN  THE SOUTHWEST 

A rapidly expanding general aviation electronics manufacturer is seeking action- 
oriented, advancement-motivated engineers who are challenged by the exciting field 
of avionics. 

Candidates with a BSEE and 2-5 years experience are sought for the design and 
development of aviation communication and navigation products. Successful appli- 
cants will be provided with an outstanding benefit package including educational 
assistance, profit-sharing and paid relocation. 

Whether on the mountain slopes or on the courts and courses in the city, Albuquer- 
queans enjoy outdoor sports and recreation throughout the year. 

We are a dynamic, growing Corporation . . . 
CONSIDER THE OPPORTUNlTIE.5 

Send resume to: 
Vice President, Engineering 
Terra Corporation I 
3520 Pan American Freeway N.E. 
Albuquerque, N.M. 87107 1 
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Digital vs Analog 
Battle Is Over 

The Winner Fluke 
New Fluke 70 Series combining 
digital & analog displays at 
low cost 

1 Fluke 73 Fluke 75 Fluke 77 

I -1 Invited I Dealer Inquiries 

Professional Receiver 
PLL-Synthesized AMlSSB 
99 Memories - AM PL DET. 

Hi tech from Europe 
never before available a 
receiver with so much 
Price range $800-$1500 
Delivery Dec. 1984 
Free S WL Catalog 
Dealer inauiries invited 

L BiRn Electronics 
East Coast's 
#1 Distributor 

a Complete Line 
Available 

Call far quotes on all your 
Bird needs Dealer inquiries invited 

Electronic 
Equipment Bank 

Vienna, VA 22180 , 149 

ENOINEEIIINO CONSULTINO 
INTROOUCES 

'REMOTE A PAD*' 
MODEL RAP-1 

2 FOUR DIGIT DTMF 
DECODERS PLUS 16DlGlT 

KEYPAO CONTROL 

TUNE THE WORLD FROM 
R HANOHELOVHF/UHFRAOIO 

. 11I1 I,,., on,., ..I., I,,.. r e . ,  .IIII.. "..., ..,<lrn"i I.,." is,... 

Model RAP-? . ~ , ~ ? ~ , ' ; e $ ~  ~ ~ ~ , ' ~ ~ ~ ~ ~ F ~ ' ~ ~ , ~ ; ~ , ! ~ ~ , q , ~ ~ ~ ' ~ : , , ' t ' ~ , ' , ,  ,,,,,,<,, ,,",, 
S149.95 . :,?r:;;7::,;;';:";:?::,1- ,,,jm.,, %-,, ~ ~ . c , , c , , ~  I 

. . 
..I t " .  I , , . ,  . . . , I , ,  1 ".....,#.. I 1 . , . , 1 ,  I 0 . 1  *." ." m S."t.ol 

,nlr>rt,,r" board . ".. ' , , . >  I . '  ' ..,., , .... * 8 ,  ,,....,,...r,,,,,..,,., I , , $ .  

and DTMF . ',,'::':';,!, .I, ;'.'',; ;:,'';;, :?,  .,,,,,, ,,.,,,,. 

. . ) , .  . .'. , . . . . . .  .. ., ..... . . "... ,. .. *,. * I., I. 

I 

~0d.1 ne i $19.95 

PRETUNED- ASSEMBLED @ FOR ALL MAKES AM 
ONLY ONE NEAT SMALL  ATEUR TRANSCEIVERS 
ANTENNA FOR ALL BA-  4 GUARANTEED FOR ZOO( 
NDS! EXCELLENT FOR WATTS SSB INPUT FOI 
APARTMENTS! IM-  
PROVED DESIGN l 

NOVICE AND ALL CLAS! 
AMATEURS' 

I COMPLETE ~ n h  g o  n. RGSEIU-52 te_. an4 
P L 2 5 9  connector. lnsulator8. 3011. 3 0 0  Ib, test dmcron en, 
su~~o r t s .  canter csnnsctor vnh buln In llahmlng mnestsr ant 

I static discharge. LowSWR over .I1 bands-Tm&s u*u.Hy NOl 
NEEDED1 Can be used as Inreued V's - SloDers - In a t tk r .  o# 
butldtno tw. or nmnowlou. The ONLY ANTENNA YOU WlLl 
EVERNEED FOR ALL BANDS1 NOBALUNS NEEDED1 

I 80-40-20-15-10 - - 2 VW - 104 It. -Model 99BBUC . $99.9? 
40-20-15-10 -- 2 VW -- 5 4  I t .  -Model 1001BUC.. 100.9! 
20-15-10metar.- 2 tram- 2 6 f t .  - Model 1007BUC. .LD7.9! 

SEND FULL PRICE FOR POSTPAID INSURED DEL. IN USA 
(Canad. la $5.00 eltr. for Dort.00 - cler8c.l- custom em) on 
order uahg VISA - MASTER CARD - AMER. EXPRESS 
Glrc number and ex. date. Ph 1-308-236-5333 9AM - 6PN 
r e e k  dov*. We shb h 2-3a.y.. ALL PRICES MAY INCREASI 
SAVE - ORDER NOW1 All antennas waranteed la 1 ye- 
10 a.). money back trvl  H rstwned on new conanan' Made tr 

I USA. FREE INFO. AVAILABLE ON1 Y FROM --- 
WESTERN ELECTRONICS 

232 

Ksamcy. Nsbr-(la. 68847  

BALUNS 
Get  POWER t o  your  an tenna1  Our  Ba luns  are 

a l ready w o u n d  a n d  ready l o r  ~ n s t a l l a t t o n  I n  your  
t r ansma tch  o r  y o u  m a y  enc lose  t h e m  I n  a 
wea the rp roo l  box a n d  connec t  t h e m  d ~ r e c t l y  a t  
t h e  an tenna  They a r e d e s ~ g n e d  f o r  3.30 M H z  o p -  
e ra t l on  (See ARRL Handbook  p a g e s  19.9 o r  
6.20 fo r  const ructbon de ta l l s  ) 

I '  
Please send a l l  reader lnqutr les dlrect ly 

1 ,  THE WORLD OF 
HAM-N! 

Hams should be "seen" 
as well as heard! Thou- 
sands of ATV operators 
across the country are 
sendlng great looking color 
N pictures (wlth sound) to 
each other. FSTV-DX can go 
hundreds of miles. There 
are now over 80 Ham Televi- 
slon "Repeaters" relaying 
these vldeo slgnals over 
rough terraln. 

Ham Radio UHF-TV Is as 
simple as hooklng up a 2 
meter rig and antenna. Our 
"Everything You Always 
Wanted To Know About 
ATV" 112-page manual will 
teach you how to do it 
($9.95). , 120 

Under the guldance of the "United 
States ATV Society," Amateur TV 
(FSTV-SSTV-FAX) Is growing In activl- 
ty. And, we've been promoting It now 
for over 18 years! 

Sample Issue - Just $2.50 ppd. 

Special Trial Subscrlptlon - $10.00. 

(Puhlirhcd Monthly) 

A5 A'l"V Magazine 
P.O. B o x  H. 

Lowden, Iowa 
52255 

.. .- . i A Division of 
QCD Puhl~~attons. Inc. 

\ -  
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a 12V terminal, a simple 12 VDC plug-in adapter 
is available. 

The price of the ACT-1 Power Antenna is only 
$79 plus $3 for shipping and handling. 

For more information, contact Hamtronics, 
Inc., 65 Moul Road, Hilton, New York 
14468-9535. 

Circle CJOS on Reader Service Card. 

R r r Y  interface 
HAL Communications R W  Personal Com- 

puter Interface, PCI-2000, is a real R l T Y  rnodu- 
lator/demodulator, not a "computer cornpro- 
mise." All three shifts (1704258503 transmit and 
receive. The full "103 type" modem for up to 
300 baud may be set for either FDX (answer or 
originate) or HDX (either set on tones). The "202 

type" modern may be used HDX up to 1200 
baud, and may be jumper-selected for either 
"COM1" or "COM2" operation. Compatible with 
existing PC communications software (external 
DAA required for phone line connections, the 
PCI-2000 offer the multimode features of the 
CT2100 and CT2200 plus companion software 
that includes features such as split screen, TX 
and RX buffers, HERE IS storage, and disk 
message storage and retrieval. Of course, all 
PCI-2000 modes are set with the Personal Com- 
puter's FN keys. , 

For further information, contact HAL Corn- 
munications Corporation, P.O. Box s, Urbana, 
Illinois 61801. 

Circle tXQ on Reader Service Card. 

150-MHz mini-catalog 
Sinclair Radio Laboratories has issued a new 

mini-catalog describing its line of 150-MHz pro- 
ducts, which includes base station antennas, 
transmitter combiners, duplexers, receiver 
multicouplers and ferrite isolators. 

Featured in this line-up is the Q-Circuit Base 
Station Duplexer, Model Q-201G. a six-cavity 
unit that provides high attenuation at close fre- 
quency separations in the 132-174 MHz band. 
Its Q-Circuit design provides 100 dB isolation at 
300 kHz spacing with 50 dB mid-band isolation. 

For a copy, contact Sinclair Radio Labora- 
tories, 122 Rayette Road, Concord, Ontario, 
Canada L4K 2G3. 

Circle on Reader Service Card. 

Made in the U.S.A. And it's priced right. 

The Ten-Tec 2591 offers 
everything you've ever 
wanted in a 2-meter 

+ Memory Lockout permits the scanner to 
temporarily bypass channels for quick 
lockout of busy frequencies, yet retain them 
i n  memory for normal operation on demand 

10 Memories with stored offset. Channel 0 
accepts any non-standard offset Modifiable 
Band Scan without complete 
reprogramming. Scan any section of the 
band within user defined upper and lower 
l imits i n  steps of 5, 10, 15. 25, or 30 kHz.. 
Change step size, upper and lower l imits 
independently. Manual Scan also up or 
down, i n  5 kHz steps Selectable Skip or 
Hold 2.5 Watts or .4 Watts * Covers 
143.5-148.995 MHz LCD Readout with 

uick-Release 450 m A H  
Back 16-Kej Dual Tone 

Encoder, built-in LED shows battery 
it mode Designed and 
ennessee. And it carries 

the famous TEN-TEC one year warranty. 
Put it to work for excellent 2 meter 

Free case with each Model 2591 - 

TEN-TEC ,mc. 
SEVIERVILLE. TENNESSEE 11862 

I' 
MATCH MOST ANTENNA-FEEDLINE 

COMBINATIONS TO YOUR RIG 
MATCHES: d~poles, ~nverted vees, beams quads. 
verticals, mobile wh~ps, random wire, etc. that are fed by 
coax, balanced line or single wire 

iR: 300 watts RF 
from front panel): 

-direct or thru tuner 
1 balun inc.) or sin~le wire 

ALSO IN STOCK 

COMPONENTS: Torolds. Rods 8 Beads. Resistors. 
Inductors. Caoacltors. Antenna Comoonents 8 Wlre 

Viewstar - Mod. VSBOOA 

Fully Assembled 
1984-85 CATALOG 506 

and Tested $89.95 Rlmmm 
Box 411H. Greenvllle. NH 03048 

(603) 878-1033, lelex 887697 I 
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IGo2Al' 2 METER HT 
and 

lGO4AT 440 MHz HT 
*Digital LCD Readout 010 Memories 
*Scanning *Offset Storage 
*Programmable PL Tones *Lithium Memory Backup 
*Optional 5W Battery 013.8VDC Operation! 
*S-Meter Function *Sealed Case 

S,A,S,E, NOW! FOR FREE TNT 
HOT SHEET OF USED (AND NEW) 
EQUIPMENT-NOVICE TO EXTRA 

with ' FREE 
CP-I 

MOBILE 
PWR/CHG 

CORD 

AEA 
KANTRONICS 
SANTEC 
KDK 
AZDEN 
NYE VIKING 
MFJ 

, TELEXHY-GAIN 
HUSTLER 
KLM 
ROHN 
HElL 
AMERITRON 

LARSEN 
BUTTERNUT 
BENCHER 

I VISAIMASTERCARD WRITE FOR OUR li-o;,] "BENCH-TESTED" MONDAY - SATURDAY 
DISCOUNT-CASH - *- 

USED EQUIPMENT LISTING 9 AM to 6 PM CENTRAL TlME I 

NOW'S THE TlME TO ORDER YOUR 1985 
Radio Amateur Callbooks 

U.S. CALLBOOK FOREIGN CALLBOOK 
All the latest calls addresses and olher important Informa- The only source of DX calls 
t~on Fully up-to-date and ed~ted to ensure accuracy (<)I984 updated and has helpful OSL 
LICB-US85 Softbound $25 UCB-F85 

1985 US and Foreign CALLBOOKS will be ready for shipping by early 
December. All orders received before Nov. 15, 1984 will be expedited direct 
from the printer. 

