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Tired of all the Discover the wide open 
traffic on your band? spaces on 22OMHz. 

ICOM has a commitment to 22OMHz. 

The IC-38A Mobile . .  lCOM's new compact and easy to operate mobile especially designed 
for operator convenience. I t  sports a large LCD readout and band/memory stepping from the 
provided IC-HM I2 mic. Plus 21 memories, receive coverage from 21 5-230MHz, scanning and 
memory lock-out. 

The IC-37A Mobile ... ICOM's slim-line 220MHz mobile. There's band or memory scan- 
ning, nine memories. 32 built-in subaudible tones and an LED readout. Plus a reverse switch 

for offset checks and an internal speaker. Comes with the IC-HM23 DTMF 
touchtone mic with up/down frequency and memory scan. 

Discover the wide open spaces on 220MHz. ICOM will help take you to 
the excitement. 

I/ 210 ICOM America. lnc.. 2380-116th Ave NE. Bellevue. WA 98004 Customer Service ~otline%).454-7619 
3150 P r e m i e r  Dr~ve. Sut te  116, Irbtnq, TX 75063 

ICOM CANADA. A 
All r1atr.j F ~ C C I ~ I C R ~ I O ~ S  are approx#matr and suhlrcl tn chang~ mthol~t 



THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 

Initiate phone calls from your HT or mobile 
Receive incoming phone calls 

N ~ W !  Telephone initiated control. . . - Operate your base station with complete control from any telephone 
H Change frequencies from the controlling telephone 
H Selectively call mobiles using regenerated DTMF from any telephone 
Y Eavesdrop the channel from any telephone 
H Use as a wire remote using ordinary dial up lines and a 

speaker phone as a control head. 

DIAL A c c E s s  REMOTE/INTERCONNECT 

s Private Patch . . @--9,. 
D l U l  COS CI," 

i 
ol5C rn 8 .  CONUF~I  5 . ~ 7 ~ ~ 5  IN, 

The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re- 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in  phone remote 
devices. And you are in full control 
100% of the time! 
The new digital dialtone detector 
will automatically disconnect Pri- 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in- 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full useof the radio system from 
any telephone. And of course you 
have full use of the telephone 
system from any mobile or HT! 

To get the complete story on the 
powerful new Private Patch IV con- 
tact your dealer or CSI to receive 
your free four page brochure. 
Private Patch IV will be your most 
important investment in commun- 
ications. 
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Connects t o  MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 
Can be connected to any HT. 
(Even those with a two wire inter- 
face.) 
Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera- 
tion. 
20 minutes typical connect time 
Made in U.S.A. 

OPTIONS 
1. % second electronic voice delay 
2. FCC registered coupler 
3. CW ID chio 
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REFLECTIONS 

Season5 Greetings 

One afternoon not long ago, Skip and I were discussing the latest video to come to our attention. 
No, it wasn't the latest flick from our local magnetic media emporium, but rather a professionally 
produced video entitled "The New World of Amateur Radio" in VHS format. 

You're right - it's that 30-minute video from the League that explains what Amateur Radio is all 
about. I'm sure you're familiar with most of the key players. In fact, in some of the scenes you might 
even recognize yourself. 

It's quite well done, and we enjoyed watching it. I'm not going to go into a scene-by-scene descrip- 
tion; instead, I'll just pass on an idea Skip suggested. 

What if quite a few of us each obtained a copy (it costs only $20, and what else can you buy for 
$20 these days, anyway?) and offered it to our local family video center for free? The ARRL could 
prepare a poster or other in-store display piece for distribution to hams willing to undertake this effort. 
I'm pretty sure the family video center that I'm a member of would be willing to at least try it for 
a while. While there'd be no money exchanged, store owners could offer a free rental of the ARRL 
tape with the rental of any other. Everybody I know likes a bargain. Used as a promotional item, 
it's conceivable that the tape might actually help business. 

Wait a second. Wasn't this film meant to be distributed to ham clubs, schools, etc.? Absolutely. 
But hams clubs already have hams. Wouldn't it make sense to make the tape available to the general 
public? Doing this might have several positive effects: first, it might encourage some of our younger 
generation to find out something about Amateur Radio; second, it can't hurt our image. Maybe one 
of those people borrowing the tape will just happen to be that neighbor who's been so critical of 
your tower or your operation. It might explain a few things to him. By jingo, I can see it now - 
an 80-meter, double-extended zepp strung between your property and his! 

A possibility? Contact the American Radio Relay League's Publication Sales Office, Dept. NWJHR, 
225 Main Street, Newington, Connecticut 061 11, for your copies of "The New World of Amateur 
Radio" - one for you, one for your neighborhood video store, and five or ten more for all the lucky 
people on your holiday gift list. 

Happy Holidays! 

Rich Rosen, K2RR 
Editor-in-Chief 

4 December 1987 



A complete line otaccessorles is available tor all models. 
Complele SPrVlCe manuals are avanlehle lor at! Kenwood lranscelvers and most ecce 
S P ~ ~ C I ~ I C O ~ ~ O ~ S  andprlces are sub~ecl lo change wrlhour nollce or obl#gar#on 

KENWOOD U.S.A. CORPORATION 
2201 E Dorn~nguez St.. Long Beach. CA 90810 
PO. Box 22745. Long Beach. CA 90801-5745 



Kenwood has been producing the ftnest 
comrnuntcat~ons eqt~tpment for over three 
decades. Kenwood IS the name recog- 
nized the world over as the number one 
manufacturer of Amateur Hadlo equ~pment 

Belng number one means that we are 
comm~tted lo offer you the flnest selec- 
tton of equ~prnent ava~lable It's all here- 
everything for a truly "top notch" stat~on. 
Commerc~al grade receivers for the Short 
Wave Listener. The latest ~n 220 MHz 

trnnsctitve~s for t h ~  cnhiinced Nov~c:e. 
The ftnesl select~on of VHF and UHF rlgs. 
Our legendary HF l~ne cont~nues lo earn 
top b~ l l~ng  ~n Product Hev~ews. wtnnlng 
contest stat~ons, and DXCC Honor Roll. All 
~n your cho~ce of base. rnob~le. or portable 
packages All des~gnrd w~th  the latest 
lnnovatlons ~n communlcattons technology. 

When you are on thealr wlth a Kenwood 
rlg, fellow Amateurs recognize that 
"Kenwood Sound" ~t separates you from 

the pack and lrts everyone know that you 
are ser lou about comrnun~cat~ons, 
whether II'S traff~c handltng, contesttng. 
DX chas~ng, or just pla~n rag chewtng. 

Lend~ng edge technology, and superlor 
fteld-proven p~rformance that's the 
Kenwood Exper~ence' 

Contact your nearest Author~zed 
Kpnwood Amateur Rad~o Dealer for more 
detatls on the hottest ham gear ~n the 
world' 
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NEW FROM MFJ 
IMFJ-931 creates artificial RF ground with random wire, also1 
Je~ectricaIIy places a far away ground directly at your rig I 

I 
HANDHELD 
SPEAKERIMIC 

~ ~ $ 2 8 4  $24.95 
Once you've tr~ed thls new 

MFJ 284 SpeakerIMrc you'll 
never want to be w~thout 
it. You'll conveniently carry 
your handheld on your belt 
and never have to remove it 
to monitor calls or talk. - 

You'll never have to turn up your aud~o annoying- 
ly loud because its handy lapellpocket clrp lets you 
place 11 close to your ears for easy I!sten!ng. 

It comes with a lightweight retractable cord that 
eliminates the "dangling cord problem" and fits 
most Icom. Yaesu and other handhelds. Outstrndlng 
audio on bnh transmlt and recelve. Dark grey. 
1441220 MHz VHF ANTENNA 
TUNERS --- 

L . . 

Get cool efficient ooeration, maxlmum Dower 
output and minimum SWR w ~ t h  these dual band VHI 
antenna tuners +hat cover both 2 meters and the 
new Novice 220 MHz band. 

Both handle 300 watts PEP, match a wide range 
of Impdances for coax fed antennas, and are 
suitable for both mob~le and base operation. 

MFJ-921 has SWRMlattmeter and is 8xZ1/zx3 
inches. MFJ.920 is 41/2x2%x3 Inches. 

Ellmlnate RF bltes, hotspots, feedback. TVI. RFI and other problems due to 
an madequate RF ground and at the same tlme Improve your slgnal and 
rad~at~on pattern lor more OX 

Use the new MFJ-931 to m a t e  an aMlk(1l RF g m u d  The MFJ 931 
resonates a random length of wlre thrown along the floor and produces a tuned 
counterpoise, producing an a r t~ l~c~a l  RF ground Thls presents a low Impedance 
to your rlg and effectively places your rlg near actual earth ground polent~al 
even If your ng is on the second tloor or higher w~th  no earth ground poss~ble 

Also. the MFJ.931 eledncally places a far away RF gmund directly at your 
rig -- no matler how far away 11 Is. It reduces the electrical lenqth of the 
ground connection wlre to v~rtually zero by tuning out 11s reactance 

It covers 1 8 to 30 MHz and has a bull! In RF ammeter tor ~nd~catlng RF 
ground current It's ruggedly bu~lt In an all alumlnum cablnet w ~ l h  a brushed 
atumlnum front panel and measures 7 % x3 % x7 Inches 

DROP-IN RAPID 
BATTERY 
CHARGER 

Be prepared! Keep your 
handheld ready for rnstant 
use w~th the new MFJ 290 
Drop In Rap~d Desk Charger MFJ-290 $59.95 
for all ICOM rechargable banery packs. 

It's made of hlgh quality high Impact plastic with 
ventilation holes lor cool operation and measures 
just 7 x 4 ~ 3  inches. OnlOli swltch, power ON and 
charging LEOS. Uses 110 VAC. IC42 Series battery 
packs require ICOM AD-lO charger adapter. 

-- - 

1641128 not only leaches code but 1s also a lull 

I 
llBM Starter Pack for PACKET 

MFJ-1284 $1 9.95 
Ready to joln the PACKET fun w~th  an MFJ TNC 

or TAPR clone? MFJ's newest IBM Starter Pack for 
PCs and compatibles with serial port gets you on 
packet immed~ately with no hassles. You get a 
computer interlacing cable, complete "How To" 
Instructions and the fabulous PTP (Packet Terminal 
Program) on dlsk by N4PY - - everything you need 
to get on packet FAST. 

PTP gives you split screen with keyboard buffer. 
user defined junction keys, disk save, printing, file 
upload and download. WORLl BBS/mailbox and 
WDCG PBBS support, help screen, automatic 
command strlngs, automatic time set, connect 
alarm, full screen editor. NTS traliic generation. 
complete documentat~on plus more. 

COMPACT MOBILE 
SPEAKER M F + ~ ~ O  

$1 8.95 
Enjoy crisp, clear aud~o and 

ultimate convenience with thls 

I fledged Iambic keyer and Morse keyboard! Opt~onal tiny. low cost mobile speaker. I MFJ-76 Interlace ($19 95) lets you plug ~n an Just plug in the 3.5 mm phone plug, set I h e a s e  
iambic paddle and the C-641128 key a transmitter. on anv maanetic surface and it's readv. Two 

You can send all alphabet, numbers and 
punctuatron randomly or choose certaln letters, send 
a plain English message as glven on an FCC test or 
recelved on the alr, store a message for sendlng or 
send code dlrectly from your keyboard FCC l~ke 
Novlce code test Included 

Use ARRL's "Tune In the World or MFJ supplled 
course for both lnd~v~dual and classroom study 

auxiliary mounting plates with two.s~dkd tape allow 
mounting on a car dash or other non-magnetic 
surface (screws also rncluded). A 30 inch cord and 
tilt bracket give you extra versatility. 

It works wlth all 8 and 4 ohm ~mpedances and 
handles up to 3 watts of audio. Its dark grey 
militaly color matches nearly all rlgs. Measures just 
2Vzx2x3 inches and weighs less than hall a pound! 

MFJ-701 RFI-FREE CHOKE KIT MFJ-701 to eliminate common RFI problems. 11's based on the highly eliective technique 

$1 4-95 of winding the offending cable or wire around a ferrite toriod to choke off RFI. 
eliminates RFI easy as . . . The problem is finding a toriod with the proper characteristics .. one that 

Of 'Our (4) actually eliminates RFI .. and one that has a big enough hole to pass through 
the end of a power cord or AC adapter or rnrcrophone or telephone, etc 

The MFJ 701 RFI Free Choke K I ~  glves you four square torlods that have the 
r~ght properties for ellmlnatlng RFI from 5 to 200 MHz Each tor~od separates 
Into halves and mounts In a tough snap together plastlc frame Thls makes 11 
easy to wlnd around the torlod nearly any klnd of wlre or cable computer 
r~bbon cable, coax cable or a power cord w ~ t h  an AC adapter on Its end can be 
wound around the torold easlly The lndlvldual torlods also snap together Into a 
stack Thls Increases eliectrveness for large d~ameter wrres where only a few 

Everyone has RFI problems aliectlng rad~os. N s  computers, telephones and turns can be used or for r ~ g ~ d  cables where the cable IS slmply passed through 
other electronic devlces The new MFJ 701 RFI Free Choke K I ~  makes 11 easy a stack of tor~ods How to Ellmlnate RFI lnstructlons Included 

IT-NO o & s A n w .  IF NOT SATISFIED RETURN 
W H I N  30 DAYS FOR FULL REFUND (less shlpplng). 

One year uncondlhonal guarantee Add $5 00 
each sh~pp~nglhandllng Call or wrlte lor free catalog. MFJ ENTERPRISES. IM. Call 601 323 5869 ~n MISS and outside 
over 100 products Box 49, Slate MS 39162 cont~nental USA Telex 53 4590 MFJ STKV 
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sentimental 
technocrats speak 

Dear HR: 
The "Reflections" column of Sep- 

tember 1987 ("A Sentimental Techno- 
crat Speaks") was the best thing 
written about Amateur Radio in 20 
years. Mr. Zavrel, W S X ,  captured my 
feelings as well as those of most of my 
friends with his well-written article 
. . . he forgot one dislike, however: 
ready-made coax with crimp-on con- 
nectors. 
J. R. Sheller, KN8Z (ex WA8ZDF) 

Dear HR: 
I loved Bob Zavrel's editorial (Sep- 

tember 1987). It's my turn now - but 
aren't we too young to be talking like 
this? 

What about the warm glow of the 
tubes, the click of the big antenna 
relay switching from receive to trans- 
mit, the smell of wax capacitors and 
carbon resistors cooking, the drifting 
of the old receiver, the steadfastness 
of that rockbound 6146, the hetero- 
dynes of the a-m bands, the quality of 
the audio on those signals, all those 
homebrew radios and amplifiers with 
those weird, unheard-of tubes, the 
vibrating transmitter cabinet tops, the 
occasional job of peaking those slug 
coils in the rf section of the receiver 
and that "plastic" tuning wand used 
to do so? How about the old tube 
tester down at the K&B, the ease of 
changing tubes, and the reliability of 
the fact that if a tube wasn't lit, that 
was the problem? (This is why I dis- 

deep red glow of an overloaded 6146, 
the pop of a high voltage arc, blown 
fuses, the smell and sting of finger skin 
on a hot tube, the smell and heat of 
natural convection; the burned spots 
on painted cabinet tops and the smell 
of cooking bakelite pc boards? The 
smell of a new roll of wire, of hot 
solder flux - and the memory of run- 
ning home after school to turn the rig 
on, after you'd been given a 50-foot 
length of coax . . . the thrill of that first 
OSO, of wondering who might answer 
a CO - and most of all, old radio 
friends. 
Richard W. Thimmesch, WA5NYG 

Belle Chasse, Louisiana 70037 

romantic whining? 
Dear HR: 

I'd like to take this opportunity to 
respond to Rich Rosen's editorial, 
"Evolution" (August 1987). 

My experience with readers and kit 
buyers indicates that he is correct; 
most avid builders are older. Many, 
having already lost wives and the abil- 
ity to focus beyond 8 inches, are dying 
off even as we speak. Others of us 
simply never recovered from the war, 
and make little radios for therapeutic 
reasons. 

Nevertheless, acknowledging that 
fact touches a raw, primal nerve- 
ending in my Amateur Radio soul. It 
makes me want to fire up, grab my 
rusty old J-38, and take a stand. 
"Don't hide behind that 940, you 
paper-crazed DX junkie," I'd pound. 
"Pull your iron, and let's see if you've 
got what it takes to call yourself a 
REAL ham!" 

But alas, such romantic whining 
from the island of ORP would only be 
lost in a turbid sea of mixer-crushing 
affluence. Perhaps, more constructive- 
ly, I could simply ask that a.quiet spot 
be reserved for my bones . . . in the 
ARRL museum. 

Rick Littlefield, K1 BQT 
Barrington, New Hampshire 03825 

Dear HR: 
While it is correct that "moon 

bounce" first occurred in 1946 (see 
W1 JR's "VHFIUHF World," August 
1987), the radar used was not com- 
mercial, but military. The event took 
place at the United States Army Sig- 
nal Corps Laboratories at Belmar, New 
Jersey. The New York Daily Mirror of 
Friday, January 25, 1946 (2 cents a 
copy!) covered the story of Project 
Diana under the headline, "Army Con- 
tacts The Moon." 

ham radio continues to be outstand- 
ing. But how could you miss with 
Mssrs. Reisert, Orr, Beers - and 
others - all contributinn to a single - - 
issue? 

Len Sheer, W7WRQ 
Phoenix, Arizona 85018 

UHFISHF newsletter 
Dear HR: 

I enjoyed the July issue of ham radio 
very much, and agree completely with 
WA2LQQ1s view on the use of bands 
from 13 cm "upward" (Vern Riportella, 
"13 cm: Onwards and Upwards," 
page 4). 

I'm really concerned that publica- 
tions available in the United States 
don't hold a candle to some of the 
European publications in terms of their 
presentation of UH FISHF technical 
material. Take any edition of Dubus, 
for example, and you'll see what I 
mean. 

I'm doing what little I can with VHF- 
Plus Update, and I know you're doing 
quite a lot with ham radio, but there's 
a long way to go, and I hope that other 
major Amateur publications will get 
wise to the importance of our UHF/ 
SHF bands! 

Jack C. Parker, KCOW 
4016 Narrows Road 

Erlanger, Kentucky 41018 

Note: Jack publishes a fine newsletter 
called KCOW's VHF-Plus Update. It's 
well worth subscribing to. - Ed. 
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Track satellites with 
your personal computer 

a simple rotor interface board 
for the C-64 and the VIC-20 

The AUTOTRAK project combines three of my 
favorite subjects - Amateur Radio, computers, and 
Amateur satellites. 

It began several years ago when I purchased a 2x81 
(later to become the Timex 1000) computer, taught 
myself BASIC, and developed a program for tracking 
satellites. Shortly afterward, AMSAT chose the 2x81 
to be part of its AMS81 project to develop tracking 
software and a companion hardware board to control 
rotors for automatic antenna aiming. Though I was 
privileged to be one of the beta testers of the software, 
the hardware board never appeared; I assume it 
couldn't be produced for the "under $100" figure that 
had been .targeted. 

Seeing a real need for automatic rotor control, I 
decided to try to design one to interface to the track- 
ing program I'd developed. It had to be simple, inex- 
pensive, and easy to use. The AUTOTRAK board 
meets these criteria, and is adaptable to many differ- 
ent rotors and a variety of computers. While the board 
was sold commercially by Spectrum West and al- 
though I still build and market them, I'm pleased to 
share the design with others. 

This article describes its use with the Commodore 
64 and VIC-20, but the design can be made to work 
with any computer that allows you access to the ad- 
dress and data lines. The board will interface with 
many light-duty rotors that use a linear pot to "sense" 
antenna direction - for example, the Kenpro 4001 
50015400 and HD73. The board output can also be 
configured to support the new computer-ready Ken- 
pro 5400A 15600A. 

Designed to be powered by an 11 .O- to 15-volt ac 
wall transformer, AUTOTRAK won't operate rotors 
with brakes or those of the chunk-chunk style. Accu- 
racy is within a couple of degrees, which is sufficient 
for all but very large arrays. Its overall cost should be 
only about $70. 

The software consists of a couple of short program 
lines, written in BASIC, which you can add to your 
favorite tracking program. (The new SUPER VR85 
tracking program has the coding already built in.) A 
short operating program and software information are 
supplied at the end of the article. 

theory of operation 
Your tracking program will calculate where the sat- 

ellite is supposed to be at a particular time and pro- 
vide azimuth and elevation bearings to the satellite for 
that time. The new program lines you add to your pro- 
gram will calculate a number (between 0 and 255) rep- 
resenting your azimuth and elevation bearings. These 
n'umbers are POKEd onto your computer's data bus, 
where they're latched by D-to-A converters and 
changed to an analog voltage corresponding to the 
direction in which the computer says your antennas 
should be pointing. Meanwhile. the actual direction 
of each antenna is brought onto the board via the 
direction "sense" lines from the rotor controllers. Af- 
ter being processed, these voltages, and those of the 
0-to-A converters, are summed together and applied 

By Neil Hill, K7NH. 22104 66th Avenue W., 
Mountlake Terrace, Washington 98043 
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to "window" comparators. If the output voltage of the 
summing circuit is at or near zero, it will fall into the 
window and the antenna will not move. However, if 
the voltages are unequal, there will be a voltage and 
polarity difference and one of the two comparators 
making up the window comparator will be turned on. 
Through an appropriate output circuit, the antenna will 
then be rotated until the output of the summing cir- 
cuit reaches zero, at which time the comparator will 

A Z I M U T H  

5 0 h  

JJ 
R 5  4 5 5 8  

U 4  
4 0 5 5 8  

-15 -- 

C R 5  

turn off, leaving the antenna pointing where the pro- 
gram says it should. 

For details, refer to the schematic (fig. 1) and fol- 
low along. As noted above, two AD558 D-to-A con- 
verters continuously monitor the data lines and will 
latch and hold whatever data is ready whenever their 
read and enable lines are low. The AD558 was cho- 
sen for three important reasons: it provides a voltage 
rather than current output; the full-scale voltage can 
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+ 
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fig. 1. Rotor interface schematic. 
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fig. 2A. Full-size board art for C-64 (top). 

be set for either 2.5 or 9.75 volts; and it has a built-in 
latch, which allows the computer to go on its way 
once the chip has received the information it needs. 

Part of the simplicity of the AUTOTRAK design is 
attributable to the presence, on the Commodore 64 
and VIC-20, of two I -K  wide I10 sections that aren't 
normally used. I simply POKE an address in each sec- 
tion to activate the azimuth and elevation D-to-A con- 
verters momentarily. (On other brands of computers, 
you'll probably need to decode the address lines, but 
this should require only a couple of ICs.) The output 
of each D-to-A converter is applied to one side of a 
summing circuit consisting of two 22-k resistors. The 
other side of each summing circuit is fed by the out- 
put of one half of an LM4558 op amp, which accepts 
the sense voltage from the associated rotor, inverts 
it, and "matches" it to the voltage range of the cor- 
responding D-to-A converter. 

Adjustment of the + input of the op amp sets the 
low or CCW end of rotation, and its gain adjustment 
sets the high or CW end. The outputs of the summing 
circuits are tied to window comparators, each formed 
by both halves of an LM319. The high speed of the 
LM319 is important for accuracy, but it's very sensi- 
tive to noise and ac signals on its inputs, so special 
care must be taken to control the input signals. The 
size of the window determines the accuracy of the 
board. I found a 47-ohm resistor to be about the right 
value. Increasing this value widens the window, and 
decreasing it causes it to close; however, too small 
a value causes both halves of the comparator to be 
on at the same time, which can cause problems. 

The outputs of these comparators in turn operate 
a pair of optoisolators, one for each rotor direction, 
and LEDs that indicate which direction is active. These 
LEDs are also used when making the setup adjust- 
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MULTI-BAND 

VOU CAN OPERATE SIX BANDS 
WITH ONE CONTROLLERI 

TRANSCEIVER 2 MTR 25.45W 440 MHz 1U MTH 6 MTR. 
220 MHz 8 1 2  GHz 10 MEMORIES 

SALE! Ci.' :.. :- !'C' ' PRICE ARE YOU R E A L ; '  .; OR 
1.2 GHz O P E R A T I O N ?  

IC-28A (25w) IC-28H (45w) 

L O W  PRICE! IC-03AT IC-BAT 220 MHz 
IC-O4AT IC-4AT 440 MHz 

IC-u4ATIu2AT 
440 MHz. PMTR 

The L a t e s t  tn ICOM's Long 25 M H z - 1 3 0 0  MHz 
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MODEL APlO 

Deslsned fa 
APARTMENTS 
MOTELS 
VACATONS 

€hick Slmple Installation Opetut85 on 2 6,10,15.20,30 
and40 meters All c d l s  supplied On)y22-1/2 Inches Long 
Weighs les than 2 Its Supplied wlth 10 ft RG 58 c o a ~  
and counter pdse Whlp extends to 57 Inches Handles 
upto300watts 
W - 1 1 1  when tuned 
we(amolsdstohonddharnwpDdrch 

P -- I -  "-C 

N L a n ~ & U s 4  
-_ -_C 

BAREER & WILL-R 
Q t ~ o l i t y  Cornmun~catlon Produc ts  S ince  1932 

(our Distributors Write or Call 
Canal Streel. Brlstol PA 

IS) 788-5584 

THE FIRST CONTROLLER DESIGNED 
FOR PORTABLE AND SOLAR* 

POWERED STATIONS 

- 'u 
L O W  25 m A  Current  Oratn 

M ~ n l a t u r e  s lze - L ~ g h t w e ~ g h t  NEW SOFTWARE FEATURE: 
Rugged meta l  shtelded case  INTELLIGENT BUDLIST Prov~des 

Ll lh lum Battery backup  for R A M  selecllve cal ls~gn l~ l ter lng for . Onboard Watchdog  for r e l t a b ~ l ~ t y  O lg l~ea l lng  Monltorlng and Connectlnr: 

Standard DB25 Connectors 
"Connected" Status output  line. 
Remote  Commands  in Unattended Mode Model PKI-L 

wlth Hardware Lockout .  W~redlTested 

Re la ins  all other PK-1 features. List price - $209.95 

Ex t ra  110 lknes for specia l  applications. Amateur riel-$179.95 

Power mquinment: 9 to 15 Volts DC @ 25 mA lyplcal 
Dimensions: 4 6 X 5 9 X 1 0  lnches Total Welght: 12 02s / 215 

paeasr s p r r , ~  C~II s q n  SSIO ~ u m m  ma NM. Numwr wntn o!a.rtw 
Confacf CLB lor .dd,flon#l Info and arrllaala OD1,OnS 

m or,rr s comprr#s rinr of rranrmlrrsrs and r.ceirers rrnr, prereleclor preamps 
CWID C,I 1 rmlheraen lor amateur 6 comm.rr,.l use 

R ~ ~ Y c I !  our FREE calaI00 MC 6 VIsa mlcomc 

pans Ifrr 

Cl-4.7.8.11'.13'. 
15'.17',19-22 0.1pF. 50 101D. 0.2.inch CTC 

C5.6 10 ,IF, 35-roll elsclmfyllc 
C9.10 IWOIIF. 35-volt eleclrofylb 
C12'.14'.16'. 18' 0 OI,,F. 500.roll disc 
05.6 IN4002 20O.roII PIN diode 
D 1 4  IN914 dmde 
J I  Power ConnDClOr 
R1.3 lo-h pol. 112-Inch squam. 1 fur" (Bourns 3386W. 103K) 
R2.4 50-h pol. 112-inch squam. I lvrn (8ournr 3386W. 503K) 
R5.8.9. 12 104. Ii4-wall 
R6.7.10.11 22-h. 114-wall 
R13.17 1.2.h. 1/4-waIl 
R14.16.21.24.27.302.4-h. 114.wsll 
RIS 6.9 ohms. 1/4-wall 
R18.19 680 ohms. 114-wall 
R20'.23'.26'.29' 180 ohms. 1f4-wall 
R22'.25'.28'.31' 39 ohms. 114.waff 
SWI DPST (mimalure1 
U I RC4558 dual op amp 
U2.3 LM3 19 dual comparalor 
UJ.5 AD558 D.to-A convener (arallable lrom Analog Dtrices. 

ROU~C 1. fndusfnal Park. 80, 280. N o w w d .  MA 02062) 
U6'.7'.8'.9' MOC3011 oplolsolalor 
UIO'. 1 r '. I?'. 13' TIC2268 lnac 
VR I 7812 uollage regublor ( +  12) 
VRZ 7912 vollaqe regulalor ( -  12) 
Green LED 7IL222 
Red LED TIL220 
Cable 10-conducto; mufllcolond (5 lee11 
Transformer r 1 0- to 15.~011 ac. wall mounrsd 
Aulolrah PC board Avallsbfe from NH Enferpzsea. 22104 66fh Avenue Wcrl. 

Mountlake Tonsce. Wnrhlngfan 98043 

Pans needed lor compvler-mad" conlmlfant U6-9. Oploirofalon (TLLI 131: 4 
ZN7OOO FETllnplonr. 

1 ' )  deslgnstss psna lo  be omllfed in cornwtsr-nady conlnrlbr. 

ments. The actual circuit used to interface to your 
rotor system depends on what kind of rotor you use. 
Most small rotors use ac motors, so an optoisolator 
triac driver such as an MOC 301 1 and triacs are used. 
This acts as a remote ac switch for the rotator motor. 
However, by using TIL113 optoisolators and 2N7000 
FETlingtons (in which FETs are substituted for a 
Darlington transistor pair) the board acts like a low- 
power onloff switch to ground so that computer- 
ready rotors can be controlled. If you need more volt- 
age or current to be controlled, just substitute power 
MOSFETS such as the IRF 520 series for the FET- 
lingtons. 

Voltage for the board is provided by a simple dual- 
voltage 1 + 15 and - 15)-volt supply using inexpen- 
sive regulators and powered by a small 11 .O- to 15-volt 
ac transformer that plugs into a wall outlet.* A switch 
is employed to disconnect voltage to the optoisola- 
tors, thus disabling the board when manual control 
of the rotor controllers is desired. 

ESD caution 
As in all such projects. it's important to minimize 

the possibility of electrostatic discharge IESD) dam- 
age to components. The AD558 D-to-A converters are 
quite expensive, and also sensitive to ESD damage, 
so take the appropriate precautions. (One friend covers 
his work area with aluminum foil before starting a proj- 
ect.) When handling the AUTOTRAK board, try not 
to touch the end that plugs into the computer; the 
"fingers" go directly to the AD558s. 

. NS 12 volt regulators and a 12 volr ac Iranslotrner may he substituted 
if more readily available. 
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fig. 28. Full-size board art for C-64 (bottom). 

building the board 
Assembling the board is straightforward. The C-64 

and VIC-20 AUTOTRAK boards are identical except 
for the computer connector. For those of you who are 
making your own boards from the supplied artwork 
(see figs. 2 and 3), there are two things to remem- 
ber: first, unless your boards have through-hole plat- 
ing, you must supply the through hole connections 
with a wire placed in the through holes and soldered 
on both sides; and second, any trace to component 
connections on the top of the board must be soldered 
on top of the board rather than on the bottom. 

I use the "layer" method when assembling the 
boards. First I insert the shortest parts, normally the 
resistors and diodes, and cover them with something 
flat and stiff (like a piece of corrugated cardboard). 
Holding this "sandwich" together, I turn the board up- 

side down, leaving the component legs sticking up, 
ready for soldering. After soldering, I clip the leads and 
move on, inserting the next tallest group of parts such 
as ICs, small capacitors, and variable pots. The switch, 
LEDs, filter capacitors, and the input power connec- 
tor are mounted last. For parts placement and orien- 
tation, see fig. 4. 

Note that the voltage regulators are installed upside 
down (metal side up) in order to conserve board space. 
After mounting the variable pots, turn them to the cen- 
ter of their range to prevent confusion later, during 
testing. When installing the electrolytic capacitors, 
make sure their polarity is correct. 

All components are mounted on the top of the 
board except C20-C22. Keep the leads on these capac- 
itors short because they're used to shunt to ground 
any noise or ac voltage, which might confuse the oper- 
ation of the comparators. Each of the four LEDs 
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should be mbunted with its flat spot towards the edge 
of the board. If there's no flat spot, note the length 

* 

of the mounting leads and mount the shorter one to- 
wards the edge. No cuts or jumpers are necessary 
when assembling the stanrlard ac motor version of the 
board. 

Differences for the computer-ready version concern 

N O T E  x X 
X-OENOTES CrRCvr 7 E TCW 

TO EE  a , r  / 

\ 

MODlFlCATlON FOR 0 TO A 
LOW M L T I I O F  l A I I M U I t <  
O N L I I  

only the output circuitry (fig. 5). Everything else stays 
the same. See fig. 5(B) for parts changes and fig. 2C 
for the six cuts and various jumpers needed. All cuts 
are made on the bottom side of the board and are eas- 
ily accomplished with an X-acto' knife or equivalent. 

. 

CUTS A N 0  JUMPERS N E E D E D  
TO 8 F  U S E 0  W H E N  I N T E R F I C I N G  
TO C O M P U T F R  R t l l O "  
CONTROL L F R S  

Jumpers can be mounted from the top or bottom side 
of the board, but should not be run over an exposed 
trace unless they're insulated. Don't forget the t 15 
volt lead to pin 5 of each of the TIL113s. and watch 
the lead placement of the 2N7000s. (See fig. 4lB).) 

After the board is completely assembled, give it a 

careful visual inspection, especially for solder shorts. 
Are the part values correct? Are the solder connec- 
tions smooth and shiny? Did you miss any? Is the 
polarity correct on the electrolytic capacitors and 
diodes? Are the LEDs mounted with their flat sides 
toward the edge of the board, and the voltage regu- 
lators upside down and bent over? How about the 
three 0.1 -pF capacitors mounted across the pins of the 
LM319s on the bottom side of the board; did you for- 
get them? All correct? Great - let's move on. 

preliminary testing 
Be sure to test your work before you plug the 

AUTOTRAK board into your computer and before run- 
ning any wires to.your rotors. First verify that the four 
variable pots are somewhere in the middle of their 
ranges. Next turn on the enable switch (with the han- 
dle toward the top edge of the board) and connect 
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fig. 3A Full-size board art for VIC-20 (top). 

the 15-volt ac input power to  the ac power connector 
(J l ) .  Make sure one of each color LED is lit. If they're 
not, remove the ac power and recheck the parts, their 
orientation, and their solder connections before pro- 
ceeding. If everything looks all right, reconnect the ac 
and check the output of the regulators for + and - 15 
volts. 

If the voltage is correct but the LEDs still don't oper- 
ate correctly, check to confirm that either pin 7 or 12 
of the LM319s is near 14 volts. If neither is, check the 
polarity of  the LEDs. If both pins are near 14 volts, 
look for trouble in the LM319 circuitry. When the LEDs 
operate correctly, you're ready to  proceed. The oper- 
ation of the D to A converters, op amps and triacs will 
be checked later. 

To complete the board, connect the 10-wire (or 
8-wire for the computer-ready version) multicolored 
rotor interconnect cable and mount two 518-inch rub- 

ber feet (or equivalent) to  the rear holes of the board 
for support. 

rotor preparation 
Unless your rotors are the new computer-ready 

type, you may need to make a small modification to  
allow access to both sides of the direction switches. 
Note figs. 6 and 7, then consult the schematic in your 
rotor manual and identify the following: the line frorn 
the rotor head to the controller used for sensing direc 
tion, the ground return for the sensing I~ne, and the 
direction switch lines. 

Identify the ac common wire frorn the transformer 
to  the rotor direction switches; if i t  isn't brought out 
to  a terminal, the controller wiring must be modified 
to  allow access (see fig. 7).  Wire it to an unused ter- 
rninal at the rear of your controller if one is available, 
or supply one to which it can be attached. An  alter- 
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P.C. ELECTRONICS 2522 PAXSON L A N E  ARCADIA CA 91006-8537 U S A  

TOM (WGORG) & MARYANN (WBGYSS) O'HARA (818) 447-4565 

ELECTRONICS THE N E W  "KREEPIE PEEPIE" ATV TRANSMITTER 
1. New final transistor typically gives more than 1.5 watts output on  sync t ip  with 13.8 vdc applied. 
2. Now you can see your own transmitted video with the on-board RF detectorlmonitor 1 v output. 
3. Final RF output test point for setting up  blanking pedistal with a voltmeter. 
4. Improved lower distort ion subcarrier sound generator IC for cleaner audio and 4.5 mHz stability. 
5. All th is at no  increase i n  price! Single freq. KPA5-c board sti l l  $159 delivered*. Two freq. $174. 

NEW TX70-1 ATV TRANSMITTER contains the KPAS and TIR relay ready to  go i n  a small 6x5.2x2.5" 
shielded cabinet. Has both the 10 p in  "VHS" camera & RCA phono jack videolaudio inputs. If you 
are one of those with just a downconverter, saw some pictures and was bitten by  the ATV bug, then 
this ATV transmitter i s  for  you. No need t o  sell your downconverter and get a transceiver, just 
connect i ts  input to  the downconverter BNC connector o n  the back of the TX70-1. $229 delivered. 

$1 59' 
NEWTX70-1 $229 delivered 

KPA5-c 70CM ATV XMTR BOARD FEATURES: KPA5 APPLICATIONS: 
>1 WATT P.E.P. RF OUTPUT ON SYNC TIP. PORTABLE CORDLESS N CAMERA. Think of it as a video 
Run bareloot for portable. Output properly matches Mirage HT. Place the KPA5 in one of the Hammond Dicast 
D15N 15 Wan or Mirage D24N-ATV 50 watt linear amp for full aluminum boxes, 114 wave (6.5") whip on top or half wave at 
output and the Mirage D1010N-ATV to over 50 watts P.e.P. the end of 50Q coax attached to a headset. plug inlo a 12- 

FULL COLOR AND SOUND on a small 325x4" board 14 v source such as the Radio Shack 12v 5Ah battery power 
Wired and tested board runs on external 13.8vdc @ pack (23-182). Depending on terrain & receiving antenna DX 
300ma. supply or 12 V battery is typically over 1 mile. With KLM 440-27s at both ends DX is 

Accepts composite video from cameras. VCRs, 22 miles snow-free line-of-sight. 
computers, etc. Transmit the video to a remote VCR rather than lug it. 

2 audio inputs, one for low Z dynamic miC, & One line . Great for public service events: marathons, parades, 
level from most cameras & VCRs damage accessment, search & rescue, CAP, etc. - Supplied with one xtal on 426.25. 434.0, or 439.25. Mount in a RIC airplane or robot to enable remote control 
2nd xtal add $15. Specify freq. when ordering, check when the vehicle is out of sight. 
with local ATVers. ARRL Repeater Directory or call us. Put it in your own cabinet for base, portable or mobile. 
Only 2 channels available in any given area due to video When more power is needed, connect to either the Mirage 
bandwidth of 9.1 mHz. D l  5N for over 15 watts or to the Mirage D24N or D l  01 0N- 
Price still $159 delivered via UPS surface in ATV amps for over 50 watts. 
contiguous USA. Transmitters sold only to licensed Place a KPA5 in a dicast box with a VOR (video operated 
Technician class or higher amateurs for legal purposes. We relay) to make a hill top video repeater. Repeat other 
verily name, call letters, 8 QTH in the Callbook. If recently A T V ~ ~ ~ ,  radar or space shuttle video, 
licensed or upgraded send a copy with order. 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? Either a N C - 2 G  or TVC-4G 
downconverter connected to any TV set tuned to channel 3, and coax cable to a good 70cm antenna to receive. Connect 
up the TX70-1 or package up the KPA5, add 12 to 14 vdc, antenna, and any home TV camera. VCR, or computer with 
composite video output. It's that easy! 

ACCESSORIES: 
TVC-2G GaAsfet downconv. board wired 8 tested.. . .$59 MIRAGE D15N-ATV l in 115 out all mode amp... . .$I  19 

varicap tuned. 420-450 MHz to ch3. Req 12vdc MIRAGE D24N-ATVlin / 50 out all mode amp .... $219 
TVC-4G (TVC-2G in cabinet with 120vac supply). . . . . $99 450 ISOPOLE omni 4dbd vert. gain antenna ......... $65 
TVCX-70 crystal controlled GaAsfet downconv... .. ... $99 KLM 440-6X 8.9dbd ant.. 28' boom. >50 deg BW .... $51 

specify in freq. 8 out on ch 3 or 45mhz IF. 2 freq.. . . . $ l  1 4 KLM 440-10X 11.2dbd, antenna. 64" boom .......... $65 
Hammond 1590D Use for KPA5. 7.3x4.7~2'.. .. .. . $1  7 KLM 440-27 14dbd. 36 deg. BW antenna ........ $1 07 

1590C 4.6~3.6~2' aluminum box. Fits TVCX-70. .... $1  1 SAXTON 8285 l O O i t  50 ohm coax 3.5dbiC loss ..... $41 
800J 10 pin VHS color camera chassis connector.. . . . . $10 UG21 type N male connectors for larger ID coax ..... .. ..$5 
VOR Video (horiz sync) operated relay board. ....... .. .$25 

HAMS! C a l l  o r  w r i t e  f o r  o u r  f u l l  l i n e  ATV c a t a l o g  ... D o w n c o n v e r t e r  b o a r d s  s t a r t  a t  o n l y  $39 
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AUTOTRAK VIC 20 

fig. 38. Full-size board art for VIC-20 (bottom). 

native would be to wire in a multiwire "pigtail" to your 
controller with a connector so that the AUTOTRAK 
wires can be disconnected. 

You'll also need to check the voltage of your rotor's 
sense lines. The AUTOTRAK board can work with 
sensing lines between 0.5 and 9.5 volts. If the voltage 
is higher, a simple voltage divider (see fig. 8) can be 
built into the board to bring it to about 8 volts. If the 
voltage is less than 2 volts, remove the short across 
JPI  (see fig. 1 for location) with an X-acto" knife and 
install JP2, using a small piece of wire. This changes 
the maximum output of the D-to-A converter to ap- 
proximately 2.5 volts, where your low-sensing voltage 
can be more easily matched. 

calibration 
Calibration should be done one rotor at a time, start- 

ing with bearing. Turn your computer off. Then plug 

the AUTOTRAK unit into the expansion port. Turn 
your computer on, connect the ac to the board, and 
turn on the enable switch. On the rotor controller, lo- 
cate the direction-sensing voltage terminal and its 
ground return line (or the equivalant pins on a com- 
puter-ready rotor) and connect the wires from J3, pins 
1 and 2 respectively, to them. Using its controller, 
move your rotor to its ccw end. Now type in the fol- 
lowing POKE command for the C-64: POKE 56832.0 
(for the VIC-20, use POKE 39936.0) and press RE- 
TURN. Notice the green LEDs; one should be lit. Ad- 
just R1 (the leftmost pot) back and forth. You should 
find you can light either green LED, with a neutral 
spot, or window, showing between them when neither 
is lit. If adjusting R1 causes both LEDs to light, it may 
be that you have too much noise (or ac ripple) on the 
sense line from your rotor. Try putting a 10- to 100-yF 
cap between the sense line and ground (see fig. 9). 
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NOTE CZO. CZr AND C Z Z  ARE MOUNTED ON UNDER S!OE OF BOARD. 

- - . 
LEO1 LED2 LED3 1 , li, >, ,. . . . I 

1 . I  ' I 1  't': c z 1  
R ( 8  

6'19 - 
-. OWN -. +SENSE 

RCD GROUND 

ORG JZ UP 
.2 

~ C L  DOWN 0 

1 
C 5  m- 

- GRN +SENSE 

BL U GROUND 

. . " ( 0  J 3  r r  
0 

G R I  cc v 0 

. . 

- 
n . . ~ .  1 3 5 " A C I N  

.~~. 

1 

. - 

.. , .. . . -. I 
* -.. - - - 

MOUNT V R l  AND VRZ UPSIDE 

DOWN 4.5 SHOWN 
TOP VlE W ORIENT* TION 
OF Z N l M O  LEADS 

fig. 48. VIC-20 pans placement diagram: output changes for computer-ready version. 

to a negative value matching this voltage. Because Now you can connect the wires to the direction 
there's some interaction between adjustments, it's im- switches. Be careful to hook them up correctly and 
portant to repeat the calibration steps at least twice. use POKE commands to verify that they rotate in the 
You may want to make these adjustments with the correct direction. Reverse them if they seem to oper- 
rotor positioned several degrees in from the extreme ate backwards. 
ends to allow some slack for changes due to time To hook up the elevation rotors, use the same pro- 
and/or temoerature. cedure as with the azimuth rotor, but connect the 
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ASTRON 
9 A u t r y  irv~ne. CA 9271 8 

C OR PORAT ION (714) 458-7277 
/ 217 

'ICS-Interminen1 Communlcat~on Servtce (50% Duty Cycle 5min. on 5 min. ofl) 

INSIDE VIEW - RS-12A 

MODEL RS-SOA 

R M  SERIES 

iiiLll 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH QUALITY RU6GED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE. 13.8 VDC t 0.05 volls 
from excessive current 8 continuous shorted outpul (Inlernally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
axcapl RS-31. RS-4A. IS-51. low I~ne) 
MAINTAIN REGULATION 8 LOW RIPPLE al  low line input Alra 8rlllabla wllh t 2 0  VAC inp l l  valla#a 
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

MODEL AS-50M 

19" x 5'/4 RACK MOUNT POWER SUPPLIES 

C o n l l n ~ # r ~  ICS' Slza 1111 Sb ipp l~ t  

uB1 
011~ [ ~ m p : ~  l1mp:l H X W X D  WI. [ I ~s . ]  

9 12 5 ' 4  X 19 X  8% 16 
25 35 55. x 19 X 12'h 38 
37 50 5'7 x 19 x 12'-2 50 

4 Separate Voll and Amp Meters 
I 3 RM-12M 9 12 5'. x 19 x  8'/4 16 

RM-35M 25 35 5',, x  19 x  12'r 38 
MODEL RM-35M RM-5OM 37 50 5 ' ~  x 19 X 12'12 50 

3 x  4l. x  5% 
33.4 X 6'% x 9 

3'4 x  6'16 X  7'1. 
3% x 6'7 x 9 

4 x 7'9 x lo3,, 
4 x 7 5  x  lo3. 

4 '  x 8 x  9 
4 X 7'r x 101r 
5 x  9 x  10'2 

le volt and Amp meter 
4 ' 1  x 8 x 9 

volt and Amp meters 
5 X 9 X  lo':, 

6 X  13"a X  11 

I1mpaI H x  W x  D WI. [I11.J 

6 x  13% x 11 

4 X 7'2 X 10% 
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fig. 5. AUTOTRAK output circuit: (A)  for ac motors (standard configuration); (B) for computer-ready rotators. 

wires to J2 and follow these POKE commands: for 
down (horizon), use POKE 57088.0 (POKE 38912.0 
for the VIC-20) and for straight up (90 degrees), use 
POKE 57088,127 (POKE 38912,127 for the VIC-20). 
Adjust R3 (the second pot from the right) for zero- 
degree adjustment and R4 (the rightmost pot) for the 
90-degree adjustment. Watch the red LEDs this time. 

quick check 
Here's a quick calibration sequence for checking or 

occasional recalibration. 
*Azimuth: 

POKE 56832.0 (39936.0 for the VIC-20). 

S E N S E  SENSE 

-*---- 

T---- GND ( A U T O T R A K I  GND U U T O T R A K I  

fig. 6. Simple modification allows access to both sides 
of direction switches. 
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K P O W  

I R 5 0 0  
XR54OO 
" 0 7 3  
ALlNCO 

( (5  "AC 

c r r / D N  

LEAVE B R I N E  
S * I T C I  ON 
WHEN USING I 
AUTOTRIIX I 

CC./DN 

4 0 0  Y l R E  AND ?ERM!NAL 
IF WO? E I I S T t N G  

,Nc,\ 1 .Az 

UP  - Y E L E V  SENSE 

ON <. 
Xrl,.rn,'LOM 

C m M C T O s  

fig. 7. I f  ac common wire isn't brought out to  terminal. 
modify controller wiring as shown. 

SENSE 

FROM ROTOR TO AUrOlRACX 

GNO 

fig. 8. Add simple voltage divider if sense line is more 
than 9 volts. 

I 0  TO 100°F ROTOR 
CNTLR 

5 C W 5 E  *- - - - - - - - - - 

fig. 9. If both LEDs come on at the same time (noise on 
sense line), add a 10- to 100-rF capacitor across termi- 
nals at rotor controller. 

Adjust R1 for both green LEDs out with rotor at ccw 
end. 

POKE 56832,255 (39936,255 for the VIC-20). 
Adjust R2 for both green LEDs out with rotor at cw 

end. 
*Elevation: 

POKE 57088,O (38912.0 for the VIC-20). 
Adjust R3 for both red LEDs out with rotor at 0 Photo A. Top view. VIC-20 (left) and C-64 (right) AUTOTRAK 

degrees (horizon). boards. 15-volt wall-mounted transformer is shown at upper 

POKE 57088,127 (38912,127 for the VIC-20). right. 

1 0  REM MANUAL AUTOTRAK PGA BY N E I L  H I L L ,  K7NH 
2 0  P R I N T  If MANUAL AUTOTRAK MODE" 
3 0  P R I N T  "ENTER AZIMUTH ( 0  TO 3 5 9 ) ,  PRECEDE WITH 8 "  
4 0  P R I N T  I! EXAAPLE: 8 0 ,  8 4 5 ,  8 3 3 5 "  
5 0  P R I N T  " OR ELEVAT ION ( 0  TO 9 0 ) .  PRECEDE BY E "  
6 0  P R I N T  I' EXAMPLE: EO, E 4 5 ,  E B 7 "  
7 0  P R I N T  
8 0  INPUT  AD$: AO=VAL(NID$(RO$,Z)): I F  L E F T $ ( A O $ , ~ ) = " E "  THEN 1 3 0  
9 0  I F  L E F T $ ( A O $ , l ) < > ' f B w  THEN P R I N T  ffPRECEOEO BY B OR' E? TRY AGAINf f :  GOT0 8 0  
1 0 0  I F  A0>=360  THEN P R I N T  "AZIMUTH 0  TO 3 5 9 ?  TRY AGAIN":  GOT0 8 0  
1 1 0  A B = ( 1 8 0 + ~ ~ ) * . 7 1 :  I F  AB>255 THEN AB=AB-255  
1 2 0  POKE 56832,AB:  P R I N T  "OK": GOT0 8 0  
1 3 0  I F  A 0 > 9 0  THEN P R I N T  "ELEVATION 0  TO 9 0 ?  TRY AGAINu:  GOT0 8 0  
1 4 0  AE=AO*1.4: POKE 57088 ,AE :  P R I N T  "OK": GOT0 8 0  

fig. 10. Program for manual operation of AUTOTRAK using the C-64. 
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A brief but complete program for manual operation 
of AUTOTRAK using the C-64 is shown in fig. 10. 

boards available 

Photo B. Bottom view, VIC-20 and C-64 AUTOTRAK boards. 
Note two  0.1-k capacitors mounted across pins of LM319 
comparators. 

Adjust R4 for both red LEDs out with rotor at 90 
degrees (straight up). 

Warning: always turn the enable switch OFF when 
the AUTO TRAK board is not in use. If for any reason 
the computer goes off, the board will have no control 
and will automatically drive your rotors to one end, 
leaving the rotor windings energized while trying to 
find the window. This could eventually damage the 
windings of the motor. 

software 
The program lines that need to be added to the "real 

time" section of your program are very simple. You 
take the desired azimuth, multiply it by 0.71 to make 
it fit into the range 0 to 255 (as high as you can count 
using 8 bits) and POKE it to address 56832 (39936 for 
the VIC-20). It would look like this: 

BG = AZIMUTH*.71 
POKE 56832,BG 

Use 39936 instead of 56832 for the VIC-20. 
This will work very well for rotors that turn clock- 

wise from north to north again. However, most are 
set up ti, travel from south to south, so a 180-degree 
offset is needed. For a south-to-south rotor, the pro- 
gram lines look like this: 

BG = (180+AZlMUTH)*.71: 
IF BG>255 THEN BG= BG-255 
POKE 56832,BG 

Use 39936 instead of 56832 for the VIC-20. 
For elevation bearing, simply multiply your eleva- 

tion by 1.4 and POKE it to 57088 (38912 for the 
VIC-20). This gives you a number between 0 and 127 
for horizon to straight up, and provides enough ac- 
curacy and some safety; in case a number as high as 
255 were accidently POKEd, your antenna would move 
only to the far horizon, not through the roof. The pro- 
gram lines should look like this: 

EL = ELEVATION*1.4 
POKE 57088,EL 

Use 38912 instead of 57088 for the VIC-20. 

Readers who would like to build the AUTOTRAK 
modules but don't want to make their own boards may 
order them from me. For $20 each, I'll provide high 
quality glass epoxy double-sided printed circuit boards 
with plated-through holes and full assembly instruc- 
tions. I also have assembled and tested boards as well 
as world map-style tracking programs for the C-64 and 
VIC-20 (expanded and unexpanded) that work in real 
time and are designed to operate the AUTOTRAK 
boards. The SUPER VR85 mentioned earlier is avail- 
able from RLD Research. For information on any of 
these items, please write to me at the address given 
at the beginning of the article. 

acknowledgments 
I'd particularly like to thank Al Chandler, KGRFK, 

Vice President of Engineering for AEA, for taking my 
prototype drawings and concepts and turning them 
into a practical design. Thanks also to John Moriar 
ity, K600, and Dick Bartells, WA7ZIH, for their en- 
couragement, suggestions, time, and effort in helping 
with the preparation of this article. 

ham radio 

K .V.G . 
CRYSTAL 

PRODUCTS 

1 9 MHz CRYSTAL FILTERS I 
YODEL 

XF-9A 
XF-98 
XF.9801 
XF-9802 
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XF-9P 
XF-910 

Appll- 
cPion 
SSB 
SSB 
LSB 
US8 
SSB 
AM 
AM 
FM 
CW 
CW 
CW 

IF nose 

Band. 
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FEATURES INCLUDE: 
SWITCH SELECTABLE - ELEVATION FROM 0" - 90° AND 0' - 180' . -ELEVATION SCALING X1 OR X2 

- NORTHERN OR SOUTHERN HEMISPHERE . - MANUAL OR AUTOMATIC MODE 
- BAUD RATE (300 - 2400) 

100 PAGE DETAILED MANUAL 
CABLE FOR KENPRO'S'" "A" SERIES CONTROLLER 

COMMUNICATIONS EQUIPMENT,INC. 

P.O. BOX 1000 MORGAN HILL, CA 95037 

"MTI" IS THE ONLY SMART INTER- 
FACE BOX THAT WORKS WITH SILI- 
CONE SOLUTIONS'" S O W A R E .  

"MTI" OFFERS AUTOMATIC TRACK. 
ING OF ANY ORBITING BODY. 

"MTI" KEEPS ANTENNAS AIMED 
CORRECTLY AT ALL TIMES. 

"MTI" COMES WlTH A ONE YEAR 
WARRANTY FROM MIRAGEIKLM. 

"MTI" OFFERS ONE YEAR SOFT- 
WARE SUPPORT TO REGISTERED 
OWNERS. 

"MTI" IS AVAILABLE FROM 
MIRAGEIKLM ONLY. CALL FOR 

... MORE DETAILS 

(408) 779-7363 or outside CA, 
(800) 538-21 40 

COMMUNICATIONS EQUlPMENT,INC. 

P.O. BOX 1000 MORGAN HILL, CA 95037 
(408) 779-7363 
(800) 538-2140 (outside CA) 

440-6X 
A 

ELECTRICAL. 
RANDWIDTH - 
GAIN 8 9 dBd 
VSWR 1 5  1 
FIB 20 dB 
BEAMWIDTH 60° 
FEED IMP 50 ohm 
BALUN 4 1 coax 

MECHANICAL 
ELEMENT LENGTH 13%" max 
BOOM LENGTH 28" 
TURN RADIUS 28" 

WINDLOAD 2 sq 11 
WEIGHT 1 lb 

MAST 1 K " o d  

MOUNT Rear 

440-1 OX 
ELECTRICAL 

BANDWIDTH 420-460 MHz 
GAIN 11 2 dBd 

VSWR 1 5 1  

FIB 20 dB 

BEAMWIDTH 48' 

FEED IMP 50 ohm 

BALUN 4 1 coax 

MECHANICAL 
ELEMENT LENGTH 131h" max 

BOOM LENGTH 64" 
TURN RADIUS 64 ' 

WINDLOAD 4 sq 11 

WEIGHT 1% lbs 

MAST I % " o d  

MOUNT Reat 
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CALL YOUR DEALER 
TO ORDER ONE NOW! 

ELECTRICAL: 
BANDWIDTH . . . . . . . . . .  144-148 MHz 

. . . . . . . . . . . . . . . . . . . . . . . . .  GAIN - 1 . 8  dBd 
. . . . . . . . . . .  . . . . . . . . . . .  VSWR. ... 1.5 1 

. . . . . . . . . . . . . . . . . . .  FEED IMP.. 50 ohms 

NO GROUND PLANE REQUIRED 

MECHANICAL 
HE1 
WE 
MAST 1%" o d  

CJ220 
ELECTRICAL 

BANDWIDTH 270 224 MHz 
GAIN 1 8 dBd 
VSWR 1 5 1  

FEED IMP 50 ohms 

NO GROUND PLANE REQUIRED 

MECHANICAL 
HEIGHT 40" 
WEIGHT 2 Ibs 
MAST l % " o d  

CJ440 
ELECTRICAL 

BANDWIDTH 420 470 MHz 
GAIN 1 8 dAd 
VSWR 1 5 1  
FEED IMP 50 ohms 

NO GROUND PLANE REOUIRED 

MEC 
HE 1 9 '/a " 

ALL CJ ANTENNAS INCLUDE / 219 WEIGHT 1 Ib 
INSULATED SUPPORT MAST MAST 1%" o d  



a RAM drive for 
packet radio 

Like many Amateurs, I've been spending more time 
at my  computer and less time on the hf or VHF bands. 
Because packet radio looked like a way to  combine 
both interests and enjoy both activities, I recently pur- 
chased a used Heathkit model HD-4040 TNC and 
decided to  try packet radio. 

There are times when I found myself missing trans- 
missions, however - or on other occasions, having 
to  wait for activity to  pick up. One solution to  these 
problems, I concluded, would be to  capture the pass- 
ing packets onto a disk file and read or print the con- 
tents later. But I had no need to  fill up floppy disks 
with transient files; all I wanted was a way to collect 
and read packets monitored by the computer when 
I couldn't be there. 

A better way, I found, is to divide my random access 
memory (RAM) into two  sections: a storage area 
(called a RAM drive) and a free section that remains 
available to  the terminal program. I send packets to 
the R A M  drive for storage and read them periodical- 
ly. One recent 90-minute collection session resulted 
in the creation of a 20K file for my review. 

M y  frequency-synthesized 2-meter transceiver is 
connected to the TNC by two cables: one provides 
audio input and the other enables the microphone con- 
nection. The terminal unit contains an internal program 
(AX.25 protocol) to run the packet receive and pack- 
et transmit features for the system. A third cable runs 
from the TNC to  my computer's RS-232 connector 

By Thomas M. Hart, ADlB,  54 Hermaine 
Avenue, Dedham, Massachusetts 02026 
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fig 1 R A M  1s volatile memory designed to  hold pro- 
grams during execution; a R A M  disk IS an allocation of 
memory that simulates a disk drive. Disk drives A >  and 
B > are hardware; drlve C > is in  software. The operat- 
ing speed of a R A M  drive is much faster than hardware 
devices like A > and B > , however, when power is turned 
off, all f ~ l e s  In a R A M  drive are lost 

(the serial port); the computer acts as a terminal for 
the packet system. 

The computer itself requires a terminal program to 
permit the computer to  "talk" to the TNC; I selected 
ProComm, a "shareware" program with outstanding 
features. ProComm has many functions, including one 
that writes information to  a designated file on disk or 
in RAM for future use. 

A RAM drive disappears when the power is shut off; 
this is not a concern because I use the RAM drive only 
for capturing information when the system is running 
and I can't be there. If I need to  save a file, it's easy 
enough to  copy the data to  one of the regular disk 
drives. 

M y  RAM drive system is running on a Zenith con)- 
puter, using MS-DOS version 3.2. However, the same 
basic approach should work on a wide range of con?- 
puters using DOS 2.0 or above. Some older versiolis 
of MS-DOS may not have a RAM drive file; if yours 
doesn't, you should be able to obtain one from any 
users' group. 
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RF POWER AMPLIFIERS 
Lowest NF GaAs FET Preamp fi--~F, I - 

i L J I  ~, - 
Finest Quality Military Construction , a .  . . 

a- --.. 
Off-The-Shelf Dealer Delivery a- =: 

SPECIFICATIONS 
For the past five years. Amateurs worldwide 
have sought quality amplifier products from TE 
Systems. Renowned for the incorporation of 
high quality, low-noise GaAs FET preamplifiers 
in RF power amplifiers, TE Systems offers our 
fine line of products through select national 
distributors. 

All amplifiers are linear (all-mode), automatic 
T/R switching with adjustabledelay and usable 
with drive levels as low as ' /z  Watt. We incor- 
porate thermal shutdown protection and have 
remote control capability. All units are de- 
signed to ICAS ratings and meet FCC part 97 
regulations. Approx. size is 2.8 x 5.8 x 10.5 
and weight is 5 Ibs. 

Models alsoava~lable w~lhoul GaAs FET preamp(dele1eG sul f~x on model al All unrts covrr  

Consult your local dealer or send directly for full amateur band - specify 10 MHZ bandwidth lor 420-450 M H Z  amphller. 

further product information. Am~ l l l ~e r  capabilities 100.200 MHZ. 225.400 MHZ. 1-2 GHZ. Milllary (28V). Commercial. 
etc also available - consult tacton/. 

TE SYSTEMS 
P.O. Box 25845 

Los Angeles, CA 90025 

(2131 478-0591 

MODEL 
SG.1OOF 
$429.95 

USA '1 1 Ool l~c led  

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy + / -  1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ '12 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM. and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARD LABS / "' 
196-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Yon. thru Thu. 

30 December  1987 

KENNEDY ASSOCIATES 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices-Great Service. 
Factory authorized sales and service. 
Hours: M-F 10-6. SAT 9-3 

KENVJOOD 
vAaau W 

~ ~ o M _ I ~  -- 

/ 222 

Amateur Radio Division 
5707A Mobud 

San Antonio, TX 78238 
Telephone: 512-680-6110 

VISA a - 

' BLACK DACRON@ POLYESTER 
\ 

ANTENNA ROPE 
UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REOUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON' 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqulr~es lnv~led 
In Auslralla conlacl 

ATN Anlennrs. Brrchlp, Vlclorla 

... . ... -. 
2472EASTMANAVE .BUILDING21 %& synthetic VENTURA. CALIFORNIA93D03 

textiles.inc. 18ns1 658 7903 
i . . . . . . . . . . . . . . J 



customizing the R A M  
The steps I took in customizing a RAM drive are 

described below; you should be able to follow the 
same approach on your own system. 

.My ProComm working disk is self-booting. An 
AUTOEXEC.BATfile starts the program. A CONFIG.- 
SYS file on the disk consists of a single line: 
DEVICE = VDISK.SYS. 
This cryptic statement sets up the RAM drive when 
the computer is booted. 

The following statement appears when my com- 
puter starts up: 

Microsof t  RAMDrive version 3.2 VIRTUAL 
'disk c: 

Disk size: 256 KB 
Sector size: 256 bytes 
Allocation unit: 1 sectors 
Directory entries: 64 
If you've never prepared a CONFIG.SYS file, the 

process is simple; just place the terminal program in 
the default disk drive. When the DOS prompt appears 
on the screen, enter the following commands: 

A>COPY CON:CONFIG.SYS (RETURN) 
DEVICE = VDISK 256 256 (RETURN) 
F - 6 (FUNCTION KEY 6) 

These simple steps will create a new file on the termi- 
nal emulation disk. If you want to check the file, do 
the following: 

A>TYPE CONFIG.SYS (RETURN) 
The contents of the file will be printed on the screen 
and should state: 

DEVICE = VDISK.SYS 256 256 
Copy the file VDISK.SYS from your DOS disk 

(probably on disk 2) to the terminal disk. This is the 
RAM disk program, which is installed by the newly 
created CONFIG.SYS file when the computer is 
booted. . 

With the terminal program still in the default drive, 
reboot the system. This will start the program normally 
and set up the RAM drive in the process. 

When the packet system is running, use the com- 
mand that your program requires to write information 
to a file (i.e., the file download command). In 
ProComm, the commands are: 

PAGE-DOWN (start download) 
ASCII FORMAT (create text file) 
ENTER FILE NAME (I use C:\P) 

These few steps will send all packets that the system 
monitors off to a single file (PI on the RAM drive (C:\). 
You'll find the system very convenient for passive 
packet monitoring, and there'll be no reason to miss 
any of the action in your area. 
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f l  246 December 1987 31 

ham radio 



TELEWAVE ANTENNAS 
CABLES 

BEFORE YOU BUY YOUR NEXT ANTENNA 
OR CABLE .... DIAL : 

'k,!-$ CELI-FLEX -I SiU- - I I *  - 718- - 112 '' 

RELDEN RG-21.7 & RG-214 Type 
CONNECTORS AV AILARLE 

* ANTENNAS * 
COLLINEAR - YAGI - DIPOLE 

We arc rnaior suppliers of : C:~vil ies. Dtnplexcrs and Antenna Cnmhininp Syxlcrns . . 

TELEWAVE, 1155 TERRA BELL/\. MooNTNN VIEW. CALIFORNIA p1w3 INC. 
14151 W 4 M .  TWX 910379Y155 . FAX 1415)9881741 

TRIPLE YOUR 
HAMFEST FUN FOR 

FOUR BUCKS- 
3 PRIZE STUBS 

WlTH EVERY ADVANCE TICKET 

SUNDAY, JAN. 37,7988 
THE ODEUM 

VILLA PARK, ILLINOIS 
Hourly Grand Prizes 
Special Ladies Programs 
500 Reserved Tables 
All Indoors 
Easy Parking 

TICKETS: $4.00 Advance 
$5.00 At Door 

SEND SASE TO: 
W. C. R.A. 

PO. BOX QSL 
WHEATON, IL 60189 

INFO PHONE: (312) 629-8006 
TALK-IN: 146.01f.61 MHz 

- - - ", CALIFORNIA CALLERS DIAL (115) 9684400 - 
. 

CALL LONG DISTANCE ON YOUR HANDHELD 

35 WATT and 75 WATT 2-METER AMPLIFIERS 

lhe MODEL 335A w,Il d ~ ~ ~ e r  35 walls 0, We -t,,c ,C =??e?g a comolete oarlr 1.U 
PO WE^ u%,q !ll,l ~ a w - t  sf at^ 01 tne art c, ,  In, ltle 1 Z 0  ;lnd 700 wall Ht ampflllrrs a5 

cu8!ry l t r . .  arnpt8ller w l t ~  OD~,?JIP 5.513 nr drrc,,oed ,n iric MQIORQIJ Hullr:llnr I Il 71A 

FM and tr rornnal,nl~ wmth 
At4 '5 i , R 67 AN is7 and 

mol t  !>3"0"1!," ,?an* 
.9.. 6. .~!lbVd In 1l.f mR4 Iland 

ccwe8s inclunln(l the 
w o k  wr * IS0  carry d h*C 01 

~rt7nnn T ~ ~ S O O  ~ ~ 7 6 0 0  
+!q,i#grnenl tor 70 an0 33 

IC ?AT, Yaeltr. Sanlor and (,M 101 delil#lcd ~lllOrrnilllOn 

Tr.nTec Only 300 mw m ~ u l  :~nd prlcnr call or ur,la tor 

WIII a c ! w r  5 watts out our Irw. catalog 

3 wa!~; ~n wl!i at,lsver 35 
walls 0u1 Marmmurn in~u t  Y O D l l  1 1 , 1 1  1151.111 111 1 11.5 

1rv08 i 5 vat!? 
YO"$, @,'A ,1:..11, 111 , I t l * l  

,.an , l o l l  5" ,..., ," ."d ","dll"q, 

munication YF m m e p t s l n c .  
i l l  Il...x.. I ~ . ~ ~ ~  ' Il.rlan."hla 11101' 15111 1 ) 0  

--- 

our Ouallty Rollablllly. Style 15 llke no other 
. ~ ~ a n d a r d  RS232 computer lnlerlace 
.12m baud FSK modem wllnput l l l ler 
'TAPR documentallon . EASY hookup 
'12 vdc powered. CMOS available - - - - - The WORLDWIDE Slmndord - - - - - 

.ASSEMBLED . . . . . . . . . . . . . . . . . 160" 
Includes the lol lou!ng EXTRAS 

48 hour burn.n. 1 year 'replacemenl" uarantee 
FREE SHlPPtNci ( u p s  BROWN to 48 U!A Slates) 

Bare Board and Manuals 
OPTIONS. 32 K RAM add 
llncluoes version 1 1 4  sollware) 
-ALLCMOSadd . . . .  . . .  . .  . . . . . . . . . . . . .  0" 

DON'T FORGET - W E  ALSO SUPPLY: 
'IRhl PC-XT' CLONES FROM . . . . 570" 

~RequIroo only l rnonl ln and 1oIhr.rW 

California Packet Concepts 
P . 0  Box 952 

Coalinga. CA 9 3 2 1 0 - 1 2 4 7  
209-935-3846 

c a l l  M.F. 5 m l o  lOpm PST (CollecI lor orders) 
Telex 85038?87918 ("la Weslern Unnon Interlace) 

Calt lorn~a addresses musl add 6% 
l l lh l  8s a registered trademark of 

32 December 1987 



design an amplifier 
around the 

Try this logical approach 

for correct operation 

The 3CX1200A7 high-p triode was introduced about 
three years ago by the Salt Lake City division of Vari- 
anIEIMAC* as an extension of a series of zero-bias 
tubes of the kilowatt variety. Used predominantly in 
grounded-grid applications, the '1200 owes its elec- 
tronic design to the 3-10002, which is its direct ances- 
tor. It is a new type, however: air-cooled, possessing 
slightly different electrical characteristics, but offer- 
ing increased plate dissipation. Its most notable differ- 
ences are the anode construction and the resulting 
increased inter-electrode capacitances. Also, its max- 
imum rated plate voltage is 500 volts less than that of 
the 3-10002. 

I bought one of these tubes during the initial EIMAC 
sales promotion. What follows is a summary of the 
results of my efforts to generate, for my personal use, 
design methods for the 3CX1200, as well as for other 
tubes. Approximately two years of intermittent work 
were dedicated to this project. 

In addition to the published tube characteristics, 
several aids are available to help designers; some of 
these were used in the preparation of this work.',2 
The methods and numbers were transformed, drasti- 
cally in some cases, without affecting either their con- 
tent or their applicability. In their places are a few 
BASIC programs and several figures that greatly re- 
duce the amount of effort necessary to complete a de- 
sign. Graphs are presented for those without access 
to a personal computer. 

how do we start? 

Initially, the following five parameters must be de- 
termined: drive impedance and drive power, dc plate 
current and power input, PEP output, plate dissipa- 
tion, and plate load resistance. Later, we'll determine 
air cooling requirements, input matching circuits, and 
output matching circyits. 
"Varian EIMAC. 1678 Pioneer Road. Salt Lake City, Utah 84104. 

Figure 1 shows a stylized version of the constant- 
current curves supplied by the manufacturer for de- 
sign purposes. Representative of all curves of the type, 
it provides information we can use to make very good 
estimates of operating parameters. Reference 2 pro- 
vides the standard expressions for them. For "two- 
tone" conditions, the most important approximations 
are: 

dc plate current, I / ,  = 2i,,/~'7, (1 

plate input (watts), P,,, = 2i,,E,,/~-', (2) 

average output (watts), P,, = i,,e,,/8, (31 

PEP output (watts), P,, = i,,c,,/.l, and (4) 

plate efficiency, Ell = (e,,/EIJ(~/4)2. (5) 

Two-tone calculations, which appear throughout 
this article, are more representative - though not pre- 
cisely - of single-sideband voice operating conditions. 
In any event, the PEP output is the same for both two- 
tone and single-tone conditions. 

Figure 1 shows that the points ip and Q are at op- 
posite ends of a load line. Q represents the quiescent 
condition of no drive. Therefore the plate voltage is 
exactly the supply voltage, Eb . The value of the quies- 
cent plate current is also determined. At the other end 
of the load line is the point ip, representing the maxi- 
mum instantaneous plate current (ip), the minimum 
instantaneous plate voltage E,,,, and the peak grid 
voltage. The positions of these points are arbitrary; 
the plate supply voltage is what you have available, 
and the peak plate current (ip) is your choice. The lat- 
ter affects the plate load resistance, drive power, drive 
impedance, PEP output, and virtually everything else 
of consequence. 

The dc plate current may be estimated by the use 
of eqn. 1. Equations 2 through 5 will yield other es- 

I 

sential numbers. The grid current, however, isn't 
usually available from the curves. It can be calculated 
by using the EIMAC Tube Performance Computor3 or 

1 by calculating the transfer curve up the load-line and 
then integrating the grid current. 

By W. J. Byron, W7DHD, P.O. Box 2789, 
Sedona, Arizona 86336-2789 
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Neither the transfer curve nor the grid current cal- 
culations, which were done on a personal computer, 
are obvious in the text. I've tried to produce a simple 
design method that will assure safe operation of this 
expensive tube if these voltages, currents, and drive 
power requirements (and restrictions) are met. In the 
preparation of the 'graphs and programs included, I 
first performed an integration up the worst-case load- 
line. As a result, I've limited the minimum plate volt- 
age to 500 volts; because this limitation is essential 
to the protection of the grid, it must remain. Thus the 
designs developed from this article will always yield 
less - though not much less - than the absolute 
maximum power available from the 3CX1200A7. It's 
still possible to achieve considerably more than the 
maximum legal Amateur power output with relatively 
low plate-supply voltages, yet operate in a safe, con- 
servative manner. 
Figure 2 shows a BASIC program for solving eqns. 
1 through 5, as well as others. It contains two loops, 
one of which is nested. The outer loop steps the plate 
supply voltage from 4000 volts to 2500 in steps of 
- 500 volts. The inner loop steps the max ip from 1.0 
to 2.5 amperes in steps of 100 milliamperes. Thus, as 
shown, it will produce four tables, each with 16 lines. 
One table (or "panel") is shown in fig. 3. It was print- 

2 
E 

P 
? 
o 

ed singly by changing line 10 to  read, "FOR EB = 

4000 TO 4000". Great latitude is allowed in the loop- 
control (FOR-NEXT) statements. Plate supply voltage 
may be stepped in units of - 500 (as shown), - 250, 
or even - 100 volts. Each step will produce one pan- 
el. The plate instantaneous maximum current may be 
stepped in units as low as 1 milliampere. Adjust them 
according to your needs, but keep the plate voltage 
at 4000 volts or less, and keep i, equal to or less than 
2.5 amperes. Leave Emin at 500 volts. 

The reasons for the restrictions are two-fold. First, 
in order to keep these BASIC programs simple, all 
programming "traps" were omitted. Steps that would 
prohibit plate voltages over 4000, and plate currents 
of over 2.5 amperes, for example, would only compli- 
cate the programs; while they're necessary in other 
circumstances, they probably aren't appropriate here. 
The other is that the maximum values are those which 
have been established by the work described earlier. 

By selecting an appropriate plate supply voltage, the 
program will produce 16 lines that list all data consis- 
tent with that voltage. One hundred watts drive at a 
plate voltage of 4000 predicts a PEP output of approx- 
imately 1800 watts - see fig. 3. The data for exactly 
100 watts drive fall between the i, values of 2.00 and 
2.10 amperes. If you want a more precise answer than 

H I G H  G R I D  

C U R R E N T  REGION 
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fig. 1. Stylized constant current characteristics. 