Order Both and SAVE even more 
Regular Price $45 
HAM RADIO 
PRE-PUBLICATION SPECIAL $39.95 rs~idiO 

, SAVE $5 -2- 

r /  162 
mn-BOOKSTORE I 

GREENVILLE, NH 03048 ) 
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Tie 
Tacks 

H a n d s o m e  14 k a r a t  
gold t ~ e  t a c k s  w ~ t h  y o u r  call. 

l n d i v ~ d u a l l y  h a n d w r o u g h t  
I n  w h l t e  o r  y e l l o w  gold 
w l t h  a s a t ~ n  f ~ n ~ s h  a n d  
a n t ~ q u e d  b a c k g r o u n d .  

W h e n  ordering p l e a s e  s p e c i f y  
w h i t e  o r  y e l l o w  g o l d  

l a r g e  o r  s m a l l  (shown actual sue) 
and c a r e f u l l y  p r i n t  y o u r  call. 

Smal l  541.00 Large $57.00 
Please add 53 00 l o  cove1 s h ~ p p ~ n g  and lnstlrance 

Send check or money order l o  

Robert S. Schurmann. KAPUXR 
5031 River Road.  Pennsauken. NJ 08110 

(609) 488-2266 
New Jersey Residents add 6% sales lax 

*/ 213 

R-T HV M a r k  I I  A 
aE3- 

CC L I .  
HT 

GET TRANSI-TRAPTM 
LIGHTNING PROTECTION 

Prntprr "our valuablfz t'ouinrrlent frrl!.~ antenna 

&lndyndsia-6c b"il<l up: ~ee~dha;mfu l  ; Z ~ C  ' 
energy off equlpmpnt by safely shuntlng ~t to 
ground. Uses tested, f~eld proven. and replaceable 
ARC-PLUGTM gas fllled ceramlc cartr~dqe. 
Model LT 200 watts Q 500 5 19.95 
Model HT 2kw @ 5011 524.95 
Ruggedized Super Low Loss (. ldB Q 500 MHz) 
Model R.T 200 watts @ 50R $29.95 
Model HV 2kw @ 500 532.95 
Spe your local dealer or order dtrect. PSe Include 52 
for sh~pplng and handling. MC and VISA accepted. 

I 
- - - . - . - - 

P.O. B o x  571. C e n t e r v i l l e ,  Ohlo 45459 
(513) 435-4772 , 108 1 

I THIS MONTH'S SMCIALS I 
CMOS MEYEA nn 
I )  3 I If h ' Y  ' I  ' I  IIA TFlI SELFCOMPLETING SMALL ENOUGH 
I 0  MOUN UN Kf YROARO $ 9 . 9 5  COMPLETE KIT 
$ 2 4 . 9 5  
AS-030 UN( MONITOA 
hf'IN1 IOR SEVEN STANOAHO UA TA LINES AND TWO 
U iJ i lONAL BOAR0 $ 9 . 9 5  COMPLETE ~ 1 6 1 9 . 9 5  
CRT BLAFIMA WT 
I'LIFVENTS I'HOSPHI H BURN - RESTORES SCREEN 
DATA WITH FIRST KEYSTROKE BOARD $ 9 . 9 5  COM- 
PLETE ~ l r S 1 9 . 9 5  
Dnw won Comol m 
S A V t S  W l A H  A N D  TEAH ON 8 INCH DRIVES NO LOST 
Dd I A  ON, Y I OUR CONNFCTIONS BOARD $ 1 fL95 
COMPLETE KIT $ 2 9 . 9 5  
COMMOOOAE m/64 AS-UP 
C O N V ~ R I S  VIL I r~ I EVELS 10 HS m ~ T A N D A R O S  
ROAHD $1 4.95 COMPLETE KIT $ 2 9 . 9 5  

MRNY MOM nm A V A I ~ B L E  
SFND Sf  i r i  t Oli NtbV 1 A m I O G  (HI I l iNDA t i lC  ON FIRST 
ORDER) NO. HI OUlHt 0 W l l H  OROFH', 

W Y I  MmA CMD OWKS C.O.D. 
DEALER INOUIRIES WELCOME ADD t3 ~SHIPPINGAWOHAN~~N~ 

ILL RES ADO 8'0 SALES TAX 

G i m b y t e  .,.=-."- 307: -,";t,O:=;S 
I '. tAIAWATHA AVE 
r , ~ l w , \ ~ > ~ , l , m 6  flla,.".L:z:::::::.,-" 

NEMAL ELECTRONICS INTL., INC. 

I *> GaAs FET ~ m p ,  18 d~ Gain 
1- 

Since our first ad in May '84 many of your 
VHFlUHF colleagues have successfully in- 
stalled this preamp. 

Low noise L .75 dB 
18 dB gain 
Dual gate GaAs F n  
N connectors 
Weatherproof m w t  mount 

EVV-2000 GaAs FET Preamp J +s5 shipping 
EVV-700 GaAs FET Preamp d 171 

I 
- .. . 

VV-Interface Bias Inserter $29.95 + $2.50 shipping 

INTERNATIONAL MEDIA SERVICE 
BOX 26 TEWKSBURY, MA 01876 
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Ham Radio's guide to help you find your loc I 
- 

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 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
81 9 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 

Connecticut 
I ) 

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. 

Hours M-F 9-5:30, Sat. 9-3 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
31 2-631 -51 81 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

Delaware I Indiana I 
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 

THE HAM SHACK 
808 NORTH MAlN STREET 
EVANSL ILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kentucky 
L 81 S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

Massachusetts 

NEW YORK 

ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY. NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for com~lete details. 

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 
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TEL-COM, INC. 
675 GREAT ROAD, RTE. 11 9 
LITTLETON, MA 01 460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

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. 



4ma teur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
1 1  12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird, Cushcraft. Beckman. 
Larsen. Hustler, Astron. Belden, 
Antenna Specialists, W2AUIW2VS, 
AEA, B&W. Amphenol. Saxton. J.W. 
MillerlDaiwa, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 , 

MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar. Microdave Modules. ARCOS, 
Astron, KLM. Tama. Tonna-F9FT. 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5130 
Sat 9-3 

IMPROVE YOUR 
SELECTIVITY 

schedule. Just remove the mailing label 
from th~s magazine and affix below. 
Then complete your new address (or any 
other correct~ons) in the space provided 
and we'll take care of the rest. 

ham 
Allow 4-6 weeks for 
correction. 

Maaazlne 
~reenvl lk. NH 03048 

Thanks for helping us to 
r- 

serve you better. 
- \  r - -  

L-1 

AFFIX 

LABEL 

HERE 

Instal l  Fox-Tango's top- 
quality Spole FL-44A 2.4KHz 
bandwidth 455KHz SSB filter. 
Guaranteed to equal or ex- 
ceed lcom specifications. 
( S h a p e  factor: 1.75) 

EASY DROP-IN INSTALLATION 
For Models: IC-720, IC-730, 

IC-740, and R-70. 
Complete instructions. 

Reg. lcom price . . . . . . . . $1 59 
Reg. Fox-Tango price . . .$I25 
Fox-Tango SALE PRICE . $100 

Limited Quantities - Order 
Today - Write or Phone. 
SHIPPING: $3, Air EI, 
COD add $1, Overseas $10 
FL Residents add --- 

ver a?( - complete reaay to use 10 GHz fm J rnw power our- 
~ u t  * Tv~ ica l  freauencv coveraqe 10.23510.295 GHz w turr duplex operation 
'a Internal ~unnplexer  for portabe operation Gunnplexer removable for tower 
mounting in  fixed location service - three shielded cables required for intercon- 
nection Powered bv 13 volts dc nominal at 250 mA 30 MHz i-f lQturn . . .- 

potentiometer controll& VCO tunin a 220 kHz ceramic kf filter a Extra diode 
switched fill a/ Rter Dual polarity afc Ruggedtw 

rey enclos 

. . 
I for option 
I1 one yea, r warranty 5 with 10 

5269.95 wit 
mW Gunn 
hout Gunn 

Advanced 
Receiver 

Research 
Box 1242 Burlington CT 06013 203 582-9409 

or U.S. and C 
u k s  tax. C.c 
Iomlgn eoun 

,@tone 
lplexer 
tplexer 
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COMING 
SOON 

THE 1985 
ARRL 

1. It's BRAND NEW 

HANDBOOK 
2. It's BIGGER. Over 350 pages. 
3. It's EXPANDED. Covers everything from basic electronics 

to esorteric radio gear. 
4. It's chockfull of NEW PROJECTS. 
5. It's the MOST COMPLETE reference text available. 
6. Reserve your copy TODAY. Handbooks will be shipped as 

soon as they are received from the printer. (Scheduled for 
early November) 

PRE-PUBLICA TlON SPECIAL 
1985 HANDBOOK Reg. Price $15.00 (plus $2.50 shipping) 

N 0 W $ I 2 9 5 ,plus 12.50 s l p p i n p )  

SAVE $2 
OFFER EXTENDED EXPIRES DEC. 15, 1984 

\ ham 

'c- GREENVILLE. r a d i ~ , . ~ ~ ~  Nil 03048 BOOKSTORE (603) 878-1441 

i 

COLLlNS TUNER 
Collins 180Y-1 Antenna 
TUNER fnr 2-30 MHz. has 
dual sectlon air variable 
50-1600 and 30-600 pf 
(0.065" mini0.156" max 
gap) and 2.9" dia 14-turn 
roller ~nductor of 0.19" 
d ~ a  tubtng, ceramic tap 
switch. 3,100 pf 7500 V 
doorknob capacitors Con- 
trols C and L Select. Var C ~.. 
and L; 7x 1 2 . 5 ~  16.8. 33 -- ' 
Ibs. Used . .... . .. . ... . .. . . . . . . . . .. . ..$99.50 
GRAINGER AM 4531 Linear Amp. 120-152 MHz; 10 W 
tn. 50 W out using 8122 tube in P-A. 1151230 VAC; 
7 x  19x 14.5. 50 Ibs. Used-not tested ....... $195.00 
JENNINGS UCS-300-7.5 Vacuum Variable Ca acitor, 
9-300 pf 7500 V max: 3 Ibs sh. Unused ..... 999.95 
Pricas F.O.B. Lima, 0. VISA. MASTERCARDAcce d 
Allow lor Shipping Sand (or Nsw FREE CATALOp8.i 

Addmss Dad. HR Phone: 419/227-6573 

WEATHER MAPS. PRESS' 
The F a i s  A,., I;lr.qr c~ut I t i l l  w e  118-1 2 I .,, ...".<,,,. .., FA. G"..? 