5 REM SAVED AS 12008 
10 FOR EB = 4000 TO 2500 STEP 500 
20 EM = 500 
30 LpRINT'=;;;=====;=====================:===============================" 
40 LPRINT" 3CX1200A7 TWO-TONE; EB = "  ;EB;" Volts" 
41 LPRINT" GROUNDED GRID" 
50 LPRINT" Eman. = ";En;' Volts" 
60 IF EB > =  3500 THEN LPRINT" (Flxed Bias = 16 Volts)" 
70 IF EB >=3OOO AND EB<3500 THEN LPRINT" (Fixed Blas=8 2 Volts) 
80 IF EB >=2500 AND EBC3000 THEN LPRINT" tFlxed Blas=8 2 Volts1 
90 IF EB < 2500 THEN LPRINT" (Zero Bias) 
100 

110 LPRINT" ~p 2 1  Pdrlve ep Ib DC in PEP P1.Dls. RL" 
120 LPRINT" Amps Ohms Watts Volts Amps Watts Watts Watts Ohms" 
130 LPRINT' ---- - - - -  ------ ---- - - - - -  ------ ------ - - - - - -  - - - - "  

140 FOR IP =11 TO 2.5 STEP .1 
150 IF EB =>3500 THEN EK= 511 -4.16666*IP+20rIP-2-3.33333*1P-3 
160 IF EB>=3000 AND EB<3500 THEN EK= 43.2 -4.16666*IP+20*1PA2-3.3333W3 
170 IF EB>=2500 AND EB<3000 THEN EK= 43.2 -4.16666*lP+20*IP-2-3.3333*1P-3 
180 IF EB <2500 THEN EK= 351 -4.16666*IP+20+IPA2-3.3333rIP-3 
190 PI=3.14159 
200 IB = 2*lP/(PI^2) 
210 EP = EB-EM 
220 PFT = EK*IP/4 
230 PEP =(IP*EP/41*PFT 
240 EIA = (EP/EB)*tPI-2/16> 
250 ZI = 2*EK/IP 
260 RL = ZrEP/IP 
270 PD = !ZK^Z/ZI 
280 WI = IBrEB 
290 DIS = (Wl)*(l-ETA) 
300 A$= " Y Y . Y Y  Y Y N  Y  Y Y U . Y X  H W Y Y  Y . Y Y H  Y H Y Y . Y  Y Y W Y . Y  Y Y W Y . H  Y Y Y W "  
310 LPRINT USING AS;IP;ZI;PD;EP;IB;WI;PEP;D1S;RL 
320 NEXT I P  
330 
340 LPRINT" Note: Overall Plate Efflczency 1s ";INT(10000*FTA1/100;" per cent." 
360 LPRINT' Drxve feed-through 1 s  added to PEP out." 
400 LPR1NT:LPRINT 
4 10 NEXT EB 
420 END 

fig. 2. BASIC program solves eqns. 1 through 5. plus others, producing tables of tube 
operating parameters. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3CX1200A7 TWO-TONE; EB = 4000  V o l t s  

GROUNDED GRID 
E m i n .  = 500 V o l t s  

(F ixed B i a s  = 1 6  V o l t s )  
............................................................... 

i p  ZI  Pdr lve ep Ib DC i n  PEP P 1 . D i s .  RL 
A m p s  O h m s  W a t t s  V o l t s  A m p s  W a t t s  W a t t s  W a t t s  O h m s  
---- ---- ------ ---- ----- ------ ------ ------ ---- 
1 . 0 0 1 2 7 . 0  3 1 . 7 5  3500  0 . 2 0 3  8 1 0 . 6  8 9 0 . 9  3 7 3 . 1  7000  
1 . 1 0  120 .3  3 6 . 4 0  3500  0 . 2 2 3  8 9 1 . 6  9 8 0 . 7  4 1 0 . 4  6364  
1 . 2 0  1 1 5 . 1  4 1 . 4 2  3500 0 . 2 4 3  9 7 2 . 7  1 0 7 0 . 7  4 4 7 . 7  5833  
1 . 3 0  1 1 0 . 9  4 6 . 8 4  3500  0 .263  1 0 5 3 . 7  1 1 6 0 . 9  4 8 5 . 0  5385 
1 . 4 0 1 0 7 . 5  5 2 . 6 5  3500  0 .284  1 1 3 4 . 8  1 2 5 1 . 3  5 2 2 . 3  5000  
1 .50  1 0 4 . 7  5 8 . 8 8  3500  0 .304  1 2 1 5 . 9  1 3 4 1 . 9  5 5 9 . 6  4667  
1 .60  1 0 2 . 4  6 5 . 5 0  3500 0 . 3 2 4  1 2 9 6 . 9  1 4 3 2 . 8  5 9 6 . 9  4375 
1 . 7 0  1 0 0 . 4  7 2 . 5 4  3500  0 . 3 4 4  1 3 7 8 . 0  1 5 2 3 . 8  6 3 4 . 2  4118  
1 . 8 0  9 8 . 7  7 9 . 9 7  3500 0 . 3 6 5  1 4 5 9 . 0  1 6 1 5 . 0  671 .5  3889  
1 . 9 0  9 7 . 3  8 7 . 8 0  3500 0 . 3 8 5  1 5 4 0 . 1  1 7 0 6 . 4  7 0 8 . 8  3684 
2 . 0 0  9 6 . 0  9 6 . 0 0  3500  0 . 4 0 5  1 6 2 1 . 1  1 7 9 8 . 0  7 4 6 . 1  3500 
2 . 1 0  9 4 . 8  1 0 4 . 5 6  3500  0 . 4 2 6  1 7 0 2 . 2  1 8 8 9 . 8  7 8 3 . 4  3333 
2 . 2 0  9 3 . 8  1 1 3 . 4 5  3500 0 . 4 4 6  1 7 8 3 . 3  1 9 8 1 . 7  8 2 0 . 8  3182 
2 . 3 0  9 2 . 7  1 2 2 . 6 6  3500  0 . 4 6 6  1864 .3  2 0 7 3 . 8  8 5 8 . 1  3043 
2 . 4 0  9 1 . 8  1 3 2 . 1 4  3500 0 . 4 8 6  1 9 4 5 . 4  2 1 6 6 . 1  8 9 5 . 4  2917 
2 . 5 0  9 0 . 8  1 4 1 . 8 8  3500  0 . 5 0 7  2 0 2 6 . 4  2 2 5 8 . 4  9 3 2 . 7  2800 

.............................................................. 
N o t e :  O v e r a l l  P l a t e  E f f l c l e n c y  i s  5 3 . 9 7  per c e n t .  

D r l v e  feed- through i s  added t o  PEP o u t .  

fig. 3. Example of the output of the BASIC p r o g r a m  of fig. 2. 
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these, change line 140 to read, "FOR ip = 2.0 TO 
2.1 Step .01". Then you'll get one panel with eleven 
lines, representing conditions for drive powers from 
96.0 to 104.56 watts. Remember that the supply volt- 
age is a "loaded" value; that is, the plate voltage under 
load. Typically, it will be between 5 and 10 per cent 
below the no-load value. 

A prospective builder probably has only a few fac- 
tors under control at the outset of a design. He has 
the tube, an exciter, a power transformer or a power 
supply, and maybe a surplus centrifugal blower. He 
therefore has only two pertinent inputs; plate-supply 
voltage and drive power. It's possible to rearrange the 
program to accommodate only those two inputs. 

While the program shown in fig. 2 can do all that's 
necessary, it was modified so that those two factors 
are the only inputs; fig. 4 lists that program. First it 
requests "PLATE SUPPLY VOLTAGE," and "MAX 
DRIVE POWER." It then begins with an i,, of 1 am- 
pere and incrementally steps the value, in this case 
by 5 milliamperes, and calculates ZI and Po (drive im- 
pedance and drive power). It then compares the cal- 
culated PD until it's in a "window" of A k0 .5  watts 
width, where A is the exciter drive power. When this 
is reached, it then performs all the other calculations 
and produces one panel with one line - the only one 
that meets the requirements of the inputs. Though it 
doesn't print a hard copy, one can be obtained by 
using the screen dump facility (mine is simply 
SHIFTIPRINT.) An example of the program output 
is shown in fig. 5. 

At this point it's very important to emphasize that 
although modern exciters are of the "100-watt PEP 
minimum" variety, many - and perhaps most - will 
exceed 100 watts PEP output. The programs above 
require that the designer know the charactistics of the 
exciter. It isn't good design if one enters 100 watts for 
the PEP drive power, when in reality it might be 120 
watts. Almost all exciters will deliver more PEP out- 
put under voice conditions than they will under "key- 
down" on CW. The leading cause of power-grid tube 
destruction is excessive grid dissipation. The most im- 
portant single instrument in an amplifier is the grid- 
current meter. 

completing the design 
The major difference between the '1200 and the 

3-10002 is in the cooling, another factor not yet faced. 
If you have a surplus blower in the shack, it's essen- 
tial to know beforehand if it will be sufficient. The best 
way to determine this is to test the blower in a sepa- 
rate measurement. 

Find a cardboard carton large enough to hold the 
tube, and sturdy enough to allow the blower to be 
taped onto the side. Cut a circular hole large enough 
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Getting Started in Electronics. Bastc electron~cs 

. . . . . . . . . .  prolects. 128 pages. #276-5003 2.49 
k m e r  IC ~inl-  ole book. Learn to use the versa- 
t~ le 555 and 556 ICs. 32 pages. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  #276-5010 996 

~irst-Quality ICs 
W i t h  P in -Out  8 Specs 

4000-Series CMOS ICs. 
Cat No I Each E: / 276-2401 1 .99 1 

Line Drlver ICs for Data 
MC1488 RS-232 Q u a d  L i n e  
Driver. For send~ng per~pheral 
data 14-ptn DIP 11276-2520. . 1.29 
~ ~ 1 4 8 9  RS-232 Quad Line Re- 
ceiver. Use w~th above. 14-p~n DIP. 

. . . . . . . . . . . . . . .  C276-2521 1.29 

CMOS & Bipolar Timers 
T L C S S ~ .  LOW-power CMOS. 
Same p~n-out as 555 but Operates 
up to 2 MHz. 8 - p ~ n  DIP. 
X276-1718 . . . . . . . . . . . . . . .  1.39 

Bipolar Resenable Timers. 

SP0256-AL2 Speech Synthe- CTS256-AL2 Text t o  Speech IC. 
sizer. Easy to ~nterlace wlth most Translates ASCII characters into 
computers. Wlth data. Requlres control data. Requ~res 10 MHz 
312 MHz crystal (special order). crystal (speclal order). 40-p~n DIP. 
28-pin DIP. W276-1784 . . .  12.95 W276.1786 . . . . . . . . . . . .  16.95 

Sight 'n Sound Cases I Audio Hookups 
(1) NEW! 

sa 
(I) NEW1 Brrlltant Ruby-RedLEO Wllh 
Holder *7:h 088 1.79 
(2) Trl-Sound-Slren Buzzer. Thrve 
exlca tourl oulputs *276 072 5.95 
(3) Pulrlng Buuer. Outputs80dB. 2 biz 
pulse 1776 058 2.99 

Micro Controls 

NEW! 
(8)  Varnable Tunlng Capncltor. 335 pF. 
"772 1337 4.95 
(9) 5.Wall. 25-Ohm Rheoslal. Ww?- 
wound pol m771-265 2.99 
( l o )  High-Precision Thermlslor. 
Range - 50- lo + ltODC r271-I10 1.99 

Soldering Tools/Supplies 1 DU~I-mack 

... - (5) 

Blue stvrtan? [,l;,\lic Inl,,'rr.j! slots 
lor PC boards W ~ l h  screws I 

p~ - 
I cX" l m  ---- 

I Parts Bargains I RS-232 Hardware 
(16) NEW! 

L , -"Ld r 
n. *". 

(16) RS.232 lnllna Teller. Dtagnose an. 
tertace problem. I" mtcros and petlph. 
erals La76 14111 14.95 
(17) RS-232 Splks Proteclor. AC lhne 
pratectlon 8s not enough-Guard each 
port to be surPi 0776 1402 15.95 

I I 

Split supply I Bench LCD Multimeter 

.Revolving credlt tram Aadto Shack Aclual payment may vary dapendlng on purchases Prlces apply at parllclpallnq Rddlil bhack store-. .drill (1, ,lt<rr% 

(10) (19) 
---.-- 

mr 
-- .-- 

(10) Ten-Pleca Eleclronlc Tool Sel. *64 .'HOt 14.95 
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Over 1000 items i n  stock: Binding posts. Books. Breadboards. Buzzers. Capacitors. Chokes. Clips, 
coax. ,omectors, r u s e s  Hardware, r s .  Jacks, m o b s ,  raws, Multttesters. PC Boards. Plugs, Aadle #haen 
Rectifiers. Resistors, Switches. Toots. Transformers. Transistors. Wire. Zeners and more! n I I IV~~,%,)N I )I IANI,, (.ili,i'f t ( ~ 1 1 t  ill 

-- 
..-I .~ Independent 

Or Slave 
Operation es iab  

Varvable 0-15 VDC or SPIIBS up 10 30 VDC DeI~ver~ rock- 
~IableDC at prnctsely Ihevoltagss you need In trackang 
mode. a smgw control lets you adlust both vollages s8- 
m~ltanwusty Indepencienl mMe lo adjust ~ollages sep- 
aralely Votllamm~ter tJL thrted AC U22-121 

9gg5 
Low AS 115 
Per Month. - 

Manual/Autoranging rn Stores MinlMax Values 

The 31-segmenl analog bar qraph dlsplay, tnpul peaks 
and lrends Transrstor ~hcckcr, ~i~ode-checkel, memory 
lunctlon and buzzer conttnurly checker Measures lo 
1000 VDC. 750 WAC. 10 AC/DC amps. 30 megohms re- 
s,stancc Impedance 10 mrqnhms "22.195 



lC-735 
IC.761 New Top o l  Line 
IC-735 Gen. Cvg. Xcvr 
IC-751A Gen. Cvg. Xcvr 
R7000 Gen. Cvg. Rcvr. 
R71A Gen. Cvg. Rcvr. 
IC-28NH FM Mobile 25w145w 
IC-37A FM Moblle 25w 
IC-900 Super Multi-Band Mobile 
IC-04AT UHF HT 
IC48A UHF 45w 
IC-38A FM Mobile 25w 
IC-OZAT FM HT 
IC-,,PAT Micro HT 

LISI Juns 
2499 00 Call $ 
$999 00 Call S 
1649 00 Call $ 
1099.00 Call 16 
949.00 Call $ 

4291459 Call $ 
499.00 Call $ 
589.00 Call $ 
449.00 Call $ 
459.00 Call $ 
459.00 Call $ 
399.00 Call $ 
329.00 Call $ 

TS-9,IOSAT Gen Cvg Xr:vr $2249 95 Call $ 
TS-430s Gen Cvg Xcvr 819 95 Call $ 
TS-711A All Mode Base 25w 899 95 Call $ 
TRJ51A All Mode Moblle 25w 599.95 Call I 
TS-440SIAT Gen. Cvg. Xcvr 1199.95 Call 16 
TM-253OA FM Mobile 25w 429.95 Call $ 
TM-2550A FM Mobile 45w 469.95 Call $ 
TM-2570A FM Mob~le 70w 559.95 Call % 
TH-205 AT. NEW 21-17 HT 259.95 Call $ 
TH-215A. 21-17 HT Has It All 349.95 Call $ 

TH21BT 2M HT 259.95 Call $ 
TH3lBT 220 HT 269.95 Call S 
TM--3SJOA FM 220 MHz 25w 449.95 Call 

FT.757 GX Gen Crg X c r ,  $995 00 Call $ 1 
FT.7fi7 d Rand New 1895.00 Call $ . . . - . . - - . . - . - 
FT-211 RH 459.95 Call $ 
FT-290R All Mode Portable 579.95 Call % 
FT-23 RlTT M ~ n i  HT 299.95 Call $ 
FT-209RH RM Handheld 5w 359.95 Call S 
FT-726R All Mode Xcvr. 1095.95 Call $ 

FT-727R 2Ml70CM HT 479.95 Call S I FT2700RH 2Ml70CM 25w 599.95 Call $ I - 
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10 RD( S A W  AS 1200X 
20 INPUT 'PLATE SUPPLY VOLTACIE-;EB 
30 INPUT "MAX DRIVE PW57";A 
40 DI . 500 
50 pRINT"...............................................~.*=.......*....- 
60 PRINT' 3CXl200A7 TVO-TONE; EB .";EB;" Vol ts-  
70 PRINT" GROUNDm GRID" 
80 PRINT" -11,. = " ; E M ; "  Vol t . "  
90 IF  EB > -  3500 THE31 PRIM" 1Ftx.d BI.. * 16 V o l 1 . l -  
L O O  IF  EB )-3000 AND EB<3500 THE31 PRINT" 1F1x.d 81.s.0.2 V o l t s )  
110 If EB >-2500 AN0 EB<3000 THM PRIKT" 1Flx.d B,..-0.2 VolL., 
120 IF  EB < 2500 THE31 PRINT" (Z.ro B1.s) 
]30  PRINT' -------..---....---------------------------------.-.-...-------- 
110 PRINT" rp 21 Pdrlv. .p I b  OC ~n PEP PL.D>.. RL- 
150 PRINT" Amp. Ohm. W l t l .  Vo l ts  Amps Wall. Walt. W a t t .  Oh.." 
]60 PRINT" ---. -... .----- ---- --... -..--. ------  - - - - - -  - - - - -  
170 IP-1 
I80 IF  EB .>3500 THM W -  51' -4.18666.IP+20.IP^2-3.3333.IP-3 
190 I F  EB>-3000 AND EB(3500 THM W -  4 3 . 2  -4.l6686*lP+20.IP~2-3.3333.1P~3 
200 IF  EB>.2500 AND KB<3000 TliM M. 4 3 . 2  -4.16866.1P*20.1P-2-3.3333mIP-3 
210 IF  EB (2500 THGN EX= 35' -4.16666.IP+20.IP^2-3.3333.IP~3 
2 2 0  21  - 2.W11P 
2 3 0  PD - EX-2111 
2 4 0  If PD.,lA-.51 AND PD.<IA+.SIT?IM 280 ELSE 250 
250 IP . IP*.005:G0T0 180 
260 PI-3.11159 
270 18 - 2.IPIlP1-21 
280 EP . EB-W 
290 PQT - M - I P I 4  
300 PW -lIP.EPIIl+PPT 
310 ETA . tEPIEB1.lP1~2116> 
320 RL - 2.FPIIP 
3 3 0  U I  18-EB 
340 01s . I W I I . < L - = A >  
350 AS. "1..11 1 . m . 1  111.11 V.11 1.1.. 81.1.1 1111.. . U l # . I  1II." 
360 PRINT USIW AS:IP;ZI;PD;W;IB;WI;PW;DIS;RL 
370 PRINT.. 
380 PRINT" Not.: OI.r.ll Plat. Effrcl.ncy rs ~;INT~1000O.FIA>tlOO:" p.r cent. 
390 PRINT" Drlv. r..d-through 8 .  .dd.d t o  PW o u t . '  
400  PRINT: PRIM. 
410 O I D  

fig. 4. BASIC program modified to accept two inputs, plate supply voltage, and PEP 
drive power. 

RUN 
PLATE SUPPLY VOLTAGE7 3250 
)(AX DRIVE POWER7 110 
II.rDS1I11Sl=li.IIE=.~=~==.=~~~==.*~~~=.~.~====~=z============= 

3CX1200A7 TWO-TONE; EB = 3250 Volts 
GROUNDED GRID 
bin. = 500  Volts 
(Fixed Biaa=8.2 Volts) ............................................................... 

~p Z i  P d r ~ v e  ep Ib DC in PEP ' Pl.Dls. RL 
Amps Ohms Watts Volts Amps Watts Watts Watts Ohms _ _ _ _  __-- __-_-- _ _ _ _  ___-_ _--_-- __--__ ------ ---- 
2.255 86.3 109.69 2750 0.457 1485.1 1605.2 710.0 2439 -------------------------------------------------------------- 

Note: Overall Plate Efficiency ~a 52.19 per cent. 
D r ~ v e  feed-through I S  added to PEP out. 

I fig. 5. Example of the output of fig. 4. 

I . hAA, Order from your dealer or U.S. d l ~ l l l b u ~ o r :  

BOX ) M i .  iVine i v r o i , k .  N.1 11-,*-0282 

ELIMINATES Tel. 1201 2 2 7 - " 7 1 . '  I lr . t i . . r , .  r . . lh . l l vd  

$15- 
+ 52  *IWM RADIO FREQUENCY INTERFERENCE 

PI.IMINATES I(* INTIHIIHIN('~. IN: r \  . i r . s x .  n.witol .  
111-br.  1'1 xyrn11.n~.  ~~.l,.~~h.nvw. vc'ua. T IWI  awr8r'rnc'nL. 
wr,~lar and v n r r  ~ l n r m x .  wrt~.mn. *.snrtc.rr. I'~P.-I*II ,.m 
OIIC m: n c m ~ t  ~ c .  .+~-y,~,.+n-t.*. H . ~ I ~ I  ~ r . ~ n * m s t  1 a . r ~  IrH. 
1L.m Mad30. C<>mm?rc.m.all. lcdumt r n . e l  m.w~h8rw~ry. r r d l # m  

T,,lr,(~h,n#r, r'anpul #.r*. S r l l  >.hlnq Sysl l.mN. 
F.ASY TI1 IlSF: r m t w  onlo an.311. I.$nz#. .md r l l h n  rdhl- 
I*, "..,"I I t ,  r..r,rt. c.l,nnl.l.fum. ll"ll(lll.. "1.lll r ~ r r l t *  
r r , r r  dl.a,qn r,,w ,111 ! I ,  H<:HII I-,,,. .-.,1,1,*1. 
U(IHIS IN  " P ( I M ( I W  IU11>b.-. 1111..r~ c-llrrvnl ~ ru I l l r . #d  
!n ! hv l~r.tm4 ~ h t ~ l d d  ~ ~ , ~ l ~ l c w  .+,MI qr<wnd w ~ r f w !  
s,,,v.,.,I r...r,n,. rn4 . - r~ .31  ..rlrq.tlv,. 0.5 - 10n wb.. 

l l O R 5  M V  VVOlll EUIIIIIIIRKP U A H I # A M I  

ICI/~?%';~':..'*,' MANUFACTURING 
4081 HARVESTER RO UNlT # 10 BURLINGTON ON1 L7L W 
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1 0  REM SAVED AS " A I R - 4 "  - WORKS FOR BOTH 3CX1500A7 ( 8 8 7 7 3  AND 3 i X l 2 0 0 A 7  
20 PRINTHENTER ' 1 '  FOR 3CX1200A7  OR ' 2 '  FOR 3 C X 1 5 0 0 A 7 / 8 8 7 7 "  
30 INPUT " 1 2 0 0  OR 8 8 7 7 "  ;A$ 
3 1  I F  A$ .: : :" I"  THEN 3 0  
32 I F  A$ :.:." 2" THEN 30 
35 I F  A 3  = " "  THEN 30 
4 0  INPUT "WHAT I S  THE CALCULATED PLATE D I S S I P A T I O N  (KWjU;PW 
5 0  I F  A6  = " 1 "  THEN 7 0  
60 I F  A$ = " 2 "  THEN 80 
70 PD = -9 .999991s .  001+7 .266617* .  01*PW+. 08€3+PWA2+.. 14Y333*PWA3:Gii)T0 l a 0  
80 PW = PW*1000 
90 PD = .00031*PW - 3.6* .0000001*PWA2 + .?'.8+1E-10+PWA3 
1 0 0  INPUT "WHAT TEMPERATURE (DEGREES C E L S I U S ) "  ;T  
110 111 = . 9 1 5 0 2  +3 .398895E-03+T + 2 .980232E: -08*TA2 - 4 .654613E- l l i l *TA3  
120 INPUT "WHAT E S YOUR ALTITUDE (FEE"r ABOVE SEA-LEVEL) " i A 
1 3 0  (12 = . 9 9 9 9 9 9 9  + 3 .333335E-05*A + 1. 400004E:-.09*AA2 - 1.33333E--  1Lt*AA3 
1 4 0  H = INT(l00*PD*01*02+.5),~10P) 
1 5 0  PR INT  " THE MANOMETER READING AT THESE Ci:)NDI TIONS I S "  i H ; " I N .  WG" 
1 6 0  END 
RUN 
ENTER ' 1 ' FOR 3CX 1 2 0 0 4 7  OR . '  2' F3R 3CX 1 5 0 0 A 7 / 8 8 7 7  
1200 OR 8 8 7 7 ?  1 
WHAT I S  THE CALCULATED PLATE D ISS IPAT I [SN  ( K W j ?  . 7 1 0  
WHAT TEMPERATURE iDEGREES C E L S I U S ) ?  5 0  
WI-IAT I S  YOUR ALTITUDE ( FEET ABOVE SEA-LEVEL ) '? 4 3 0 0  
THE MAN(IMETER READING AT THESE COND I T  IONS I S  . 1 8  I N .  WG 
0 I.:: 

fig. 6. BASIC program to calculate air differential pressure across tube anodes for both the 3CX1200A7 and the 3CX1500A7 
(8877). It is valid for temperatures from zero to 50 degrees C, and for altitudes from sea level to 15,000 feet. 

to  hold the tube anode; but tight enough to hold the 
tube by friction alone. With masking tape, tape the 
tube in place. Now do the same for the blower. Tape 
all seams so that the system is tight. 

Make a water manometer using TygonTM tubing of 
at least 3/16 inch ID. (Be sure to use tubing large 
enough to prevent a meniscus problem.) Push one end 
of the tubing into the box and tape it in place. Add 
one drop of food coloring for visibility, and one drop 
of liquid detergent to the water to aid surface-wetting. 
Then start the blower. The vertical difference between 
the two levels in the manometer is the 6P in inches 
w.g. If the levels don't return to zero differential after 
the blower is turned off, the measurement is proba- 
bly faulty, and you should find tubing of a larger di- 
ameter. 

The differential pressure required is a function of 
power dissipation, ambient temperature of the inlet air, 
and its density (altitude). Figure 6 shows a BASIC pro- 
gram that calculates the 6P for both the 3CX1200A7 
and the 8877. The solution is based on fig. 5 and my 
QTH, which is 4300 feet above sea level. An ambient 
temperature of 50 degrees C is conservative - and 
this should be the designer's goal. For 710 watts plate 
dissipation and an altitude of 4300 feet, the required 
differential pressure is 0.18 inches w.g. That's the mini- 

mum acceptable reading; because overcooling pro- 
longs tube life, I'd strive for 0.2 or 0.25 inches for this 
QTH. Don't accept anything less than the calculated 
number at your QTH. I t  is assumed - and essential 
- that the manufacturer's recommended socket and 
chimney be used. 

The manufacturer permits zero-bias operation of the 
'1200 even for plate supply voltages up to 4000. The 
plate quiescent power dissipation under this condition 
is 900 watts! See what that does to the calculations 
in the paragraph above. That is the main reason for 
bias voltages (Zeners) up to 16 volts in both programs 
and graphs. 

Figures 7.8 and 9, derived from the programs, are 
included as guides for those without a personal com- 
puter. They're usable, provided the exciter PEP 
doesn't exceed the 110 watts specified in the figures. 

The hypothetical design in fig. 5 gives a cathode 
drive impedance of 86.3 ohms, a PEP output of 1605 
watts, and a plate load resistance of 2439 ohms (round 
off to 2440). These are for a drive power of 110 watts 
and a plate supply voltage of 3250. Now we can de- 
sign the input and output matching circuits. 

cathode drive circuit 
The calculations were all done for grounded-grid 
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operation. The computed drive impedance at the cath- 
ode is, for the example, 86.3 ohms. Since the 3CX1200 
is a filament-type tube, it requires a filament choke, 
and a hefty one at that, because the filament current 
is 21 amperes. The rule of thumb for such devices is 
that the reactance of the choke (a bifilar filament 
choke) must be no smaller than 5 83.8 ohms. As- 
sume about + j500 ohms at the lowest frequency con- 
templated; 86.3 ohms in parallel with +j500 ohms 
equals 83.8 + j14.5 ohms, which is easily compen- 
sated by a Pi-section. The problem desolves to the de- 
sign of an impedance matching circuit that converts 
50 ohms to 84 ohms. I recommend a Pi-section with 
a 0, of about 3.5. The reactance values appear in 
fig. 10. 

output matching 
The plate load resistance from the program is 2440 

ohms. There are many ways to match that to 50 ohms. 
The example worked out here will be the PI-L, which 

Values are for PD = 110 watts PEP, 

.,-. ZI = 78.6 ohms, and Zero Bias. 
C 

C 

W -- 
4 9 

1 4 0 0 -  - - 2 2 0 0  

80.- 

6 0 - -  

4 0 - -  

- 2 0 0 0  

- - I 9 0 0  

- - / a 0 0  

I 
I - - I 7 0 0  
I 
I 

+ ; : : : : I : ; : ,  
2.5 2 . 6  2 . 7  2 . 8  2 . 9  3 .0  

P L A T E  S U P P L l  V O L T I G E  I k V I  

fig. 7. Amplifier parameters for plate supply voltages 
from 2.5 to 3.0 kV. 
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is just what it implies: a Pi-section followed by an L- 
section. The Pi converts the resistance (or impedance) 
to an intermediate value, and the L further converts 
it to the desired 50-ohm load. The intermediate im- 
pedance (the junction between the L and the Pi) is, 
by convention, between 10 and 15 percent of the in- 
put impedance. A typical value would be 300 ohms. 
The attractiveness of the PI-L is in that it has a series 
inductance in the output side, and provides greater 
harmonic attenuation than the usual PI-section. 
Methods for designing both Pi- and L-sections are 
available from many sources. The reactance values for 
the Pi-L also appear in fig. 10. 

Harmonic attenuation, however, is greatly depen- 
dent on the Q of the tank circuit, no matter what type 
is used. It should be somewhere between 15 and 20 
for the lower frequencies, but because of distributed 
circuit capacitances it may be forced above 20 at, say, 
29 MHz. The reason is that the component capacities 
to ground (switches, busses, and coils) plus the out- 

,. 
3 1,OO -- 

5 

4 

4 0  -- 
0 

2 0  -- W 

1 6 0 0  - -  

a 0  -- - - 2 7 0 0  

6 0  -- 

- - 2 5 0 0  

6 0 . -  - - 2 4 0 0  

- 2 3 0 0  

I 

3 0 3 1 3 2 3 3 3 4 3 5 

P L A T E  S U P P L Y  VOLTAGE I k V I  

fig. 8. Amplifier parameters for plate supply voltages 
from 3.0 to 3.5 kV. 



put capacitance of the tube itself frequently consti- 
tute the major part of the total input capacitance of 
the tank circuit. To give the tuning capacitor more con- 
trol over resonance, a higher Q usually is selected. Try 
a Q of 25 as a first guess for the 10-meter band. 

. 

operation 
When the design is completed and the construction 

is nearly finished, I find that an additional step is ex- 
tremely valuable. For example: the design is based on 
a Q of 15 and a load resistance of 2440 ohms. But 
when a load (near 50 ohms) is placed on the output, 
it's possible to "load" the amplifier with many posi- 
tions of the input and output capacitors. Which ones 
are correct? 

The programs developed and the background work 
done require that the amplifier be operated according 
to design. There is only one value each for C1 and C; 
in the PI-L tank that will assure that the plate is look- 
ing at 2440 ohms. There is an easy way - and a rela- 

- 
Values are for PD = 110 watts PEP, 

.o-- 
ZI = 94.2 ohms, and Bias = 16 volts. 

2 . 20.- ,. 
1 
,: ,900.. 

,: so-- 
II iu 

$ 60.- 

20 -  - 3 5 W  

1800- - I400 G 

8 0 f  
P 

--79W 

I --2.9w 

Special 
OUTSTANDING PRICES 

ON IBM xrw * 
COMPATIBLE SYSTEMS! 

SYSTEM # I  $299.00 
MOTHFPHOARDWITH BlOSAND 
ZERO K OF RAM UPGRADABLE 
TO A FULL 640 K RAM FLlP TOP 
CASE XTlAT LOOK ALIKE KEY. 

/ BOARD 150 WATT POWER SUP. 
PLY WlTH ALL THE POWER 

TI ' IBM 5 A REGISTERED TRADEMARK OF 
NEEDEDTORUN EXTRADRIVES 

INIERNITIONAL H ~ S ~ E S S M A C H I N E S ~ O R P  ANDCPQDS 

SYSTEM #3 5799.00 
MOTHERBOARD WITH BlOS 
CONTAINING 640K OF RAM FLIP 
TOP CASE XTIAT LOOK ALIKE 

SYSTEM #2 $499.00 KEYBOARD 150 WATT POWER 
SUPPLY COLOR GRAPHICS 

MOTHERBOARD WlTH BIOSAND CARD WlTH RGB AND COMPOS- 
THE FIRST 256K OF RAM UP- ITE OUTPUTS MULTl 110 CARD 
GRADABLE TO A FULL 640K OF WITH TWO DlSK DRIVE PORTS. 
RAM FLlP TOP CASE. XTlAT ONE PARALLEL PORT. ONE 
LOOK ALIKE KEYBOARD 150 SERIAL PORT AND ONE SERIAL 
W A T ~  POWER SUPPLY DUAL PORTOPTION. ONE GAME PORT. 
DlSK DRIVE CARD WlTH CABLES. CLOCK AND CALENDAR WlTH 
ONE FLOPPY DRIVE DS DD 360K. BATTERY BACKUP TWO FLOPPY 
A COLOR GRAPHICS CARD WlTH DlSK DRIVES DS DD 360K AND A 
RGB AND COMPOSITE OUTPUT COMPOSITE MONITOR 
(ALL YOU NEED IS A MONITOR) 

SHIPPING INFORYATION PLEASE INCLUDE IOY1 OF ORDER FOR 
SHlPPlNGANDMANDLINC CHARCESlMlNlMUM $7 W MAXIMUMS?OI 
:ANADI111ORDER< I D D I I  M 1N US FUNUS MICHOIN RISIDENIS . 
% O D ~ . O S A L E F  1 / 1  FORFREi F L Y E R  SFNO77 SI*MPORSA>F *, ' - 

O F A L E R  FOFl HAL.TRONIX. INC. TFN I F c . A h l F J  . .. . 
P.O. BOX 1101 DEPT. N M O U ~  HAL 
12671 DIX-TOLEDO HWV "OC b m F S '  M"" HAROLDC NOWLANO 

60.- 

qD-- 

20- 

The XP-706-US 

Antenna 

I In the final 

1 6 M h : : : : : i : : : r  
3.5 3.6 3.7 3.8 3.9 4.0 

PLlTE SUPPLY VOLTAGC f * V I  

fig. 9. Amplifier parameters for plate supply voltages 
from 3.5 to 4.0 kV. 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The unique drsagu 01 the Xl'7llall.F nntr.nna sy\!g.,ll ,p\c.s you MONORAND PER 
FORMANCE 11) i n  Mull~hancl Ixam l'hr .~nlc.nnn I',St:.\ b'0 TKAlSol Inndlt!):rculs !ha11 
mb prwrr and Iam,l lhnn~lw~~llh Sornmrr At~lrnnil, tl\c. the FLI1.I. .iurl;mrr tar..;, 1 ~ 1  lhr 
clrmc.nlr on AI.:. l,andr 

--2700 

--2600 

--Pa00 

Ourcomm~lmrnt tcr usronly the finest malrr,uls inwrr. !hat yosr invr.tmcnt wtll lost 
(or  ycors Our syrtrm uses a hwl,lr rrclnngular hrxvrn. CAST nlt,m>nun> clr!nenl 
nlounling hrackclr, a l l  slatnlrr~ hartlwarv nsd a htph p v c r  hnhtn 

Alronrlhond vrformanrcat~ a hfl,lrihmd htwt~ 19 yours whrn yml movr top lo h m n w r  
thc Iarl Iram you'll hove lo huy W r  hrltrvr Fonlnrer 17 \.our l r r l  nnlcnna value whm 
tomprcd lo Ihr conrtruct!c>n end pc,rfr,rn,ancc t,f~lhvr malls ilnd rnon<,hand an11.nnn 
systems 
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IN TERMEOIATE Z = 3 0 0  OHMS 

+,,?I8 t1111 8  

Z, 5 0  OHMS 

?' - 1 4 0  4 2  

P, - L .  2 4 4 0  OHMS TO 5 0  OHMS 

0  = I 5  

t i 5 0 0  OHMS AT 

LOWESTFREOUENCY 

P, = 50 OHMS TO 8 7  OHMS 

0 = 3  5 

ZENER B IAS  

'L 

fig. 10. Input. output. and cathode partial circuitry. The reactance values shown are the ones necessary to meet the design 
conditions specified in the text and in the figure. 

looking at 2440 ohms. There is an easy way - and 
a relatively precise one - to determine beforehand 
what these are. 

A method I have used for years requires only a noise 
bridge and some carbon (non-inductive) resistors. 
Series-parallel combinations are perfectly acceptable. 
First, balance the noise bridge with a 50-ohm resis- 
tor. Then, without touching either the R or X knobs 
(leave the bridge at the balance position), connect the 
"Unknown" port to the output of the amplifier. Tem- 
porarily connect a 2440-ohm resistance from the plate 
to ground. Adjust C11 and C22 until the bridge is again 
balanced. Those are the correct settings for the am- 
plifier during operation. Mark their position on the dials 
or the panel. Just so that there's no misunderstand- 
ing, leave all amplifier voltages off during this test! The 
same methods are very useful in adjusting baluns, 
transmission-line transformers, and transmatches - 
which I recommend using no matter what is on the 
other side of the transmatch. If the amplifier is look- 
ing at something other than 50 ohms, the measure- 
ments, regardless of how carefully they've been made, 
mean very little. 

conclusion 
The programs and methods presented here are sim- 

plified versions of those I've developed over the past 
two years or so, but which are too complicated to be 
presented in full. The 3CX1200A7 is a new tube type 
that is of interest to Amateurs, and the simpler pro- 
grams offer a way to help interested hams to do some 
design work of their own. I've also described some 
techniques (fan-testing and the pre'tuning of an am- 
plifier) which should be useful in other projects. I built 
an amplifier about six years ago that used a variometer- 
type link coupling. If it weren't for the special use of 
a noise bridge, I would never have been able to deter- 
mine for certain where the proper load conditions 
were. I hope these hints and techniques will be useful 
to you, too. 
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1 .  Amateur Single Sideband, Ham Radio Publishing Group, Greenville, New 
Hampshire 03048. 
2. "Cart, and Feeding of Power Gr~d Tubes," Laboratory Staff, Varian EIMAC, 
1678 Pioneer Road, Salt Lake City, Utah 84104. 
3. "Tube Performance Computor (or their specific brochure titlel." Bulletin 
No. 5, Var~an EIMAC, 301 Industrial Way, San Carlos, California 94070. 
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INTRODUCTORY PRICE READY TO USE - NOT A KIT 

TINY-2 $109.95 ti 19.95 A m R  JANUARY FIRST 

"USES TNC-2 EPROMS INCLUDING NET/ROM. FIRMWARE VERSION 1.1.5 PROVIDED 
"32K RAM AND 32K EPROM STANDARD 
*SUPPORTS BOTH AS-232 AND l T L  COMPUTERS. 300-9600 BAUDS 
"EXTRUDED ALUMINUM CABINET WlTH OVEN-BAKED WRINKLE FINISH. ONLY 5' x 7" 
'WATCHDOQ TIMER, MODEM DISCONNECT HEADER, 12V DC OPERATION. 

NEW PACKET TOYS FROM 

THREE NEW PACKET CONTROLLERS - AVAILABLE NOW! 

A VERY LOW POWER TNC-2 CLONE, 
PERFECT FOR PORTABLE OR SOLAR 

POWERED OPERATION. 

1 1  - ONLY 40 MA AT 9-13 VOLTS DC I I /  - SMALL AND LIGHTWEIGHT (5"X7"x13/~'' - 22 oz.) I 
I I - HARDWARE HDLC, BAlTERY BACKED 32K RAM 

I I - QUALITY EXTRUDED ALUMINUM CABINET WlTH 
BAKED WRINKLE FINISH 

1 I - SUPPORTS BOTH RS-232 AND TTL COMPUTERS 1 

- USES TNC-2 EPROMS - INCLUDING NET/ROM 
FIRMWARE VERSION 1.1.5 PROVIDED 

ASSEMBLED AND TESTED 
ONLY $179.95 

PC-100 SERIES 
SINGLE AND DUAL PORT 

PACKET CONTROLLERS ON A 
PC PLUG-IN CARD 

- DOES AX.25 AND TCP/IP WITHOUT AN 
EXTERNAL TNC OR INTERFACE 

- POWERFUL SOFWARE PROVIDED ON PC 
COMPATIBLE DISKETTE 

- SWITCHABLE FOR EITHER HF OR VHF TONES 

- HARDWARE HDLC, IC MODEMS 

- CONNECTS DIRECTLY TO RADIO - 
NO EXTERNAL INTERFACE NEEDED 

- PROVISION FOR EXTERNAL HIGH SPEED 
MODEM 

PC-1 10 SINGLE PORT $169.95 
PC-120 DUAL PORT $1 99.95 

t 

THE BEST VALUE IN A VHFIHF TNC 
PAC-COMM TNC-220 $159.95 

- NOW WlTH 32K RAM STANDARD, FIRMWARE VERSION 1.1.5 
- CONNECT BOTH HF AND VHF RADIOS PERMANENTLY -- 

SELECT FROM THE KEYBOARD 
- IN KIT FORM -- $129.95 INTERNAL TUNING INDICATOR -- $44.95 

PACKET TERMINAL PROGRAMS 

PAC-PRO (PC) .......................... $29.95 
..................... DlGlPACK II (PC) $49.95 

.................. MACPACKET (MAC) $49.95 
MACKET (MAC) ........................ $39.95 

...................... COMMODORE 64 $19.95 

TNC-200, TNC-220 VERSION 1.1.5 
EPROMS $10.00 

1 .WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT, SOFTWARE AND ACCESSORIES. 