( 11 , ,1 i1rr i  / , ~ ~ I I / I I I ~ I  LI,,~? o ~ i  L , I ~ J < / s '  

Amateur Radio Operator NAMES 
C~!?tofri l$<tq r ( 7 , ~  I your <per I r 11tons 

Geographic by ZIP andlor Stale 
By Llcense Issue or Exptrat~on Dale 

Self slick 1 x3 labels 
Total List 453,000 Price: S2SIThousand 

Buckmaster Publishing , 125 
Whllehall 

Mlnpral VA 23117 U S  A (7031 894 5??7 

/ 189 
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Mcxl<*I HFGV C o n r ~ ~ l ~ ~ t c l v  autotmilla. 1,anrlsw~lcl~~r~r) 
80 Ihr< , txPt  10 plus 3 0  nwlprs O t l l m ~ r t o r m ~  a l l  4- end 
5 harlrl tr.ry, v r rw  .,Is u l  cr,mpn,i~ble sue Thousands 
crr use wcrrldwldr wnce December 81 1 6 0  meter 
oplaorl avall+hle now retrol8l kl ls lor remalrrsng WARC 
hands rovnbrlg s a > n  Hetght 2 6  lV7  8 rnrlers guyong 
IIOI r r q u l r e d  on n o s ,  ~nstrlllal~olrs 

Mcdel2MCV T,onlx,ne ' omnnd~rectror~olcolltnear 
((am venlcal lor 2 rnrlnrs having the Sam" gaon 8s 
do~rble-%h type9 but the palenled trombone 

phasing st-< tmn ellows the redlalor loremaln unbroken 
I ly ~ n s a ~ l ~ t c ~ r s  lor rnexlrnum slrenglh on Iltgh wonds No  
~0115 ~IU~WIK.I s dcltghl conslruclnon and ad~ustable 
gnrntna rniarr 1, f o r  complete D C grOundnn(3 and 
txrwesl poswt,c SWR Hwqht 9 8 h,2 98 nrr l r rs  

Mod-I ZMCV 5 Super-Trombone ' Same 
bLii% nrlvilnced Ipatures as I h r   bas^ ZMCV bul  a 

.? 4 wwa~e l r r~q l l ~  taller wt lh  nddsllonal 
N~ ~f~~olllhOllll . l>hilslng SeLllm f<z1 ild(llltOr>RI 

\ \-\<' saur HPIOIXI 15 7 5  H!4 8 nlPlrr5 

All BUTTERNUT ANTENNAS u?.e slatrlless steel 
tIRrdWil?e arwJ are quararrleed for s lul l  year For funher 
on lor ma lo or^ on lllese and other BUTTERNUT products 
wrtle ICIU our FREE CATALOG1 

BUTTERNUT 
ELECTRONICS 

405 E. MARKET STREET 
LOCKHART. TX 78644 

Wmdunng Ihe MICRO REPEATER CONTROLLER RPT-.?A, s nm I concelrt m Low COST. EASY To lNTERFAcE m--mnor 

I repealer conlrol Replsut oM I r boards wlh a male-ii I&-a% 
m?crocomputer lhal adds NFW%ATURES HIGH RELIABILITY 
LOW POWER SMALL SIZE and FULL D0CUMEMATK)N l o w  
Syslern Dlrecl onlerlace I d r q  vn) wllh mosl repeaters  ela all& 8"- 

lm ixe lnlarnatm included Orqlna MICRO RFPEATER CONTROC 

Two CW ID Messaqes . R~onlguratle COR Input 
Time Oul T o m r  tl~gn Curmnl PTr Infedace 
Pre 18nlmul Warning MSG Sine Wave lone Q-walor - Past Tlnleoul CW MSG . Low P o w  9 I5 VDC @ XX) ma 
~ w n ~ i v  ~ e q ,  • Size 3 5" x 3 5" 
Aurdury Input9 . All Conne~IMs Inc)udw 

R P T - U  Kit Only $119 DIUS u oo s h ~ p p ~  

PROCESSOR CONCEPTS 
P 0 BOX 185 
FORT ATKINSON. WI 53538 

,* 
(41 4) 563-4962 7pm-l0pm evenings 

CALL OR WRITE FOR FREE CATALOG AND SPECIFICATIONS 

WE GOT IT ALL 139 
QUALITY ELLCTRONlC COMPONENTS 

ELECTRONIC PROJECT KlTS 
COMPUTER KlTS 
THIS MONTH'S SPEUALS 

COMPUTER KlTS 
fOR MC AND COMMODORE 64 

CASSFTT i  INTFRFACE KIT 515.95 
RS-232 INTERFACE KIT 529.95 
VIC 20 BUSS EXPANDER KIT 524.95 
COM 64 RUSS EXPANDER KIT 529 95 

ELLCTRONIC FROjECT Km 
CMOS MORSE KEYE R KIT S 19.95 
1 WATT AUDIO AMPLIFIER KIT 51 1.95 
FLUID LEVEL DEIECTOR KIT 517.95 
AUDIO OSCILLATOR KIT 512.95 

COMPONENTS 
1N4C07 I K V  1A DIODES 251~2.a) 
14 PIN IC SOCKETS IOl5l.W 
28 PIN IC SOCKETS 5/5 1.W 
01 DISC CAPACITORS 25lS1.00 

SEND S I  FOR OUR NEW CATALOG 
lREFUNDABLE ON FIRST OROCRl NO CHARGE FORCATALOG 
WITH ORDERS DEALER INOUlRlES WELCOME ADD 9 50 
SHIPPINL; ON ORDERS OVER S5 00 ADO S1 00 SHIPPING ON 
ORDERS UNDER S5 W 
CHECJCS MASTER CARD WSA C.O.D. 

3 12-870-0555 
Day tapro Electronics. lnc. mN NLNINGS 
109." b"I1'"I.I I* ..lt*C10**,, I,, .om. <,,,<,,, ,,",,, 

,W.".. ," , o m . .  -., 

Covers 100 MHz to 185 MHz in 1 kHz 
steps with thumbwheel dial Accuracy 
+/- 1 part per 10 million at all frequen- 
cies Internal FM adjustable from 0 to 100 
kHz at a 1 kHz rate External FM input ac- 
cepts tones or voice Spurs and noise at 
least 60 dB below carrier Output adjust- 
able from 5-500 mV at 50 Ohms * Oper- 
ates on 12 Vdc @ l/2 Amp Available for 
immediate delivery $399.95 plus ship- 
ping * Add-on accessories available to ex- 
tend freq range. add infinite resolut~on. AM, 
and a precision 120 dB attenuator Call 
or write for details Phone in your order 
for fast COD shipment. 



Tor m o w  lhan 4 0  yeors we 

nave been servlng t h e  amateur 

, commun~ty w ~ l h  QUALITY PRODUCTS and 
DEPENDABLE "SE-R-V-I-C-E" and, we fully intend to 
carry on this proud tradition with even MORE new 
product lines plus the same "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
finest quality with 30, 60 and even 90-day ports and 
labor warranties on selected pleces. 

And, remember. . . 

- WE SERVICE WHAT WE SELL - 

AEA 
AMECO , 
AMERITRON 
ANTEK 
ARRL 
ASTRON 
ANTENNA 

SPECIALISTS 
B L W  
BENCHER 
BUTTERNUT 
CUSHCRAFT 
DlAWA 

DRAKE 
ENCOMM 
HUSTLER 
ICOM 
JANEL 
KANTRONICS 
KDK 
KLM 
LARSEN 
MFJ 
MINI-PRODUCTS 
MIRAGE 

MOSELEY 
NYE 
PALOMAR 
RADIO CALLWOK 
ROBOT 
ROHN 
TELEX I HYGAIN 
TEN-TIC 
TRIO-KENWOOD 
UNADILLA I Rryco 
YAESU 

STORE HOURS: 
9-5 P.M. (CST) 

MONDAY t h n  FRIDAY 
OPEN SATURDAYS 

from 9.1 P.M. (CST) 
CLOSED 

SUNDAYSlHOLlDAYS 

SELL-TRADE 
New & Reconditioned 

Call or Write Us Today For a Quote! 
You'll Find Us to be Courteous, Knowledgeable 

and Honest 

AEA AMT-1. REGULARLY $479.95 

NOW ONLY $299.95 u THE A M T O R  T E R M I N A L  U N I T !  I ! Works with any 
P.O. Box 73 ASCII term~nal or personal computer w ~ t h  a terminal 

208 East Kemp program. Also works RTTY. CW, ASCII. 
Watertown. SD 57201 ORDER Y O U R S  T O D A Y !  Ltmtted quanttties. 

APPLIED INVENTION 
1". SOURCE rol souo rr.rr sr.7rsr.r.r ART 

GaAs FETS byMrrSuBlsHl 
!I> K U  R,gii~ iilri lo* ease .,no ma>,m pitwr .  NEW MI;* 1 IOO Dun1 Gale GaA5 r l  1 7 5anNI nctli  $ 1 .I5 f MGF 1207 ,1402 <hip 8" a 1200 ParKaQel i6/i 1 

WGF1404 GUARANlf ED 0 65dANl 4 AGHI 
M,I 1402 0 4 dRNb (6 432. l l aBNI L 4GHz 114 00  

HCF1412 GUARANTEE0 0 8. 0 9 w 1 0 aBNP iic 4GHz 121 -134 75 
A l w  W 1 2 0 0  MGFI4OO. MCFl403 an6 meaturn power YCFl801 

'? MICROWAVE MODULES 
Y n S U B l S H I  X BAND ~ y b r l d  n t r o ~ ~ ~ n l  'mr(\~~ls wolh 

Dvm,?  ihr,.,naio, In I ZMHI~'CI hi\. 111 u..rdlalwr 
M l I l O X  1 0  4 (,11i 15mw olt utRIOO tiange $39 37 
FO.12101 11 5 a 12 0 GH, U t R l 7 O F l a w ~  139 37 
' FDW11KF C m p l ~ t ~  Helelm5yne A x  I 0  468  CHILO 136 22  

U u \ . l t h 2 C H z F k l Z 6 M ~ W R O  
iODnWOwkl Madulr 10 575 CHI Uf R100 F l a w  143 05 
1.W 15 d W d s c s r t  hornanlcnrulUfR1001 S17.95 

0 a A s R T h m ) l  7 2 I G H 2  2 0 2 3 5 G H z  2 d W  149 00 

COMPONENTS 
rt rm SWCE la Rtncnn unt re r r l  A* Ann NEW 

I1%2Od~ra l~p~n) rammrd , r i l r  ',c.i' ,,nrrm'or S 785 
I15621 dual rcarlo prw<nmme :,1: 1 6 5 1  
I15622 sund ~ c r ~ c l w  vogramrned '0 $11 07 

Apphcahm n m n  1 2 00 

OFmELEClW4ES lrm WrSLOSH a d  Wig 
cw LAPI m s .  ma amvr mros. CALL 
m m i 0  m a .  MEII wncs, m e  

Yl)r W l  MMI ZSC2876. 1'-76Mi 7 7dRNf ih lGHz 1 1 50 
WC MI35  M M I C e m I  S l ~ m n l 8 F O  7 4  5 9 6 6  

LFAMESSMSKCAPS 100 720 470 680 1000p( l o t $  2 5 0  

Y I O W A V E  C W  CAPS V-q l o r  Im' VITRAMON PHlOO vner 
G l l i ' I  ' 4 r , ~ )  (,call 3 2 6 G b )  M l l 7  6 4 2W11 1 1 25 
v n n A Y O * v w M m r h * r  1 0  100 100ouf 51 s 2 50 

HO SEAL10 C E I A Y  R S l M l  TUYI IS IVWTROMCSI  0 6 9 001 1 3 58 

l l r r  in I II., I term bump d Suh Mlnidlvl? Cvw+ R e l r w o l w r  CALL 

~ Y G X ~ ~ ~ ~ S ~ * I ~ ~ ~ = ~ ' ~ ~ ~ I O G H I O O ~ ~  $ O 3 1 1 w m  8 -  nns7 so <)m m 8 - --. 
9 C " Y t  S 4 b w M S 3 5 0  

CiiiHI- tRJCF FfNn $ O R  TA141 IY; MINIMUM CfIDlU S5 00 

A 56" ' 1 1 l M i  IUPSI $3 I 5  ALL ~ T H E ~ I T ~ M S  $2 50 1151 CLASS) A 
hY 5TATf RfSIDFNlS ADD 6'. SA l tS  TAX 

R.D.2 ROUTE 21 HILLSDALE. NY 12529 

r.RECElV€R GUARD 2000-1 1 TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS I 
rnstalls easily between the antenna and receiver input. When RF voltage to the receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the 
resistance in the receiver line. If over voltage exceeds design parameters, an internal fuse lamp 
opens (easy to replace). Perfect for contest stations, field day operations, areas saturated with 

. broadcast services and those who use separate transmit and receive 
nnas. Less than .3 dB insertion loss between 1.8 and 30 MHz. 

3 Models available 
P l w ~ l h  p h o n e  pl!~qs) $29.95 
U (w l rh  50.239) $29.95 H 142 
CTT ( W I ~  S0.239 a n d  Alpha D e l l a  

T r a n s ~ t r a p  lor RF a n d  T r a n s ~ e n l  
UHF CONNECTORS p r o ~ e c l l o n ]  549.95 .".. 

P e a s e  n ~ l r t  >I lor , , I \ I~~~I * \L ,  , ~ i l l l  t 1 ~ 1 1 ~ l ~ ~ i u 1  11 S only F o r e ~ q n  n r d r r \  foil G r o v e n o r l  DCIICN -rn 0- 

Can 4190 hv used i \ l r r ~  111051 II,III,,~I~IVPIS W C I ~  ~ i i ~ n n ~  rnn01t1raltony 4925 S. HAMILTON RD 
OESlON ELECTRON(CB 0- GROVEPORT. OHIO 43125 

d LEARN THE SECRETS!! 
"Spills the beans about operatinqU-DX Bulletin - 
"A timeless work"-DX Bullet~n 
"A first-class treatise"-Horn Rodio 

I / "A solid sold treasure trove-a smash hitv-73 . , - 
; , "Sure to increase competion for DX"-QST 

"Simply the best book of its type ever 
written. Worth every penny!"-Westlink Report 

A complete course for the DX'er,-beginner to 
Honor Roll. 192 pages of solid DX-no charts, 
graphs or other fillers. Available now at dealer for 
$10.95 or add $2.00 postage and handling. 

Press Dept. D Box 583 Deerfield, 11 60015 



The only repeaters and controllers 
with REAL SPEECH! 

I 
I 

I 
'. 