Pac-Comm, 3652 West Cypress St., Tampa, FL 33607 

TOLL FREE TELEX: 650-288-1 526 MCI TECHNICAL INFORMATION 
(ORDERS ONLY) FAX: (813) 872-8696 7:30 AM - 11 PM EASTERN 

800-223-351 1 L"_I (81 3) 874-2980 
EXCEPT FLORIDA m 

FLORIDA ADDRESSES ADD 5%. $3.00 SHIPPING/HANDLING PER ORDER. 
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Rob. WA3QLS Katherine. KA31YO Paul. WA3QPX 

I 71 Meadow Road, New Castle, Del. 19720 302-328-7728 
Factory Authorized Dealer 

9-5 Daily, 9-8 Friday, 9-3 Saturday 

I AEA ALINCO AMERITRON CUSHCRAFT ICOM 
KANTRONICS KENWOOD MOSLEY SANTEC 
TELEX HY-GAIN TENTEC YAESU . AND MORE! 

New Equipment Order & Pricing 

I Prices are subject to 
Larae Inventow change without notice Daily UPS Service 

Products are not sold 
for evaluation. 

NO Sales Tax 

one mile off 1-95 
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Another Great Power Amplifier 

1 '  with "Made in the U.S.A."-Quality I 
The MIRAGE D15N represents the latest in 440 MHz Power Amplifiers. 

It incorporates features that make it the most useful and versatile amplifier 
available today. The D15N will amplify both FM, SSB, and ATV signals. 
Lt has variable SSB delay. 

Frequency Range' 420 lo  450 MHz 
SPECIFICATIONS: 

Power: INPUT 0 1 2 Walls 12 Watts rnaxlrntlr!~) , 
OUTPUT 18 Walls or more for 2 Watt, 
1np111-tnt~rm~ttent duty cycle 

Modes FM SSB CW arid ATV 
Perlormance. 

Power In' 1 5  1 0  75 5 25 
Power Out: 180 150 1300 100 600 

Insrrt~on Loss Typical 1 5 dB 
DC Power: 13 6 VDC a13 amps nomlnal 
Fuse: 5 anips 
Impedance: 50 Ohm 1npk11 and o t l l p ~ ~ l  
S~ze: i 2 5  . 3 5  . 2  
We~ght. 151hs 

PO. Box 1000 Morgan Hill, CA 95037 I 
I 

(408) 779-7363 

Become a 
DeVry VE 

DcVry VE teams h a v e  the. 
advantage of: 

Personalized servicc 
' Quick Accreditation 
* Frce tcst generation soflwilre 
' Out-of-pockcl expense reimhurse~nent 

US? of ROO ni ln ihcr  l o  communicate 
wil l1 the VEC 
Generating their own  examinations 

Contact: Jim Georgias, W9JUG 
DeVry VEC 

3300 No. Campbell Avcnue 
Chicago, I L  60618 

(3121 929-8500 
(800) 327-2444 (oulside of I l l inois) 

losseslosminlmum Corrrlnq l.3" 

thtv 1 2 9 6 ~ ~ 1 t n t r s e r ~ e r  O I V H ~ ,  
U~lFpOwdl6lv1dD1IaraprPm~erI lF  
nrr lCPldeTlqn~dInrl longrorvre 
lbfr ~ 8 t h  IOI SWR and broad op 
erll8n9 b."dWldlh 

Erlludcd ulumlnvm bod" w ~ l h  a 

N I"DC CO."CCIOI% only. :hero 
" " l t l  are uncon0lllOnally gunrnn 
tea0 tor 2 ysarr 

I MODEL CONFIG PRICE I 

S T R I D S B E R G  E N G I N E E R I N G .  CO. 
PO 801 7473. Sh,evepOrl,LA71107. USA 

Phone t3181865.0523 
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1 28th ANNUAL 

TROPICAL HAMBOREE 
ARRL HAMFEST O F  THE AMERICAS 

FEBRUARY 6-7/1988 
DADE COUNTY YOUTH FAIR GROUNDS 

Tamiami Park, 10901 S.W. 94 Street (Coral Way), Miami, Florida 

FREE PARKING 15,000 VEHICLES . LICENSE EXAMS 
1,000 INDOOR SWAP TABLES PACKET RADIO PROGRAMS 

300 CAMPSITES WITH FULL HOOKUPS DX FORUM 
200 COMMERCIAL EXHIBIT BOOTHS RCA FLORIDA SECT ION LUNCHEON 

COMPUTERS & SOFTWARE . TECH TALKS 
HAMBOREE DEALER SPECIALS ACTIVITIES FOR NON-HAMS 

- -- 

Registration: $5.00 Advance - $6.00 Door. Valid both days. (advance deadline Jan. 30th) 
Swap Tables, 2 days: $16.00 each. Power: $10.00 per user. 

All swap table holders must have registration ticket. 
Campsites: $12.00 per day, includes water, power, sanitary hook-ups, showers. 

(All RV vehicles, tent campers, vans, trailers welcome - no ground tents, please.) 
Headquarters Hotel: Miami Airport Hilton, 5101 Blue Lagoon Drive. 

Special Hamboree Rates: $55.00 Single or Double. 
Reservation forms available through Dade Radio Club December 1 st. 

Exhibit Booth 
Information: 
Evelyn D. Gauzens, 
W4WYR, Chairman 
2780 N.W. 3rd St. 
Miami, FL 331 95 
Telephone: 
(305) 649-41 39 

Make checks for Registration, Swap Tables & Campsites payable to: 4-page Brochure 

DADE RADIO CLUB, P.O. BOX 350045, MIAMI, FL 331 35 Available . . . 
December 1 st 
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Six Bands in One Mobile! 

I C O M  IC-900  lnterface Unit A is in- 
stalled in a location near 

FIBER OPT16 the driver's seat. 

PIM MOBILE 
ICOM introduces the 

revolutionary IC-900 multi- 
band FM mobile trans- 

system. Six band combl- 
nations ... l0M FM, 6M. dance of information 
2M. 220MHz, 440MHz, through a 3/16" cable and 
and I.2GHz. It's the most eliminates RF feedback. 
advanced, versatile, com- Band Units are 
pact, and easy-to-use Remote "stacked" onto the Inter- 
mobile available. 

Features Galore. The each 
1C-900 is an operator's 

memory and program- inches high by 5.7 Optional band units avail- 

dream ... Listen on two mable band scan, and all inches wide by I inch deep, able are: 
bands simultaneously or 

subaudible tones in ac t~~a l  the remote controller can 
transmit on one band and Hz readout. be installed on your car's zt 5:;; Fwmq 

receive on a different band The IC-900 includes an dash or sun visor with the UX.194 i o w / i w  2 8 . 3 0 ~ ~ 1  

when using a second ultra compact remote con- supplied velcro. And, if UX-29A 25W15W 138-174MHZ Rx: 
140.1-150MHz TI 

speaker (true full duplex troller, an Interface A unit, you want, take thecontroller ux-an 4 5 ~ 1 5 ~  138-~~~MHIRI: 

crossband operationl, 10 Interface B unit. SP-8 
140.1-150MH2 TI with you when you leave UX.39A 25W/5W 216-236MHz Rx: 

memories per band, inde- speaker, HM-14 up/down your car. The controller fea- 220 -ZZ~MHZ TI 

pendent PL tones and DTMF mic, fiber optlc and tures a supcr large, highly E::::: :::;:," '4,::4,:02' 
controller cables. visible LCD. UX-IZOA IOWIIW 1240-I~OOMHZ 
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Have you been trawling the bounding main for a new product? We have just 
netted it-the TP-38 microprocessor controlledcommunity repeater panel which 
provides the complete interface between the 
repeater receiver and transmitter. Scuttle 
individual tone cards, all 38 EIA standard 
CTCSS tones are included as well as time and hi1 ;ICL.LI ri~uI:t[ors, progr;~n~nl;lhlc 
timers. tone translation, and AC power supply at onc low price 0l.$595.00. The $595.00 each 
TP-38 is packed like a can of sardines with featurcs. as a matter of. fact the only $59.95 DTMF module 
additional option is a DTMF module forS59.95. This module allows complete $149.95 Digital CTCSS module 
offsite remote control of all TP-38 functions, including adding new customers or 
deleting poor paying ones. over the repeater receiver channel. 

Other features include CMOS circuitry for low power consumption, non-volatile 
memory to retain programming ifpower loss occurs, immunity to falsing, pro- 
grammable security code and much more. The TP-38 is backed by our legendary 
I year warranty and isshipped fresh daily. Why not set passitge for the abundant waters 
of Communications Specialists and cast your nets for a TP-38 or other fine catch. 

, INC. - 
1- 



generating low i-f 
frequencies from an hf 
signal generator . 
Like many Amateurs, I own several 
older signal generators that were once 
used in engineering laboratories, pro- 
fessional service shops, or mainten- 
ance repair organizations (MROs), and 
other places where high-quality rf 
signal sources are needed. Mine was 
traded from a local Amateur for a 
broken SB-34; he'd rescued it from the 
dumpster in back of our engineering 
school. That old Measurements Model 
80 still has plenty of life in it, and works 
a lot better than some of the cheap sig- 
nal generators that I could afford brand 
new. 

Amateurs who want to build a collec- 
tion of good test equipment often do 
well with these industry castoffs. I've 
seen top-of-the-line instruments from 
Boonton, Hewlett Packard, Meas- 
urements, Inc., and other notable 
manufacturers at hamfests for prices 
that were quite low. A very clean 
Boonton 202H am/fm/CW signal gen- 
erator (which covers the 220-MHz 
band) was offered for only $50 be- 
cause the frequency range was, at the 
time, of less interest than other ranges. 
Similarly, an HP 608 in apparently 
good shape fetched only $175. 

But there's a problem with my 
Model 80 and many other signal gener- 
ators. Though they work well on hf 
and VHF, they don't provide signals 
below hf. My Model 80, for example, 
operates over the range of 2 to 400 
MHz. Yet there are times when I'd 
want it to provide signals in the lower 
end of the spectrum - above audio, 
but less than 2 MHz. For example, 
how do you align or troubleshoot a 455 
kHz i-f amplifier without a good signal 
generator? 

+ 

PIN I  COLOR MARKED 

R F Z  I N  R 4  ":.--::-- 
4 7 0  4 7 0  

)m, 
2 4 6 8  
0 0 0 0  

SBL-1-1 

i 8 O T T O M  V I E W )  

8 
R F I  IN Rl  R  7 

R f  OUT 

OEM -I I 2  
5 0  OHM5 fYi‘ --;[-- MINI SBL-1-1 - CIRCUITS 

R 3  * 
4 7 0  ::3rT-~ 9 7 0  4 7 0  

fig. 2. Attenuator helps isolate DBM from load variations. 

AMPLIF IER  

Some instrument manufacturers 
addressed that need with separate sig- 
nal generators that had overlapping 
ranges. I suspect that was a sales 
strategy to get us to buy two instru- 
ments instead of one (some makers 
did, however, offer "full range" signal 
sources inside a single box). Others, 
such as Boonton (later bought out by 
Hewlett-Packard), offered additions 
such as the Univerter. That interesting 
device took the output of the Boonton 

202 series of signal generators and 
down-converted it to a frequency be- 
tween 10 kHz and 2 MHz, at the same 
rf level that was input. This latter 
feature allowed the user to set the rf 
level with the master attenuator on the 
front panel. 

A basic but effective method of 
solving the problem is by heterodyn- 
ing the output of the signal generator 
to a lower frequency. Figure 1 shows 
a block diagram of the system. The 
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CRYSTAL  
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fig. 1. Low-frequency signal generator block diagram. 

I.' 
DOUBLE 

BALANCED 

M I X E R  

SIGNAL GENERATOR 

2 - 4 D O M H z  - 
RF- 

, 
LOW-PASS 

F I L T E R  

> 

RF O U A  - 



R 4  

R F  OUT 

Yl 

10 MHz  

RZ  1 5 0  0 .01  
IOOOSM 

(SEE  T E X T 1  

fig. 3. Colpitts oscillator and buffer amplifier combination provide stable source. 

R6 
1OOh 

MPF-102 .  N T E - 3 1 2  

5 ' 6 h  MY-2111 

O.OOIF T 

+12v  

TANTALUM 

fig. 4. Voltage-tuned oscillator can be tuned from 34 to 40 MHz. 

low-pass filter is optional. I didn't find 
it necessary for my application be- 
cause the entire gain of a communica- 
tions receiver i-f amplifier was behind 
the sigrial generator. For others, how- 
ever, some form of amplifier is recom- 
mended. Perhaps the easiest approach 
to a wideband (2 MHz) amplifier is a 
bandpass-limited version of the MMlC 
amplifiers discussed in Joe Reisert's 
column r e ~ e n t l y . ~ ~ ~ ~ ~  These amplifiers 
are low in cost, easy to construct, and 
already have a 50-ohm inputloutput 
impedance. 

construction 
Over the past few years I've built 

several modules on my workbench for 
use in various projects or as "test 
gear," and these were usable in this 
project. These modules are a double- 
balanced mixer with wideband output, 
a 10-MHz crystal oscillator, and a 34- 
to 40-MHz voltage controlled oscillator. 
The DBM (f ig. 2) is built from a Mini- 
Circuits SBL-1-1." This model of the 
well-known MCL product is able to 
work over a range of 0.1 to 400 MHz, 
which matched my requirements nice- 
ly. The inputs and the output terminal 
are isolated internally with 2-dB resis- 
tive attenuators, which are sometimes 
used in wideband circuits to overcome 
difficulties that can be caused by 
changing impedances over a wide fre- 
quency range. Because no tuning is 
used at the i-f output, the DBM of fig. 
2 is wideband. I built it in a die-cast 
shielded Pomona box that provides a 
reasonably good seal against rf leak- 
age in or out. The input and output 
connectors are BNC. The rf input 
(RF1) will accept signals up to + 1 
dBm (1.26 mW), while the local oscil- 
lator (RF2) input requires +7 dBm (5 
mW) to work properly. 
The crystal oscillator (fig. 3) was 
originally built for use as a marker 
(generator) in an alignment job. The 

double balanced mixer (DBM) receives filtered to remove residual high-fre- 10.7-MH~ crystal was subsequently re- 
the output of the signal generator at quency signals. In my own case, 1 placed with a 10.00-MHz crystal to 
its "rf" port, and a stable local oscilla- wanted to generate frequencies up to allow the oscillator to be used as time- 
tor signal at its "LO" port. The differ- 1.9 MHz, so I used a 2-MHz low-pass base source in a digital project, and as 
ence signal appears at the i-f port. The filter described in reference one. - -- 

Mini Circu~ts Laboratories. Inc . P 0. Box 166, Brook- 

output of the DBM should be low-pass The amplifier at the output of the lyn, New York 11235 
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a crystal calibrator in a receiver. The 
CY-1OA 10-MHz crystal was obtained 
from a Jim-Pack display at a local elec- 
tronics shop for only a few dollars." 

The oscillator circuit uses a 2N2222 
NPN transistor, although almost any 
replacement rf transistor similar to the 
2N2222 will also work well. In fact, I've 
used this same circuit with both PNP 
and NPN transistors selected at ran- 
dom from a variety of sources. Al- 
though in many cases stability might 
suffer as a result of a less than rigorous 
selection of devices, it demonstrates 
that this circuit is forgiving and easy 
to construct. The basic circuit is a Col- 
pitts crystal oscillator. The feedback 
capacitor voltage divider network (C2, 
C3) should be made from silver-mica 
capacitors for best stability. This cir- 
cuit works at frequencies from 2 to 
20 MHz. 

To enable tuning the crystal fre- 
quency to exactly 10.0 MHz, place a 
50-pF trimmer capacitor in series with 
the crystal and eliminate capacitor C1. 
Adjust the trimmer for exactly 10 MHz 
output, as measured by a digital fre- 
quency counter or by zero-beating 
wwv. 

The output stage is a JFET buffer 
amplifier. When I found that the oscil- 
lator frequency would be pulled slightly 
when load impedances changed, I 
decided buffering would be necessary. 
The JFET is an MPF-102 or equivalent 
device - for example, an NTE-312, 
which is widely available from local 
parts distributors. 

The crystal oscillator was built inside 
a shielded aluminum sheet metal box. 
Although not as rf-tight as other types 
of boxes, it is satisfactory. For more 
critical applications, use die-cast box- 
es or simply drill a number of extra 
holes for screws in the sheet metal box 
(for "buttoning" it up) to improve 
shielding. 

When I needed to generate a 455- 
kHz signal, I used the 10-MHz crystal 
oscillator to drive the LO input of the 

' Jim-Packs (blister-packed electronics parts) are availL 
able at mosr local hobby and TV-service parts distrib- 
utors. The same components are available in non-blister 
packed from from Jameco Electronics. 

. 
C, 35- 
B 
2 
f 
8 
L 30.- 

2 5 -  

20 .- 

IS - .  

5 i I 
34 35 38 3 7 38 39 4 0  

FREOUENCY ( M H z )  

fig. 5. Voltage-tuned oscillator operating range. 

DBM module, and the Model 80 sig- 
nal generator to drive the rf input of 
the DBM. With a 10-MHz LO, the 0- 
to 2-MHz output is generated by tuning 
the signal generator from 10 to 12 MHz. 

additional uses 
1 built a voltage tuned oscillator that 

operated over a range of 34 to 40 MHz 
(see fig. 4). This circuit is a simple vari- 
able frequency oscillator circuit in 
which part of the capacitance used to 
tune the tank circuit is derived from a 
variable capacitance diode ("varac- 
tor"). In this case, I used an MV-2111 
device, which offers 47 pF at 4 Vdc 
and a CIC, ratio of 2.6:l. The induc- 
tor is a 49-MHz TV i-f amplifier trans- 
former ( Digi-Key part No. TK-2091." 

Figure 5 shows the relationship be- 
tween tuning voltage and output fre- 
quency. Please note that this figure is 
very rough, and reflects factors such 
as my choice of layout (stray capaci- 
tance), the specific MV-2111 that I 
used, and the accuracy of the volt- 
meter and digital frequency meter. Be- 
fore a curve such as the one shown in 
- -  - - -- 

D I ~ I  Key Corporat~on, P 0 Box 677, Th~ef Rlver Falls. 
Minnesota 56701 

fig. 5 can be trusted completely, it is 
necessary to build several such identi- 
cal circuits and calibrate them several 
times to obtain enough data points to 
give one confidence in the calibration. 
For example, a second oscillator was 
built using the same circuit operated 
over a range of 32 to 44 MHz, but it 
had tighter layout on the wireboard. 
You'll obviously have to experiment 
and make your own calibration curve, 
even though it will probably be close 
to the one shown in fig 5. The impor- 
tant thing to note is that there is a 
relationship between voltage and fre- 
quency. If we apply a modulating sig- 
nal to the tuning voltage input (V), 
then the output signal is frequency 
modulated (or swept, if a sawtooth is 
used). Like the crystal oscillator above, 
the VCO shown in fig. 4 uses an out- 
put buffer amplifier to prevent varying 
load impedances from affecting the 
operating frequency. The buffer is 
even more important to this circuit 
than in the crystal oscillator case. 

There are two ways to use the VCO. 
First, we can replace the signal gener- 
ator a t  the rf input of the DBM with 
the VCO. The output of the DBM then 
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becomes the difference between the 
10-MHz crystal oscillator and the VCO, 
or a range of 24 to  30 MHz. W e  could, 
instead, replace the crystal oscillator 
with the VCO, making the output fre- 
quency the difference between the sig- 
nal generator and the VCO. Because 
of the wide range of the signal gener- 
ator, a wide range of sweep center fre- 
quencies is possible. 

So of what use is a sweep genera- 
tor? It is possible to  sweep an entire 
Amateur band in order t o  inspect the 
frequency response of a circuit. One 
can also sweep an antenna over a wide 
range in order to  determine resonance. 
Of course, devices such as bandpass 
filters are best inspected using a sweep 
generator. I suspect that many appli- 
cations should be apparent. 

I f  you use the method described 
above t o  sweep tuned circuits, be sure 
t o  keep the sweep frequency rate low. 
A high sweep frequency will ring high- 
Q tank circuits or filters and cause 
other problems during measurements. 
Although audio sine waves t o  1000 Hz 
present no  problem, sawtooth, tri- 
angle, or squarewave modulation 
should be kept to  60 Hz or less. 

One problem with this circuit is the 
fact that the output amplitude may not 
be level over the band swept. In cases 
where this variation is important, it 

might prove necessary t o  use a wide- 
band automatic gain control (AGCI 
amplifier at the output. But that's a 
subject for another column, and is one 
of the topics I'm currently working on. 

I'd like to hear your suggestions for 
future columns. You can contact me 
at P.O. Box 1099, Falls Church, Vir- 
ginia 2204 1. 
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03048: $20.95 Ihardboundl, plus $3.50 shipplng and 
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Rece iv~r  Des~gn." VHF'UHF World. ham rad~o. 
November 1986. 
3 Mlchael E. Gtuchalls. "NE5205 Widehand rl Arnpli 
f~cr . "  ham r~d,o. Septnml~nf 1935. 
4 Mtcha#?l E.  Gnjchalla. "Bu~lcl Your Own 'Atlrlto lo 
M~crowavt,' Amplifir?r." ham r.?r/ro. March 1984. 
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ETO AND ALPHA GO 
FACTORY DIRECT! 

The new ALPHA 86, and all other 
€TO amplifiers includ~ng the forth- 
coming ALPHA 87 AND 88, will be 
sold factory direct only, from now on. 
There are several important reasons. 
WHY BUY DIRECT FROM ETO? 

SPEClALlZED KNOWLEDGE 
High power amplifiers are spe- FACTORY FRESHNESS 

cialized products. Relatively few It's our policy to implement as 
people are qualified to provide accu- running changes new refinements or 
rate information and competent ser- upgrades developed by ETO engi- 
vice. And ALPHA amplifiers always neers.By sellingdirect wecaninsure 
have been ~nnovative, incorporating that your new ALPHA isfactoryfresh. 
features and components not con-  with the very latest mods. 
monly found in other amateur 

PRICE RESTRAINT 
New €TO products, beginning The great new ALPHA 86 is rated 

with the ALPHA 86, are even more to deliver twice as much long term 
sophist~cated. So it figures that €TO average Power output as an ALPHA 
is your best source of accurate infor- 76CA and incorporates such impor- 
mation. For 18 years amateurs have tant new features as PIN diode T/R 
been calling us toget the facts before Switching and fully tuned input. We're 
choosing an amplifier, We want you proud to beable tooffer it, despiteall 
to know exactly what to expect from the new features and six Years of 
your ALPHA before you buy it, We rising Costs, for only 11% more than 
hate unpleasant surprisesas much as the Price of that same '76CA back in 
you do and we try hard to provide 1981. lnnovativeengineeringandsell- 
meticulously accurate information. ing direct make it Possible. 

TROUBLE BUSTER! AND THE NAME IS.. . 
Call Ray Heaton, NJOG (ex- Many of you associated the 

WAODYZ) if you'reconsidering anew name POWER LINES with the spec- 
linear. Ray has been answering the ter of QRN, high electric bills, and 
ALPHA sales and service lines for other spooks in hamdorn's anxiety 
over a decade. He has a wealth of closets. 
information and advice concerning Several suggested including 
various amplifiers and their applica- ETO in the nameof thiscolurnn. Our 
tions. Healso hasup-todatedelivery choice: ETOIQRO-loosely trans- 
information on new ALPHA'S. 

ALPHA owners also call Ray "MORE POWER FROM 
when they need help. He's Mr. Serv- 
ice in the ALPHA world and can THANKYOU.  .. 
resolve most problems in a few min- for many notes offering encourage- 
Utes. If factory service is needed, Ray ment and expressing pleasure at our 
knows all the techniques to insure return to a more aggressive role in 

CAREER OPPORTUNITIES! 
HELP WANTED! 

ETO needs immediately a licensed 
amateur-good with people and 
knowledgeable about high power 
linear amplifiers-to help Ray 
Heaton expand our customer sales 
and service operation. If you qual- 
ify, please call Ray directly. 
We also have openings for RF 
power design engineers, techni- 
cians, and manufacturing &market- 
ing specialists. Please send resume 
to Steve Christensen at ETO. 
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Alpha 86 offers these 
very special reasons 

i to buy one now: 

1500 watts RF output power 
-no time limit in any mode. 

Silent, lightning-fast QSK 
-new PIN diode TIR system. 

Pre-tuned input on all bands 
-easy drive and high 
efficiency. 

Five-function instant 
metering-four separate 
LED bargraphs. 

Quick, easy tune-up. 

Plus the traditional 
virtues of all Alpha 
amplifiers: 

Ruggedness and quality 
-synonymous with Alpha. 

Compact and lightweight 
-exceptional power/ 
weight ratio. 

. 3 year limited warranty 
-exclusive with ETO. 

PROVING AGAIN THAT THE 
ONLY GOOD REASON T O  

GIVE UP  YOUR OLD ALPHA 
I S  A N E W  ALPHA 

ETO factory service 
-renowned for helpfulness. 

Satisfaction of ownership 
-goes with every Alpha. 

Contact ETO direct for detailed 
literature and delivery 
information. 
EHRHORN TECHNOLOGICAL 
OPERATIONS, INC. 
PO. Box 888 
Canon City, CO 81 212 
Telephone (303) 275-1613 

Alpha 86: $2995 delivered in 
North America 



"INSTANT" 
MORSE CODE 

Measure Up With Coaxial Dvnamics 
Model 7510 Frequency Cou Wattm 
I nls zqn-1 laboratorylportable. compact. dual func- t~~l  UI~IIUI frequencl) 

/mItmeter makes frequency and power. readings ear* counter, 
The opli 
instrum -- ..d 
1 nu war 
1,000 M 
Contact 
eutm 

bnal battery pack converts Model 7510 to a portable 
snt. The fmquency counter measuring range is 10 Hz 
tmeter power measuring range is 100 mW to 5 kW ovi 
Hz, determined by standard ele 
us for your neerest 
!ed Coaxial Dynamics 

INC. 

'7. 
field sewic 
to1.25 Gk -- n .- 

distributor in 
' our world-wide 
sales network. 

Dl COAXIAL 

DYNAMICS, 
l a 0  lndustr~al P a m y  
Cleveland, Ohb 44136 
218-267-2233 1-11 
Tekoc: 9&0630 

Service end Dependability.. .A Part of Eve 

,+----~--~~--------~IIIIIIII--III---I-------I--. 
! THROW AWAY YOUR FALCON CATALOGS 

Falcon Communications, 
THE source for quality. 
American made. MOS- 
FET repeater, base sta- 
tion and mobile power 
amplifiers announces a 
major re-design of our - 

i 'I line. I 
I ' 
I .' 
I 

' See your dealer, or con- 
I , tact the factory, for the 
I 
I - latest ~nformat~on on our 
I 
I 

new MOSFET and bl- 
I polar power ampl~f~ers. I 

I 
I e m  P.O.Box8979 Nn*pr tBM,EL926Y  : 

I 
\ COMMUNICATIONS (714) 760-3822 i 

Beginners: 
Deliciously Easy 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

I Guaranteed I 
I ND 9 Minds eye Publications 

Dept. H32, Suite 115-199 
1350 Beverly Rd. 
McLean. VA 22101 

SOLID BRASS 

I MORSEKEY I 
.AVAILABLE WlTH 10% I f2OF 11 i 1111 ( 1 .%SSIC 51, L C  ARM 
.THE ULTIMATE STRAIGHT KEY FOR THC CW OPERATOR 

.QUALITY BRITISH CRAFTSMEN R A KENT (ENGINEERS) 

.SMWTH OPERATION WlTH BALL RACE BEARINGS 

EXCLUSIVE US DISTRIBUTOR 

row ELECTRONIC CONCEPTS (TEC) 
P. 0. BOX H 400. LINCOLN MA01773 

@ (617)2114121 & 
KIT . . . . . . . . . . . . . . . . . $59.95 
ASSEMBLED . . . . . . . . . $74.95 

Plus $6 00 sh~ppmg. handllng and Insurance. 
Ma~sacnusetts res1denIs add 5% state sales tar  

Generate 
Your Own 

H undreds ol 
Sallslled owners 

are now using Ik WlNDSTREAM@ WlNO 
GENERATOR lo pmb power lor Ws weekend 
conages boats wcukshlps reme local~ons emer 
gency back up power arm much m e  
Porlable-welghs only 20 Ibs -eas~ly ~nstalkd wwl lhf 
CmprCknswe mslallalim manual-m~n~mum matnlen 
ance lull warranty 

Th.mux Cow- 
P.O. Box 3128, Burlington, VT 05401-3128 
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YOUR HAM DOLLAR GOES 
FURTHER A T . .  . 

CALL US 
NOW! 

"AMERICA'S MOST Rf l lABLE AMATEUR RADIO D i A l f R  ' 

m 
In 1937. Stan Burghardt (WDIT), because of his intense interest in 

amateur radio, began selling and servicing amateur radio equipment 
in conjunction with his radio parts business. We stand proud of this 
long-lasting tradition of Honest Dealing. Quality Products and 
Dependable "S-E-R-V-I-C-E"! 

Above all, 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 parts and labor warranties on selected pieces. 
And always remember: 

- WE SERVICE WHAT WE SELL - 

A E A  
b i I Y C O  
O ! C " # T R > h ;  

/i"sutk::IL 
b..tL, :,, !ZC,!, 

*'"?I 
A~l;EP!l.,; 

jPfjlb!l'.iTS 
45TRLIN 
2 i. W 

SELL-TRADE 
New & Recondit~oned 

HAM EQUIPMENT 
Call H I  11r 11. l<~I.n I 0 1  .I OUI)~C' 

Ycn~'ll F~nd UI I<, he Cc,ur~rw.t\. Knuulrdgrahlc 
.iud Hunnl 

PHONE (605) 886-7314 

PAKRAll '"  Model PK.232 I 
AEA'S FINEST 

Nou. Ac,olloblr - Espurinlly For You! 
P 0 BOX 73 

182 Nonh Msple Streat CALL OR WRITE FOR SPECIAL QUOTE 
Watertown. SD 57201 

L 

Factory-less, 
jumper-less, 
ROM-less programming. 

With the new S-COM 5K Repeater 
Controller, you'll be able to configure 
your repeater remotely - using DTMF 
commands. Only the 5K offers this 
capability for just $189. wired and tested. 

, ,,, S-COM Industries 
PO. Box 8921 
Fort Collins, CO 80525 
(303) 493-8316 

L 

DOWN EAST MICROWAVE 

E 
MICROWAVE ANTENNAS AND EQUIPMENT . ~mpVw11 P a r 0 k l d . n  U n r A m p l l l h n .  Cmp** 
Amp Y l c r n r m  Tnnn.nm. O&4*FETPn*np. 

TROW. EYE. WUkS1gn.I. OSCAR. 002 .1~0 .  I= 
.2301-2Ua.3&53YHz 

ZMLV -I IWY.OI I ~ Y H Z  m11 rn 
1 M L V  U . 1  ImpY.gl m Y H .  mdll son 
3 5 3 3 ~ v  33.1 Impvwl OO?YHz I L M B l  195 

 AM^. antmnnm asurnbled andlealed I(ltsn.llablo 
AII ~lurnlnum and ~ t ~ l n l a ~ a ~ n s t m c l l o n  
rddY,uPsSM, 111 WsalolIhsMlrslarlppl 
n l s  PA ~ l - ~ m p  IW ln low wl1106 YHzltdV.S24Sppd 
n s a P A L I 1 * ~ A m p l O W I n ~ W w l I 2 0 ~ Y H l 1 2 W . ~ p p d .  

NEW1 MICROWAVETRANSVERTERS 
BY LMW ELECTRONICS 

1296TnYID l W G A l l l 1 i t  S C ~ I I I  ,I I I l l l l lpvl Uelcr 1569 
Z l O I T R V I D  l W  (..a I ,  I 1 nSruu.nr . l  O"l."lM1,C1~.9 

Add 18 lo'r shlpplnp UPS148 
Stripped down venlon, k l ls also available 

Wrlle For FREE Catalog 
DOWN EAST MICROWAVE 

Ell1 0I.m. W3HOT I33 
Box 2310 FIR 1 Troy ME 04987 

007)94b3741 

A better way to design 
and analpe Long wires, 

Vee's, and Rhombics. 
* 

"b 

, + 
L O N G  W I R E  P R O  

Easy to use, menu dr~ven, select wlre length, 
he~ght, frequency, ground type, and get o color 
coded sinuso~dol prolect~on of your HF antenna 

For the IBM PC and compot~bles, 
DOS 2 0 or h~gher, 256K, color requ~red 

Price $35.00 

E P S I L O N  C O  

Box 715, Trumbull CT, 06611, (203) 261 7694 

1, 257 
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Now that . 
you canspeak, 
talktomsen. , 
Novice Enhancement opens up a 

whole new way for novices to com- 
municate. To make the most ofit, talk 
to Larsen Electronics. 

We'll tell you how Larsen antennas 
can greatly improve your powers of 
communication. We'll also explain 
how Larsen 220 and 1296 MHz 
antennas are designed to give you 
the best performance. 

mlk to your Larsen amateur dealer 
today, and see if Larsen performance 
doesn't speak for itself. 

@ Lorsen nntenncrs 
The Amateur's Professional 

T 
See your lavuvle amatcur  dealcr o r  wr l lc  1~,t d lrcc amalci t r  catalog 
IN USA Larsen Electronics Inc 11611 N E 50th Ave PO Box 1799 M n w u w r  WA 9 8 W  206-573-2722 
IN WNADA Canadtan Lanen Electronics Lld 149 W 6th Awnue Vanwuvsr 0 C V5Y 1K3 604-872-8517 

m""*a c o ~ ~ ~ N , c ~ ~ ;  

IG900A s 
lNTRODUClNG WZDRZ VHFIUHF MODULES 

NOW AVAILABLE A 4 STAGE 
SEOUENCER 

INTRODUCTORY PRICE $34 PREPAID 
DEALER INOUIRIES INVITED 

915 North Main Street Htrtrm Vev )or* 'r/i/ie~~mo~uarnd,odM/tr 

Jarnestown, New York 14701 PH. (7 16)664-6345 

Widebond Preamp 10-1000Mhz 

D u o l  G a s F e t  l o w  n o i s e  
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R -  
7000. Excel lent  for  Spec 
Analyzers, Scanners, etc. Gain 20 
Db +/-  1 DB, -3 Db at 2 8 1100 
Mhz. 1 Db compression of >10 
Dbm, Intercept points 4 5  Dbm. 
New shipped price of only 
$124.95. Pa. residents please odd 

GTI Electronics 
RD 1 BOX 272 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal.to.Noise Voter . Ezpandalli~, !I, i:'1 1..11111. n y  lmill Riltl88lo 1.dlds . Cnntlnlloll\ Vlll8no 
LED lndicalnrr 01 COR and Vot~d Slqnalr 
f l~t~lt 8 0  Caiihlalol 
RPIYIIIIP V b l ~ d  I l l d ~ ~ i l l ~ t %  Plrtned Otll 

4'.. z 6 Dnuhl~ Sldrd G[,ldPl.~ld 44 Pin Cam . Rcmnole Dlsaht~ thlo~ls . MORE 
Buill. tested and calibrated with manual 

$350.00 
Telephone ~nlerlace now available 
For lnnrp ~nlnrmat~nn call or wrlle 

HALL ELECTRONICS 
Voter Department 

815 E Hudson Street 
Columbus, Ohio 4321 1 

(614) 261-8871 

QR V Solar Power Supply 

\ Inlo 5 6 ~  s.a.s.e: New Technology 
1197LN.OllrLn. ~ > ~ n t e n n a s ~ e s t  I 

fl 259 
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the technology of 
commercial television 

part 1 : historical aspects 

Ever wondered how it works? 1 since their adoption, even though the technology for 
creating these NTSC television signals has obviously 

Take this ham's-eye tour I changed radically. 

why NTSC? 
of a commercial tv station Toexplain howastandard such as NTSC, orany other 

A television station contains more different types of 
electronics in one location than any other enterprise I can 
think of. Yet in the20orso years that I've been reading 
the literature of Amateur and commercial electronics, 
I've never seen a comprehensive account of the techni- 
cal aspects of a commercial television station. I won't 
pretend thatthe system we use here in the United States 
is perfect, but I do believe it represents both the sys- 
tematic evolution and the efficient use of available tech- 
nology - and as such, merits attention in the Amateur 
press. 

what is NTSC? 
Most video hobbyists have seen the initialsNTSCand 

assumed that it meant "Never The Same Color." Al- 
though thisaptly describes the American television sys- 
tem when compared with more advanced systems, the 
acronym actually stands for "National Television Stan- 
dard Committee," who developed and defined the way 
a television system should work in 1953. Believe it or not, 
there haven't been any changes in the NTSC standards 

standard, is derived, we must deal with a concept fun- 
damental to all communications: bandwidth, or the 
range of frequencies necessary to convey a given 
amount of information. Leaving aside any mathemati- 
cal definitions of bandwidth, I'll attempt to convey the 
idea in English instead. 

An example of a narrow bandwidth system would be 
the telephone. To convey speech information by tele- 
phone, we need a range of frequencies between about 
300 and 3000 cycles per second (Hz). The audio band- 
width in this case is 3000 - 300, or 2700 Hz. When the 
telephone mouthpiece converts the sound to electrical 
signals, we still have a bandwidth of 2700 Hz. 

High fidelity audio, on the other hand, isan example 
of a greater (wider) bandwidth. Most audiophilesagree 
that we need a frequency range of at least 20 to 20,000 
Hz in order for sound to qualify as high fidelity, or a band- 
width of 20,000 - 20 (19,980 Hz). Our entire system 
must be capable of passing electrical signals over a band- 
width of 19,980 Hz in this case. 

When we convert visual images to electrical impulses, 
we also have to deal with bandwidth. Normal video has 

By Eric Nichols, KL7AJ, BoxO, North Pole, Alaska 
99705 
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a frequency range of 0 Hz (dc) to about 4,180,000 Hz, 
or a 4.18-MHz bandwidth. This is over 200 times the 
bandwidth required for high fidelity audio, and over 1500 
times the bandwidth required for a telephone (voice 
grade) circuit! 

If we were to define a channel as being a slot of fre- 
quencies2700 Hz wide, we'd see that a video picture will 
use up over 1500 channels! Now, as long as our raw 
video or audio electrical signals are confined to electri- 
cal conductors (i.e., in a closed-circuit system), we don't 
have to worry (theoretically, at least) about how many 
channels we occupy. We can duplicate identical chan- 
nels on separate wires. In other words, the amount of 
information we carry is limited only by how many audio 
or video cables we want to run. High-definition televi- 
sion (HDTV), for example, has been available for quite 
some time on closed-circuit systems, and its bandwidth 
is several times greater than the NTSC-specified 4.18 
MHz. 

When we take these same channels and transmit 
them over the air, every channel of radio spectrum we 
use must be shared with the entire universe. Radio 
waves, of course, recognize nogeographical, political, 

GENER4L  COLOR INFO 

( 3 . 5 8 M H 1 l  

VIDEO 

lLUMlN4NCE LEVEL1 

BURST PULSE 

( 3 . 5 8 M H z I  7 

economic, religious, or psychological boundaries; here- 
in lies the necessity for making compromises in band- 

- 

I  L INE  VIDEO 

width, and NTSC is the system by which a very good 

- 

compromise is made with available channel space. 
When the NTSC color sytem was developed, there 

were already over 40 million monochrome television 
receivers in operation in the United States! The NTSC's 
first job, therefore, was to make a color system that 
would work on blackand white receivers; after all, 40 mil- 
lion households could not be expected to take lightly the 
prospect of having their extremely expensive (at the 
time) receivers being rendered obsolete by a new tele- 
vision standard! This is one price the United States paid 
for being first; most of Europe waited for us to develop 
color television before they had any television, so that 
they wouldn't have to contend with a compatibility 
problem. Great Britain and a few other nations still floun- 
der with awkward dual-standard systems (i.e., separate 
color and monochrome channels). 

And yes, France's SECAM system has more than 
twice thevisual resolution as ours, but they have fewer 
than half the available channels. Their channels are as 
broad as a barn door, and no other nation can afford to 
wipe out that much spectrum space, nor can many 
people afford the receivers. 

As numerous as the problemsare with the NTSC sys- 
tem, westill have the most uniform and affordable tele- 
vision system in the world, one that is reasonably 
conservative of spectrum space. The fact that the NTSC 
system is still widely imitated in much of the world tes- 
tifies to the foresight and ingenuity of thedevelopersof 
the NTSC standard. 

Given the importance of spectrum conservation, we 
now see that NTSC had to compromise in the least ob- 
jectionable fashion, i.e., in the way that would impair 
image quality as little aspossible. A color television sig- 
nal obviously contains more information than a black 
and white signal, and since more information requires 
greater bandwidth, something hasto give when you try 
to force a color signal into a video channel. NTSC dis- 
covered gaps in the brightness information in average 
video program material - in fact, they found almost no 
video information occurring at about3.5 MHz in a nor- 
mal monochrome signal. Subjective tests with thou- 
sands of untrained viewers revealed that when a narrow 
band of frequencies centered near 3.5 MHz was inten- 
tionally filtered out, nobody noticed. Color information, 
therefore, could be slipped into thissegment without af- 
fecting the perceived quality of the final image. 

The NTSC system was television's earliest and best 
example of what we now call "ergonomic" or human en- 
gineering. Every aspect of the new NTSC system was 
checked for its subjective perceived qualities; even the 
choice of color phosphors was determined by evaluat- 
ing the responses of viewers. 

GENERDL COLOR INFO 
I 3 . 5 8 M H z .  SLIGHTLY 

S H I F T E D  IN HUEJ 

VIDEO 
ILUMINANCE L E V E L )  

( 3 . 5 8 M H z I  

-\HORIZONTAL SYNC 

fig. 1. Burst pulse timing. 
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everything but the kitchen sync 
Before we can have a quality image, we must have an 

image - and without synchronization or "sync,"as it's 
usually called, we have no image. It's common knowl- 
edge that a television image is created by scanning an 
electron beam back and forth across a phosphor screen. 
Few viewers realize, however, just how tight the toler- 
ances relevant to the positioning of that beam must be, 
particularly with color television. It's the sync system 
that controls these tolerances; in fact, most of a tele- 
vision transmitter's power is devoted to generating sync 
pulses so that we can have a stable scan or raster. This 
will be covered in detail next month, when we discuss 
transmission techniques. 

Typical movie theater projectors display 24 frames per 
second, but the NTSC system specifies 30 complete 
frames per second. Unlike movie frames, each video 
frame consists of two interlaced fields. NTSC scans525 
lines per field, but not adjacently; instead, a field of 
262-1 I 2  lines is scanned, with the odd lines "filled in" 
during the next field. Even experienced television service 
tecnhiciansaresometimessurprised to learn about this 
interlace scheme; some are amazed that a television 
works at all when they realize what's required to achieve 
accurate interlacing. This interlace achieves two things: 
first, it reduces flicker to the same level as would be 
sensed at 60 frames per second without increasing the 
bandwidth. Second, by flipping the color polarity of the 
odd lines upside down, the color information "disap- 
pears" from monochrome receivers. We use 60 fields per 
second rather than 53,65, or80.4 because in the United 
States, ac power is60 Hz, and the ac power is conven- 
ient for achieving approximate control of the frame lock 
(vertical hold). 

Another critical element of image quality is synchron- 
ization of the horizontal sweep. This means that the left- 
to-right positioning of the receiver's scanning beam has 
to correspond exactly with the scanning beam of the 
studio camera. So before each scan (video line), a hor- 
izontal sync pulse is transmitted at a repetition rate of 
15,750 Hz or: 
30 frameslsecond x 525 lineslframe = 

15,750 lineslsecond) 
This is the annoying frequency you sometimes hear 
emanating from television sets; all the high-voltage cir- 
cuitry resonates at this frequency. 

color 
I mentioned earlier that in a normal monochrome 

signal, almost no video information occurs at approxi- 
mately 3.5 MHz. Actually the FCC states that the color 
information must be centered at3.579 MHz. For general 
purposes, the FCC refers to this as 3.579545 MHz; for 
convenience, broadcast engineers refer to it as simply 
3.58 MHz. The greater precision is justified, however, 

NON 3.SBMHz ChRRIER 

COLOR 
BURST 

HORIZONTAL 
BURST 

NON 3 . 5 8 M H z  INFO 

-WHITE  L E V E L  

COLOR 
BURST 

DARK L E V E L  

-HORIZONTAL 
SYNC 

1 L l N E E O  

fig. 2. (Al Modulation of the video level not at the color 
frequency; (B) this pattern tests the resolution capabili- 
ties of the system. 

in that the subcarrier can be locked to the National 
Bureau of Standards' 5-MHz transmission. The 
3.58-MHz color subcarrier is the most accurate reference 
to which the average citizen has access; in fact, many 
scientific and navigational firms use the color reference 
from a local television station as a time reference. (For 
accuracy, the television station must be locked to a sat- 
ellite network.) 

So what do we do to this 3.58 MHz to give us color? 
We can change three things about any electrical 

wave: its height (a-rn), its frequency (fm), or its timing 
or position relative to a fixed reference wave of the same 
frequency (phase modulation). Twoof these - a-mand 
phase modulation - are done to the color subcarrier. 
(Fm is obviously out of the question.) 

Changing the amplitude of the wave changes the 
saturation of the color at that particular period of time. 
Saturation is what you change when you tweak the 
"color" control on your television set. Changing the 
phase or timing of that carrier at that point in the scan 

December 1987 59 



changes the "tint" or "hue." In other words, the phas- 
ing tells the receiver which color to present at that spot 
on the screen. 

The horizontal sync pulse comes just before the color 
burst. The burst isabout 10 cycles of 3.58-Mhz signal at 
the beginning of each and every line. Its phase, com- 
pared to every other burst, is absolutely constant. But 
after the burst, the information changes according to the 
color we want. Figure 1 shows two lines of video that 
are identical except that the phasing of Genuine Color 
Information in B isshifted slightly from that of A. (How 
a receiver compares such a subtle thing asa phase shift 
will beaddressed next month.) In reality, unless you're 
actually looking at a solid white background, the video 
line will be wavy all the way across. Figure 1 shows 
modulation only at the color frequency. 

Figure 2A shows modulation of the video level, not 
at the color frequency. This will have no effect on the col- 
or because it's not 3.58 MHz; instead, it will appear as 
a gradual increase from gray to white, down through 
gray toward black, up through gray toward white, then 
down to gray again. Keep in mind that this is just a single 
line of video repeated 15,750 times each second. 

the 3.58-MHz tie 
Figure28 isvery interesting. The section labeled "hf 

burst" represents what would happen if the camera 
looked at a very fine black and white pinstripe pattern. 
Because the video modulation is higher in frequency 
than color, once again no color appears. This pattern 
tests the resolution capabilities of the system. In other 
words, some herringbone suits arevery high-frequency 
suits; such a suit will increase in frequency as the camera 
backs off or "zooms out." So if you're going to be on 
television, be sure to select your clothes with regard to 
frequency response. Once in a while, someone will wear 
a 3.58-MHz tie that displays rainbow patterns on less- 
than-perfect color televisions. When this happens, the 
only solution is to change the tie'sfrequency by zoom- 
ing in or out. 

After the hf burst, the video goes into a "ramp," a 
gradual fade from medium gray to black. 

from studio to receiver 
So far, we've spoken mostly of the raw video; in other 

words, we haven't considered what happens to the 
video between thestudioand the receiver. Wedid men- 
tion that the radio signal path is a limited bandwidth 
channel, and that the NTSC signal is tailored according- 
ly. But what does the signal look like after i t  leaves the 
transmitter? 

The visual portion of a television signal is a modified 
form of a-m. Television falls in an area between a-rn and 
single sideband called Vestigial Sideband (VSB). A stan- 
dard a-m transmitter emitsa channel which is twice the 

bandwidth of the modulating signal. It doesn't matter 
whatform the modulation takes; if we takea4.18-MHz 
widevideosignal and put it intoan a-m transmitter, our 
transmitted signal will occupy 8.36 MHz of precious 
spectrum space. 

The emitted channel consists of two sidebands, sym- 
metrically spaced on either side of the carrier frequency. 
One sideband is redundant; each carries thesame infor- 
mation except that one is inverted in frequency - a 
mirror image, so to speak. The carrier frequency of 
Channel 2 is around 55 MHz; the carrier frequency of 
Channel 13 isaround 21 1 MHz. (In every case, the tele- 
vision audio carrier is 4.5 MHz above the visual carrier, 
but we'll discuss that later.) 

Because one sideband is redundant, we could lop off 
either one and still have a complete video signal. In SSB 
radio, we do exactly that, and thus end up with a radio 
frequency channel of exactly the same bandwidth as our 
audio modulation channel. 

In television, we remove most of the lower sideband, 
leaving the upper sideband intact. The only reason we 
don't completely eliminate the lower sideband is at- 
tributable to technical considerations which no longer 
apply, but since the rules were cast in concrete35 years 
ago, it looks like we're stuck with VSB for the foresee- 
able future. However, the NTSC made a noble step in 
the right direction when they opted for VSB instead of 
full a-m. 

Unlike SSB radio - where it's easy to regenerate the 
carrier upon reception - in television we leave the carrier 
untouched because eliminating it would make receiver 
design hideously complicated. Although our transmit- 
ters would be more efficient if we could eliminate it, the 
carrier doesn't occupy any spectrum space and is there- 
fore of no concern. 

Figures3A and 3B compare the occupied bandwidth 
of a-m to VSB. What do we put where the LSB used to 
be? The upper part of the next lower television channel, 
of course. It would be nice to leave that lower sideband 
gap as elbow room, wouldn't it? Unfortunately, both 
nature and the FCC abhor a vacuum, and one or the 
other guarantees that something is going to be there. In 
most cases, it's a television station, unless you happen 
to be talking about channel7, in which case it happens 
to be the fm broadcast band as well as most high-band 
VH F frn communications. 

Actually, the lack of elbow room between television 
stations would never create problems in properly 
designed television receivers. Unfortunately, nobody 
makesany. Even though thequality of thevideosections 
of television receivers has improved dramatically in the 
last three decades, the radio frequency sections, or front 
ends, have gotten worse. The old tube receivers of the 
1950s had far better selectivity than any receivers built 
now. lcont~nued on page 651 
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Yaesu's mini HB. 
The smdest, smartest, 

toughest radios. Anywhek 

Whether you're a Novice or Extra 
class operator, you're sure to appreci- 
ate the high power, durability and size 
nf Yaesu's FT-23R Series mini-HTs. 

'lh begin with, you'll find a model 
that's right on your wavelength.The 
2-meter FT-23R.The 220-MHz FT-33R. 
Or the 440-MHz FT73R. 

Whichever you choose, you bene- 
fit fmm incredibly small packaging. 
('hke a look at t,he actual size photo.) 

. . 
~ i ~ t l l l o w  power switch. 

The FT-23R comes with a 72-volt,. I .. . . -  

2.5-watt hat,tery pack.The FT-73R with 
a 7.2-volt, 2-watt pack. And the FT-S3R 
with a powerful 12-volt, 5-w3t.t pack. 

' I 

You can choose the miniatsure 7.2-volt, 
2-watt pack shown in t,he photo 
below.Artd all battery packs arc int,er- 
changeable, too. 

And consider these options: Dry 
cell bat,tery case for 6 AAA-size cells. 
Dry cell battery case for 6 M-size 
cells. DC car adapterlcharger. Pro- 
grammable CTCSS (PL tone) encoder1 
decoder. DTMF keypad encoder. 
Mohile hanger bracket. External 
speakerlmicmphone. And more. 

Check out the FT-23R Series 
at your Yaesu dealer today Because 
although we can tell you about 
their incredible performance, t'ough- 

ness and small size, 

sand specific :atioos subject to chal lg~ wilhofIt t lo lice. PL is a r w i s k r c r l  trademark of Moton nla. Inr .  I.73: ?R sllnwn wit 
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NC29 84.95 
FNB9 39.95 I FNBlO 41.95 
FNBl1 67.95 
FNB12 59.95 

0 FTT4 54.95 
FTS12 61.95 
MH12A2B 41.95 
MH18A2B 41.95 cn LCC-28 39.95 
LCC-28 SIM 59.95 
MMB32 18.95 I NC18B 12.95 
NC27B 12.95 
NC28B 12.95 

w- 

BC 50 
BC 16U 
BP-20 (AA) 
BP-21 
BP-22 
BP-23 
BP-24 
IC-CPl 
DC-25 
AD1 0 
UT-37 
UT-38 
ICHM9 

5 KENWOOD I KENWOOD I ~ W O M I  
I 
1 
cn 
W TM2570A e TM3570A 
t. 

0 I I 

3 CALL FOR SPECIAL HOLIDAY PRICES 

I PS 430 189.95 
CDlO 
TU-7 

0 1 0 - 1  MU-1 
36.95 
44'95 u vs-1 

I. SW100AIB 
54'95 
64'95 

SWT-1 44'95 

C- 

z 
w 

(215) 357-1400 
ARRL-AMECO-PUBLICATION-EXAM GUIDES 

TM 221A 2M 45W 
TM 321A 220 MHZ 25W 

KENPRO 

28AIH - 2M 25/45 
38A - 220 MHz 
48A - 440 MHz 

RC-10 219.95 
pG-4G 18.95 
PS20 77.95 
TSU-5 39.95 

64.95 SW1 DOlAB 
SWTlISWT2 44.95 
SP40 35.95 

Model KR400 RC 
Model KR600 RC 

SP-4 31 .oo 
SP-8 35.99 
IC-HM14 55.50 
PS45 139.00 I MC-MA 119'95 MC6OA 

I 
119.95 

MB-10 
0 SP5OB 

24'95 MC55 59.95 
35'95 MC85 129.95 

ICOM DAY 
DECEMBER 12, 1987 

9 AM - 3 PM 

SMlO 136.25 
PG-35 95.00 
AH-32 37.00 

STOREHOURS 
M T & W  9AM-6PM 
TH & F 9 AM-8 PM 

SAT 9 AM-3 PM 
Factorv Authorized Service 

AMECO - BENCHER - MIRAGE - ROHN - KENPRO 



';ifiESnJ FT 757 GX/ 

CAT System 
100% DUTY CYCLE All model H F  Transce~ver 

40 MEMORIES Dual VFO 
Full Break-tn CW 

160-1 0 1001~uty Cycle 

KENWOOD TL922A I KEN' 

MB-IV-1 A 
MB-V-A 

Call for I 160-1 5M 
130 kHz-30 MHz Speclal Prlce 

d 
L~near Ampllfler - 

~ * ~ a q  2 KW PEP 
Gen Cov. Recelver Pk-LJL 

+o" p,,~\oq Call for 

Complete Line of 
Keyers and Electronic 

Keyers In Stock *, v\WNG V ~ B R O P L E ~  1 2 GHZ 

. 
, ^^^ ^ ^  .- 

ICOM I 

I ComPakRatt soft;--- ' ' 
Factory Authorized Service for KENWOOD - ICOM - YAESU ... ----.. - 

KENWOOD DUAL BAND 
TW41 OOA 

45W VHF 
25W UHF 

10 memories 

ICOM Dualbander I IC-3200A 
Pre- . Sale b 

Alpha Delta 
Eloi?i 7M Ycs 10W 160W 5258 

Model DELTA-4 

Lightning Surge Protected 
4.Positior -- - - - CA 

I Model Band amp Input Oulpul Prnce 
A1015 h M  YvI. 10W I5OW 5288 
873A 7M Y1.5 1W 30W 5128 
8108 7M Yv5 10W 80W 5158 I 

I RF coax swltcn 1 10 memories 1 SMARTPATCH --I 
PS-50 224,94 Exclusive center "ofl" 

(ground) position. Scanning 
CD-10 109.95 Compact 
MV-1 44.95 Uses ceramic Arc-Plug' J. 

protector. 38 Built in tones 
0 

TU-7 36.95 
54,C- 

Mirrn-strin rirrt~itrv- 25W O U ~ D U ~  CES 510-SA 
2 

VS-2 
SWlOOB 64.5, 
SWT-IISWT-2 44.95 
SP5OB 35.95 
MC6OA 119.95 
MC43S 39.95 
MA4000 14.95 

, , , . . . . - . - - . . . - . . - - . . . , 
, no wafer switch IMARSICAP operation I I 

Model DELTA-4 
(UHF Connectors) $69.95 

Model DELTA-4lN 
(N-type Connectors) $89.95 

A DIVISION OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE RD., TRC"nCC D A  ' O n A 7  L V V ~ L ,  r n  ~ a v - r r  .?. - ' n  

Prices are subject to change without notice. 1 Wattmeters Elements I( 

AMECO - BENCHER - MIRAGE - ROHN - KENPRO 



NEW BOOMER 
DISTANCE 

. RECORDS 

220 MHz on June 
14. 1987 Bill Duval. 

KBUGM of Irving. Texas 
using the 2208 Boomer made the 

first ever 220 MHz sporadic E contact 
with W5HU014 in Florida. 

2 meters on June 14, 1987 Jim Frye, NW70 using 
the 4218XL Boomer contacted Jim Poore, KD4WF using 

a 215WB Boomer to set a new 144 MHz overland distance 
record of 1980 Statute miles. , 

2 meters on August 3, 1987 Gordon West WB6NOA. using a 'h watt 
handheld into a pair of 4218XL Boomers contacted KHBHME in Hawaii a distance 

record of more than 2400 statute miles. 

Make Boomer quality and performance work for you. Whether you choose one of our 
two new 220 MHz antennas, the most popular 215 WB or the world class 4218XL. you 
will have all of the best Boomer features. Whatever your choice of operating mode or 
distance BOOMER DOES IT BETTER. 

- 

AVAILABLE THROUGH 
DEALERS WORLDWIDE - C O R P O R A T I O N  

THE ANTENNA COMPI 
AETER ROAD, MANCHESTER, NH 0310 

ova-027-7877 TELEX 4949472 FAX 603-62; 

w 
8 USA 
7-1 764 



R f  DUNDA N  T INFO 

- 4 . 1 8 M H z  t I . I B M H 2  

C I R R I E R  FREOUENCY 

SEMI -REDUNDANT 

3 . 5 8 M H z  COLOR SUB 

LOWER 
UPPER S IDEBAND 

~ 

fig. 3. /A) TV visual spectrum (full a-mi; (Bi TV visual 
spectrum (VSBI. 

Referring back to fig. 1 and2, itshould be mentioned 
that these are upside down as far as transmitted power 
is concerned. In other words, even though the sync 
pulse is shown at the bottom, it's actually maximum 
transmitted power and modulation. As a matter of fact, 
transmittersfor television are licensed according to peak 
power, or sync peak envelope power. There are several 
good reasonsfor this practice: first, thesync represents 
a constant value, which is reasonably simple to meas- 
ure or calculate. The FCC requires broadcasters to know 
how much power they're radiating. Because the video 
waveform is continually changing, it would be practically 
impossible to represent power output in terms of "aver- 
age picture modulation" or some other such nebulous 
term. By putting the sync at the top, in terms of power, 
we at least have a maximum power measurement. (In 
"real" television, we never have a condition of unmodu- 
lated carrier as we do in radio, so we can't talk about a 
television station's licensed carrier power. The second 
reason for having the sync at the top relates to our origi- 
nal discussion of sync pulses. We mentioned that there's 
no point in having a nice-looking video image if it isn't 
stable. By placing the sync pulses at maximum output 
power, we ensure that as the received signal gets weak- 
er, the last thing to go will be picture stability. This one 
characteristic, common to television standards around 
the world, allows us to have a usable picture under much 
poorer conditions than would be acceptable if the sync 
pulse were at a lower transmitter modulation. 

One thing that does vary from standard to standard 
is in what direction you go to get from black to white. In 
NTSC, the blacker you go, the closer you get to sync 

power. In the British system and others, white is trans- 
mitted near sync level and black isat lower modulation 
levels. A British picture viewed on NTSC, therefore, 
would appear as a negative rather than as a positive 
image. 

Each polarity of video offers certain advantages. The 
NTSC system has a better signal-to-noise ratio in the 
black region, which translates into less visible "snow" 
in the darker areas. On the other hand, it's generally eas- 
ier to achieve linearity on most types of transmitters with 
the inverted video systems. (Linearity, in this context, 
refers to the degree of video "fidelity.") A more linear 
system reproduces luminence levels, or shades of gray, 
more accurately. 

waveform monitor 
The waveform monitor (fig. 4) - a vital piece of test 

equipment common to all television stations - is a 
specialized form of oscilloscope used to view video 
signals either line by line or field by field. Actually, any 
good oscilloscope would be sufficient. 

Although many differentgraticulesareused, the IRE 
is by far the most common. Note that the graticule has 
two scales. The left scale represents IRE units. The IRE 
scale of 140 units is divided into 100 units of genuine 
video information and 40 units of sync. The 0 division or 
baseline is clamped at 0 volts in most television stations. 
In other words, anything below 0 is a negative voltage, 
while anything above 0 is a positive voltage. The right 
side of the scale indicates the percentage of modulation 
of an actual television transmitter, assuming everything 
is working satisfactorily. 

I've shown one line of a "window" signal superim- 
posed on the graticule; this appears as a white left half 
and a very black right half of the screen - television 
screen, that is; waveform monitor screens are green. 
Notice that sync is 100 percent modulation, the baseline 
is75 percent modulation, and pure white is 12.5percent 
modulation. Why isn't white set at 0 percent modula- 
tion? Because television receivers need a little bit of 
visual carrier (12.5 percent) to demodulate the audio 
signal. Did you ever notice that raspy buzz in the audio 
when a television station runs creditsor other very white 
characters? This is what happens when the video acci- 
dentally gets past 12.5 percent white towardso. Televi- 
sion receivers use a technique called intercarrier sound 
demodulation to simplify the receiver tuning circuitry. 
It's a system I'd get rid of if I were Emperor, but that's 
unlikely to happen. 

The IRE scale is quite convenient for visual quality 
control. As long as we keep our visual range between 0 
and 100 units on the left, we'll have a reasonably 
pleasant-looking picture. In practice, genuine video in- 
formation (GVI) should never go below 7.5 IRE units. 
This tiny setup level prevents our GVI from confusing our 
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8-POLE CRYSTAL FILTER SALE - 10 - 20% OFF 
For Kenwood, ICOM and Yaesu products. We will match 
any competition prices. FREE one year subscription 
for ICOM, Kenwood or Yaesu Newsletter ($10.00 value) 
with filter purchase. USA only. For latest prices, 
call (305) 879-6868 or send SASE for latest catalog!! 
Sale ends December 31, 1987. 
We also offer expert repair service on Kenwood, ICOM, 
Yaesu, Azden and Atlas equipment. 15 years experience, 
5 days average turnaround time. Call for more info!! 

INTERNATIONAL RADIO, INC. 
751 S. Macedo Blvd. 

Port St.Lucie, FL 34983 
(305) 879-6868 / 207 

FOR COMMUNICATIONS 
Nickel-Cadmium.Alkaline.Lithium.etC. 

Repair Packs For 
I C O M ' .  K E N W O O D .  YAESU. 
S A N T E C .  A Z D E N .  T E M P O ,  

C O R D L E S S  P H O N E S  . .AND MORE1 

NEW! I.C.E. PACK =4gg5 

E.H. YOST & CO. 
EVERETT H YOST KB9XI 

7344 TETIVA RD 
SAUK CITY WI 53583 

A$K FOR OUR CATALOG 

[608) 643-3 194 
fl 267 

REAL ESDlE FOR SALE 
Naples, Florida 

Waterfront Property 
Ham Radio Equipped ' 

Ttns M v  home k1(:;1116 on n Hni,.~ Harbor canal. 
lust otl Napks R.ly, is ownm by linm radlo 
operatm llle pml~erty feat~ncs 2 bedmom. 2 
baths. rad~o rooni III~ thlRl bedroom) wlth c a m  
arid translnlsslon llncs complctcd from crank 10 
lnwer and antennae. large lana~, solar heated pool 
arid spa. bod1 deck and dav~ts. S~tualed on an 
oversized corner lo!, whlch IS compkmted bv 
lush, mature larxlscaplnq The canal has direct 
Gtll access w~ th  rw hr~dges Owner p r w i W y  
docked 4-112' draft sa~hoat beh~nd h m e  Alqo 
avadabk lor sak ana tht: ham rad~o eqllpmtnl and 
l o n e  lurnlshiiios 

Priced at $224,900 
Marketed by: 

Havwd Hanna Real Estate S e ~ c e s  
505 Fifth Avenue. South. Naples. !3 33940 

1-800-233.7516. 813.261-7647 
Patrick Murphy. Sales Aaoeiate I 

i @SO P R O  I 
1 I..;,\\. l'o.Usc* I , o ~ l l o o l \  

I'rngram For \our 

MS-DOS'" ((.ompatible (:ompuler 
+Complete Cursor Control 
+Room to store complete 
address informotion 

t A Real-Time Log 
+ Totol QSL's by State 
+900 QSO's on floppy, hard 
disk limited by spoce ovoiloble 

I n t d u c  tcvrt Offrr 

95" 
* O h l o  r e s ~ d e n t  must o d d  

5". sales tax  
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MOOULA JION 
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0  
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- 4 0  100 

COLOR B U R S T  

H O R I Z O N T 4 L  S r N C  

fig. 4. Modulation as expressed in IRE units on graticle of a waveform monitor. 

baseline clamping circuitry. We'll talk moreabout clamp- 
ing next month, but for now, let's just say that clamp- 
ing is there so that television sets know where black ends 
and sync begins. 

television sound 
Although the NTSC had little to do with the the de- 

velopment of television audio, television transmitters 
have always been capable of excellent audio. In fact, the 
audio section and legal FCC specificationsfor television 
audio are essentially identical to those specified for fm 
radio! Television frequency response uses exactly the 
same75-ms pre-emphasis curve asfm broadcasting, for 
example, and the total harmonic distortion specifica- 
tions are the same as those for fm radio (monaural). 

So why has television audio - until very recently - 
sounded so poor? There are two weak links in the tele- 
vision audio chain: the first is in production techniques. 
In most videotaped and live television fare, audio has 
generally been added on almost as an afterthought. 
Quality audio has nothing to do with technology; it's 
simply a matter of quality control and care. Thesecond 
weak link has been intercarrier sound demodulation, 
mentioned briefly above. The intercarrier technique is 
extremely clever, but that'sabout all I can say for it; too 
many compromises in overall audio quality are required, 
so the purpose of transmitting good audio is almost 
defeated. lntercarrier sound demodulation has greatly 
complicated the problem of stereo audio transmission, 
but even so, it seems like it's here to stay. 

Visitors to television stationsare often amazed by how 
good theaudiosounds. This is becausea television audio 
"modulation monitor" is a discrete (i.e., non-inter- 

carrier) tuner and because the monitors in the control 
room usually use full-size, full-range speakers. So all is 
not lost when it comes to television audio, and moreand 
more producers - especially with increasing public in- 
terest in stereo reception - are beginning to pay some 
attention to audio techniques and quality control. 

The unmodulated sound carrier is exactly 4.5 MHz 
abovethevisual carrier. It is frequency modulated + 25 
kHz under maximum loudness from this carrier. The 
modulation of an fm carrier results in the generation of 
some sidebands which overlap into the video portion of 
the channel. For this reason, most television receivers 
have a "sound trap" that notches the audio out of the 
video chain. In general, though, thisslopover has mini- 
mal detrimental effects on the video, and some high- 
resolution monitors do not include sound traps. 

As far as aural (audio) carrier power is concerned, a 
typical television station cranks out only one-fifth as 
much aural power as peak sync power. The reason for 
this has to do with the bandwidth of the aural compared 
to the bandwidth of the visual system. A narrowband 
system, of course, needs less powerto do the same job 
as a wideband channel. 

tune in next month . . . 
In the next installment, I'll describe station equipment 

that processes signals ranging from dc through visible 
light. Topics covered will include antennas; mechanical, 
electrical, and audio devices; light transducers; analog 
and digital electronics; rf  and microwave devices; power 
generation and distribution; wave propagation; and just 
a tiny bit of nuclear physics. 

ham radio 
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I TURBO PC/XT COMPATIBLE 

I $649.00 
PRICE INCLUDES 

COMING SOON 

PHOEM BfOS BBS SERVICE & 
I HI-RES SAMSUNG MONITOR FAX SERVICE 
1 2 DISK DRIVES DS/DD 360K 

DELUXE KEYB( 
MS DOS 3.1 WITH MANUALIBI PHOENN I/!# 
PRINTER PORT 
SERIAL PORT 
GAME PORT 
CLOCK CALE.ND 
256K MEMORY 
4.77 OR 8MHZ OPERATION 
EXPANDABLE TO 640~ 
8 SLOT MOTHER BOARD 

FREE SOFTWARE WE STOCK 

AZOTIC INDUSTRIES INC. 
2026 W BELMONT 

CHICAGO ILL 60618 HARD DISK DRIVES 

(3121-975-1288 MONITORS CABLES 
I YEAR WARnENTY ON DRIVES MONITORS 
KEYBOARD POWER SUPPLIES.  
90 DAY WARRENTY. ON MOTHER BOARDS 
AND I/O CARDS. EXTENDED WARRENTY 
AND YAINTANCE AVAILABLE. 

I/O CARDS MODEMS 

OCR PC-FAX EGA 

f \ 
AMATEUR RADIO MAIL LISTS 

Scll-stick 1x3 labels 

"' NEWLY LICENCED HAMS*?* ". ALL NEW UPGRADES 
"* UPDATED E A C H  WEEK "* 

Tolnl L I ~ I  = 462.728 ( Z I P  sorled) 
P t ~ c c  IS 2 5 c e n t s  each (4-up C l ~ c s h l r e )  

BUCKMASTER PUBLISHING 
Mlneral V l r  lnla 2 3 1 1 7  

7 0 5 : 8 9 1 - 5 7 7 7  

\ J 

I 
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h l u l t i h a n d  QRV 16n-10 DipolelV/Sloper 

SERVICE & REPAIRS 

- 
3T 

... 

I 
Rcady u, Use Tougt, Fu l l  Legal Power 
I;agca I nsu l l  F l c x ~ t ~ l c  No l o r s y  Tmps 
Coax 1:cd K ink - l ' r oo l  Low Noise 
102 Ire1 Iuna 2500 V lnsul Nevcr Corrodcs I 
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".?,* 

'. ,.cm .+-&+w7m*c 
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SSB ELECTRONIC TRANSYERTERS EL PREAMPLIFIERS 
L l  I S  13.1 ?fl K" l< l I l  'rlY,,:,3,3,1,~! OE'A %',.lq 
L131S CIO,", 1.1'1 *\,11, ;'OL*, !, $4\tc,' i:,'<'I 
L123!, 1,J!16~1.14 X v r l l  l l l l l i  ,.%A, lpl S,10 
MlCHO 13 I l O . l ~ l i 4  XVRTIi I 1  54V l,aA$feI S.:?'i 
MIL130 X IO:lhR!l44 Xvrt! 0 1\'1 Gaiqsfel $509 
OX SPI~P-, lkw TIOISP GaAL.l?I l i l?mps lromS1>9 
MV SPIII,% ~mdsl mounlrfl GaA5lel preampsS149 
K I I ~ ~ I P S  II C~VIIS Gak,'?l OHM !ram S1?9 

TRANSVERTERS UNLlMlTEO 
1720118 270 MHz Xvrlr 28 or 50 IF 20 W $220 
1144178 144 Hhl Xvrlr 28 or 501F. 25 W 5199 
PAR3700 907 MH? 2 l l l b ~  PA 1WW + 5499 
PA13150 1296 Zlube PA 150 + W 5449 
PA13?5 2304 11ubePA. 25,  W 5429 
Hi400 Htqh pow" relay 2Kw a1 144 MHz Sl79 
RK500 Mcdlum !lower relay IKW a1 144 MHz S 69 

Factory Authorized Dealer lor SSB Eleclronics 
lor  North America 

TRLNSVEATERSUNLIMITEO TRLNSVERTERSUNLIMITEO 
BOX6786SlAllON A (US1 
T O I I ~ N I ~  ONIAHIO P II AOX 178 
CANAIIA M5W IPJ NLW BOSTON NH 03070 
(4151 159 5562 

WGSAI BOOKS 
p u b l ~ s h e d  by B l l l  Orr. W G S A I  
and Slu Cowan. W2LX 

BEAM ANTENNA HANDBOOK 
Complr~tely revtsed and upd.lled Ill!! Beam Antenna 
Handbook ~nc l t ~ r r r~ \  Ihe vr,fy l.tlesl sl,lle 01-lhr ,111 .In. 
Ir.t~l~,r II~~!,II)II Conlpuler qf!!~f:r,it~:d bf,,lnl d~rl1e11s~o11:. 
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cl~rdi:rI r , l~m~nal~r l r l  l l le nr.ed lor ltrrlr i . onsun~~ r~a  rn.tlh 
calrt l lal~nn\ Ak.0 covertxl are R e i ~ r ~ l  I ~ r ~ o h l  attd 111111 
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Have You Been a Goood 
Little Ham This Year? 

HF Transcelver 

EGE NEW ENGLAND 

; HF Transclver with 
, General Coveraqe Recelver 

'Order 6 we'll credit you 11 lor Ihe call 
Corsair ll 
Model 561 

HF Transcelver 

FT 767GX ' wm AII ,ode ~rmscelver ' 
Terms: \. ;!error ir . wchs mepled 
fvre? ,a V I  ,nciuflc rorpomg UPS 

w ~ l h  CAT Syslem 

8 COD lee S? 35 per oachage PItces are 1 : wbjecl lo cOange wmoul nonce or 1 

ObllgallOn P ~ W U C ~ P  are 001 SOM 10, 
evdlvdllon Auloorrzed refurns are sub. 

' 
recl la a 15% reslockrng and handltng , fee and Credrr n l i  be rssued lor use on 
vour next ourchase EGE suppons me 
manufaclurers ' warranrres lo gel a 
ioov 01 d warrdnlv prrar lo pmchase. 
call Cusforner service a1 703.643.1063 Il 
and 11 wrll be furnrshed a1 no cosl 

3.- * *- 

Amateur HF Bands lor 60-905 MHz FMIAMISSB Harrrlheld lor 2ml2201440 
, General Coveraqe Recelver ; Cushcralt. Butternut. KLM. KDK 

Mosley. Hy-Gain. M I ~ I -  FM 240 7m Mob~le 
Producrs. B&W. Van Gorden. 

Hustler, Larsen. Antenna . . SONY 
Receivers 

I Specrallsts. Centurion. Smiley 
UNARCO-ROHN Packet Controllers AMPLIFIERS REGENCY 

I Antennas in Stock TRI-EX Kantron~cs and MFJ Vocorli I1,11wa T I  Systems. 
BEARCAT 

for Mobiles. Base Stations. Amp Supply, Mirage. Allnco. Scanners 

i and Handhelds ; HY-GAIN 1 Amateur Software Amer~tron. ~ o k y o  ~y -power .  I MIDLAND 
Ask lor package quotes on ' Ham Data Soltware tor RF Concepts CB Radlos 

Everything from mini rubber I complete lower assemblies Commodore Computers I 
1 duckies lo  huge monobanderst including Phlllyslran, guy 

COBRA 
I 

Ask l o  Descrp ton  1 ANTENNA TUNERS IJCBs, ~~b~ ~ ~ t ~ ~ t ~ ~ ~  pmner 
wire, antennas, rotators, etc. 1 ~ m p  supply, Amerilron. MFJ 

ASK FOR PACKAGE RrrY'MorSe'Amtor I UNIDEN 
DEALS ON ANTENNAS Switches, Couplem, Flltem, I CBS, ~~d~~ ~ ~ l ~ ~ t ~ ~ ~  Hardware and Software and ~onnec tom,  Mikes, Keyem. ,I 

' AND ACCESSORIES packages by Kantronlcs. Paddles. Headsets, CIOCLS, WHISTLER 
Microlog. HAL. MFJ. & more Books. Power Supplles I Radar Detectors 

Also. . . 
, Antennas tor Scanners. CBs. 

Marine. Commercial, and 
Shorl Wave Listening 
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No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 in capability and features. That's words in any languages Or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message  master^^ real speech voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical tilter receiver extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 

MICRO CONTROL SPECIALTI 
TELEX 4932256 Kenclecom 

Division of Kendecom Inc. 
23 Elm Park, Groveland, MA 01834 (617) 372-3442 FAX 61 7-373-7304 / 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3EASYSTEPS. 

Copy clrcult on TEC-200 f~lm uslng 
any platn paper copler 
Iron f~lm on to copper clad board 
Peel off f~ lm and etch 

SATISFACTION GUARANTEED 
convenient 8'/2 x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 
sddS1 Llu uo lndt - N I  !er add \nlrr 1 3 1  

The MEADOWLAKE Corp. 
DEPT R P 0 Bow 497 

Northport New York 11 768 
1 
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1987 Year End 
Equipment ~ t d .  Sale lrlL 

On any day in December SAVE 15% 
on all IIX Equipment Ltd. 
communication accessory prices. 
Ginpoles, standoffs, and mobile radio 
mounts make great Christmas 
presents. Call now. 

IIX Equipment Ltd. 
P.O. Box 9 
Oaklawn, IL 80454 
31 2-423-0605 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEW US YOUR PROBLEMS 
Serv~ong "Hams" for 30 years, no rrg 

too ool or new for us 

fies,rk 
4033 Brownsville Road 

Trevose, Pa. 19047 

21 5-357-1 400 
m 



DISCOUNT PRICING 
Panasonic CCTV 
Wireless & Hardwired 
Alarm Systems 
Experienced 
State Licensed 

For More Information 

DETECTION 
DYNAMICS 

4700 LOYOLA LANE. #I 19 
AUSTIN, TX 78723 (512) 345-8401 I 

(YOU NAME IT.\ 
IWE'VE GOT IT![ 
I c nn..,im,latpd t l e r : . ~ n ~ c s  l n i  wr. i . l r r i  over 113 000 

LM~IL d r ! , ~  I)~~O,ICIS bt8cn as Itis?.. s r m ~ c ~ n d u c l ~ r s  I 
batte~les C~P~CIIOI.. ~sastors wc <.at~~es. connec~ors 
arnlpnnils cn#.m#cali sveakers lesl eq~icprnent solder 
trig wuiprneil! sly1 and carlr8dges v8rleo heads 
leieuhone aci:essor8er an0 more Consol8dated 
Eieciron,cs lz an aultlorzed dlslrbutor tor I 

GE' 
LPS' 
Loctlte' 
Kesler' 
M ~ r r ~ r  1~ 
Nto?olson' 
0 C Whsle: 
O K  1 ~ 1 5  
Panav!se' 

Plumb' 
9AMS rM 

. ~ 

All pan orden sh1pp.d In 24 houn. 
2 Year uarnnty on all pans. 

Call toll free today. 