No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

~~~k 4 in capability and features. That's words in any  language^ Or dialect and your own voice 
whv Mark 4 is the ~erformance leader at is stored instantly in solid-state memory. Perfect for 

1:' amateur and comber cia^ repeater sites emergency warnings, club news bulleiins, and DX 
around the world. Only Mark 4 gives you 
Message  master^^ real speech voice alerts. Create unique ID and tail messages, and the 

, readout of received signal strength, ultimate in a real speech user mailbox - only with a 1 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others, Mark 4 8'Jl 
even includes power supply and a 1.: 
handsome cabinet. 

write for specifications on the 
repeater, controller, and receiver winners. 

MICRO CONTROL SPECIALTIES t r ~  

il '- Division of Kendecom Inc. 
23 Elm Park, Groveland, MA 01834 (617) 372-3442 

+ 
AT LAST" A V E R Y  

' AFFORDABLE COMPUTER 
AT A VERY '9.2 AFFORDABLE PRICE 

msV.,i .,,, rLlL, .  P"I,,,'.i"I..IIII.' .. I t  _. ir 
U,U, I , >  P',".*tlLt ', 1 . v !N .. V l S i l l l  l 
.,,,.,. I ~ v . Y .  r o ~ w o *  ,( ~ i i r r k . ~ +  i .'. 

,,I IC,?n..I[ . , I .  I .I\"%,.,<' :* ,.,,...) I , ' , . I ,  . .r  , ,Y c m , # . ~ # , > , , h ,  tt.,,,,,, .>'A*'.., . ,.,, ,,. <"(,,, , , , , > , , 8 , 3 < , , , , : ! , , :  r ,  , .?GI, . . ,  c+.s:, 
,*.,, * . < , . A ? , :  ,,,,#,,A> A ,,r.::, .. , . 
: , , < A ,  , i t > ,  , (  i ' 6 2 .  ,,< .i.NI., - 4 6 '  . &*, ,. ". 
1 . 2 ,,.# . .,. L 1  1.. 1 1 1 1  11 ill., i . 0 1  i 

c ..lnl T . I , ,  , i ~ u  .,.I u.8~ u r  1 - 3  r ~URI.;,' 
1 ~ ~ ~ 1  nrl. YI',I "1 r IAYI>II.. Y . l , l  .( ,Ue'A...  '.., . \,'., 1, ,1 '., , , In- ,Yi 4. 

w! & ~ c , < , < , ~ ,  < > L , T  *M&,  ! - I  'At 7 0 " .  +,A,, l , 6 T  ! V w  

,; , . A w n  .*a,, 7 , >  '2E,,<%", ,"I ,a t< , , .  . " r - t  
(,*'i *"( I I Y P I I *  ,,,I : I "  I . . .  ' U i  , ' ,*II  
A: .I .CU '*!I UI* I , *  t i < .  .LJ~.I ~ n , '  . r i~ ,* 
.'(,.,.,l,,U .,.,ill L , *  ,..A*YAt." 

<,l. ..',V",*,,, .*t , , . .  - 1 VI1,,.1,1I'I'.. 

BUY . i t u 8 '  '11. $1995 ' r  , ORS16.95 9VDC WALL ADAPTOR 14.95 
BUY 1°C > I , !  U N l  .. ,, i,ii:: ., I . . n.~..,,$10.95 MANUAL , \ $ l a  1 . 8  P A l , +  1295 

.. ,... ., ., , .. ,.. ",, , L.,, , ,  ,,., 

SWITCHINO 
CHIP BONANZA 1r1 r v rs r  ~ a r r s  IMEV raE r STEAL! POWER SUPPLY 

. *. IF-, w.. M Z , .  1" I,. 11 50 EA OR I 0  FOR 112.50 MOO,, r r  r-s ,so.*, I oc 
2716 16k EPROM5 nrl. %. +' 13.00 EA OR 10 FOR $25.00 o u t w  v:lt rrc,ts 

?7R4 h4K f PROMS,-r $1 15.50 EA OR I 0  FOR $50.00 " " " 
hH I :I uci. , , , a .  S1.95EAOR 10FORS18.00 ::::: 'i::: 
IdlAQ9 "I,, I . . ~ +  15.95 EAOR 10 FOR15000 HIGWLY r l ~ r r l l t o  
CIHA?I Y $  (, IU ' I .  $2 95 €A OH 10 FOR125 00 "tOU1"Es?' . 
41 I t ?  AMD90'6EPC200n5 $1 25 EA OH 8 FOR S 8 00 ~ : ~ s ~ ~ ~ ~ ~ ~ ~ ~  
TMS99OONL MICRO P 6 1  PIN 8 BIT DIE r 16 A l l  CPU 1 4 95 s t a G t 5 r F o  m r  or $3905 
TM'>qL(OINL MlCHO P PSI 
TIM OUf14ANL MICRO PCLOCK GEN AND DRIVER : 2;: HAL-TRONIX PRICE 

TMSYYIBANL MICRO PCOLORGRAPHICSANDDISPLAY 1 9 9 5  $12.95 

K F Y  ROARD(99rdl4HKEYCJMEASURE 4 X IO(H1 TEkl  S 9.95 012roasm~w 
L l U l l t "  SUPPL. 

((HOT ITEM11 8s rnua rartwo ro  R U ~ L : ~  r ~ t  c r n i r  
FSK DEMODULATORITONE DECODER III( , ic j~u 6, <~.TU"IO IH 1°C TEB ISFUE 0 s  (l lr ,sO 

I i r ,  YPIINII 5 wt n r v l  THF HARD 1 0 1 , ~  I CO!LSA*(: 

iUrrEDOUINTlll . 5 PERCUSIOUEU Uli..l . > l  7°F PAPI', 

H I a N  X L I I V I X P  $?.!SEA E5WUN XX€Ull $1.50 

6 PIECE JEWELER'S SPECIAL RED MINI LEDS "F ' MALE PLUG 
!;CREW DRIVER SET WIT* 2 W I ~ F  LELOS FOR RG.59U 

PICIIU ~n ~ t a 5 ~ i ~  r r s t  11.99 15FOD11.00 w t r ~  ... "IUG 1 ~ 1 1 .  51.00 

SMIPIINO I N F O l l A T O N  "ODE05 UVtP 125 W l l l  R t  SMiP"FI8 POST Pel0 I XCfPI (1- l1LUS W H l W  Ll)lU 

8 ~ ) ? . ~ i  *."(.I< L R t  WTOUESlrU ON O.DE05 LESS ' W A N  I75 PLEaSt In<.LUUf ADDIIUNLI I: W F0" 
I q a ~ ~ I ~ , ~ ~  .,ic U I , ~  N O  i w ~ w , t b  UIC*ICIM I ~ E S ~ D E N ~  L I I ~  d , ,  5.1 t 5  1.1 ' , f ~ c >  m 5 ~ r u -  oa s*sr 
, , , n , * c ,  6 , " r r a  b M . ! ~ h . .  ,rt  , , n , A , , , # ' .  r #,, , ,a , , ,  ,*>,\ C ~ , W # , '  

HAL.TRONIX, INC. 
P.O. BOX 1101 - DEPT. N 

SOUTHGATE, MICH. 48195 ..,,,.. ,A,,,,,~ No,,AN, 
PHONE (313) 285.1782 J 160 W8ZXH 

152 November 1984 

CB-10 FM SPECIAL 

i 

Hy G a ~ n  40Channel Board 
40-Channel Swltch 

Vol l~me 8 Squelch Control 

FM Detector Module 

Full Instructions Included 

$14.95 Add S2.00 BOARD ONL Y 
shipping & handltng $6.95 

QRP TRANSCEIVER SET -$34.95 
VHF CONVERTER SET - $24.95 

Add 52.00 For Shtpptng & Hnndltng - Send For FREE Brochure 

SEND52 00 FOR FULL MANUAL WITH CIRCUIT DIAGRAMS 

MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
P 0. BOX 717. HIALEAH. FLA. 33011 

(305) 884-8686 J 





SQUIRES SANDERS, SSIR (701 series); SS1V-SSI-S, 
SS1-MS mint condition. Factorv manuals and other parts. 

of modUIcat'i, improvements, and repair of Yaesu gear, free 
to Club members. Calendar year dues still only $8 U.S., $9 
Canada, $12 elsewhere. Includes five year cumulative index 
by model numbers, or send $1 for index and sample Newslet- 
ter. Fox Tango Club, Box 15944. W. Palm Beach. FL 33416. - 
RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners R l l Y  Handbook $8.00 includes journal 
index. P.O. Box RY. Cardiff. CA 92007. 

Heath HX-I0 transmitter wlth ac&ssorm, HOIO scope: lawn 
IC-280 FoMoXceiver. Kenwood TR-2400. All ~n excellent con- 
dit~on wlth manuals (616) 382-5401. KBWPQ. 9549 No 17. 
Kalamazoo. MI 49007. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way. Sen Diego. CA 92117. 
SASE brings information. 

WANTED 220 MHZ FM TRANSCEIVER Prefer Xtal controlled 
W W .  2801 Wright. North Plane. NE 69101. COLLINS KWM-380 with all optional interfaces. Perfect 

$2495. WA6NWP. Sid. 209-642-3363. 52632 RD 426. 
Oakhurst. CA 93644. IMRA International Mlss~on Rad~o Assn. helps missloners - 

eauloment baned: weekdav net. 14 280 MHz. 2-3 PM Eastem. 

RATES Noncommercial ads 10C per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-pro f i t  or- 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. R e p e a t  insertions of hamfes t  ads 
pay t h e  non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all cap i ta ls )  and m u s t  in- 
clude fu l l  name and address. We reserve the 
r igh t  t o  reject unsu i tab le  copy.  Ham Radio can- 
not check each adver t iser  and thus cannot be 
held responsible fo r  claims made. Liability for  

cor rec tness  o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th o f  second preceding 
m o n t h .  

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenv i l le ,  N. H. 03048. 

KEYERICODE trainer chip. One evening project. Great 
project for beginners, clubs or anyone who needs a good, low 
cost Iambic keyer or code trainer. $15 ea. PP. VISAIMaster- 
card accepted. Micm Digital Techn-, PO Box 1139. Mesa. 
A2 85201. (602) 897-2534. 

-- 

6;. ~ r e ~ ,  I ~ r ~ e r ' ~ a n o r  ad.. Larchmont, NY 10538. 

"HAMS FOR CHRIST." Reach other Hams with a gospel tract 
sure to please. Clyde Stanfield, WAGHEG. 1570 N. Albright. 
Upland. CA 91786. - 
TENNATEST - Antenna noise bridge - out-performs others. 
accurate. costs less, satisfaction guaranteed, $41.00. Send 
stamp for details, WBURR, 1025 Wildwood Road, Quincy. MI 
49082 

REPAIR, ALIGNMENT, cal~brat~on Collins wrltten estimates 
$25, non Coll~ns $50 K l  MAN (207) 495-2215 

ATLAS 350XL owners group. Send QSL card with sin your 
rig. Know anyone who repairs them? Have any technical In- 
formallon to share? Any questions? Rod. N5NM. Box 2169, 
Santa Fe, NM 87504. 

-. 

CHASSIS and cabinet kits. SASE K31WK. 

VIC-20 PHONE PATCH. Build your own simplex autopatch 
for less than $50 using your own transceiver and VIC-20 or 
Commodore 64. For full documentat~on and program cassette 
tape. send 520 to: KIE Enterprises. P.O. Box 72. Running 
Springs. CA 92382 (714) 867-7120. 

SCHEMATICS: Radio receivers 192Ol60's. Send name brand. 
model. SASE. Scaramella. P 0 Box 1, Woonsocket, RI 
02895-0001, (602) 897-2534. 

AMATEUR RADIO'S newspaper - Worldradio. Latest Info. 
One year subscriit#on (12 issues) only $10. Worldratio, 21ZUB 
28th St.. Sacramento. CA 95818. 

WANTED: Early Hallicraller "Skyriders" and "Super Sky- 
riders" with sllver panels, also "Skyrider Commercial", early 
transmitters such as HT-1, HT-2. HT-8. and other Hallicraller 
gear, parts, accessorles, manuals. Chuck Dach~s. WDSEOG. 
The Hall~craller Collector. 4500 Russell Drive, Austln, Texas 
78745. 

TI 9914A Random Code practice programs. Dr. Code 
"General" sends internatlonal Morse code and prints on 
screen; you choose: speed, tone, which characters to be sent. 
spacing, and more! Dr. Code "Speech" same as "General" 
with speech; you choose how many characters before speech 
check. For cassette of both Copyrighted programs and condi- 
tional copying privileges, send $10.00 plus $3.00 shipping and 
handling to NBESF, Rt. 1, Box 1326. Lake Charles, LA 70601. 

VERY in-ter-est-lngl Next 4 issues $2. Ham Trader "Yellow 
Sheets", POB356. Wheaton, IL 60189. 

PRINTED CIRCUIT DRILLS: sizes 53.60,68 and 70 thru 76. 
51.25 each. 10 assorted $9.95 Western Electic transformers 
51.50 each. Two Way Radio. 437 Payne Drive. Endicott. NY 
13760. 

OSLs 6 RUBBER STAMPS - Top Oualltyl Card Samples 
and Stamo Info - 504 - Ebben Graoh~cs 5R. Box 70. Wester- 

ENJOY SATELLITE TELEVISION. Save money with easv. 
guaranteed do-11-yourself antenna planS/klt~~ Electronk 
knowledoe not necessafv Send %1 00 tor catatoa or $8 95 tor Coming Events ville, 0hio 43081 
"consul;;er Gu~de to ~aietlite Television". GFI~I, Box 9108. 
Missouta, MT 59807. 

-- 

VHF, UHF, ATV KITS High quality professional kits from 
Wood and Douglas, England. Des~gns for RX's, TXs, XCVR's, 
Preamps. Catalog Lance Lyman, KBIXZ, Tactical Electronics 
Corp.. P.O. Box 1743. Melbourne, FL 32902. 

-- 

ELECTRON TUBES: Receiving, transmitting, microwave 
. . . all types avadable. Large stock. Next day delivery most 
cases. Daily Electronics. 14126 Willow Lane. Westminster. CA 
92683. (714) 894-1368. 

S9 PLUS QTH. 59 acres for antenna farm - elevation above 
Derry repeater, equals Francestown repeater - south slope 
Crotched Mountain for wide propagation window, solar expo 
sure and v~ew - spacious 4-room lodge, applianced kitchen. 
separate bunkhouse with shop and garage, excellent Condl- 
tlon - paved access - privacy -- one hour from Nashua or 
Manchester. Owner retiring, must sell. "CW" Farr. W1 WMK. 
Broker. Greenfield. NH 03047 (603) 547-2053. 

DIGITAL AUTOMATIC DISPLAYS for FT 101, and TS 520 
(functional OG-5 replacement) Collins, Drake. Swan, Heath. 
and most others. 6'/2" digits. Write for information. Grand 
Systems. P 0. Box 2171. Blaine. WA 98230 (604) 530-4551 

WANTED: Cash pa~d  for used speed radar equipment. Write 
or call. Brian R. Esterman, PO Box 8141. Northfield. lllino~s 
60093. (312) 251-8901. 

-. -- 

Sf$$ SUPER SAVINGS on electronics parts, components. 

IBM-PC RTTY ASClllBAUDOTlCW send and recelve. Split 
screen, buffers and features beaucoup. SASE to: E. Alline. 
773 Rosa, Metalrie. LA 70005. 

ACTIVITIES 
"Places to go ..." 

CX7 REPAIRS. 415-549-9210. 

MASSACHUSETTS: The 35th annual New England DXCC 
Dinner, Novernber 10, Concord Lodge of Elks, Baker Avenue. 
West Concord. Starts 2 PM with a variety of DX talk and slide 
programs. Admission $2.00. Cocktail hour 6 PM followed by 
family-style dinner starting at 7:30 PM. Banquet $14.95. For 
information: Steve Tolf, KIST. 12 Phylmor Drive. Westboro, 
MA 01581. 

WANTED: General Radio 874MR mixer Rudolf Six. KABOBL. 
30725 Tennessee. Roseville. MI 48066. - 
TRAVEL-PAK QSL KIT - Converts post cards, photos to 
OSLs. Stamp brings circular Samco. Box 203-c. Wynantskill. 
New York 12198. 

WANT old antenna books, handbooks. CQ, pre-1940 OST 
Tad Cook, KTM, 5519 - 12th N.E., Seattle, WA 98105. PENNSYLVANIA: The Foothills ARC'S 16th annual Hamfest. 

St. Bruno's Church, South Greensburg. Saturday. November 
3. Tickets $2.00 or 31$5.00. Indoor flea market tables $5.00. 
Food. refreshments. Mobile check-in 147.78118. For informa- 
tion. tickets or tables contact WA3HOL or wrlte F.A.R C.. PO 
Box 236. Greensburg. PA 15601. 

PENNSYLVANIA: The R.F. Hill Amateur Radio Club's annual 
indoor Winterfest. Sunday. November 4. Seltersville National 
Guard Armory. Doors open 8 AM. Entry $2.00. Non-ham 
spouse and kids admitted free. Food on premises and near- 
by restaurants. Vendors indoor space $6.00 each, outdoor 
space $4.00 each. Admits one. Bring own tables. For reser- 
vations: PO Box 29. Cofmar. PA 16915 (215) 721-0278 Talk 
in on 145.19 (R), 148.88 (R) and 146.52 simplex. 

MASSACHUSETTS: The Honeywell 1200 Radio Club, spon- 
sor of 147 72/12 repeater and the Waltham Amateur Radio 
Associatlon. sponsor of 148.04164 repeater, will hold their an- 
nual Amateur Radio and electronics auction, Saturday. 
November 17. Honeywell Plant. 300 Concord Road. Billerica. 
Doors open 10 AM. Free adm~ssion and parking. Snack bar 
and bargain parts store. Talk In on both repealers. For mlor- 
mation: Doug Purdy. NlBUB. 3 Visco Road. Burlington. MA 
01803. 

CUSTOM MADE embroidered patches. Any size, shape. 
colors. F~ve patch m~nimum Free sample, prices and order- 
ing informat~on Hein Speclaltles, Inc.. Dept. 301. 4202 N. 
Drake. Chicago. IL 60618. 

QST, 1954present. $150. HR, complete, 5150. RF Design, 
complete except V2N1. $40 you ship. Books. SASE Meyer. 
400-1736 N. R~ver Rd.. W Latayette. IN 47906. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Aualrla Ham Radlo Holland 
Kar,n Ueber POSlbuS 413 
Posttach 2454 NL 7800 Ar Emmen 
0 7850 Loerrach Holland 
West Germany 

nam R a d , ~  Belglvm Ham Radlo Italy 
Stereohouse "#a Pordenone 17 
Brus5elsesleenweg 416 120132 Mllano 
0 9218 Genl llaly 
Belgtvm 

Ham Radio Canada 
001 400 Gaderich 

Ham Radio Swllzerland 

Onlarso Canada N7A 4C7 
Karin Ueber 
Postlach 2454 

Ham  adl lo Europe 
D 7850 Loerrach 

Box 2084 
We51 Germany 

S 19J 02 Upplandb Vasby 
Sweden Ham Radio England 

 am Radio France 
cto R S G B 

SM Eleclronlc 
Alma House 

20 b , ~  Ave des Clat!onr 
Crdnhrne Road 

F 89000 Auxerre 
Porters Bar 

France 
Herts EN6 3JW 
England 

Ham Radlo Germany 
Karin Ueber 
Postlach 2454 

Holland Radto 
143 Greenway 

D 1850 Loerrach 
West Gerrndny 

Greenrlde Johannesburg 
Republic 01 Soulh Afrlcd 

J 

suppl~es, and computer accessorles Free &page catalog for 
SASE Get on our malllno llst BCD Electro. PO Box 8301 19. 
Rlchardson, TX 75083. b r  call (214) 690-1102 

WANTED: Old microphones, remote mixers other mlsc related 
items. All pre-1935. Box Paquette. 107 E. National Avenue. 
Milwaukee. WI 53204. 

R L DRAKE COLLECTION 2A receiver $100. 28 recelver 8 
280 $125, X receiver 8 X Q  5135. TR-3 Xcvr and AC-3 $175. 
2NT transmitter x/10 Novice crystals $85. All completely re- 
conditioned, re-tubed and guaranteed. Plus UPS Ev Taylor. 
W7BYF, 2921 Loyola Dr .  Davis. CA 95616 (916) 756-7372 
eves 

NEW YORK: Radio Central ARC "Ham-Central" Sunday. 
Novernber 25. 1984.9 to 3 PM. Social Hall, Temple of Isaiah. 
1404 Stony Brook Road, Stony Brook, NY Semlnars wlll be 
presented For information contact Bob Yarmus. K2RGZ (516) 
981-2709 or write 3 Haven Ct., Lake Grove. NY 11755 

INDIANA: The 12th Fort Wayne Hamfest sponsored by the 
Allen County Amateur Radio Soc~ety. Sunday, November 11. 
Allen County Memorial Coliseum. Coliseum Blvd. Advance 
lockets $3.00; $3.50 at door. Tables $8.00. Premlum tables 

RECONDITIONED TEST EQUIPMENT 51.00 for catalog. 
Walter, 2697 Nickel, San Pablo. CA 94806. 

FOX-TANGO Newsletters - Since 1972, the prime source 
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520.00. No table sales at door. Tcket and table deadline 
October 20. All classes of exams given. Send Form 610 and 
SASE to: V.E Coordinator. FWRC. P.O. Box 15127, Forl 
Wayne. IN 46885 by October 26. Large indoor flea markel and 
commercial vendors. The ~ntamous Ham Band dtrected by 
Luke Matthew. WB9DWJ Vendor setup 5 AM to 7 AM Publtc 
8 to 4 Talk In .B8. For ~nlormatlon, lickets, t a W .  Hamlest 
Chairman AC-ARTS. PO Box 10342. Forl Wayne. IN -51 
or call Dave smith. KA9FFET (219) 493-2439 4 0 f t .  M-13 aluminum tower and FB-13 

MICHIGAN: Ttp Oak Park High Schd Electronics Club 
f i x e d  c o n c r e t e  base (beaut i fu l ! )  

presents a Swap 6 Shop. Thanksgiving Sunday. November Otherseesat comparablesavings. 
25. Oak Park HS. Oak Park. Donat~ons $2.00. Tables $6.00. 114 WAVELENGTH 
RetreshmenD. For ~nbrmation. SASE to Herman Gardner. 
Oak Park HS. 13701 Oak Park Blvd . Oak Park. MI 48237. 
(31 3) 968-2675, 196-200 144-148 5/16-32 stud w/rprlng $5.95 - 
OHIO: The Massillon ARC will sponsor Auctionfest 84 on 
November 11. Massillon K ol C Hall ofl Rt. 21.8 AM to 5 PM. H-3 - 8 w.n, ant $213.00 Wd 
Sellers set up 7 AM Admission $2.50 advance. $3.50 door. K 4  - 16 3q.n ant $278.00 PPd. 
Tables available $7.0018' Refreshments. D~nner. Auction H-5 - 12sq I t  ant (lor M-13 sbws) -2.W 
1 t AM. Talk In on WBNP. 147.78118. For ~ntmatlonlreglslra- PPd All Hazers ~nclude wlnch, cable 6 hdw 
tion. MARC. 920 Tremont Avenue S W . Masslllon. Otl44646. TB-25 - Thrust bearing $42.50 

SASE please 
3-8 EE - 'r" r 6 forged stsel eye and eye 
turnbuckle $10.75 518 WAVELENGTH 

.OD - 7x7A1rcraH cable guy w~le 1700 lb 

OPERATING EVENTS 91-810 220-225 5/16-32 lor old TEMW 22.95 

"Things to do ..." 91-814 - BNC connnctor 

NOVEMBER 25 AND 26: The BOMB Squad (Best of MI. 
Baldy) will operate W8HCP (Hollywood Christmas Parade) 
trom t600Z, November 25 lo0400Z, November 26. Frequen- 
cles' 7 284. 14 284. and 21.284 MHz SSB. SASE to W6GVR 
for speclal commemorative OSL. 

NOVEMBER 22, THANKSWING DAY: A special events sta- 
lion (WAINPO) will be operallng trom Plimoth Plantatmn In 
the museum's 1627 Pllgrlm Village lrom I300 GMT to 2000 + 
GMT w~th partlclpatoon of the UK Club Stallon GBOUST. 
GB2UST. G84UST To receive a certificate, send proof of con. 
tact and $1 00 domestic or 4 IRC's to Whltman ARC. PO Box 
48. Whltman. MA 02382. For ~nlorrnatlon- KAtCZS (61'1) 
8284772. WBtCNM (617) 5867524. Rosemary Carroll. 
Pllmoth Planlal~on. PO Box 1620. Plymouth. MA 02360. (61'1) 
746-1622 or Peter Jackson. G3ADV. 32 Brown Avenue. 
Parkl~eld. Nantwlch. Chesshlre. UK Phone 0270627149. 

NOVEMBER 10 AND 11: The Armwed Force Amateur Radii 
Nallonwlde Emergency Team (A FAR NET) will sponsor a 
Veteran's Day spec~al even1 statmn event slatlon from 12W 
GMT Saturday to 2400 GMT Sunday. Prlmary trequencles: 
7 285. 14.325. 21.375 and 28.640 i ORM For a certificate 
send OSL and large SASE to Altred G. Beutler. 36 Manchester 
Road, East Aurora. New York 14052. 

NOVEMBER 17 AND 11): VK versus the World Sponsored 
by the CW Operators ORP Club Contestants may work DX 
or own country lor scorlng ORP slatlons must slgn ORP for 
~denllllcat~on 0000Z Nov 17 to 24002 Nov 18 Exchange 
All slatlons 6 d~g~ts  comprlse RST lollowed by serlal number. 
commenctng wtlh 001 to 999 then commence agaln For In- 
tormat~on SASE lo Contest Manager. PO Box 109. Mt Drultt. 
N S W 2770 Australla 

DECEMBER 1 AND 2: Thff 20th annual Telephone F i r  
OSO Party slans 19W UTC Saturday to OHKl UTC Monday. 
I .8-4m MHZ + Exchange. Contact number and chapter 
number. ITPA Club or chapler name Send logs showing date. 
tlme stallon worked, chapter name and number, contact 
number and cla~med score prior to January 15. 1965 to' Ted 
Phelps. WBTP. c/o John D Burlie Chapter No. 89. TPA. 6200 
East Broad St.. Columbus. OH 43213. 

DECEMBER 2: "Packet Rad i  Ove~mw and Prospecl~e" will 
be the sublect ol the 2nd North Amerlcan Teleconference 
Radlo Nel (TRN) Learn about packet radlo lrom two of 11s 
leadlng developers by tunlng Into TRN at 6 PM CST (00002) 
For a complete list of gateway stallon locations and trequen- 
cles wrlte TRN Manager, c/o Mldway Amateur Rad~o Club. 
PO Box 1231 Kearney. NE 68847-1231 SASE please 

- 

THE AMATEUR RADIO MOTORCYCLE CLUB NET has 
mared to 3 888 MHz each Thursday noght at 03002 All brands 
01 b~kers and r~ders are welcome For more lnlo send large 
SASE to Gary McDutl~e. Rte 1 Box 464. Bayard. NE 69334 

- 

THE DELAWARElEmOH ARC (WJOK) wall operate Dec 21. 
22 23 1984 on 3 990.7 299 14 225.21 325 and 28 525 MHz 
speadlng Hol~day best wlshes lrom Bethlehem. PA. The 
Christmas C~ty Large SASE to colorlul cenltlcate c/o DLARC 
Greystone Btdg Gracedale. Nazareth. PA 18064 

- 

VIRGINIA FONE NET 50th ANNIVERSERY CERTIFICATE 
commemoratlnq 50 years of contlnous operation on the 75 
meter band passlng traffic In Vlrglnla IS belng onered by the 