1-800-543-3568 I FOR MORE INFORMATION 
Amateur Radio Baluns- 

Traps-Remote Coaxial Switches 
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low-noise receiver 
update: part 2 
In last month's column,' in which 
we discussed the state of the art 
(SOA) in low-noise receivers and pre- 
amplifiers, I pointed out that some in- 
credibly low noise figures are now 
possible using very affordable (less 
than $10) GaAsFETs. HEMTs (high 
electron mobility transistors), the latest 
rage, can cut noise figures by as much 
as 50 percent; though HEMT prices 
are pretty steep right now, they are 
dropping. 

Last month's column also discussed 
ways to decrease noise figure by prop- 
er component selection and cooling 
techniques. This month's column will 
be more practical, stressing recom- 
mended circuitry, stability techniques, 
and device selection. We'll review test- 
ing and talk about improvements that 
can be expected in the near future. 

recommended circuits 
By now you're probably wondering 

what circuitry to use for GaAsFET pre- 
amplifiers. Reference 2 discussed rec- 
ommended circuits for 144, 220, and 
432 MHz. Those circuits still are close 
to optimum for a simple competitive 
preamplifier without any special com- 
ponents or tricky techniques. 

Reference 3 showed a recommend- 
ed preamplifier for 903 MHz. Simple to 
construct and align, it had a noise 
figure of approximately 0.5 dB when 
an appropriate GaAsFET was used. 

Techniques improve with time. 
Therefore, before recommending a 
final circuit, let's first review the major 
considerations in selecting the individ- 
ual components and circuit topology. 

input circuits 
Last month we discussed recom- 

mended input-matching circuits for 

GaAsFET VHF and lower UHF region 
preamplifiers. We emphasized that one 
of the most practical input-matching 
circuits is still the step-up resonant 
transformer with a capacitor tap.4 This 
configuration has low insertion loss, a 
wide adjustment range, and provides 
reasonable out-of-band rf signal re- 
jection. 

Reference 1 also stressed that most 
of the noise figure in today's typical 
Amateur preamplifiers is caused by 
losses in the input impedance match- 
ing network. Use only components 
with the highest possible unloaded Q. 
Cavity-type construction may be re- 
quired, especially if noise figures of 
less than 0.5 dB are required on 432 
MHz and above. However, that is 
beyond the scope of this month's 
column. 

output circuits 
There are many types of output- 

matching circuits used in Amateur 
GaAsFET preamplifiers. Some of them 
are shown in fig. 1. It is desirable when 
selecting the output circuit to make 
sure that it has sufficient bandwidth so 
that it doesn't become the bandwidth- 
limiting device in the preamplifier. 

An output tank circuit similar to the 
one recommended for input matching 
is shown in fig. 1A. It is definitely not 
recommended and should be avoided 
for a number of reasons: first, because 
it will usually increase the gain well 
above the desired operating level, 15 
to 20 dB, as discussed in reference 1; 
second, because it's very difficult to 
decouple a high-impedance output 
tank circuit from an input circuit suffi- 
ciently, thus creating a source of feed- 
back and potential oscillations; and 
third, because the reflected impedance 
of the following amplifier stage on the 
tuning of this output circuit may cause 

fig. 1. Typical GaAsFET output-matching 
techniques. CB is an rf bypass capaci 
tor; Cc is the coupling capacitor as 
described in the text. (A1 shows a tuned 
tank circuit lnot recommended); IBI, a 
bifilar wound4:l transformer; ICI, resis 
tive loading; and ID), an L-network. 

72 December 1987 



additional instability when the preamp- 
lifier is placed in your system. 

The bifilar-wound output transform- 
er ( f ig.  181, first proposed for GaAs- 
FET preamplifiers by Bob Sutherland, 
W6P0, has stood the test of time. It's 
easy to construct and works well up 
through 432 MHz.5 

Resistive loading, shown in f ig .  IC ,  
has been used in the past, particularly 
where gain is very high.6 It certainly 
calms down hot high-gain devices, but 
will also lower the output power and 
the dynamic range of a preamplifier. 

In reference 3 1 introduced a simple 
form of L-network that effectively 
replaces the bifilar type of transform- 
er matching ( f ig .  I D ) .  It's not only 
easier to build, but also provides some 
selectivity. Furthermore, it typically 
yields slightly higher gain and output 
power (at the I -dB compression point) 
than the bifilar transformer. 

final circuit 
Figure 2A shows a recommended 

GaAsFET preamplifier circuit for the 
144, 220, 432, and 903-MHz Amateur 
bands. It uses a capacitance-coupled 
input tank circuit as described in refer- 
ence 1. The output circuit is an L-net- 
work as just described. Note that the 
capacitance of the output coupling 
capacitor is much lower than typically 
seen in other GaAsFET preamplifiers. 

Source biasing is used because it's 
simple, effective, and requires only a 
single power supply. The drain voltage 
is supplied from an inexpensive three- 
terminal voltage regulator through a 
limiting resistor. This provides simple 
protection to the G ~ A S F E T . ~  The zener 
diode, CR1, is simply used for over- 
voltage protection and will be de- 
scribed shortly. 

Note that a ferrite bead is placed on 
the drain lead. A t  the frequency of in- 
terest i t  dissipates only 0.5 to 1 .O dB 
of the preamplifier gain. However, in 
the microwave region where most 
GaAsFETs still have plenty of gain, it 
prevents undesirable oscillations. 

component selection 
Before building a preamplifier, ~ O L I  

should first consider which compo- 

Table 1. Typical GaAsFETs popular with Amateurs 

Type Noise figure at Approximate Notes 
frequency (GHzl price 

AT  8110 1 1 dB typ~cal at 4 $27.00 
ATF 10135 0.5 dB typical at 4 $10 85 

1.8 dB typical at 12 
CFY 19 1.8 dB maximum at 6 low cost 
MGF 1100 2.5 dB typical at 4 $7.50 
MGF 1202 2.0 dB maximum at 4 $10.00 dlscontined 

use MGF 1302 

MGF 1302 1 .J dB maxllnum at 4 $10.00 replaces 
MGF 1202 

MGF 1402.'2SK274 1.4 dB rnax~nium at 4 $14.00 replaces 
MGF 1202 

MGF 1412,'2SK275 0.8 dB typical at 4 $26.00 
1.7 dB typical at 8 

MRF 966 1.2 dB typical at 1 $2.00 dual-gate, 
NE 202 1.0 dB typical at 12 tiEMT 
NE 04583 0.8 dB typical at 8 

1.5 dB typical at 12 
NE 41 137 1.3 dB typical at 0.9 $3.00 dual-gate 
NE 72084i2SK571 0.6 dB typical at 2 $10.00 replaces MGF 1402 

1.4 dB maximum at 4 

nents are to be used. The GaAsFET 
choice is important, but don't get 
carried away by using one that is speci- 
fied well above your operating fre- 
quency, because you may end up with 
a higher noise figure than expected at 
a price that isn't cost effective.' 

It's best to choose a GaAsFET that's 
specifit:d at or just above your band of 
interest. Many GaAsFETs are now 
available, especially some that were 
popular several years ago but are now 
obsolete by today's standards. Most 
will operate in the circuit shown in f ig. 
2 with only slight differences in tuning. 
Dual-gate GaAsFETs can also be i~sed  
in this circuit if the second gate is 
biased as shown in f ig .  2B. 

Table 1 has been prepared to  assist 
you in GaAsFET selection. Several de- 
vices, mostly those that are popular 
with Amateurs, are listed. While there 
are many GaAsFET manufacturers, 
most semiconductor suppliers don't 
like to  deal with individuals except 
through distributors (for instance, 
Avantek and Motorola) or unless a 
large order (typically greater than $50) 
is placed. Fortunately, at least two 
Amateur suppliers can help - not only 
with GaAsFETs, but with some of the 
hard-to-find components. "*" 

As described in reference 1, the 

input-matching capacitors should have 
a very high unloaded Q; the Johanson 
or equivalent air variables are appropri- 
ate. Likewise, the inductors described 
in the component list are close to opti- 
mum for unloaded Q. Always use 
large-diameter (No. 14 AWG or larger) 
copper or copper-plated wire. Keep in- 
ductors away from nearby objects be- 
cause they can cause the unloaded Q 
to decrease. 

Low insertion loss connectors with 
good impedance characteristics are 
desirable at the preamplifier input. 
Type N, SMA, or TNC are recom- 
mended. However, less expensive 
connectors can be used for the pre- 
amplifier output connector when 
losses aren't a great concern. 

The capacitive values of the source 
bypasses aren't critical, but they 
should be chip or leadless ceramic or 
porcelain types. Suitable inexpensive 
types are available from Michigan 
Microwave."" The rest of the compo- 
nents don't require further explana- 
tion. The type of enclosure to be used 
will be described shortly. 

' Nor111 Alrt!(l. WA8EUU. M~c:rc>w,ivr COII~~I<II~~'III:. 01  

Mirti1~1~111, I1716 Cap<% Cod, T.~yl,~r, MICI I I~~~I I  48180 

" Srovt: Kostro, N2Ct.l. H D. 1 .  Box 341A. F ~ t ~ ~ i c h  
1ow11. Nt9w Jt:~st,y 08825 
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construction techniques 
Just like other low-noise circuitry, 

GaAsFET preamplifiers require good 
construction practices if optimum per- 
formance is to be achieved. Poor con- 
struction will result in mediocre 
performance indicated by low gain, 
moderate to high noise figure, and in- 
stability - or all of the above. 

Choose a shielded enclosure. I pre- 
fer cast aluminum boxes such as the 
Bud model CU123 or CU124, the Ham- 
mond 1590A or 1590B, or equivalent. 
Attach a piece of ordinary double- 
sided printed circuit board to the cover 
of the enclosure as shown in fig. 3A; 
it can be held in place by the input- 
output connectors and the input pow- 
er connections. 

Figure 3 can be used as a guide to 
recommended component location for 
a GaAsFET preamplifier. Figure 3A is 
a top view of the subchassis; fig. 3B 
shows the side view. In particular, note 
the position of J1, C1, C2, and L1, 
since their location and proximity to 
each other help keep input losses (as 
well as noise figure) low. The raised 
bracket shown in fig. 3C is used to 
mount the GaAsFET at the proper 
height so it can be connected directly 
to the matching network using only its 
gate lead. A t  the same time, the lead- 
less or chip capacitors can be easily at- 
tached to this bracket. 

stability considerations 
Like bipolar transistors, GaAsFETs 

can be very unstable if they're used im- 
properly. Poor circuit performance can 
be traced to rf as well as dc instability 
or both! 

When GaAsFETs first appeared on 
the Amateur scene, dc stability was a 
real problem. Negative gate biasing 
was often used, and when it failed 
(which seemed to be quite often), the 
expensive GaAsFETs died a quick 
death. Nowadays, most Amateur cir- 
cuits use source biasing as shown in 
fig. 2. This way, the drain current of 
the device is automatically limited. 

If source biasing is used, rf bypass- 
ing can be a problem. Always use by- 
pass capacitors that have little or no 
series inductance such as the chip 

type. The actual capacitance value 
isn't important as long as the capaci- 
tive reactance is below 1 or 2 ohms at 
the operating frequency. 

A ferrite bead on the drain lead will 
help eliminate rF instability in the micro- 
wave region, as mentioned previously. 
Likewise, a ferrite bead on the leads of 
any resistors or chokes (if used) in the 
rf path is recommended. I've seen 
some preamplifiers that have a diplex- 
er incorporated on the output of the 
preamplifier using a parallel resonant 
circuit and a 50-ohm resistor.' 

Sometimes the enclosure can be a 
problem, since it may act like a wave- 
guide - but the lower the height of 
the enclosure, the less likely the 
problem is to occur. Proper compo- 

0 
F E 

01 

J, CI 

nent layout is, of course, recommend- 
ed. Shields between the input and 
output circuits are also suggested. I've 
seen some commerical suppliers add 
ferrite absorbers inside an enclosure as 
a last resort. 

GaAsFET preamplifiers have moder- 
ately high input and output impe- 
dances and usually don't have much 
isolation between the input and output 
circuits. Remember that GaAsFETs are 
like the old triode vacuum tubes that 
were often neutralized (ugh!). For cir- 
cuit stability, they rely on a low capac- 
itance between the gate and drain, and 
on keeping the gain at a reasonable 
level. 

Most Amateurs tune up their pre- 
amplifiers in a well-matched environ- 

Cz 
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ment with a good (low VSWR) input 
and output load. Then, when every- 
thing looks great, they often insert the 
preamplifier into a system that's 
matched at the frequency of operation 
but highly reactive out of band. If the 
gain is too high, if the loading of the 
following stage is the wrong impe- 
dance or phase, or if the reverse isola- 
tion of the preamplifier is inadequate 
(more on this shortly), the preamplifi- 
er may become unstable and "take off 
and fly." 

For the reasons stated above, many 
commerical suppliers follow their pre- 
amplifiers with a ferrite isolator or cir- 
culator which effectively presents a 
good output impedance match irre- 
spective of the load. This is great, but 
the cost of such a device is often more 
than the price of the typical Amateur 
GaAsFET preamplifier alone! Needless 
to say, beware of potential instabilities. 

modifications to existing 
preamplifiers 

Often I'm asked if the commercial 
Amateur GaAsFET preamplifiers can 
be modified or improved. The answer 
is usually yes - if there's sufficient 
room to work within the enclosure. 

I recently had one of the 70-cm (432 
MHz) EMEers send me his very low 
noise GaAsFET preamplifier. It worked 
fine on his bench, but oscillated when 
it was inserted in his EME system. I 
tested the circuit and found that it in- 
deed had a good noise figure in a well- 
matched environment such as the one 
described above. However, when I 
looked at the circuit, I was shocked; 
there was the typical tuned output 
tank circuit that I lambasted earlier (see 
fig. IA)! 

I carefully removed the inductor and 
all the tuning capacitors in the output 
circuit and replaced them with a sim- 
ple bifilar-wound transformer (fig. 16) 
and a dc blocking capacitor.' Sure 
enough, the gain dropped slightly 
(which is of no consequence, since it 
was already too high) and stability 
returned. There was no measurable 
change in noise figure. Another dis- 
tressed preamplifier was rescued. 

Often a new, lower noise figure 

GROUND ( T I P )  

n 
M A K E  FROM THIN B R A S S  S T R I P  APPROX. 0 .25"  WIDE 

A N 0  0 3 5 "  HIGH WITH L E N G T H  TO F I T  

f i g .  3. Recommended construct ion tech-  
n iques f o r  a GaAsFET preampl i f ier  used 
o n  144 t h r o u g h  903 MHz: (A1 look ing  
d o w n  o n  component  side; (61 side v i e w .  
For c lar i ty ,  s o m e  c o m p o n e n t s  are n o t  
s h o w n .  (CI  s h o w s  g round ing  pedestal 
f o r  GaAsFET. 

GaAsFET can be substituted in an ex- changes can be made to an existing 
isting preamplifier. I'm sure there are preamplifier following the guidelines in 
other instances when minor circuit this month's column. After all, who 

cares if a preamplifier has close to a 
0.0-dB noise figure if it won't work in 
a realistic environment? Jump in and 
rescue it rather than letting it rest un- 
used in your desk drawer. 

GaAsFET destruction 
I still hear horror stories about GaAs- 

FETs that get destroyed. These cases 
usually involve mast-mounted preamp- 
lifiers. More often than not, the prob- 
lems are caused by poor antenna 
change over relays or lack of relay se- 
quencing. 

Most modern low-noise solid-state 
devices are moderately reliable and can 
usually withstand low levels of rf (100 
milliwatts, +20 dBm, or less) for at 
least a few milliseconds, the typical 
switching speed of a normal T/R relay. 
However, for best reliability and con- 
tinued low noise figures, rf levels 
should be kept at least 10 dB lower - 
not to exceed 10 milliwatts ( +  10 
dBm). 

Many of the commonly available 
T/R relays used by Amateurs have 
only 30 to 40 dB of receiver isolation 
on 144 MHz, with 25 to 30 dB typical 
at 432 MHz. With 500 watts (+57 
dBm) of power and 30 dB of isolation, 
the leak-through power on the input of 
the preamplifier would be 0.5 watts 
( + 27 dBM), high enough to blow out 
even a stiff transistor! 

parts list 

C1,C2 0.5 to 10 pF low-loss air variable (see text) 
C3,C4 leadless or chip bypass capacitor, 470-1000 pF (see text). 
C5 144 MHz: 6.8-7.5 pF 

220 MHz: 4.7-5 pF 
432 MHz: 3.9 pF 
903 MHz: 3.0 pF 

CR1 5.6 volt Zener, IN751 or equivalent 
CR2,CR3 IN4001 or equivalent silicon diode 
FB Ferrite bead, Type 38, 4A, 43, or equivalent 
J1 Low-loss input connector, N, SMA or TNC preferred. 
J2 Output connector. Type not critical. 
L1 144 MHz: 5 turns No. 14 on 3/8-inch ID, 0.5 inch long. 

220 MHz: 5 turns No. 14 on 0.25-inch ID, 0.5 inch long. 
432 MHz: 1 turn No. 14 on 0.32-inch ID. Length of wire 2 inches 
overall. 
903 MHz: thin (0.02-03 inch) copper strap 1.0 inch long overall. 

L2 144 MHz: 10 turns No. 24 on 0.1-inch ID, 0.25 inch wide and 0.5 
inch long. 
220 MHz: 8 turns of No. 24 on 0.1-inch ID, 0.5 inch long. 
432 MHz: 5 turns of No. 24 on 0.1-inch ID. 0.5 inch long. 
903 MHz: 3 turns of No. 24 on 0.1-inch ID. 0.25 inch long. 

Q 1 See text and table 1 
R1,R2 200 ohms typical. Select for ID of 7-10 (see text). 
R3 100 ohms typical (see text). 
U1 5.0-volt. three-terminal voltage regulator, 78L05 or equivalent. 
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You can best limit the rf level on the 
input of  your preamplifier by use of a 
high isolation relay, typically 50 dB. 
Better yet, use a dual relay system like 
the one suggested in references 8 or 
9. The second relay can be a low-cost 
type and will significantly increase re- 
lay isolation. Furthermore, on transmit, 
the preamplifier can be returned to a 
50-ohm load, thus preventing any ten- 
dency towards oscillation and possible 
destruction. 

As described in references 8 or 9, 
relay sequencing is highly recommend- 
ed. Chip Angle, NGCA, has proposed 
a more sophisticated sequencing 
scheme built around a quad operation- 
al amplifier.'O It provides several differ- 
ent delay times for switching receivers, 
exciters, and transmitters and is sug- 
gested for extra protection. 

Don't overlook the dc biasing con- 
ditions just discussed. Source biasing 
and voltage-regulated power supplies 
will help GaAsFETs. Remember also 
that dc spikes are another potential 
problem. That is why I've always rec- 
ommended the use of three-terminal 
voltage regulators with zener diode 
over-voltage protection as shown in 
fig. 2. 

Sometimes I see Amateur preampli- 
fiers with a spike-protection zener 
diode shunted between the drain and 
source. If you use this technique, don't 
forget to use ferrite beads in series with 
the diode, since it's in shunt with the 
rf path and could introduce rf feed- 
back. 

As I've recommended many times 
before, provide a dedicated power 
supply for'your low-noise preamplifier 
and a separate dedicated supply for all 
relays. Inductive spikes from switch- 
ing relays can kill any low-voltage un- 
protected device operating on the 
same voltage line! If only one supply 
is used, provide spike-limiting diodes 
on the relays, as recommended in ref- 
erence 9. 

Another sporadic problem is han- 
dling GaAsFETs while inserting or sol- 
dering them into circuits. Always use 
a low-power soldering iron with the tip 
grounded to  the chassis. Also, first 
ground yourself to  the chassis or use 

a "wrist strap" before contacting a 
GaAsFET. Static kills GaAsFETs! 

Finally, beware of rf and static dis- 
charges such as lightning. The best 
protection is simply removing your pre- 
amplifier from the system when it's not 
in use. Input filtering will go a long way 
towards protection of a low-noise pre- 
amplifier. In this regard, the capaci- 
tance-coupled input circuit shown in 
fig. 2 is highly recommended. 

TVRO LNAs 
The TVRO (TV receive only) LNAs 

(low-noise amplifiers) are literally every- 
where, now that much of satellite TV 
is scrambled. I've seen them for sale 
at flea markets for less than $30! Typi- 
cally, they have 50 dB of gain speci- 
fied for operation from 3.7 to  4.2 GHz 
and use two  or three stages of GaAs- 
FETs followed by three to  four stages 
of bipolar transistors. 

TVRO LNAs are usually great "as 
is" for operation on 3456 MHz, and will 
typically have a 1.5-dB noise figure in 
the Amateur band. Dave Mascaro, 
WA3JUF, recently described not only 
how to use them as receiver preampli- 
fiers, but also how to modify them for 
use as low-level transmitter amplifiers.' 

They're also a great source of spare 
parts, even if they're defective units 
(which usually makes them cheaper 
yet!). Many small UHF and microwave 
components such as tuning and chip 
capacitors - not to  mention several 
very low noise GaAsFETs and bipolar 
transistors - are easily removed! 

microwave techniques 
On the microwave bands (typically 

1296 MHz and above), different 
matching techniques such as the 
NRAO lossless feedback circuit are 
often used.' The NRAOIWGPO type 
preamplifier that uses this technique is 
popular on 1296 MHz.' On the higher 
microwave bands, dielectric, stub, 
screw, and empirical matching tuners 
are often used as described in refer- 
ence 4. Commercial suppliers often 
use ferrite isolators or hybrid couplers 
to improve bandwidth and impedance 
matching. 

This month's column mainly re- 

ferred to  VHF and lower UHF opera- 
tion because this is where most of  the 
activity is. Upper UHF or microwave 
techniques, a completely separate sub- 
ject, will be discussed in a future 
column. 

monolithic GaAsFET 
amplifiers 

So far I've mainly addressed home- 
brew preamplifiers. As I said before, 
technology moves fast, so it shouldn't 
be surprising to  see that we now have 
commercial GaAsFET MMlCs (Micro- 
wave Monolithic Integrated c i r c u i t ~ ) . ' ~  
Some are simply broadband, mod- 
erate-gain (6 to 10 dB) types such as 
the Microwave Semiconductor Corpo- 
ration (MSC) CGY-40 and the Nippon 
Electric Company (NEC) NEPA 1001 .I2 

MSC, NEC, Harris Corporation, Pa- 
cific Monolithics, and others now sup- 
ply a broad range of MMlC amplifiers 
with moderate to high gain as well as 
entire subsystems through 10 GHz all 
using GaAsFET technology. These 
units, typically with 3- to  5-dB noise 
figures, are usable as medium-per- 
formance preamplifiers, but more 
practically, as second-stage amplifiers. 
In addition, performance improve- 
ments are constantly occurring. 

There are a few precautions to ob- 
serve when using GaAsFET MMICs. 
Many of these amplifiers require mul- 
tiple power supplies. Prices are still 
high, but will drop. 

Last month I mentioned the phe- 
nomenon of I I f  or low-frequency 
noise. For illustration, note that the 
specified noise figure of the Minicir- 
cuits Labs model ZHL 1042J broad- 
band GaAsFET amplifier is only 4.5 dB 
above 100 MHz, but increases to 18 dB 
at 10 MHz! 

tuning and testing 
If you can't tune or test a low-noise 

preamplifier properly, it won't achieve 
the low noise and moderate gain 
values that we've discussed so far. 
However, as I stated previously in both 
this column and in reference 2, a 
GaAsFET preamplifier can easily be 
tuned in line for maximum gain with 
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Now you can have the BEST in a radio data communications terminal with the NEW DS-3200. 

Recognizing the chief weakness of prevlously available 
computer-based terminals is RFI generation and sus- 
ceptlblllty, HAL has designed the fully-shielded DS- 
3200 foroperation In the radlodatacommunicationsen- 
vironment. No longerdo you have to QRT when that rare 
DX station's signal dips near the noise level! 

The DS-3200 Is pmvlded with an extensive R m  soft- 
ware package which emulates the operation of our 
MPT3100lDSK3100 combination for messaae omcess- 
Ingand handling.Cont1nuous save todlsk ofall received 
text, direct transmlsslon of selected files from disk, and 
full editlngcapabll1tyare)ust afewof thefeaturesof this 
"user-friendly" software package. Plus, we have includ- 
ed the latest releaseof MS-DOS wlth GW BASIC! 

The built-In R5232C serlal port allows the use of the 
DS-3200 with an external demodulator such as the HAL 
ST-5000, ST8000, or ST-8000. Or, add the HAL PCI-2000 
for a completely selfcontained RllYICW terminal and 
demodulator. Also, wlth the use of a second RS-232C 
serial port the DS-3200 can be used with your favorite 
TNC on Packet! 

The DS-3200 with Its IBM PC XT-stylearchltecture glves 
you virtually unlimited flexibillty for future expansion. 
Here Is a list of just some of Its hardware features: 8088 
CPU, 640KB RAM, RS-232C Serial Port, Parallel Printer 
Port, ClocklCalendar wlth Battery Back-Up. Two 360KB 
Floppy Disk Drives OR One 360KB Floppy and One 
20MB Hard Disk Drive. HERCULEScompatible Mono- 
chromeGraphics Adapterwith High-Resolution 12 Inch 
Monochrome Video Monitor. 

The DS-3200 Is THE choice for modem radio data communications. 

Write or call for complete specifications on the NEW DS-3200. 

HAL Communlcatlons Corp. 
Government Products Division Tmdmuka: IBM. IntenuHorul Buolmu Machlnn 
Post Office Box 365 ~ o r p ~ n t ~ ~ n  
Urbana, lL 61801 MS-DOS. MI-n corpontlm 

(21 7) 367-7373 TWX 910-245-0784 
OW BASIC. Mlcmoott Corpontlm 
HERCULES. Hercules Cornpuler Tochndogr 



TR-751A 
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AP8-A3-ARX-2B-215WB & More 

Mobile HF-6BTV-G6-144B 
MFJ-1270-6 
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only a small degradation in noise 
figure. 

A weak signal source can be used 
for tuning by having a local Amateur 
radiate a small amount of rf on your 
favorite frequency. In this case, the 
preamplifier should be tuned for best 
signal + noise ratio (SNR), not gain. 
This can be tricky at best. EMEers 
often tune their preamplifiers for max- 
imum sun noise referenced to a quiet 
sky.13 

Reference 2 also discussed the "re- 
verse isolation" test, which greatly 
simplifies the testing of the preampli- 
fier stability margin. For system stabil- 
ity, it's important that the reverse gain 
(really a loss) be at least 6 to 10 dB 
greater than the forward gain of a pre- 
amplifier. For instance, a GaAsFET 
preamplifier with a gain of 20 dB 
should have a loss of at least 26 dB 
when reversed from end to end. If not, 
it may not be stable when used in a 
system that isn't 50 ohms from dc to 
daylight! 

If you're lucky enough to own or 
borrow the use of a noise figure gener- 
ator, preamplifier tuneup is consider- 
ably simplified. If not, attend one of 
the many VHF conferences often re- 
ferred to under "Important VHFIUHF 
Events" at the end of each month's 
"VHFIUH F World." These confer- 
ences often have the latest in noise 
figure gear available, which you can 
use to optimize your preamplifier noise 
figure and measure your performance 
against that of your peers. 

A few precautions about noise fig- 
ure generators are in order. For best 
noise figure accuracy, the so-called 
"excess noise ratio" of the noise 
source should be only a few dB great- 
er than the noise figure of the device 
under test. Furthermore, the VSWR of 
the noise source must be very low 
both in the "on" and "off" states. 

Low VSWR can be assured only 
with a highly padded down noise 
source or one followed by a ferrite iso- 
lator; both, however, are sources of in- 
accuracy. Most of the older noise 
generators have 15 to 16 dB excess 
noise. A 10-dB attenuator pad can be 
added in series with the output, but 

this will affect absolute accuracy of the 
results. To solve this problem, Hew- 
lett-Packard has recently introduced 
the model 346A noise source for use 
on its popular model 8970 noise figure 
generator. The 346A noise source has 
about a 5.2-dB excess noise ratio (ver- 
sus 15 to 16 dB on the older model 
3468) and is highly recommended for 
optimization of very low noise figure 
preamplifiers, especially those with 
GaAsFETs. 

Finally, if you really want to "zero 
in" on the lowest possible noise figure, 
you must not only tune for optimum 
noise match, but also optimize the dc 
operating parameters of the preampli- 
fier. This is most easily accomplished 
by placing a pot either in series with 
or as a direct replacement of the 
source resistor and the resistor in series 
with the drain (see fig. 2). 

To prevent excess current, it's ad- 
visable to place a small resistor (per- 
haps 10 to 50 ohms) in series with 
these pots. This will provide full adjust- 
ment capability. With all these "han- 
dles" on the preamplifier, you'll have 
to act like an octopus to tune every- 
thing! 

special techniques 
As mentioned in last month's 

column, many techniques are available 
that will allow you to achieve a low 
noise figure. The most obvious is to 
use components with the highest un- 
loaded Q. Then select a solid-state 
device with the lowest possible noise 
figure. This will probably be a GaAs- 
FET below 4 GHz and a HEMT above 
that frequency. if you can afford a 
cryogenic cooler, or find one at a sur- 
plus sale, they're highly recommend- 
ed. Don't forget that the optimization 
of noise figure, as discussed above, is 
very important. 

It should also be obvious from what 
we've discussed that the temperature 
of the preamplifier is very important. 
Therefore, if your preamplifier is mast- 
or antenna-mounted, it should be 
shielded from heat or radiation from 
the sun. The latter is particularly im- 
portant for EME operation, which 
often takes place during the day, when 

the preamplifier is exposed to sunlight. 

predictions for the future 
Low-noise HEMTs will eventually 

trickle down to Amateurs, as will even 
lower-noise GaAsFETs. Who knows? 
Maybe even lower noise-figure devices 
will be discovered that can surpass 
present HEMT performance. There are 
certainly customers waiting in the 
wings for any improvements, however 
small, and we all know that improve- 
ments are market driven. 

One of the brightest and perhaps 
most rapidly accelerating technologies 
is the field of ceramic superconductiv- 
ity. Every month an improved ceramic 
material seems to be discovered that 
can operate at an even higher temper- 
ature and still achieve zero resistivity. 
As I write this, the latest reported 
superconductivity has taken place at 
just below room temperatures; if this 
technology can be applied to semicon- 
ductors, noise figures may yet go to 
0.0 dB at room temperature! 

Although it doesn't affect receiver 
technology, semiconductor manufac- 
turers have made great strides in the 
production of power GaAsFETs. Some 
presently available devices will deliver 
4 to 7 watts of linear output power up 
through 10 GHz with gains of 7 to 10 
dB. Even higher power devices are be- 
ing developed. 

What this means is that we can now 
achieve moderate amounts of linear 
power well into the microwave fre- 
quencies (bands) with simple-to-use 
devices requiring only one or two low- 
voltage power supplies. There's no 
longer any excuse for not using anten- 
na-mounted power amplifiers, thus re- 
moving one of the last components of 
loss in the microwave system. 

summary 
The SOA is rapidly changing. Noise 

figures are rapidly approaching the ul- 
timate of 0.0 dB. Homebrew GaAsFET 
preamplifiers are now being used by 
Amateurs up through 3 cm (10.5 GHz) 
and perhaps higher. Some of the cir- 
cuit and construction techniques were 
described in this and last month's 
columns. 
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I GET A RIRD'S EYE VIEW 1 
1 From Graflriik I 1  " and your II3M '. PC I 

Commercial Amateur suppliers are 
now providing SOA GaAsFET preamp- 
lifiers up through 10.356 GHz. With the 
arrival of power GaAsFETs and the use 
of antenna-mounted receivers and 
power amplifiers, we'll soon have to 
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rethink our antenna designs and meth- 
ods to aim our antennas accurately! 

fl 

new records 
In last month's column, I reported 

that the North American 3-cm (10 
GHz) DX record had just been broken. 
Since then, I've been able to confirm 
that a two-way QSO took place on 
July 19, 1987 between Glen Elmore, 
N6GN16, in Ball Rock, California 
(CM89PX) and Bob Dildine, W6SFHI6, 
in Mt. Frazier, California (DM05MS). 
They used narrow-band CW on 10.368 
GHz for a record-setting DX of 413.8 
miles (665.7 km). Both stations were 
running 200 to 300 milliwatts to 4-foot 
dishes, with 4.0-dB receiver noise 
figures. This was a joint effort with 
four other stations located throughout 
California. Congratulations to Glen and 
Bob on their new record! 

Next I want to apologize to Jim 
Crow, WASICW, for listing his call sign 
incorrectly in the last publication of the 
North American 5760-MHz DX 
reco rd~ . '~  

Last but surely not least, the North 
American 6-cm  re record has recent- 
ly been extended. On July 4, 1987 
Tony Bickel, K5PJR, in Grove, Okla- 
homa (EM260P) and Larry Nichols, 
W5UGO/O, in Campbell, Nebraska 
(ENOOPH) had a two-way CW QSO on 
5760 MHz over a distance of 322.2 
miles (534.6 km). Both stations were 
running 5 watts to 4-foot dishes with 
2- to 4-dB noise figure receivers. Con- 
gratulations to Tony and Larry. 

silent key 
It is with great sorrow that I report 

that Willis (Bill) Conkel, WGDNG, an 
EME pioneer, passed away on July 13, 
1987. Bill was on one end of the first 
two-way, 2-meter EME QSO. He had 
developed many novel weak signal 
techniques and built over 30 different 
antenna systems before he accom- 
plished this feat. In a letter I just 



received from OH1 NL, the other half 
of his history-making contact, Lennart 
told me how they had run 74 EME 
schedules before their first successful 
OSO. That's persistence! 

Bill had since moved from Long 
Beach to Lindsay, California. Ironical- 
ly, he was building up a new 2-meter 
EME station at the time of his death. 
I'll never forget our meetings together. 
We've lost a great experimenter and 
friend. SK. 

important VHFIUHF events: 
Dece'mber 13 Predicted peak of the 

Geminids nieleor shower at 
1900 UTC 

December 20 New moon 
December 21 f I month, winter peak of 

sporadic E propagation 
December 22 Predicted peak of the Ursids 

meteor shower at 22W UTC 
December 22 EME perigee 
January 4 Predicted peak of the Quad- 

rantids meteor shower at 
W30 UTC 

January 19 New moon 
January 19 EME perigee 
January 23-25 ARRL January VHF 

Sweepstakes Contest 
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ham radio 
The magazine was over 50 years 
old, but the photograph was quite 
clear. The young man was standing at 
a desk or drafting board, his head 
bowed in concentration. Several 
graphs and a slide rule were visible on 
the table. He was writing something 
on a piece of paper, oblivious to the 
photographer whose picture forever 
froze in time a glimpse of the young 
radio engineer at work (see fig. 1). 
Could he possibly have realized that in 
due course he would found a commu- 
nications manufacturing empire? 

Arthur A. Collins, SCXX, had em- 
barked upon a risky business - mak- 
ing money manufacturing Amateur 
Radio equipment. Starting a new com- 
oanv in the deoths of the depression . , 

was uncertain enough. He was 
unknown to 6mateurs at large, and 
the market he viewed was very small 
- fewer than 15,000 hams. And most 
of them had little money to spend on 
ham gear! Still, 9CXX's reputation was 
good - good enough to spur an order 
for four 1.5-kilowatt, a-m/CW trans- 
mitters to be delivered to Admiral 
Byrd for his forthcoming Antarctic 
expedition. 

Why had the Admiral bought the 
transmitters from a relatively unknown 
source? One reason was that 9CXX 
had handled messages from Byrd at 
the North Pole when other stations 
couldn't make the contact. 9CXX had 
scheduled KEGK, the S. S. Chantier, 
at Spitzbergen on 37.5 meters and had 
also worked KNN, the Josephine Ford, 

Byrd's Fokker airplane as it flew 
towards the pole. The Admiral knew 
a capable fellow when he met one, and 
the upshot was that Art Collins built 
the greater share of the transmitting 
gear for Byrd's trip to the South Pole. 

design problems 
When 9CXX started designing trans- 

mitters for sale to hams, his experience 
in building his own station was invalu- 
able. He knew how unreliable ham 
transmitters were! It was an ongoing 
battle, he knew, to keep a 20-meter 
phone transmitter on the air - even 
a small one. And Byrd wanted kilowatt 
capability all the way up to 16 meters! 

In 1933 there were only a few 20- 
meter phone operators in the world. 
Other Amateurs looked upon these 
supermen with awe. Building a low- 
power 20-meter phone was an exercise 
in frustration. Tubes ran red in the 
breadboard rigs. RF skipped merrily 
through rf chokes and ran down power 
and microphone cables. The audio 
system squealed with feedback, 
meters banged against the pin, and 
very little rf ever reached the antenna. 
And the idea of building a kilowatt 
20-meter phone transmitter? Out of the 
question! One or two hams knew - 
or thought they knew - how to do it, 
but they kept their plans a secret, or 
so it seemed. 

Art Collins, however, had the con- 
cept of systems engineering in his 
mind decades before the term became 
popular. Years later, he told me that 

fig. 1. The young Art Collins. 9CXX and 
WOCXX, at his drafting table, working on 
transmitter designs for his new company. 
(Reproduced from Radio Magazine. August 
19331. 

he had broken the difficult design 
problem down into four areas: how to 
keep rf where it belonged in the trans- 
mitter; how to provide sufficient drive 
for proper phone operation; how to 
couple the energy to the antenna; and 
finally, how to package the whole 
transmitter so that it could be shipped 
in working condition to the buyer. 

All of these concepts had been dis- 
cussed in greater or lesser degree in 
The Proceedings of the I.  R. E . ,  but no 
one had put the ideas together to con- 
struct a practical, inexpensive short- 
wave transmitter that would work on 
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a large number of frequencies under put on 20 meters (fig. 2) .  The trans- 3). The lowest priced transmitter 
difficult operating conditions. mitters were supplied in kit form, with (presumably not a kit) was now only 

Months before the Byrd contract prices starting at $37.25. The adver- $33.95 and the company name had 
arrived, a small ad appeared in the tiser was Arthur A. Collins Radio been changed to Collins Radio Trans- 
January 1932 issue of QST, announc- Laboratories in Cedar Rapids, lowa. mitters. A complete line of power 
ing "crystal transmitters" of radically The next ad (in the March 1932 edi- supplies, modulators, and "input 
new design and capable of high out- tion of QST) dropped the kit idea (fig. equipment" was also listed. 

The ad in the May 1932 issue of QST 
suggested that the little company was 
now a successful business. Shown in 
the ad was a photo of a 150-watt, 
20-meter phone transmitter, resplen- 
dent with seven meters and mounted 
neatly in a steel rack (fig. 4). The 
price? A mere $285.70. (At  the time, 
I mailed a penny postcard to Collins 
Radio Transmitters asking for full infor- 
mation. Alas, the $33.95 transmitter 

Crystal Transmitters 
Radical ly  n e w  deslgn suitable f o r  Class B modulation or 

h i g h  o u t p u t  C.W. o n  14. 7 aod 3.5 M.C. 

Consists of crystal-oscillator, buffer amplifier, and Clasa C 
otltput amplifier mo1111ted on  polished a l ~ ~ m i n u m  and hard 
rubber chassis w i th  plug-in coils and plug-in crystal holder for  
cl~tick change of frequency. Con~plete Kits. less tubes, crystal 
and power s~lpply:  

2 1 0 O u t p u t  . . . . .  $37.25 2 0 3 A O u t p u t  .... $47.50 
852 O u t p u t . .  . . ,547.25 

The smoothest, neatest l i t t le  rlg you ever saw-and what a 
Kick e l~e has1 

I m m e d i a t e  Del lvery W r i t e  for data shcels 

ARTHUR A. COLLINS 
Cedar Rapids. Iowa Radio Laboratories. Inc.. W9CXX 

? 

fig. 2. Collins kits? Yes, the first ad A n  Collins ran in QSTadvertised transmitter kits. He 
soon saw the folly of this arrangement and thereafter sold only finished products! 