VFN Work 25 VFN members and send log to K4lEC wlth 110 
SASE lor cert~tlrate Conlacts must be made between 9130184 
and 6130185 
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A 144-20T 64.95 
A I W I O T  46.00 
A14T-MB 26.00 

Slacking & Olpd Kits! AOP-I 139.95 

.%95 I8AVT/WBS $99.95 
BUTTERNUT 

245.00 IRHTS 399.95 2MCV-5 35.00 

339.95 V2S 41.95 

WIRE & CABLE_ (coax quality guaranteed. 95%plus shielding) 

RG-2 13/U S029/H. Rotor cablcstandard 450 ohm line S0.09/H. 
(622.2-18) S0.19/H. 

RG-8/U foam 0.27/H. Rotor cable-hvy. duty 
(6-1 8, 2-16) 033/H. 

Let us bid the self-supponing 
We srtrk 25G. 45G, HEX. & HDBX towers. crank-up tower of your choice with 

25G S46./stct. HEX40  $195.00 the accessories you select. 
45G 109/se~t. HBX48 2SO.00 HG-37s  900.00 

HBX56 320.00 HG-52s  1000.00 
FOLD-OVERS: Get our HDBX40 230.00 HG-54HD 1.565.00 

HDBX48 315.00 HG-7OHD 2540.00 
Shipped freight paid. Order tower with Hy-Cialn 

A R 4  599.95 
CD4511 136.95 

N-2033 S27S.M 
HDR-300 475.00 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

i 12033 Otseao Street, North ~ o l l ~ w o o d ~ ~ a l i f .  91 607 

Master code or upqrade In a matter of days 
C o d e  Qu~ck 15 a unlque breakthrough 
whlch s~rnpll l~es learnlng Morse Code 
Instead ol confusing maze of dlts and 
dahs, each letter w l l  magically begln to call 
out 11s own name' Stop torturing yourself1 
Your amazlng k11 contalnlng 5 power 
packed cassettes. vlsual breakthrough 
cards and onanal manual IS only $39.95! 

I Send check %r money order ioday l o  
WHEELER APPLIED RESEARCH LAB. 
P 0. Box 3261. C ~ t y  of  Industry. CA 91744. 
Ask for C o d e  Quick * l W ,  Caltfornla 
res~dents add 68 sales tax 

One User Comments: 
"Flrst new Idea In  code study and the darn 
thlng works' So much fun s(pu don't realize 
how much you're learnlng 

M S Greneda. MISS 

Hundreds of satisfied customers! 
You can't lose! Follow each simple step. You 
must succeed or return the k ~ t  for a total 
lmmedlate refund! 

FCC changes make obta~nlng a H~gh-level 
Rad~o Telephone L~cense much easler now. 
E l~m~nate  unnecessary study w ~ t h  our short- 
cuts and easy lo  follow study material. Obta~n- 
ing the General Radio Telephone License can 
be a snap! Sample exams, also section cover- 
ing  Radar Endorsement. 

A small ~nvestment tor a high-paying career in 
electronics. 

$1 9.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville, N. C. 28793 f l  219 

We now accept MC and VISA 'm * Dive card I. 81p. dale, and sl~nalum 

ECHO- DISKETTES 

Each rscordlng aurlace 1s !ndlvldually cenHled 
and guaranteed to bs 100% error tree wlth a 

LIFETIME WARRANTY I 

Echo head cleaning klt no harsh abrasives no 
fluids to apply (30 applicationsl 5%" - S6 95. 

DVSAN' DISKETTES 
PREMIUM OUALITV AT HUGE SAVINGS 

5'4 DSIDD* 
\ 4 5 %  S I D D  

All dlskettea are in boxes of tO w~lh labels 
envelopes and reinforced hubs. 

DISK STOR holds 50 5%" Dlskettea $12 95 + 
52.00 shIppln9 

SHIPPING 5%" DISKETTES- Add $3 00 per 
1042 or lesa PAYMENT VlSh MIC or 
check wlth order COD orders adds2 00 St 50 
credlt on long dlstance phone ordera TAXES 
Ill~nola customers add 8% fl 212 - 

In Germany Elektmn~kladen. Wllhelm - Mellles Slr 88 A930 Detmold 18 Wesf Germanv 
In Japan Toyomura Eiectron~cs Com~any. Lld . 7.9 2-Chome Sola.~anda ChlyWa.Ku. Tokyo. Japan 
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INTRODUCTION 
1. AMATEUR RADlO 
2. ELECTRICAL FUNDAMENTALS 
3. RADlO DESIGN TECHNIQUE 

AND LANGUAGE 
4. SOLID STATE FUNDAMENTALS 
5. VACUUM TUBE PRINCIPLES 

RADlO PRINCIPLES 
6. POWER SUPPLIES 
7. AUDIO AND VIDEO 
8. DIGITAL BASICS 
9. MODULATION AND DEMODULATION 

10. RADlO FREQUENCY OSCILLATORS 
AND SYNTHESIZERS 

11. RADlO TRANSMITTING PRINCIPLES 
12. RADlO RECEIVING PRINCIPLES 
13. RADlO TRANSCEIVERS 
14. REPEATERS 
15. RF POWER AMPLIFIERS 
16. TRANSMISSION LINES 
17. ANTENNA FUNDAMENTALS 
MODULATION METHODS 
18. VOICE COMMUNICATION 
19. DIGITAL COMUNICATIONS 
20. IMAGE COMMUNICATIONS 

376 MORE PAGES THAN 
21. SPECIAL MODULATION TECHNIQUES 
TRANSMISSION 

LAST YEAR 22. RADlO FREQUENCIES AND PROPAGATION 
23. SPACE COMMUNICATIONS 

17 MORE CHAPTERS CONSTRUCT~ON AND MAINTENANCE 

OVER 1700 CIRCUIT 
DIAGRAMS AND 
ILLUSTRATIONS 

The ARRI, 1985 HANDBOOK FOR THE RADlO 
AMATE'UR is the largest ever! Resides the new name 
and cover, this edition contains new typesetting 
throughout. There are more construction prqiects 
than ever before. A separate section has been added 
containing P C  etching patterns on special paper which 
can be used as positive film. Compare the contents of 
this book with an older edition and see how much 
material really has been added. The 1985 HAND- 
BOOK is the biggest and best ever!. 

Price: Paper edition: $15 in the U.S.,  
$16 in Canada and elsewhere. Cloth 
edition: $22.50 in the U.S.. $24.00 in 
Canada and elsewhere. Payment in 
U.S.  funds. checks must bedrawn on a 
bank in the U.S. Available from your 
radio store or from: 

ARRL, 225 MAIN STREET 
NEWINCTON. CT 061 11 U.S.A. 

24. CONSTRUCTION TECHNIQUES 
25. TEST EQUIPMENT AND MEASUREMENTS 
26. TROUBLESHOOTING AND REPAIR 
27. POWER SUPPLY PROJECTS 
28. AUDIO AND VIDEO EQUIPMENT 
29. DIGITAL EQUIPMENT 
30. HF RADlO EQUIPMENT 
31. VHF RADlO EQUIPMENT 
32. UHF RADlO EQUIPMENT 
33. ANTENNA PROJECTS 
34. STATION ACCESSORIES 
35. COMPONENT DATA 
ON THE AIR 
36. HOW TO BECOME A RADlO AMATEUR 
37. ASSEMBLING A STATION 
38. OPERATING A STATION 
39. MONITORING AND DIRECTION FINDING 
40. INTERFERENCE 
ETCHING PATTERNS 

PAGES! 
More Details? CHECK-OFF Page 158 r /  112 November 1984 157 



AdverTi~ers v' 
check-of f 

... for literature, in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 
Place your check mark in  the space 
name and number. Ex: Ham Radio /2";yn 
ADM 101 
ACC . 102 
ARR 103 
AFA 104 301 
A;-- I*- 
ALL . 106 
A l m  Dana . 107. 108 
Ah8m 109 
.FS 110 
A 111 
ARRL 112 
Am& - 113 
A p N d  lnr 114 
Arlron - 115 
A r l r n v ~  Svplvr - 116 
Allclm Amleur  117 
A~alo T e c h n q ~  119 
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A l n l n  121 
B h W '  
Barw 
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Dtxsr. E M I  - 145 
Dntmler I46 
Dynrlmc Snt- - 147 
tlm I,<, Cam 148 
tER 149 
t t x  omm 150 
114 Com 151. 1%' 
EP..,~" 153 
F,,l*,rn 154 
F.,,, nn 
Fall 158 
Fluha ' 
F.. Tango - 158. I57 
CLB E k  1% 
Hal c m m  1%. 0 2  
Hal 1,-3. - 1 M  
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Harlmn I64 
H,,,." 185 
H P A ~ ~  a 1  
ICOM 168, 163 
I<l,l,rnRsar 170 
l,~,'., Mnd 111 

'w contact mc sdrstm hrsclly 

Limit 15 inquiries per request. 
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HAM RADIO MAGAZINE - "check off" 
Greenville, N. H. 03048-0498 
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Hal Commc8nltalon Cam . . . . . . . . . .  71  
H", Tla,," . . . . . . . . . . . .  152 

Ham R.aln M a v l n a  . . . . . . . . . . . . . . . . . .  Y 

narnwx, H d l o  . . . . . . . . .  la 
Hal," tlullonlcB . . . . . . . . . .  Ri 

. . . . . .  ICOM Amrbm lnc . . . . .  C& 11. 65 
. . . . .  Id*"" P,*r, . . 151 

Inl*#natnnal M& S- . . . . . . . . .  145 
. . . .  J r n u n  I,"*, l W  . . 119 

JRS Dnlrltjutar . . . . . .  106 
K,,nl,"n,l 5 . . .  1 
KC5 f C r 9 r r m  . . . .  . . 68 . . . .  l l w  K m d  C a n m v u l -  2 . 1 0 . l i . t a r I V  

. . . .  Lnrm tb.llonlFI CO 3S 
MFJ € # ! l n # w m  . . . . .  

. . .  i ~ ,  I~..IG,.I~, 1 2  : " . . . . . . . . . . . .  153 
. . .  I,WII ~ a s t w t r n g n r n n g  . . .  155 

. . .  M1,rnn~.+r :,atrll#m . . .  
Jr.hnJ Mmhn. J r .  CO. lnc ., . . .  1%. I$ 
M#crd,ne . . . . . .  . . 145 
M,<," Conll0l spcullm . . . .  1% h4;zi2;2 lr* .s- 32 . . . . . .  . . . .  8B. R9 
~ , r v w , ,  ndr, C m t n  .. . . . . . . . .  . . 159 
M,,!nmy Dntrhu,mg . . . . . . . . . . . . . . .  . . 152 

. . . .  ~ ~ ? k . ~  ~k..trcnrs . . . .  ris. 1% 
NCl ,  . . .  1UI 
N.,,,>,I~ ~ass(hea SF- 106. I~ I  
Notnab E k l , " " ~  Id5 
Nurth Amnllmn SM Cam . . I8  
Ntl lr b Vrlllr . . .  3C, 
0 1 1 ~ 1  Mnylrlra 70 
P.,"ll", Il"ll,rlrm 90 
P (. Ec l fnnm i3. 24 
Phllllllr Il* h F k t -  . . . .  €6 
Plrr- \a,all,,s 21 
P,CX NO+ ~ . I I L W ~ ~  ~r, 
Pn, 5narrh blrv l r m .  I W  
P"l*ll Danalll 13') 
R f  I r , m $ x w ~  1% 
RF Paxhr !% 1% 
R d m  A ~ w l r u r  Glbmr N 
Radldll 143 
Rndso W a w W  91 
Ran>\av f I P c I # m  13R 
SAHOC I ,,'3 
S,annrt A a o s u t a  18 
Sal~.l181- TV M a o u r r  118 
SI atno S n l a n r  Inc 1% 
Rob-0 S S ~ h u r r m n n  KAZUXR 115 

Sf". I,"," I n , " r N l m l  u 
St*< ,rum W n !  140 
Sf,, Ro O n l r 6 ~ l m  1% 
11.n la 141 
lrrva L a m a l m  141 
TI sntnn< 4) 
1n.as T n s r r  a 81 
TNT Aarixl Sab. 144 
T,ans*.,~rmx Inc m 
UNR Rohn 1 m  1% 
Ut!nrrwl E b c t r m c .  I06 
Ur~avecs#lv M r r o l l m  I n t r r u t d  119 
Vanx~wrd Latn IW 
Vallan 1 , w r  9 
val t13.  ah^ a 
V d  ( tm C n m W n o r n  106 
v n r  rmlvnutanr UI 
J a m  WZlln TR1 FWHWW"l 30 
W * r l c m  I ngnrmne a 
wotrrn f I", , r a t <  r I42 
W ' l l n n  Sdlr l l l t r  94 95 
Wlx..hr Ay*llw( R-rch L.b. 1-3 
W,lb,lm R ,11111 bales 106 
Y # t w >  Fk t r < t r w %  Cwm C- I l l  
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ANTENNA SALE 

HY-GAIN HY-GAIN TOWERS CUSHCRAFT 

TH3RJS $169 HG37SS CALL A-3 $209 BC 350 $375.00 
TH5MK2S $355 HG50MT2 A-4 $279 BC 300 $339.00 

FOR 
TH7BX3S $410 HG52SS 40.2CD 5279 BC 20120 $279.00 
EXPLORER 14 $269 HG54HD R-3 $265 BC 210XL 5219.00 SPECIAL 

14AVQB $59 HG7OHD PRICING AV5 $98 BC 200 $1 69.00 
18AVTMIBS $95 32-19 $9 1 BC 180 3 1 59.00 
v2S -, $37 KLM 2 1 4 ~ - F B  $77 BC 260 5249.00 
v 3 s40 KT34A $329 ARX-2B 

$37 BC 100 S 279.00 
v4 s49 KT34XA $479 A1 44-1 1 $46 BC WA $34.95 
66BS 'log 40M-2 $290 'CP2100 $279.00 
CD45 II 2M-13LBA $77 LARSEN CALL= ALL SOFTWARE $39.95 
HAM IV 
T2X 

'lg9 2M-14C $85 
s245 435-18C 

ALLIANCE HD73 $99 432.16LB 
$59 
$65 HUSTLER CALL 

BUTTERNUT AEA CALL i/ 187 

HF6V slog Call "TOLL FREE" For All Antennas 8 Accessories 
i 

This Publication 
is available in 
M icrofor m. 

Due to an unavoidable 
scheduling problem, 
SAROC 1985 has been 
cancelled. Plans are 
presently being formu- 
lated for SAROC 1986. 
Details will be an- 
nounced as soon as 
they are completed. 

P.O. BOX 945 
BOULDER CITY, NV 89005 