O L L I N S  C R Y S T A L  
T R A N S M I T T E R S  

are fast becomlnO the papular choice of both the old-tlmer 
who hos learned lo appreclalo the value of  rouble-free, 
~ , f l~c lont  porformunco on u l l  bonds -and also the boainner 
who w o r t t s  l o  stort rlyht. .Write at once for full details and 
photoyraptls. Un~ts from $33 .95  t r p  wilt1 carrior powers of 
30 to 300 watts. Also a comvlete l ine of power  supplies, 
modulator and input eqtripmenl, relay racks, quartz crystals, 
elc. 

C O L L I N S  R A D I O  T R A N S M I T T E R S  
CEDAR RAPIDS, IOWA 

(Arthur A. Collins, W K X X )  - 

MEN 
For Real! 
FIP 'T 

15o.W.11 
Phrmc Tnn.mlnrr 

Clos. 11 
M n l u l a r r d  

-insist on  COLLINS design 

.\mi for Rullcrin 100 drwrihlnp 
c c ~ ~ m p l c t c  t r . t t ~ . r n ~ t l c r <  priced 

~ 7 1 ~ 1  t,, s?x~ .~o ,  ,,,,II 
p'urr \uppltc\: <,r I\ulh.rin 1111 

I ,~I!,>~ rcI,,v ,,t<L.%. 1-.1*cr 1r.,n.- 
I c l r n , .  rr  .mtl 11111 ltw I , !  t r a n ~ r n ~ t -  
I lng p:trt - 

Collins Radio Transmitters 
CI:DAR RAPIDS. 10\ \ 'A  

fig. 4. The 150-watt rack-mounted phone 
transmitter. Quality was so good that the 
little transmitter was bought by several 

fig. 3. Collins was now in the transmitter business. Note that he was also selling auxiliary South American broadcast stations. The 
components. The company had clearly outgrown the "laboratory" concept featured in the sky-high price of 5287.50 prevented many 
first advertisement. Amateurs from buying. 
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was now $73.60. Regretfully, I con- mitter (fig. 51. This was a neat, two- that would "make a phone that really 
cluded I could never afford a Collins deck job, with four meters (meters does things" was offered as well. 
transmitter. were very important in those days). Interest in the 30W prompted Col- 

Finally, in early 1933 the Collins The price was $125.00 Almost as an lins to make a complete, compact 
company announced the 30W trans- afterthought, a companion modulator phone transmitter - the 328. The 

price was held at $125.00. 
By mid-1933 the country was start- 

-- - -- .~ ing to come out of the depression. 

The COLLINS 30W 

(*RM,Y ..I,. I...-,..., h . .  I 111 4tl I*", 
1.0 M. GI,. I.. "0. hill .I.>d..d .".,-a. 
TI-: 24, C ,,.,., <h.,ll.l.r 24;  ""l.,. Ill, .r lU ,,..",*I,. p,,.,.: \.I, ..,",.!".,, L.... *",, 1-1 ..,,. 
K.,,,G: ?-*.I <,,A,... G.#" IS#"., .,,, .... w-re. 
..el- "I1 

"I , ,  "."I C",,,", ..I,. ..&. I., ,ow .... ..lib,. 
,.I. . t d . . ,  c*-~".ll.,A"r ,....-I r,... r.,. ,..... ., I .  ,w U,I 

IIM n.ee cnlLala*lic. 18.w tbruu&out thc 
world. Amateurs rvrrywhcnt l u v r  put tho 
%I\!' tl~rnudl lllr prttelltn~ trst of ppllnr 
~ ~ g ~ ~ l n d  i l  ha" p r ~ v r d  i t d \  o winner. 
'Phm m pml m n r  for ita sucmm: 
Co>mt ~lmign-l!r nf only the very beat 
matrrinlrc.\ 1)s r s n p  nlusl to tlut of 
lnrpr trannnitlcrs--.\wI s price a, attnr- 
tin- t lm l  if ir no 1r.ttpcr an m,nomy to build 
yc1111 v w t ~  trnrlm!itl~r lr~.rn mmpitc parLs. 

Ssnd ZSc h d n  lor thb complete 
Cdlittr rnonuol 

Collins Radio 
Company 
CEDAR R\PIDS, IOWA 

Business was picking up, unemploy- 
ment had dropped a bit, and people 
seemed to have a little money to 
spend. Enough Amateurs bought the 
Collins 328 transmitter - and liked it 
- to make Collins a "big name" in the 
communication industry (fig. 6). 

To hedge his bet, Collins also brought 
out a simple CW version of the trans- 
mitter, but sales were poor in compar- 
ison with sales of the phone version. 

rapid expansion 
By autumn of 1933 the Collins Radio 

Company was in full swing. A full-page 
ad in the November QST revealed an 
impressive line of transmitting compo- 
nents - transformers built to Collins 

fig. 5. The %wan CW transmitter was a success among well-to-do Amateurs. By redesigning specs by the Chicago Transformer 
the circuit, Collins produced the famous model 32A and 328 transmitters. Selling at the Company. And in early 1933, the 
same price as the obsolete 30W, the 328 was an instant hit among DX phone operators. company announced the 150B phone 

Trw New 
COLLINS 'rRhSS31ITTERS 

32 11 21lltl 32 11 

,.I/ ,\c.rc. I,otr I ' r i c . ~ ~ !  
l a  ..lll,ll..ll 111 111.111,1,. ,I,. ll,.,,ll ..,, 11 
I.,.laore. ..l ~ n ? s . l ~ # # ~ ~ l o ~ m  a08d .lntrn .hwh 

I,.,,. ,".,I. 1.1111111:s.lll.ll~llb.r. .l~,,.I~"~l. 
rmv. lbr.? I M I I  bar-l ,.n,t. ..rnb~.h rn#ns 

*, ,, .",, , W Y "  .",;,,~,,,,.",.. 1'1,s. v: , ",,,I T2 I1 ",, 
1#,11\ ,I...I.~L...I *,,I, , ,nu,, .li.Fr.n,. on. . ?% ..,,.ab,-, 

1.1..1...1.11-1.4 ,,,.. l,,,ll,.,, ". R,;," I.,, 8, l.,.l,,* ,#.,, r,. 
< ,... " %I -4.. ,.,... . . , , . .  l111t1.1 ~ w r  f$r..w&8 attt64. 

COI,I.NS R:\DIO CO\IID \N\' 
4nln.Il.,.i.l.. I,.." 

Fig. 7. The popular 150B-series transmitters used a state-of-the-art rf deck that was includ- 
fig. 6. The Collins 328 was the first low- ed in  higher power units as well (up to the kilowatt levell. The three-stage circuit, built 
power "all-band" Amateur phone transmit- on an aluminum chassis and panel, utilized three plug-in coils to provide operation between 
ter that worked. Mine isstil lworking - on 1700 kilocycles and 15 megacycles. Power output was at least 100 watts at any frequency 
160 meters. in that range. 
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transmitter, a 150-watt job that worked cycles (MHz). At last a workable ate power had arrived! It sold for about 
on all frequencies up to 14.5 mega- 20-meter phone transmitter of moder- $350. Best of all, low-power shortwave 

broadcast stations were buying the 
transmitters in increasing numbers! 

fig. 8. Rear view of the 1508 deck. Tuning capacitors were above ground and mounted on 
insulating plates. Note the wirewound resistor across the power amplifier plate choke. This 
prevented a parasitic oscillation when the transmitter was operated at the lower frequen- 
cies. The buffer neutralization capacitor is mounted below deck. with shaft coming up 
through the deck. A single 203A "50-watt" triode tube was used in the amplifier stage. 

the Collins rf deck 
The secret of success was Art Col- 

lins's knowledge of rf circuitry, as re- 
vealed in the 1508. The circuit was 
quite conventional, and most Ama- 
teurs of that period could draw it out 
on paper from memory. But Art knew 
the tricks necessary to translate the cir- 
cuit diagram into a working transmit- 
ter (see figs 7. 8, and 9). 

The basic transmitter was first sold 
in early 1933, and with a few circuit 
and cosmetic changes, it remained in 
production until late 1935, when new- 
er tubes rendered the design obsolete. 
At  the same time, band switching 
eliminated the old-fashioned plug-in 
coils. 

The circuit consisted of a 47-pen- 
tode tube as a crystal oscillator, two 
46 high-p tubes connected in parallel 
as a doubler stage, or neutralized 
amplifier, and a single 203A. %-watt 
triode power amplifier. A link coil was 
used to couple the amplifier to an ex- 
ternal antenna tuner. 

A circuit similar to this had appeared 
in the ARRL's Handbook for years. 
But that transmitter was a breadboard 
affair, and Collins built his on an alu- 
minum chassis to provide better ground 
return and improved circuit isolation. 
Interconnecting harnesses ran between 
the transmitter decks and important 
power leads were well bypassed to 
keep the rf where it belonged. 

Most important. Art Collins knew 
about and understood parasitic cir- 
cuits. Mysterious tube heating, unreli- 
able tuning, and loss of output power 
- a mystery to most Amateurs and 
even many manufacturers - were 
conquered in the 1508 rf deck. Mass 
production of shortwave transmitters 
heretofore had been costly and frus- 

fig. 9. Underview of 1506 chassis shows Art Collins's mastery of rf circuitry. Note the small trating because each transmitter had 
parasitic chokes in the buffer stage circuit and the large parasitic choke mounted parallel to be debugged to get it on the air, and 
to the front panel, near the 50-watt socket. Ample bypassing and use of rf chokes kept each debugging operation seemed 
the radio energy where i t  belonged. All connections to  the unit were brought out through 
the two ceramic sockets mounted under the chassis in  one corner. All wiring was laced, different from the previous one! 
and rf leads were angled in the approved fashion of the time. All bypass capacitors were SO with the Collins gear. An ex- 
encased mica units. 11508 chassis from the WGSAI collection.) ample of an early parasitic suppression 
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scheme is seen in the underchassis 
view of the rf deck. Today, the 
presence of a noninductive resistor 
and choke coil is commonplace in 
large, tube-type linear amplifiers. But 
that was a new and novel idea in the 
1930s. 

The reproducibility and docile tun- 
ing of the transmitter were so good 
that Collins advertised that the trans- 
mitter was factory neutralized, and the 
user wouldn't have to worry about that 
complicated adjustment! This was a 
refreshing change for Amateurs and 
professionals who had spent hours 
vaihly trying to tame a wild and un- 
predictable amplifier! 

Art Collins, now WSCXX, had a- 
chieved what others had tried but 
failed to do. He marketed a shortwave 
transmitter that could be tuned up by 
the book - and would work! The price 
was right. As international shortwave 
broadcasting became popular, more 
and more Collins ham transmitters 
were put to this use. Collins started 
making commercial versions of the 
ham transmitters, complete with speech 
consoles and studio equipment. (In 
1934 1 visited YV3BC in Caracas, Ven- 
ezuela, and saw three Collins 150-watt 
phone transmitters adapted for short- 
wave broadcast service.) 

The big transmitters designed for 
the Byrd expedition were quickly 
adapted for broadcast and Amateur 
use (fig. 10). The company expanded 
into the broadcast field and, by World 
War II, was a fixture in the communi- 
cations world as a reliable manufac- 
turer of communications equipment of 
all kinds. 

From 1932 to 1942, radio was dom- 
inated by this small, upstart company 
that grew from a one-man shop into 
a giant in communications (fig. 11). 
World War II brought tremendous ex- 
pansion to Collins Radio, but I'll leave 
it to someone else to tell the story of 
the company from 1942 on. 

These stories of "the good old days" 
were gleaned from Art himself during 
our occasional meetings over the 
years. He had many more, but now 
they'll not be told. Art was a grand 
person, a good friend of the Radio 

fig. 10. The famous 208 transmitter used by Admiral Byrd at the South Pole. A variation. 
Model 20C, was sold to Amateurs who could afford the $2700 price tag! The transmitter 
weighed well over 1000 pounds. WSBHT. X E l G .  and W2BSD owned the first three produc- 
tion models. 

fig. 11. With the208 transmitter, the Collins Radio Company hit the jackpot. Many of these 
fine kilowatt phone transmitters were ordered by shortwave broadcasters. Shown in this 
rare photo is the early Collins production line assembling 208 transmitters. Thirteen wor- 
kers are visible in this picture; even in the depths of the Great Depression, the company 
was a success! 

--- ~ - - - -  - 

Art Collins, WSCXX, died 
Amateur, and a technical wizard. ary 25, 1987. 
Those of us who knew him miss him - 

very much. ham radio 

December 1987 87 
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1988 NORTH AMERICAN RADIO 
AMATEUR CALLBOOK #I& 
Extens~vely revised with all the latest callsigns and address- 
es for Amateurs in North America. Also lncludes handy 
operating aids such as time charts, QSL bureaus, census 
information by state and license class (US) and country 
and much more Get your's today 1 0  1987 
CB-US88 Sonbound $24.95 

1988 INTERNATIONAL RADIO 
AMATEUR CALLBOOK 
lncludes all countries outside of North America and has 
been revised wlth all the latest calls and addresses avail- 
able. This is the only available book of its klnd and ~t is an 
invaluable aid to getting coveted DX QSL cards, lncludes 
plenty of extra information too. Order yours now1 " I  1987 
CB-FB8 S ~ l t b ~ u n d  $26.95 

ORDER BOTH AND SAVE $5 
REG. $51.90 JUST $46.90 

Books available late November 

1988 ARRL HANDBOOK FOR THE 
RADIO AMATEUR 
by ARRL Staff 

AVAILABLE IN HARDBOUND ONLY IN 1988 
When It comes to handbooks thls IS one volume you ve 
got to have In your llbrary Chock lull of all the latest tech 
nology prolects and Ideas hams around the world recog 
nlze the ARRL HANDBOOK as the book lo  have Projects 
run from slrnple nlce to have around the shack statlon 
a~ds, to state of the art transceivers Also great reference 
tool and tedchlng a ~ d  Nov~ces and Extras al~ke w ~ l l  flnd 
answers to almost any quest~on they may have 1987 
Over 1100 pages (available late October) 
AR-HE88 Hardbound reg $20.95 

Pre-publication special $18.95 $AVE $2 
explres 1 November 

T-2701 softbound $17.95 

HOLIDAY GIFT 

MICROWAVE UPDATE 
September 1987 

' Y  - 

These papers were presented at the September 1987 meet- 
lng held in Estes Park. Colorado. 15 Papers Include the 
latest in technology, designs and microwave techniques. 
100 pages 9 1987 
AR-MU Sonbaund $9.95 

BEVERAGE ANTENNA HANDBOOK 
by Victor Misek, WlWCR 
Recognized around the world as the definitive work on 
Beverage Antennas. Misek delves deep into the secrets of 
the single wire Beverage and SWA (Steerable Wave Anten- 
na) with helpful hints and tips on how to maximize perfor- 
mance based upon wire size, height above ground, overall 
length and impedance matching. Also includes information 
on center fed Bevera es constructed out of several wlre 
types. CITY LOT OW~EERS Note: Mlsek has developed a 
Beverage for you too! Called the Micro-SWA, it is just 60 
ft. long. You get excellent directivity and null steering 
capabilities. Transformer design information for both term- 
ination and feedline matching is completely revised 
0 1 9 8 7  80 pages 2nd Edition 
I IVM-BAH Sonbound $14.95 

HAMLOG (MS-DOS Computer) 
by Rick Martin. WA3YLO 

NOVICE VOICE-CLASS QUICK COURSE & 
by Gordon West, WBGNOA and Fred Mala, W5YI 
If you can't physically go to the WEST RADIO SCHOOL 
the next best cho~ce IS to use one of the~r custom 
des~gned home study courses Des~gned for the student 
who has no knowledge of Amateur Rad~o, the Nov~ce 
course f~ rs t  teaches the Morse code uslng two long play~ng 
cassette tapes. In a comfortable easy-to-learn fash~on The 
clearly written and fully illustrated theory book covers 
everything you need to know to pass the Novlce test as 
well as lncludlng an overvlew of the Amateur Rad~o ser 
vlce lncludes sample Nov~ce exam and FCC form 610 
Latest e d ~ t ~ o n  shlpped (CJ 1987 
GW-ON $19.95 

LOW BAND DX- ING COMPUTER PROGRAMS 
by John Oevoldere, ON4UN 
lor Apple II, MS-DOS, Commodore C-128 and Kaypro 
CPM Computers 
Here's a collect~on of 30 super programs written by 
ON4UN. Just about every interest or need is covered-from 
antenna design and optimization to general operating pro- 
grams. Antenna programs include: shunt and series input L 
network design, feedline transformer, shunt network 
design. SWR calculation, plus 11 more! General Ham pro- 
grams include: sunriselsunset, great circle distances, gray- 
line, vertical antenna design program, sunrise calendar plus 
9 more! Phew. When you sit down to use these programs 
you'll be amazed at what you have. The best value in com- 
puter software available today. Cc) 1986. 
DUN-Apple $19.95 
1 IUN-MS (MS-DOS) $19.95 
r1UN-CPMIKaypro $19.95 
DUN-C-128 (COMMODORE) $19.95 
DUN-MAC (MACINTOSH) $24.95 

Program prices going up Jan. 1. Order now & save! 

LOW BAND DX'ING 
by John Devoldere ON4UN 2nd 
Now Available! The new, 2nd edition of the deflnltlve book 
on Low Band DX'ing. Based upon years of pract~cal on-the- 
air experience, learn the secrets of how DN4UN has been 
so successful on the low bands. Extensive coverage IS 
given to transmit and receive antennas with clear concise 
explanations and plenty of illustrations-dipoles. inverted 
V's, slopers, phased arrays and Beverages-they're all in 
this book. Also covered: propagation, transmitters, 
receivers, operating, software and an extensive Low Band 
bibliography Going to be a best seller! Get yours today. O 
1987 2nd Edit~on 200 pages 
I IAR-UN Sofibound $9.95 

BUY 'EM BOTH SPECIAL OFFER 
Book &Software Reg. $29.90 ($34.96 for Mac) 

Just $24.90 ($29.90 for  Mac) 
LIUN-SO (specify computer) $24.90 
LrUN-MSO Macintosh Special $5 $29.90 

Harness the power of your MS-DOS computer w ~ t h  th~s  
6th ARRL COMPUTER NETWORKING tested and proven program. HAMLOG is fully menu dr~ven 

CONFERENCE and features fast record retr~eval and d~splay Can be edlt- 

August 1987 
ed at any tlme and allows hard copy print-outs by callsign. 
date, or a number of other parameters Also Includes help- 

Packet radio 1s growing at a phenomenal rate. This collec ful frequency allocat~on tables by l~cense class and t h ~ ~ d  
tion of papers given in August 1987 at Redondo Beach. party agreements for traff~c handlers. 
represents the "cutting edge" of packet technology 29 RM-HL (MS-DOS) papers cover every subject from equipment design and $49.95 
improvement and digital signaling processing, to the latest 
techniques In data transfer. Add this book to your collec- DlGlPAC 11 (MS-DOS Computers) 
tion of earlier Computer Network Conference - be 100% by Kall Assoc. 

ARRL OPERATING MANUAL up-to-date and packet compatible. 6) 1987 Dig~pac II comb~nes a full featured computer communlca- 
This book has been completely rev~sed and up-dated! Over Softbound $9.95 tions program w ~ t h  a powerful message ed~ t~ng  and format- 
600 pages are crammed full of the information every ham ting program deslgned for traff~c handling. The message 
should have at their fingertips. In addition to message han- program features address presets, complete subscroll~r~g 
dlin emergency operating repeaters and contestin this 21St CENTRAL STATES VHF form, prompts and pop-up help and select~on menus full 
bookincludes sections wr i ien by noted DX'ers W 9 h 1  and July 1987 user def~ned help system plus more The commun~cat~ons 
WB4ZNH, a new section on packet radio and over 60 collection of 28 papers given at the ~~l~ 1987 meeting of 

program has plenty of features too, multi-level alarm. multl 
pages in full color describing operating awards from around the Central States VHF Soclety Covers subjects as diverse Or user function 
the world, 19 1987 688 pages as uslng TVRO dishes for EME and a state-of-the-art keys to name lust a few No matter what your lnteresl In 

OAR-OG Sofibound $14.95 5.7 GHZ solid-state amplifier, Includes schematics, draw- packet - 
from rag chewing to traffic handling - lhls pro- 

ings and other helpful lllustrat~ons Fascinating readlng for gram Is lor 

VHF'ers. 116 pages '<) 1987 KA-OPII (MS-DOS Computers) $49.95 
WIFE'S ANTENNA NOTEBOOK $& AR-CS Sonbound $9.95 

RF-CAD ELECTRONICS DESIGN PROGRAM - 
Version 3.7 lncludes Intermodulation a n d  
Distortion Program 

by Joe Reisert. WlJR and Gary Field, WAlGRC 
For IBM PC and compatable computers 

@ 
This software package has been written by electronic engl- 
neers and contalns nearly 40 tested and proven programs 
that w ~ l l  help the Rad~o Amateur or englneer design many 
common types of rad~o c~rcuitry. Emphas~s has been 
placed upon ease of use Wherever possible, menus of 
choices w ~ t h  examples are displayed. Should the user be 
computer Ilterate. the programs are not copy protected so 
they can be modlhed to meet your spec~f~c requirements, 
(full dacumentat~on is also prov~ded.) Programs include 
Filters, LC. actlve. LP.HP,BP, Inductor des~gn, torroltl 
solenoid, stra~ght wlre. Matchlng networks; Crystal osc~lla- 
tors. Microstr~p, Transm~ssion Ilnes; Antennas. Yagl-Uda, 
hel~x, dish, horn, element scaling;P~ and T attenuators 
Also ~ncluded: Rad~o Path calculat~ons: FM modulat~on 
analysis, Miscellaneous conversions; Geostat~onary satell~te 
polntlng; Moon tracking aids; Recelver noise f~gure calcula~ 
tlons and Spurlous recelver response pred~ct~on Requlres 
IBM-PC with at least one floppy drlve and 128k of RAM. 
(L) 1985. 
I IRF-CAD (MS-DOS) $39.95 

by Doug DeMaw, WlFB 
Antennas have been one of DeMaw's passions ~n Amateur 
Radio. He has worked with countless designs of all shapes 
and conflguratlons. Thls fully illustrated book glves you 
how-to instruct~ons on a number of different wlre and vertl- 
cal antennas for 160 through 10 meters. Also lncludes in- 
formation on radial systems, tuners, baluns and impedance 
transformers. Easy and fun reading. 1987 120 pages 
AR-AN Softbound $7.95 

TRANSMITTER HUNTING: RADIO DIRECTION 
FINDING SIMPLIFIED 
by J.O. Moell, KOOV and T.N. Curlee WB6UZZ 
Knowing how to use direct~on f~nding equipment can be an 
important addition to your Ham skllls Besides the fun 
aspects like "Fox" or T-hunting, you might someday be 
called upon to assist a search and rescue group save lives1 
Written by two DF experts, this book is full of helpful 
hints, tips and suggestions. Includes: how to equlp your- 
self, weak signal hlnts, equipment you can build to 
optimize your efforts, hunting techniques plus much more. 
Two BASIC computer programs are also Included wlth 
complete instructions for triansulat~on. (r' 1987 323 pages. 

QSO-PflO (MS-DOS) 
by Mark and Mary Marland 
Not lust another logglng program Wr~tten wlth the actlve 
Ham In m~nd .  thls MS-DOS program has been profess~onal- 
ly des~gned to unleash the potential of the MS-DOS com- 
puter Uses a logical standardized data entry format dnd 
allows ed~t~ng,  sort and selection of data Powerful progran 
at a very reasonable prlce 
MM-OP (MS-DOS Computers) Reg. 39.95 Special $34.95 
(special expires December 1, 1987) 

ULTRA-HAM Contest Logger 
(C-64 COMPUTER) 
ULTRA-HAM is a powerful program. It includes. local and 
fore~gn contest logs, a disk formatting routine and a prlnt- 
ing program. Easy-to-use and full of helpful prompts. Hams 
from Extras to Nov~ces will find this to be a great addit~on 
to their sottware I~brary. Other features include: automatic 
nurnberrng, super fast dupe checker, automatic UTC clock. 
automatic dlsk savlng every e l ~ h t  QSOs, running score 
totals plus much more Also includes editing capabllit~es 
RC-UH (for C-64) $39.95 



RADIO HANDBOOK 23rd Edition COMPUTER PROGRAMS FOR THE RADIO 
by Bill O n  W6SAI AMATEUR FOR C-64 
Herr are sonip ol the highlights of Ihis exciting new edi- Book currently unavailable. 
lion New easy-lo-use charts lor Chebyshev and elllpllc by Wayne Overbeck. NGNB, and Jlm Stsflsn. KC61 
lllter configural~ons. new dala on Power MOSJETS. how I0  H , ~ ~ ~ ,  111,~ llesl t:omll~~.t~r programs lor I ~ P  Radio 
use slale-ot-the-art OP.AMPS. and home computer RTTY 10 i i r r l , + t l t v r  ,rv,~~l,ible (ilvr.\ v l ~ t l  programs lhal WIII help you 
name tusl a few examples New PrOleClS Include GaAsfET 10. rlrlcrnifrir sunr~se/sunset Ilmes, [rack [tie Moon s path 
preamps lor 902 and 1296 MHz. eas~.lo-bulld a d l o  CW acrosq [lie rky, ,,sp Grcy~ne propaqallon and set up record 
llller Economy two 3.5002. 160 meter ampllller. mulllband systems lor WAS. UXCC and vUCC or any other award 
amp using two 3CXBOOA7's. and a deluxe ampllfler wllh Take lull advantage of your colnptller w ~ l h  well wrltlen and 
lhe 3CX1200A7 lube New anlenna prolecls lrlclude. leslrd progranis 19R I 
etfic~enl Marcon1 design lor 160 and 80 melCrS, COmpUlel Program Usllng generaled d~menslons lor HF-Yagls. and a 2 meter slol D m  Bars Momt. bean1 Gel your copy today 23 edllion 1986 Logs. Awards Data Ease, Gridlocalor 

22424 (Reg. $29.95) s26.95 LatlludelLongllude Programs 
Dala F~le. fle.~~rrhrad~nqs. OX Display. Sunrtse Chart. Grey. 

Re-CODE-nition CLASS (Apple 11) & n e .  Dx Checker 
Sound r ~ c o q n ~ l ~ o n  has been provpri llrne aller l lmr 1, ' . '  Contest and Duping 
the ,nost e l l~c~enl  method lor learning Ihe Morse c r ~ i i i  ~e Dupechecker. General ConIesl Logger. 
CODE nltlon uses a compuler~zed der~val~on o l  Ihe latnnus Fldd Day Logqer. Sweepstakes Logger. Log Print 
'Farnsworlh' HI speed - slow spaclrig code leactllrlrt Antenna Programs 

melhod USlng a word game approach lo learnlnq, ~ h ~ s  pro- Anlerlna Sca1t.r Matchlnq Evaluator. Venlcal Panern Plonef 
grani stnves lo el~lnlnale the drudqcry 01 I~~rn l rnq  Ihv EM€ 
codp YOU can custom des~gn corlr! pracllcr! by t:nlr:r~ng IMf. Syslem Calculator. Sky Locator. Moontracker 
texl or use data lrles on d~sk Pmgram disk $19.95 
MDXC (Apple 11. Ilelc) 539.95 spec~fy computer (see llsl below) 

Dlsks ava~lable for Apple II fDOS 3.31. IBM PC-DOS. 
HAM RADIO LICENSE STUDY COURSE TRS-80 Model 111 and Commodore C.64 Please mark your 
by 01amond Syslem (MS-DOS Compulers) 
UFP yr111r I~III~IC c o n i p u ~ ~ ~ t  to s111dy 1111 you1 Amaleu~ 1 8 t 1  

L ~ c e n v  Ouesl~ons and ar lsw~ls nre laken l lom Ihe VI i 
slanrlard syllabus for each lhcense clacs You can e~tlli,r TUNE I N  THE WORLD WITH HAM RADIO 
siudy Ihe whole questton pool or one ol the 1ndlvld11.11 sub- by ARRL s I ~ H  7th EDITION 
elentpnls Novlce General and Exlra programs also ~ ~ ~ c l u d e  NOW INCLUDES TWO C-90 CODE STUDY TAPES1 
a M o r x  cotlt! program lhal w ~ l l  allow you 10 bo11r: IIV 011 111ls package has bpen rev~sed to cover new d ~ g ~ l a l  L voice 
yoi~! cod? Tnr! proqram can ellher genrralc codl! MndOInly Novice requirements and contains THE qoodles needed by 

polnls 160 paqes 19R7 j l h  edlilon 
' A R M  HAM RADIO LOG BOOKS Soltbound 114.95 

back by popular demand!! 
Rou~ir lor u v v  2100 OSO-lhal's over twice as marly i AMECO STUDY GUIDES lhe other loq llook Fof conleslers, each page con1;1111,~ .i0 
OSO 5 lor pact counts You also gel !he lalpsl up-lo-11.11~. lor VEC 
lreq~~ency speclrum chart. ITU callstqn ltsl and ARRL IIXCC AhqfC(J Sludy (;uldeq are laken from Ihe latest FCCNEC 
IISI 6p1ral bould lo lay flat on your desk Unques!lonabIy Exall1 quesllon pool Each book has The lalest quesllons 
Ihe bps1 log book value around 1986 aloriq wrlh !he ARHLNCC mulllple cho~ce answers. ~mmed- 

HWLB Spiralbound s2,95 1 ~ e 1 y  lollowed by a lull d~scusslon explalnlnq each ques- 
l l i r l ~  Wtille nolhtng can Quaranlee lhal you wlll pass. 

HA-JLB Special buy 3 price Save 22°hGel 3 offer 56.95 AMECO sludy gu~des WIII make sure lhal you are fully pie. 
pared and ready 10 go Wnllen In clear conclse. easy-lo- 

RADIO COMMUNICATION HANDBOOK 
read format. each qltestlon 1s lully explained Nov~ce and 
General hooks are cross relerenced lo AMECO's 102-01 for 

bv RSGB 5th Edilion a more lhorouoh exolanallon 

. . 
HDXL (For C - M I  $24.95 1 ................................................... 

BASEBALL CAP 
How aboul an anractlve BASEBALL style cap ORDER FORM In a huny? Cal today! (603) 878-1441 
lhal has name and call on 11 I1 glves a 
launh alr when worn at Hamfesls and 11 IS 
a greal help lor Itlends who have never 
met lo spol names and calls lor easy 
recoqnlllon Great lor blnhdays, anntver- 
SarIPS.SPeclal days, whatever occaslon 
Hats come In the lollowlng colors 
GOLD. BLUE. RED. KELLY GREEN 
Please send Call and name 
(maximum 6 letters per Ilne) 

UFBC-81 S6.W 

1.0. NO 11's ham ~ U S I  BADGES shoilin I~IP lhing be for W I ~ ~ O U ~  club meetings. an I D 4 badlil, 

convenl~ons and gel-logelhers. and you tlavf' . I  

wlde cholce 01 colors Have your name and La1lt.0 
graver1 In ellner srandard or scrlpt type on clh/ -- S t a t e  ZQ 
one of lhese plasl~c lam~naled I D badges I Check o r  M o n e y  O r d e r  E n c l o s e d  
Available In Ihe followlng color comb~nallons ; V ISA I M a s t e r c a r d  

N C P ~  I I I I I I I .  spar<) Allach a 
( b a l g ~ l l e l t e r ~ ~ ~ q )  wh~lelrerl, wood- L.c . , ,~~ , ,~P  ~ ~ , P C P O I ~ ~ P ~ #  ancirnall 
gra!nIwhlle, bl~lelwhlle, wh~telblack. C a r d  # - E x p ~ r t l s  ,,, ll~c, handy s-nrlort*rl rnvelopr 
yellowlblue, redlwhtte. greenlwh~le. melalllc mrn ClllbooX~ available early Decambar l A A L  Handbooks lale Orlober 
goldlhlack melallhc s~lverlblack 

UIO Engraved I D Badqe $2.50 radio- ... BOOKSTORE GREENVILL~. NH 03048 

MASTER LOG 
Ilv*,i l t i ~ i ~  vr.,lr, o l  development wen1 lnlo thls program It 
rrt'.lle', ,I lile lil 71001ndrv1dual records w ~ l h  up lo 13d1lferenl 
~IIIIIPI per record Maslet L i ~ q  can do a search and selecl 
baaed upon Illne. lrequency, modeor anyollheolher varlable 
par,~melers I1 keeps lrack o l  DXCC and WAS slalus, prlnls 
OSL labels and can search 11s whole llle In less lhan 5 se 
conds' Complele documenlatlon lslncluded lo help you learn 
and use lhls lruely slale-ol Ihe-art logq!nq proqram 

HD.ML (For C - M I  $28.95 

DX TOOL KIT 
This h.lrlrly 1001 lclt should be ~n every ham's shack Programs 
~~iclodt,rl are Propagal~on chan. Beam head~nq, Grayltne and 
SIJI~~ISI~ [he Propaqal~ori char1 uses Ihe NOSC M1n1mul3 5 
alqor~llim lo cornpule bolh MLlF and FOT lor any OTH The 
Ream headlnq allows you lo creale a cuslolnlzed chart o l  bolh 
lrlnq and shorl palti beam headlngs Grayllne selects and sorts 
co~~r i l r~es  on the Gray l~~~c  lor your locallon Thr Sunrlse rou. 
llne wlll help you pred~cl upcorillnq OX openlnqs 

HD-OX (For C.MI 524.95 

ANTENNA DESIGN 
1111s sc~ll [plompllrlg program coversdlpoles. Yagls, long 
wlles, rho~l lh~cs IJU.I~S. loops, verticals and other anlennas 
Yuu slmply enter llie lrequency you are des~gn~ng an antenna 
lor, the nnlenlla you wan1 lo make, and Ihe compuler will glve 
you all Ihe 1n111al des~qn sp?c~Iical~ons you need The resrllls 
can be slored on d~sk lor permanenl relenllon 

HD-AD (For C - M I  $9.95 

PROPAGATION CHART 
Inv,~ltlalile .addlllrtn lo ally Hamshack The Propagallon Char( 

bands 
HD.PC fFor C-G41 116.95 

SUPER LOG 
SIIIII*~ loq glves you all Ihe advanlayes o l  a comprrlerlzed data 
has? w~lhol l l  Slq~lllCanlly chanq~nq Ihe lrad~tlonal log lormal 
For cor~leslr!rs. Super Log cat1 he conllqured 10 ellher manual- 
ly or a~~lornal~cally errler cotllacl nurnber as well as flme ol 
conlacl Make an error and you can easlly go back and e d ~ l  the 
entry Super Log also allows you lo prlnl oul ellher selected 
conlenls or Ihe whelp loq Wlll prlnl OSLs 

HD-SL  or C-641 $19.95 

CONTEST LOG 
Th~s dlsk conlalns lour dillerenl conlesl programs. ARRL 
Sweepslakes. F~eld Day. Universal WW Conlesl loq. plus a -, ~~~ 

HI!~P ., an ~nsl l l r  look a1 Amaleur Radto wllh Ihe Rrlllsll 27-01 Novice Class 14.95 
vers111n o l  Ihc ARHL Handbo~lk Full o l  ~IOIPCIS, theoly and 12-01 Technician,Ganeml class 54,95 
olhrr helplul lechn~cal ~nt'ormatton AISO ~ncludes anlennas, 
prorlagalron. salt711~tps plus much molet 1987 23 chap 26-01 Advanced Class 54.95 
1rr5 I 25" Ihlrk' 17.01 Exlra Class $4.95 
AS-RCH Sonbound 521.95 102.01 Radio Amateur Theory Course s6.95 

dupe cliecklng rr1ullne Each proqram IS deslgned ior real llme 
US? I1 ~ ~ l u m a l ~ c a l l y  enlei!, dale. lome, harld andsertal number 
lor each conlac1 A 24-hour clock IS d~splayed al  he lop 01 the 
VDT screen When lhe cnnlesl 1s over, llie proqram w~ l l  prlnl 
your results lhsllng all duped and scored confacls ~n serlal se- 
quence wwllh all Ilie necessary ~nlormallon as well as complel- 
ed score a1 Ihr  hollom o l  Ihe naoe 

or !lorn a lexl file Slale-of-lhr-arl Ie,lrnlnq MS-IIOS only the beglnner lo gel started In Amateur Radio Assumtng I allows you lo delermlne lhr! maxlmum usable Ifeq~enCy IMUFl 
0s-N Novice (wilh code sludv) 539.95 that you have no pr~or krrowledge of  fadlo. Ihe reader IS and [he optlrnuni lrpqupncy (FOT) between your OTH and any 

0s-G General (wilh code sludy) 534.95 laugh1 how lo pass the Novlce exam, both code and 

DS-A Advanced 549,95 theory. and how to sel up a slallon Un~que code sludy 

549,95 
method makes learn~ng Itle Morse code easy as 1-2-3 And 

0s-E Extra (wilh code study) 11 s 11111 01 ~IIusIral~ons to hell, clarlfv d ~ l l ~ c u l l  technical 

spol an Ill* qlohr You can gel ellher a screen d~splay, a prlnl- 
ed labular llsl over several days, or a prtnled grapll 01 MUF and 
FOT You also gel aulomal~c beam headlnqs and dlslance lo 
Ihe OX slal!on Covers 160 10 melers and Ihe liew WARC 



1.6 to 1300 mHz. 1 watt lo 5kw 
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bX FORECASTER 
Garth Stonehocker, K0RYW 

DXing via the 
winter anomaly 
The increased signal absorption 
anomaly that results in five- to six-day 
periods of 20 to 40 dB weaker signals 
through the mid-to-high latitude prop- 
agation paths in winter has been the 
subject of previous columns.' ,2 

These paths provide our main com- 
munication links to European, Asian, 
and Japanese Amateurs. As discussed 
in the previous columns, there are ex- 
ceptions to this anomalous propaga- 
tion rule; these show up as areas of 
lower absorption and consequently 
higher signal strengths. These "win- 
dows" can sometimes produce signal 
levels that exceed those received dur- 
ing the normal (optimum) winter low 
absorption periods. So to emphasize 
the positive aspects of wintertime 
DXing, let me summarize the DXing 
possibilities inherent in taking advan- 
tage of this phenomenon. 

Table 1 shows the forecasting se- 
quence of events that precede the 
good signals, and also when they're 
likely to be best. Anytime during the 
months from November through Feb- 
ruary - and possibly into March - 
look for the progression indicated in 
table 1. 

The absorption spreads as it rotates 
to the west, decreasing in latitude at 
the same time as shown in fig. 1 be- 
low. The rotation amounts to 30 de- 
grees (two time zones) per day and 
decreases in latitude from 65 to 30 
degrees in the five days of rotation. 

To take advantage of the decreased 
absorption that provides strong DX 
signals on east, west, and transpolar 
paths, one has to access WWV or the 
bulletin board to keep track of the daily 

geomagnetic A value during this win- 
ter season (mainly January). Continue 
keeping track after each A value of 15 
or higher until a STRATWARM is 
given; after that, consult your map or 
globe to follow the 90-degree position 
between the location given for the 
STRATWARM and its 180-degree 
companion. Coordinate your beam 
bearings and the DX path control 
points (1200 miles from the QTHs "on" 
the great circle) with the areas of low- 
er absorption on both or on at least 
one end. If the area isn't right for your 
DX on that particular day, you can 
forecast - at 30 degrees of longitude 

80D 

fig. 1. Region of higher absorption 
moves west and south on a daily basis. 