I I 01 the tllters lndlcated For SSB there IS a cho~ce  I w~dth )  CW Narrow (250 or 400H2). and AM (6 OKH7) 
To Improve CW or AM recept~on you must usla one 

I you can add one of the narrow t~lters, or you can 
use the improved Fllter Cascading Kit. I 
We recommend the Cascading Kit because it IS 
more eltective It beneflts both SSB and CW recep 
tlon wlthout a f fec t~ng  the other modes or TX When 
you lust add a narrow SSB filter, the mode swltch 
lets you select efther the stock (2  4KHz) lilter or the 
narrow one E~ther way, the i I signal passes 
through on1 one hller - the other IS ~ d l e l  In the 
Fox Tango zascadlng Kit two lrlters ere sctrve the 
s~gna l  t ~ r s t  passes through the stock lllter and 
near the end of the I I cha~n,  through a second litter 
- the h ~ g h  quallty Bpole Fox Tango 2 1 KHz unll 
and I ~ S  a m p l ~ l ~ e r  board Here are the results 

BEFORE AFTER 
lwllh SImk $50) tdlh C a ~ a d o  KII) 

Y)~B 8.ndwlalh 3 2 KUZ 2 I6KYz 
IMD Oynamlc Ran* W B  tCWB lt4KHl S+*clnol 

Idl. N a u  I1 F) We IR.I.mc.) M B  tD.10~ r.lelonEe) 

The narrower bandwidth Improves select~vity The 
greater dynamic range reduces ORM The reduced 
nolse makes weak.slgnal reception easler And, as 
a bonus. the Shil l  control works much better 
lnstallatlon 1s inboard, instructlons are complete. 
no drllllng IS requ~red, and only a few soldered con- 
nectlons are needed However, sk~ l t  IS necessary. 
your dealer can help i l deslred. 

INTRODUCTORY MONEY.SAVINO SPECIALS 
FTK.430S CASCADING KIT (~ncludlng filter 

board ~nstruct~ons,  etc ) $85 
FTK.430S w ~ t h  one addltlonal f~ t te r  

(CW or AM reg $60 ea ) $140 
FTK430S w ~ t h  two addltlonal l~ l te rs  

(CW and AM) 5185 

SPECIFY Type des~red and CW 
bandwidth 11 ordered 

SHIPPING $3, Atr $5. L' 
COD add $ I. Overseas $10 
FL Residence add 5% Tax 

More Details? CHECK-OFF Page 158 1 November 1984 159 



Stuck with a problem? 
OurTE-12P Encoder might be just the solution to pull 

you out of a sticky situation. Need a different CTCSS 
tone for each channel in a multi-channel Public Safety 
System? How about customer access to multiple re- 
peater sites on the same channel? Or use it to generate 
any of the twelve tones for EMS use. Also, it can be used 
to access Amateur repeaters or just as a piece of ver- 
satile test equipment. Any of the CTCSS tones may be 
accessed with the TE-12PA, any of the audible frequen- 
cies with the TE-12PB. Just set a dip switch, no test 
equipment is required. As usual, we're a stickler for 
Iday delivery with a full 1 year warranty. 

Output level flat to within 1.5db over entire range selected. 
Immune to RF. 
Powered by 6-30vdc, unregulated at 8 ma. 
Low impedance, low distortion, adjustable sinewave output, 
5v peak-to-peak. 

67.0 XZ 85.4 YA 103.5 1 A 127.3 3A 156.7 5A 192.8 7A 
71.9XA 88.5Y6 107.2 16 131.836 162.2 56  203.5 M I  
74.4 WA 91.5 ZZ 110.9 22 136.5 42 167.9 6Z 
77.0 XB 94.8ZA 114.8 2A 141.3 4A 173.8 6A 
79.7 SP 97.426 118.8 26  146.246 179.966 
82.5 YZ 100.0 12 123.0 32 151.4 52 186.2 72 

Frequency accuracy, 2.1 Hz maximum -40°C to +85"C 
Frequencies to 250 Hz available on special order. 
Continuous tone 

TEST-TONES: TOUCH-TONES: BURST TONES: 
600 697 1209 1600 1850 2150 2400 

1 000 770 1336 1650 1900 2200 2450 
1500 852 1477 1700 1950 2250 2500 
21 75 941 1633 1750 2000 2300 2550 
2805 1800 2100 2350 

Frequency accuracy, 21 Hz maximum -40°C to +85"C 
Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

* &; COMMUN~CAT~ONS SPECIALISTS 
426 West Taft Avenue, Orange, Cal~forn~a 92667 
(800) 854-05471California: (714) 998-3021 



Yaesu Electronics Corporation 
6051 WLdthall WIV P-lnrnoorit (./A 40723 
(213) 633-4007 

Yaesu Cincinnati Sewice Center 
"1 1 1 0  Golti P ~ I  I. UI lve Y,ln lltor, (_ I i 45011 
(51 'I) 874-310Cl 

5 watts that your 
batteries can' live with. 
Have the power you need when you need ~t with 
Yaesu's new 5-watt. 2-meter- hmdheld Power to 
get out In sltuatlons wher-e ord~n;lry HTs lust won't 
make rt 

We desrgned out HT w~ th  a unlque u m -  
programmsble Power S,~vcr t h l t  puts the rrg to 
sleep wh~le you re monitor Inp and wakes it  up 

when the squelch breaks So you c ~ l n  l~sten for 
hourr and st111 have plenty of power to h ~ t  those 
hard-to-reach repeaters wheri you need to 

W ~ t h  the FT-209RH there? no need to fiddle 
w~ th  knobs when you chanpe from one memory 
channel to another Thats bewusc you can rndc- 
pendently stor-e everyth~ng you need in each of 
the ten memorles recelve ftf-quency stdndar d 
or non-standar d offset even tone encode decode 
wrth an optronal module And then recall any 
channel at the touch of a button 

It's easy to hear whats happen~ng on your 
favor~te r-epeaten or srmplex frrquenc~es Just 
touch d butloll clrid ~ d l i  r1ie1~101y ~ l i ~ i r i ~ i e l \  
or selected ones Or all freqi~enc~es betwccn 
any two adjacent memoi les Use the pl~or ~ t y  
feature to return automat~callv to your special 
frequency when ~t becomes ictlve 

Br lng up controlled-access machrnes w~ th  
the optional plug-in subdud~ble tone encoder 
decode, Independently programmed from the 
keyboard for- each channel L~sten for tone- 
encoded signals on selected channels - w~thout 
hwng to hear a bunch of chatter- by enabl~ng 
the decode functron 

The FT-209RH wh~ch covers 10 MHz for 
CAP and MARS use comes complete w ~ t h  a 
503-rnAt i bdttery chdr gt.1 dnc l soft cdse 

For those who want a bas~c r ~ d ~ o  w~thout 
the bells and whlstles cons~der the compact 
l~ghtwe~ght FT-203R Th~s econom~cal HT features 
2 5 watts of power and an opt~onal DTMF key- 
pad Most all the accessor res for the 209 wor l. 
wlth the 203 ~nclud~ng ,In opt~onal VOX headset 
that gives you hands-free opPr ~ t ~ o n  thnts perfect 
for publ~c servlce events 

So when you visit your dealer let h ~ m  
know you wont settle for anythlng but the best 
A rad~o bu~lt by Yaesu 

D9RH shown Prices and specifications subject to  change wi thout  notice. 



Digital Code Sc 

Kcnwood's TR-2600A iritroduces 
DCS (U~gil;~l Cocle Sclcrelcli) clr- 
cu~try, a s~y-al~ncl  concept tjevel- 
op(?tt by K(!nwoor.l. DCS allows 
each statlon to have its own 
,"pr~v;itc c;lll'' cock or to respond 
to a "group call" or "cornmon call" 
coclc. There are 100,UOO d~fferent 
5-cl1q1t ASCII code cornblnatlons 
possitilc. YOLI (-.an program in call 
slant; 1.111 to t i  d la~ts  In the ASCII 
c o t J ~ .  \Wlii?n operat~ng In the DCS 
rnr:~c]c. t h ~ s  ~nformatlon can then 
I)F! a ~ ~ t o r n ; l t ~ ~ i i l l y  traris17i1tted 
c\;irh \inif. thc transrnlt key is 
clf:l~rt?ssr!tl. l-hls revolutionary 
featuri. 1s only the beg~nning!  The 
TR-2f00A also sports a high 
~rnpnct plnsl~c: case, that IS extra 
r:~r;qt?l-.i ;II.I~ ~;r.uff ri.t;~stant. The 
r ? i f  :!:i:cj-~ri color cil!ils to the attract- 
I\IC ~lllp~!tir;tric,p, Ttie large? L.C.D. 
rlisplny 1s c:isy to read In dlrecl 
scrnllpht or in the rl;irk with a 
r o r i v ~ ! n ~ r ~ r ~ t  I;rmp switch. It d ~ s -  
l?l-!ys tr::rism!lirf?ce~ve frequen- 
clc>s, mr:rnory ctl:ir~rlt?ls, and flve 
 row ~ncl~cator:; lor "F LOCK" 
f rFr l~~cncy lock, "REV" repeater 
rrt/ri.rr;c? "PRQG.S" yr<,yranimecl 
::i-:;.!I, "F,lSN rncrlnory scan. 
"AILIIRT.S" :tlort i;c;;3n. A star lndl- 
c.:;'cbs "T\il l l lORY LOCK-OUT" IS 

ac;:lv;~triti, ;.!r~(l rcpeater offset 
inci~;.;itcd hy " a , , S and M:' The 
Ti-'-?i;i!94 Ili;~s 10 rrlenlories, nlne 
fcr :;irnf~li~x or tr;jr~sm~t w ~ t h  fre- 
qlrpnry i)ifsc?t k600 k l iz  and nnf. 
(rr i t~mory 0) for non-st;!nclarcl split 
i ; r - r l u ~ r l ~ ~ r : ~ ,  li,lernory scan and 
~.~FIIcI I , : !~~I I~I~?~~c h;irifl c,~:a~i have 

ntjrlr'c: cor~vr?n~cricci c~f "T~rne 
c,~).?r:ttctl Rrsuri-1;s" thnt stops (.In 
!xii;y c;hilnnr;l onrl hc,lds for 
; i l ~ ; i ~ o x ~ i n ; ~ l r ~ ~ l y  5 r;ccorlds, then 
fC:, l l lT l?S [ ,c i tn~i~r iq,  i:r "Carrler 
O ~ ~ ~ r : : t r ! i l  Hc?r,~rrnc~" thnt stops on 
h r ~  ;y c:h;ilrnr;l ;irlcl resumes 
M" ~ ! r i  s~qri;tI cr:oser;. 
\,lc-rnory :;(:an, scarls only tllose 
rll!3morlF:s 1r1 wh~[;h rlnta IS stored, 
;!II l rT-:i-viIc,ry lock-out allows you 
t i . 1  ;kl ;) c-.,?Icr tr?d memory c2tiannels 

w~thout 1~::s ! ~ f  i l i i ta /~~~:;\/I;IIJS~V 

storctit Man~~:l Sf.:lnn~rii_i U P  
DOWl\I In I ) - kH7  !;tiy~!; ;iflil pro- 
(.lrarnm;~l~lo ;!utorn:lt~i I , n ~ ~ t l  scnn 
arc ;.~lr;o ~ i s i ' f ~ ~ l  fe: i l~ l ics.  T ! v  1R- 
2600A 11;1x :I t ~ u ~ l l - ~ r - I  "S" ITIP~CI. 

the‘ toy p;ir~:l \vh~c;h ;ils!: ~*iti~c:!tr)r, 
t-,i-iltr?ry I[!vcl u!hf?n rr i  :~;insrnrt 
mode:. E x t c ~ ~ t l ~ r l  irc-q~.lencv cover- 
;\!!P, 1 4  2,000-1 4E.9!45 h!lH,2 :illr~\?'s 
transm~t cngah~llty In 5-kt !? stens 
for s~rnplc:x o r  rel.icint<xr orlclrnt~i,n 
on most i \ l i \RS ;irirl CAP frr<airf?n- 
t:les. R!~crl lvr~ f r t ? ! l l J ~ * f l i ' ~  c .?\ lc~r; i~ l t~~ 
~r~cltrcje~s 1 4 0  900-1 5$),:4?Iri \%,l!.-l?. 

T~C.JSP fei3t~rrcs onlv it?ll part o f  
Ihf: story. 'I 'IF. TO-25i)OA ;~Iso h ~ i ~  
koyhn;~rtl f!c!r~u!?ric;y selection. 
t ~ u ~ l t - ~ n  I!;-key nutopatch encoder. 
"TX STOP" s\v~t(:ll, HI (.?.5)/LO\J/ 
(300 niw) ~,)o\vi'r sv!~tch, REV 
s w ~ l r h .  "SLICII-LOC" !>:.!tti\r)l 
p:iclc, hiph ~ i f f l c ievcy  :,~!eakf:r. 
BNC antC1nr:;i t~:rrnrnnl. ;!nci nll of 
t h ~ s  In :in r'xtrcrnr-iv <.nrnpnci 2nd 
Ilqhtwc?~gli! ~l:-lcliac~c>~ 

Krnwooc!'.; 7 R -,'r',1)0-2. ??,~th 
D.C.S., lent!!; thc: \~/:lv In !lrjlh 
tcchnoloo\, I:;inilhillri ir;~n:rcc'lver s' 
Optional accessories: 

rU-3!jF; i j u ' l t - ~ n  proqran~rnahle 
sub-tot-16 cni(3cii.r 
57-7  R;i:.r, St;lnrj 
hlS-1 R n t ~ ~ l c  St::n~,l 
PI? ?ri hli-Cct P,ntti!rv 
DC-?f l  DC-DC Ccjr~vertcr 
HkAC 1 t-lr>;id::,~t w ~ t l i  VCX 
SMC- 20 Sp~~ ! l i r ? r  blrc;ro[)!!nnf? 
I H -3 DC>!IIYF: Lvnttier Case  
SC-$1 Soft C x P  
HT-3 A A  PA;ino;inr'se~Alk:~l~nr; 
G n l t c r ~  C:I?~' 
EB-3 Eut~.~rnr-ll C i \ i n r l ~ a n ! ? ~ r ~  
Alkitl1nt3 R;l!tr:ry C;ise 
Y A  3,  5. [ r ' l ~ ~ * ~ ? o ; ~ i n y  Ani~,nna 
C;G-10 C:!ll !31(1n DISI?~:!~ 

Mor.7 itiforn;!!inn ~ : r ,  i l - 1 ~ 3  

1 R  2?i;nO!l I?, 2\,/:11!:i!-tlr.: ir i j l l i  
nultior~;r~il rte?lt.l.; _:f 
Tr~o-Kr!ri\*!cicl(i C r ~ r r ~ t ~ ! i ~ ! ~ ~ c ; ! : ~ ~ > r ~ t ~ ,  
111 1 l f i i i ts t  14,.'nlnut S:rc.r?!. 
Cornrslon, :;A i;O??!I. 
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