Table 1. Sequence of events preceding best signals. 

Day Condition Result 
0-3 Geomagnetic disturbance, A > 15 (Trigger) Auroral 

Zone weak signal 
3-5 Warm region builds "STRATWARM EXISTS" 

(location) on WWV 
5-10 Absorption rotates, Best signals 90 degrees 

spreads down from location 

and lower latitude per day - when 
you can expect good results during the 
five to six days to come. 

last-minute-forecast 
The higher frequency bands, 10 to 

30 meters, are expected to be best the 
first and last weeks of the month, as 
well as during half of the preceding 
and following weeks. Look for good 
extra-long-skip transequatorial open- 
ings to the south during the second 
week, especially if some days of mild 
geomagnetic disturbance occur be- 
cause of the decreasing (relaxing so- 
lar pressure) solar flux. The third week 
of the month -- plus a few days on 
both ends - is expected to be best for 
daytime short-skip and nighttime DX 
on the lower bands. Expect other 
geomagnetic-ionospheric disturbances 
around the 16th. 

The Geminids meteor shower, which 
will peak on December 13 through 14, 
will provide the richest and most relia- 
ble display of the year, with rates of 
60 to 70 per hour. Because optical ob- 
servations may be difficult or impossi- 

ble during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
noted on December 22. The full moon 
will occur on the 5th, and lunar peri- 
gee will occur on the 22nd. Winter sol- 
stice occurs on December 22nd at 
0946 UT. 

band-by-band summary 
Ten, twelve, fifteen, and twenty 

meters provide many openings during 
the daytime. As you go up in frequen- 
cy (i.e., into the higher bands) the 
openings will be shorter, centered 
around noon, and mainly toward south- 
erly directions. Fifteen meters is only 
a transition band between 12 and 20. 
Twenty meters, the mainstay daytime 
band for northerly directions will be 
useful towards the south in the eve- 
nings. Transequatorial openings might 
occur in evening hours to locations up 
to 2000 miles away if antenna radiation 
angles are down to 10 degrees. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 

(continued on page 94) 
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- Thirty and 40 meters are the night fre- 

ihF/uhrPrei i  quencies for the east, west, and north- ~d 1 E n c e  erlv directions, and for distances of 
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BUCKMASTER PUBLISHING 
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703-894-5777 

has occurred. With little solar activity, 
the MUF will approach 80 meters and 
signals will usually be stronger there. 
~ h e s e  bands should generally be quiet 
and stable, since thunderstorm activ- 
ity is not pronounced and December 
is a geomagnetically tranquil month. 

ham radio 
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pc-pakratt terminal program 
for the PK-232 

One of the biggest problems many Hams en- 
counter in getting on packet radio is making their 
home computers "talk" to their TNCs. Despite 
the clainis of software houses ("easy to use." 
"sets up in minutes!") - don't believe it. Un- 
less you're a computer whiz, ~t doesn't happen 
that way . . . or at least it didn't happen that 
way until AEA released its new MS-DOS Pack- 
et terminal program for the PK-232. Designed 
for those of us without EE degrees, PC-PAK- 
RATT allows use of the PK-232 with a minimum 
of hassle and problems. 

PC-PAKRATT will run on all IBM PC-XT or 
AT machines and most compatibles. You need 
to be running DOS 2.0 or a later version, have 
at least 320K internal memory, have a RS-232 
serial port, and two 360K floppy drives. If you're 
using a compatible and it will run one of the flight 
simulation games, chances are PAKRATT will 
work OK for you. 

PC-PAKRATT requires ROM chips dated 1987 
or later to work properly; if you have chips dated 
October 1986 or earlier, contact AEA for upgrade 
information. 

installation 
Before you begin, you'll want to make a work- 

ing copy to protect the original from mistakes 
or other glitches. 

Remove the batteries from the internal bat- 
tery supply. The PC-PAKRATT program will 
store your callsign and other Important informa- 
tion on the program disk. Connect the TNC to 
your computer, boot your operating system, in- 
stall the PC-PAKRATT program, and you're just 
about ready to go. 

The first screen you'll see is Log On; with this 
one, you'll be able to choose the most appeal- 
ing or easy-to-read colors for the screen and text, 
select communications port 1 or 2, and set the 
TNC-to-computer baud rate. Hitting the space 
bar initiates communicatrons between com- 
puters; in about 15 seconds you should see the 
main screen display. If there's a problem, the 
screen w ~ l l  give you an error message. A quick 
look in appendix A of the program manual will 
identify the error and suggest an appropriate fix. 

main screen 
Now that the program IS up and running and 

the computers are talking to each other, it's time 
to learn all the subtle nuances of the program. 
AEA has tried hard to make the PAKRATT as 
simple and as easy to use as possible. Com- 
mands are straightforward and easy to remem- 
ber: P = prlnt, R =rename, S = erase, and so 
on. You can edit and browse using the B com- 

mand, and you can set up two user-defined files. 

Of particular interest, AEA has provided a "soft- 
key" or user-designed macro that can be used 
to save time as you enter repetitive commands. 
You can store as many as 20 different sequences 
of up to 256 keystrokes. 

mode screens 
The packet display is divided into three win- 

dows or areas. At  the top, the status line lists 
transmission mode, link status, buffer status, link 
state, and several other important parameters. 
The second section, the receive window, dis- 
plays all the data received by the TNC. The third, 
the transmit window, the Information you're 
about to transmit. 

A number of special keys are provided to help 
reduce the amount of time needed to make any 
command changes. F1 brrngs up the HELP 
screen; F2 is AUTO CONNECT; F3 is CONNECT; 
and F4 DISCONNECT, and so on. 

The Morse. Baudot, ASCII, AMTOR, and 
FAX screens are similar in layout and operation. 
There are divided screens for both receive and 
transmit as well as plenty of special keys to en- 
hance and speed operation on each mode. These 
special keys are designed to simplify operation 
to the poirit that it's hard to forget how to use 
the equipment even after a long layoff. You can 
also use your computer as a dumb terminal to 
facilitate PK-232 calibration and SlAM operation. 

As if that weren't enough, PC-PAKRATT will 
also emulate Micropro's WordStar program as 
a screen editor program. You can create, modi- 
fy, or examine most files in the system. You can 
also look at and make changes to the QSO 
buffer. 

conclusion 
All in all, this is a super program. When I first 

got "digitized," I spent hours setting up my sys- 
tem, theri getting the computers to talk to each 
other. As of now, I've spent three hours trying 
to get a supposedly easy-to-work dumb termi- 
nal to talk to the PK-232; it took about 10 
minutes to get PC-PAKRATT to work on my 
IBM-clor~e computer. 

One distinction needs to be made. PC-PAK- 
RATT doesn't give you hundreds of unique fea- 
tures that aren't found in other communications 
software packages. PC-PAKRATT does give 
you, however, everything you need to use the 
PK-232 to its fullest potential. It also greatly sini- 
plifies operation through ~ t s  carefully structured 
commands. And, I'm sure that as PAKRATT 
gets into the hands of more users, it will con- 
tinue to evolve in ease of operation and overall 
power. 

AEA has just announced the availability of a 
C-64 program that provides many of the same 
features as PC-PAKRATT. 

You (:an see PC-PAKRATT in operation at 
your local AEA dealer or contact the manufac- 
turer (AEA. 2006 196th Street SW, Lynnwood, 
Washington 98036) for more information. 

Circle 1301 on Reader Service Card. 

de NlACH 

2x42 BASE 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz I 
GAIN: 
VHF - 8.2dB 
UHF - 11.5dB 
VSWR - 1 .-1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE II 

AMATEUR SPECIAL 

1275 NORTH GROVE ST. 
AKAHEIM, CALIF. 92806 
(714) 630-4541 

C.4BLE: NAI'COLCLZ 
FAX (711) 630-7024 

v. 282 
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compat~brltty Current KAM and KPC owners can 
add the Personal Packet Marlllox and TCP IP 
compat~bl l~ty l o  the~r unll  for the spec~al prlce 
o l  lust $15 00 a 32K RAM pxpanslon c h ~ p  15 

avallahle lor $15 00 
For more lnforrnat~on coritact Kantronars 

lnc . 1202 East 23 Street Lawrence. Kansas 
66046 

products Corcle l3C4 on Reader Servoce Card 

new 10- and 6-meter base 
station transceiver 

The new IC 575A IS a 10 meter and 6 meter 
rlualharid hase statton Iranscelver. This wrcln 
I~and.  al lmode hssc recelves26 to 54 MHz con 
r~nuously and has 99 tunable full funct~on 
memorlcs, passbantl tuning. a notch filter, noose 
blanker, b u l l l ~ ~ n  SWR t~r~r lye ,  sernl or lull CW 
break In and a multi funct~on meter. Thr: IC 575A 
also has a vclvet smooth tuning knob and easy 
to read amber LCD rearlout with var~atlle 
hackl~ght 

Four scannlng systems arc available. I~anrl. 
~lrograrnmat)le, morlf! ant1 memory scan wlth 
%r~lect;rl~la lock orrt Isc;lns 99 mernorrr:s In f~vr !  
\'!contIs1 

All strt~nud~hlr: t onm arc hullt In, irrid thc ar. 
toal sull;~l~rlrhle Irer~r~uncy IS rl~splayr:(l. Sl;lnrl;lrrl 
rr:pearr:r spl~ts irrr! 11u111 111 ;rnd O(ld !,pl~ts err: 
~~roqramrnahlr:. 

For p;lckcr anthus~asts. thr! IC 575A Incor 
,,orstcs DDS IDtrect Dtrl~tnl Synthr:s~/<:rl 

The 10 watt IC 575A IS slrnllar I r l  rlos~rjri to 
ICOM's corripar;t hasf! st;at!on Ilrir: Ilir: IC 735. 
IC 275A. IC 275H ;~rirl IC 475A 

Iriforrnat~<ln conr.c!rnlnrl pr~cr: nnrl ;rvn~l;~l~ll~ty 
r . ; w  lie ~ ~ h t i ~ t r i e d  1)y r.orltilr.fltirl ICOM Arii~:ri~:~. 
lrtr. . 2380 116 Avorlue N E . P.0 Rox C 90029. 
Ht:llr:v~lt:. W;IS~IIIII~~OI~ 98009 9079 

Ctrcle n02  on Reader Service Card 

chip resistor and capacitor 
kits 

Cf,mrn~~n~c.;rt~r~r~~, S~~C:I.I;I~ISI%, lnr.. tlac, IT? 

lrr~rI~lr.~!rl ;I %r!rll!s f l f  r . ~ l l ~ l  r ~ ! \ l 5 t c l r  ;lrrd ~ . ~ 1 ~ l ; l l . l l ~ l r  

k~ t% .  Intr:,irlr:rl ;IS prolotyp!!8r] k~l ' .  I r l r  r!rlrjlrlr:r:r\, 
lt[r!y m;+y ;IISO 11,: u,,r!fl sir, 11;8rt\ k!t% I r ~ r  rr!lt;l!r 

tc:ciin~,,~;~n\ ;~rirl #!xl>f!r!rt~t:!bt<!r!, K I ~  CR 1 r.r~rit;i~r~% 
1540 p,,!,.,:c, ,.,,,,,,,,,%';<I <,I 10 ~.I,lf, l,:51\tf,ts, ,,I 

every 5 percent value from 10 ohms to 10 me!) 
ohm I145 values + 0 ohm jumper). plus a bonus 
of  ten additional resistors in the eight values of 
0, 10, 100 ohms; 1. 10, and 100 k, as well as 1 
and 10 meg. Resistors are 0.10 watt 0805 sfre 
to 3.3 megohms, and 0.125 watt 1206 sizr: abovc 
3.3 megohms. Tolerance for all is 5 percent. and 
each resistor IS marked with its three-digit value. 

Kit C C ~ l  conralns 365 pieces composed of five 
chip capacitors of  every 10 percent value from 
1 pF to 0.33 ,OF 167 valuesl. plus a bonus of flve 
additional capacllors. 

Each kit sells lor $4995: horh are avallahle 
for ~mmed~ate  delivery from stock. For a frex 
brochure describing both kits, or to order, con 
tact Commuriicali~~ns Specialists. Inc.. 426 Wc!st 
Taft Avenue, Orange, Cal~fornia 92665. 

Circle 1303 on Reader Service Card. 

new packet options 
A rinw hlqti spreri PI. hoard packet modr!ni 

optlon lor the Kantronlcs All Mode IKAMI  and 
KPC 4, the 2400 Kantronics Modem'", plugs 
r~ght  in to exrstinq KAM or KPC 4 t~oarfls l o  pro 
vide opt~onal 2400 bps ~,ackt!t oparation, sclt:ctr:rl 
by use of Ihe EXTMODEM command. When In 
stallcrl In the: KPC 4 lonly), use o l  thr! ONE- 
RADIO cornniand permits mixed 120012400 Ilps 
data rates on a slnqle frec(uency. The new 2400 
Modr:m retails for 569.95. 

Kantron~cs IS also of fcr~ny thc Verston 2.70 
Inaturu orih;~ncr:mr:rrt ~~pr lst r :  for cxlstlnrj K A M  
unlts ;rnrl KPC pirr:ket unrts. The Version 2.70 
uljdatr: adds the tlirt?r? KISS cornmi~nds tIi;tl 
make the K A M  and KPCs TCPIIP networking 
cornpntihlr:. Add~t~onally. tho updatc adrls the 
l~opular Personal P~ckc t  Marlhox lcaturo lo  r?;lcll 
11ri11, allowlnq you nrld othnrs to le i~ve ilnrl rr! 
trs:ve mr:ssaqf:s In your p;lckr!t or All Modn rrriil. 
Ttir: updatr: I\ i~v.r~la l~ le for thn KAM Packr:t 
Cornmun!catr,r, KPC 2. KPC 2400. ilnrl KPC 4 
unrts f r ~ r  $15.00. .lnrl Irer: l o  ttiosc who ptrr 
ctr;rsr:rl lower level I~n l ts  ;~ltt:r July 1, 1987 arirl 
cerri show ;l rl;ltr:rl salcs rt:ccipt 

As rrf July 31. 1987. K;llltrorllr:s I,r!ll;ln l~rovl( l  
Inq arlf1lllorl;ll fr?alurt?s ;I! I r r l  oxtr;l ctl;lr~ll!. ;lII 
K;~ntmn~cs KAMs ;lrirl KPC p;rck~!t rrrllts sl l~l~[~r:r l  
f r r~rn llir: f;~c.tory ~r~r.lc~rlr!rl ~III! Pr:~srlr~;~l P;rr.kt:t 
M ;~~ l l ~ox .  37K RAM. i r r i r l  TCPIIP r i r : t w ~ ~ r k ~ r ~ ~ ~  

dual-band VHF antenna 
tuners 

MFJ Enterprises. Inc. has ~ntroduced two new 
dual band VHF antenna tuners that cover both 
the 144 MHz and the ncw Novtce 220 MHz 
bands. Both handle 300 watts PEP, match a wlde 
range of iniperlances for coax fed antennas. arid 
are t~uil t  into rugged allalumlnum cabinets palnt 
ed eggshell whlte with a black top. 

The MFJ 921 hasa t>uilt in SWRlWattmeter. 
measures 9 x 2 x 3 inches, and retails for $69.95. 
The MFJ 920 measures a compact 4 112 x 2 
x 3 inches and retails for $49.95. 

Both come with a nrle year uncnnditio~~al war 
ranty If clthcr 1s ordered rllrectly from MFJ En 
terprist:~. Inc.. 11 (:;In l ~ e  rr:lrlrncd within 30 il;~ys 
for ;I l l r l l  refunrl (Ir!ss sh~pp~n( l  arid hilnrlllnq) 11 
you're riot sattsf~crl. 

For ;~dr l~t ior i i~ l  ~nforrnirtion, contact MFJ Eli 
tr:rpriscs. Inr:. ;I! P.O. Box 494. Miss~ss~ l~ l )~  Slirtt!. 
Mlsslssrpl~~ 39762. 

C~rcle 1305 on Render Service Card. 

tool cases, catalog 
Two nt:w trrr~l r:;~sr:s ;III: lr!atr~rerl t r i  Jerise:ri's 

nc?w 160 p;r~~o, full color catalog. Rotationally 
molclr!rl r ~ l  h11111 density polyothylr:ne, thr:se RWI 
Lux ;lnd  rot.^ Tnrrgli c;lsr:s art: irva~lal~lr! opt~ons 
lor Jr?ns~:r~'!; t r ~ ( l l  k~ ts .  ~nclur l i~ iq tlta top o l  tl~c! 
I~rir: JTK 87 E~t!l:trr~lllr. Servrr:t: KII lor l~r*lr l  st:rv 
lr;f! f ! r l ~~ l l l l ! l ! r 5  

 rot;^ Lux ;#r~rl RCII;I Tou!lli c;rsr:s virry slr!llitly 
111 st/<: nnrl styllnfl. All  hot;^ Lrrx cast?s rnr:;!slrrr: 
I 7  3/4 X 12 314, r3r,t,1 TOINI~I ~;;Is~:s I~II:;IS~III: 
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17-314 X 14 314. Five models, differing in depth adjustable. All transmit and receive frequencies plications. In addition to a 15-minute video tape. 
from 5 inches to 10 inches. are available. plus offsets and ericodeldecode sub-tones can it includes numerous classroom tools such as 

For information and a copy of Jensen's new be input and load into radio on command. Re- overhead transparencies, a 100-page instructors 

catalog of electronics tools and test equipment, turn data from the FT 727R provides a full-screen guide, and 25 student workbooks. 

contact Jensen Tools. Inc., 7815 South 46th digital S-meter which may be used to stop the 

Street, Phoenix, Arizona 85044. 
Circle i306 on Reader Service Card. 

linear amplifier kit 
Heathkit's new SB-1000 linear amplifier pro- 

vides a full 1000 watts PEP output on SSB or 
850 watts output on CW. It provides full HF 
coverage from 160 to 15 meters, including 80 
percent of rated output on the three WARC 
bands. The SB- 1000 Linear Amplifier uses a sin- 
gle 3~5002 tube in a high.efficiency circi~it and 
has a hypersil steel E-l core transformer for high- 
performance operation. I t  also features a quiet 

computer style fan, a stiff full wave power sup 
ply with computer-grade capacitors, adjustable 
ALC, and plate and load controls with smooth 
vernier tuninq. 

For more information about the SB 1000 Lin 
ear Amplifier and Heath's expanding line of 
Amateur Radio equipment. contact Heath Com 
l~any. Dept. 150-955, Benton Harbor. M~chigan 
49022. I ln Canada, contact Heath Company, 
1020 Islinoton Avenue. Dent 3100. Toronto. On . . 
tarlo. M8Z 523.1 

Circle IJ)7 on Reader Service Card. 

scannerlcomputer 
interface 

The Eri!]lnecring Consulting Model 7275 scan 
nr?r interface for the Yaesu FT 727R arid the 
Commodore 64 cornpuler providt!~ a high qrral 
ity. feature packed scanner. The entlre rad~o 
cllannel memory can be loaded in under 15 se 
ccinds at 4800 baud. All pilrarneters art! stored 
and up to ten sets of leri cllannels can he 
sr:snned. Informarlon can Ot? saved to disk. 
which allows 100 channels per disk. All teri mern 
ory grotrps car1 I J ~  scnriried at once or irid~vidu 
itlly. Scan lock out lor individual channels is 
~,rovided. The scan sper:d and resume t i r w  arc! 

scan on preset signal strengths from S - l  to S.9. 
A comment field IS provided for each channel 
entered and is displayed while scanning the 
channel. All information for each channel pro- 
grammed lin groups of 101 is simultaneously dis- 
played on the monitor. 

Once the channels are entered via the com- 
puter keyboard the information in any of the ten 
frequency groups may be downloaded to the HT 
for portable use. All 100 channels may be 
scanned as one group while under computer 
control. The model 7278 is supplied with liard- 
ware and software to operate with the Commo~ 
dore 64164ClC128lSX64 series of computers. 
The hardware interface includes the circuit 
board, components cables, instructions and con- 
nectors necessary lin kit forml. Assembly time 
is approximately 10 minutes, and it makes a great 
club project. 

For further information, contact Engineering 
Consulting, 583 Candlewood Street. Brea. 
California 92621 

antenna rotor 
Encornm's new KRl000SDX azimuth anten 

na rotor from Kenpro includes features such as 
450.degree rotatir~n for easy, speedy antenna 
pointing: North. South. East. or West centered 
readout capability: var~ahle speed rotation con 
trol for fast lless than 43 seconds) 360 degree 
rotation: and prest!t direction control with ilc~to 
matic movement control. In addition. it features 
gentle antenna handling, with preset and soft 
landing autornatic slowdown before stop; its 
weatherproof outsrde connector resists corrosion 
and decay of wirln(1. There's room inside the 
control box for an optional computer interface 
board area. Limit switches at 450 degrees are 
included. 

KRl000s (without preset end speed controll 
are also available. Tlia KR l000SDX is prlced at 
$489.00: the KR 1000. $399.00. For further in 
formation. contact Ericomni, Inc.. 1506 Capitill 
Avenue. Plilno. Texas 75074. 

Circle 1308 on Reader Service Card. 

handheld meter 
training package 

The Jotiri Fluke Manttf;lcturing Co.. Inc. has 
anriouric:od tlic av;ttlab~l~ty of a video training 
p;lckagc des~!lned to ~riaxirnize the usefulness 
arid safety 01 F l~rk t? '~  70 SI:~IBS of Iii~ndtield diq 
ital rnultirriet~!rs. 

Titled "70 Ser~r-s Sol~~t~ons."  the pack.lgt! is 
i11te11dt.d lo1 ~richrstr~;il or voc;~trori:~l tr;llnln!l iip 

The training enlphasizes "hands 011'' exer 
cises, with only a riiin~mol amount of theory 
presented. Instead, exilrtrples of how to make 
a wide variety of basic measurements accurately 
and safely are given by dernonaratlon. Mariv of 
the ~ ~ n i q u e  leiitures of the 70 Series DMMs are 
also explalried. 

For details, contact John Flukc? Maric~li~ctur 
ing Co.. Inc.. PO. Box ~~. Evert~tl. Wasli~n(i 
ton 98206. 

Circle 1309 on Reader Service Card. 

Bilal relocates 
Rilal Co~iiliany, riiariul.~ctlrrer of Isotron an 

tennas for 160 through 10 nieters. has movt?d 
from Oklatio~iia to Colorado. Ownc?r Ralph Bildl 
reports tIi,~t t l ~ r ?  11ew loc;ltton IS qreat. .~nd that 
the conipaliy has enjoyed a very busy surn~nt'r 
SeilSoIl. c i ~ ~ ~ l l t c .  1111' IllOVt?. 

The ncw address is: Bilal Co~iipany, 137 M.ln 
chester Drlvu. Flor~swnt. Coloriido 80816. 

Circle 1310 on Reader Service Card. 
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1 1  MA11 A N  ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 10012 IFOUR BLOCKSNORTW OFCANAL ST I I I 

o ~ i a ~ x  &,,noit s ~ . l G  ' H I U M U E I ~ U X ~ ~ ~ ~ S ~ ~ ~ ~ ~ E D  ?*ON( IN v ~ ~ ~ ~ ~ ~ . w  II~UBUII-o 
Sb.).. BUT Ptinc. Sf S11110n CO*IIICl.LI.DIO."m*.. a ~rrlo.dmPr.ml". 

IND P ~,.,n 811 s#.f#a Amsteur Redlo Courser Glren On Our Pmmlses. Cnll 

- - 
tsmoI( 0rd.r. Shlpwd Imm.dlm1.lv. lELEX 1 2  7070 FINAL 

Barry Electronics Commercial Radio Dept. offers the Best in two-way communications for Busi- 
nesses. Municipalities. Civil Defense. Broadcasting Companies. Hospitals, etc. Sales and Service 
for all brands: Maxon. Yaesu, Icon. Tad. Octagon. Regency/W~lson, Midland. Standard. Uniden. 
Sh~nway. Fujitus. Seas. Spillsbury. Neulec. elc. Call or wrtte for information. 212-925-7000. 

~~ ~~ *--- 

New GSRV * 
SuperLoop * 

eeesos LOOP * 
In-Tree-ver ,  * 

unlvcrsa l  mteons * 
RALUNS: ut 8 l l t y  ,+ 

Remote L wlgn P O W ~ V  

p r c c l s a o n  i:i a 4 : r  * 
D 8 = c o v e r  

* * 
The RADIO WORKS * 

8t.1 an ncre m our lntornatfve new caralos * 
+I lrcfurrdsble) * 
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M T J ,  ne,!. ~ r t z .  smder duc*a s 
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BALUNS 
Get POWER lo y n r r  .+ilt?nna' Our Bdt<irls are 

already wound and reddy Inr Installallon ~n your 
transmatch or you m a y  enclose them ~n a 
wealherproof bcx and connecl them dlreclly a l  
Iheanlenna They aredeslgned lor 3 30 MHzoP. 
erallon (See ARRL Handbook pages 199 or 
6 2 0  lor conslrucl~on delalls I 

110 50 

univer..l ~rannrnm~ch 1 KW 18 I P ! or I ~-ubrn on.! 
""i."..., rr.".m.,cn 2 I W t 6  t 0 I or I I-.slscl onel 

Please send large SASE lor lnfo 

NO RADIALS! 
NO RESISTORS! 

NO COMPROMISE! 
THREE EXCELLENT REVIEWS JUST 

DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

. \ * . a .  ,,.,,,.,, 8 , )  I ),I -: l~ll$.l 

.\'.(>I - l  I'lfi-, 'k t , , ,<  I, -: lc l t l l ,  

N E W  LOCATION! 
BILAL COMPANY 

@ 137 Manchcstcr Dr. 
Florissant, Colo. 80816 

(303) 687-0650 

This publication is 
available in microform 

from University 

Plnas.~ rand ~nk)rmatt<rn  hut lhnse Illlos: 

- .. - - 

-- 

Nsmc pp 

Compr~nyllnslmtutlon 

- 

A,ldresa - 

C l l ~  --- - 

Stilt. - . - zap 

~ h o n e l  A 
Call loll-lrae 80n.521-3044 In hltchqsn. 
.AIt+ska swd ll,tw"t# call roll~.cl :lt?-7fil47m. 0, 
maxi mrtulrv to l'ntva?r.ittv 'rltcrohlmb Internslmnal. 
3130 North Zlwb Koirrl. Ann Arhnr. MI 4811% 



PaSSlve aud~o fllter des~gn, part 1 devel 
opment and analysls 
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Polymer fllm transforms mechanlcgl en 
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Power FETs trend for VHF ampllf~ers 
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Ham radlo techn~ques 
W6SAI p 47 Mar 83 

Ham radlo techn~ques 
W6SAI p 52 Apr 83 
Comments W6DKZ p 8 Dec 83 

Ham radlo techn~ques 
W6SAI p 12 May 83 

Ham radlo techn~ques 
W6SAI p 46 Jun 83 

Ham rad~o lechn~ques 
W6SAI p 42 Jul 83 

Ham radlo techn~ques 
W6SAI p 40 Aug 83 

Ham radlo techn~ques 
W6SAl p 41 Sep 83 

Ham radlo techn~ques 
W6SAI p 64 Oct 83 

Ham radlo techn~ques Ever work a 
W10" 
W6SAI p 4, Feb 67 
Short c~rcull p 50 Apr 87 

Ham rad~o technlques Xlng~ang Provlnce 
the last front~er 
W6SAI p 55, Apr 87 

lnlervlew w~th Dr Kenneth Davles 
KPRR p 28, Jan 83 

0 slgnals (letter) 
W4MB p 8 Feb 83 

The arduous reallzatlon 
W7SX p 29 Dec 87 

FILTERS 
Slmple VHFIUHF mulllple quarter-wave 

f~lters 
WA3EWT p 37 Sept 87 

Top-down f~ller deslgn 
VE5FP p 41 Jan 87 

FM AND 
REPEATERS 
Autopatch, simplex 

WB6GTM p 42. Jan 83 
DTMF controller for repeaters 

WB4FXD p 47. Sep 85 
FM advantage 

WASGDZ6 p 38, Sep 84 
FM repeater separation 20 kHz, Yes, 15 

kHz. NO 
WD5IBS p 12, Aug 85 

,Forget memory. NI-Cd dlscuss~on 
K0OV p 62, Jan 83 

IC-255A swllchlng clrcult (HN) 
WB6IQV p 70, Jan 83 
Comments. WA4MZZ p 8, Jun 83 

Improved repeaterilransmltter nolse per- 
formance (HN) 
KlZJH p 104. Apr 86 

Llnear translators 
WB6JNN p 14, Sep 83 

Mlcroprocessor repeater controller 
KB5F p 56. Apr 83 

Remote repealer programmlng uslng a 
compuler and a telephone 
KDSBC p 89. Mar 86 

Repeater antenna beam ll l t~ng 
K7NM p 29. May 83 
Short clrcult p 80. Jul 83 

Repeater etiquette (letter) 
Wt OLP p 8. Oct 83 

Repeater, h~gh-tech des~gn~ng and 
bulldbng an FM translator 
WAGC AY p 82. Feb 85 

Repeaters, speech synlhes~s for 
N9EE p 79. Mar 84 

Repeaters, three clrcu~ts for (HN) 
N9EE p 91. Jan 84 

Squelch. smart 
W6NRW p 37. Jun 83 

State-of-the-art aulo dlaler 
K2MWU p 21. Dec 83 
Short clrcult p 10. Feb 84 
Short clrcu~t p 10. Mar 84 
Comments, WD9EIA p 8. Feb 83 

Tone burst generator for European re- 
peaters, A 
WA3EEC p 88. Jul 86 
Comments. K2MWU p 8. Feb 83 

Touch-tone decoder 
KCSC p 27, Apr 83 

ZIA connection a multi-slate 2-meter re- 
peater llnk 
K5XY p 30. Oct 86 

HAZARDS 
AC llne translent prolecllon 

N6JH p 59 Apr 86 
Electrlc shock the effects and treatment 

of 
NY6U p 85 Mar 84 

L~ghtn~ng dnd eleclrlcal translent protec 
tlon 
KR7L p 73 Dec 83 

When hazardous waste comes home 
PCBs In the ham shack 
KAl LBO p 42 Dec 83 

INTEGRATED 
CIRCUITS 
FSK lorie generalor uslng an IC tone dl- 

aler (HN) 
Nagel. Davld p 88. Apr 83 

Low-pass f!lter, Integrated clrcull 
WB2KTG p 59. Jan 85 

Stat~c eleclrlc~ty and modern Integrated 
ClrCUltS 
K4KEF p 33. Mar 84 

The Guerr~ Report superchips come of 

age 
WGMGI p 126 Feb 85 

The Guerr~ report 
WGMGI p 124 Jan 86 

The Guerr~ reporl mlcroch~ps 
WGMGI p 109 Jul 86 

KEYING AND 
CONTROL 
Call slgn ldentlf~er programmable 

WB3CEH p 33 Feb 65 
Ham rad~o technlques 

W6SAI p 106 OCI 84 
lmprov~ng the WB3CEH programmable 

call slgn ldenl~f~er  
KL7XO p 82 Sep 87 

Keyer s~mple compact ORP 
(weekender) 
W5FG p 82 Oct 84 

Lalchlng relay conlrol (HN) 
K6HTM p 94 May 83 

Low power keyer and Interface 
KlHOP p 68 Feb 83 
Short clrcu~t p 97 Aug 83 

Mlcroprocessor repeater controller 
KB5F p 56 Apr 83 

M~cros and VHF beacons transmlt 
messages automat~cally 
K9EI p 51 Jul 85 

Morse Code lutor 
N3SE p 45 Jun 85 

Morse keyboard an easler approach to 
mastering the 
WtKZ p 80 Apr 84 

Morse tlme synthes~s 
N3SE p 17 Apr 83 

Remotely controlled statlons a look at a 
successful remote base 
WA6EJO p 48 Sep 86 

Remote conlrol hf operation 
K5OY p 32 Apr 83 
Short c~rcu~r p 97 Aug 83 

Sendlng CW 
KA4OVK p 75 Jun 83 

Sol~d stale CW T R system 
W4RNL p 62 Mar 83 

Tesllng baluns 
K4KJ p 30 Aug 83 

MEASURE- 
MENTS AND 
TEST 
EQUIPMENT 
An I I sweep generator 

W2ZUC p I01 Jan 87 
An rt voltmeler 

G4COL p 65 Nov 87 
BC221 unusual 

VK2ZH p 22 Jan 83 
Brldge measurements the half wave 

transmlsslon llne In (HN) 
K4KI p I08 Nov 84 

Capacltlve reactance meter multlpller 
(HN) 
K4KI p 89 Apr 83 

Contlnulty tester simple 
WD6GMB p 130 Sep 85 

Deluxe loglc probe A 
M Wllde p 74 Jan 87 

Dela~led look dl probes 
Mart~n and Ddws p 75 Sep 85 

Detector logar~thmic w~deband 
PAKXIDJBSA p 75 Jul 85 

Dfode tester (HN) 
W2OLU p 90 Apr 83 

Dual wattmelei 50 500 MHz 
WB4EHS p 67 Jul 85 

Elecrrtcal cal!brat,on slandard'. 
Martln Vaughn p 10 Oct 83 

EMliRFl shleldlng new technlques part 

Mart~n Vaughn D p 72 Jan 84 
EMliRFl shleldlng new techniqurs par1 

7 
Mdrtln Vaughn D p 85 F?b 84 

Extended rdnqr VU meter 
WB6JNN p 59 Sep 86 

Fleld strengll? rneler senslllve 
K4KI p 51 Jan 85 

F~ller tester stmple (HN) 
W6XM p 116 Dec 84 
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Frequency counter smart 
WA5VOK p 41 Ocl 84 
Short clrcult p 126 Apr 85 

Frequency and level standard 
P A K X  p 10 Jan 86 
Comments WA8LLY p 9 Jun 86 

Ground rod resistance 
K4MT p 95 Jul 84 
Comments p 8 Sep 84 

Ham rad~o techn~ques tlme and frequen 
cy slatlon WWVS 
W6SAl p 37 Jun 87 

H~gh frequency recelver performance 
G40BU p 33 Feb 84 

HP IB greatly slmpl~f~ed 
Mart~n Vaughn D p 65 Mar 84 

IF sweep generator compact 
PAKXIDJOSA p 35 Jun 85 

lmpedance matchlng 
WB2NTO p 85 Jul 83 

L and C measurements 
WB6ZLN p 11 7 Oct 84 

Loglc mate 
N9CZK p 57 Jan 83 

Logic probe (HNI 
Rozenthal J p 91 Apr 83 

Low cost spectrum analyzer w11h Kllo 
buck features 
W4UCH p 82 Sep 86 

Measurlng inductances 
K6HIK p 85 Ju1 83 

Measurlng nolse l~gure 
KZBLA p 26 Jan 84 

Measuring small values 
W6SDM p 74 Aug 83 

Microphone callbratlon 
NY6U p 73 Jun 84 

NBS tlme and frequency survey 
NBS p 45 Jun 87 

Nolse brldge preclslon 
KZBT P 51 Mar 83 
Comments p 8 Jun 83 
Short clrcull p 97 Aug 83 

Ohmmeter w~de range 
Balley John T p 53 Jan 84 

Panoramic adaptor speclrum analyzer 
deslgn notes 
WA6NCXlt p 26 Sep 83 
Comments KZCBY p 12 Sep 83 
Shorl circuit p 70 OCI 83 

PEP output power measuremen! 
VK3AFO p 10 Jun 83 
Commenls K4KYV p 12 Sep 83 

Praclically speaklng 
K4lPV p 79 Dec 85 

Practlcally speak~ng uslng the r~ghl  niul 
tlmeter 
K4lPV p 95 Jun 86 

Practically speak~ng uslng the mu1 
llmeler 
K41PV p 43 Jul 86 

Pracllcally speaklng uslng antenna 
nolse brldge 
K4lPV p 69 May86 

Pracl~cally speak~ng lunct~on generalor 
clrcuits part 2 
K41PV p 89 Jan 87 

Practically speak~ng testlng dlodes 
K41PV p 65 Feb 87 

Pracllcally speaklng bulldlng the poor 
man s speclrum analyrer 
K4lPV p 99 Mar 87 

Pracllcally speaklng build your own 
time doma~n reflectomeler 
K41PV p 69 Jun 87 

Practlcally speaklng revtsiltng Ihe poor 
man s spectrum analyzer 
K41PV p 49 Sep 87 

Practically speak~ng troubleshoot~ng dc 
power Supplies wllh anoscolloscope 
K4lPV p 57 Oct 87 

Pracllcally spearlng uslng voltage corn 
parators 
K41PV p 49 Nov 87 

Pracllcally speaklng generallng low I I 
lrequenc~es 
K41PV p 49 Dee 87 

QRP wattmeter (HN) 
W6XM p 110 Jul 84 

Recetver sweep altgnment system 
WB6BlH p 124 Nov 84 

Reflected power llmller 
K4KI p 63 Ju1 84 

Requlred dynamlc range and deslgn 
gutdes lor EMIIRFI test recervers 
DJZLR p 70 Nov 83 

Sensltlve LF or HF t~eld strenglh meler 
KlRGO p 67 Sep 86 

Sol~d stale replacements 
AK7N p 46 Apr 83 

Standlng wave ~ndlcator 
GWBFKB p 97 NOV 83 

Test DBMS for dlode leakage 
WB6BlH p 86 Juri 87 
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The Guerr~ report s~gnal processing 
W6MGI p 156 Dec 84 

Tlme and frequency standards part 1 
Martln Vaughn D 36 Nov 83 

Tlme and frequency standards part 2 
Martln Vaughn D p 31 Dec 83 

Transmitler tunlng a ~ d  bulfer your load 
w~th  thls reslsllve network (weekender) 
K4KI p 52 Feb 84 

Tune up method low duly cycle for 
lransmltters (HN) 
K4KI p 62 Aug 83 
Comments W5XW p 1 l Dec 83 
Comments K4KI p 11 Jan 84 

Tuneup safe sllenl 
K4KI p 123 Dec 84 

Two tone slgnal generalor 
YB9ATA/WA7AON p 25 Feb 86 
Short clrcult p 45 Apr 86 
Short clrcult p 36 Jun 86 

2 3 GHz prescaler 
N6JH p 21 Jan 87 

Understanding noise flgure 
Gruchalla M p 89 Apr 87 

Uslng the Astro 103 as a lrequency 
counter (HN) 
W4ATE p fig Jun 83 

VHF nolse br~dge a 
OE2APMIAA3K p 10 Jul 86 

VHFIUHF world 
WlJR p 55 Ocl 84 

Vldeo monltor lnexpenslve 
K8CG p 12 Apr 83 
Comments K9TA p 10 Aug 83 

SWR br~dges 
K2LB p 37 Mar 86 

Weather radar 10 GHz 
K4TWJ p 61 Sep 83 

W~de range inductance meler 
K9EBA p 52 Feb 83 

W~de range RF power meter 
KABOBL p 24 Apr 86 

W~en Brldge oscillators voltage 
controlled Zener dlode test clrcull 
W3PHK p 52 Feb 83 

MICRO- 
PROCESSORS, 
COMPUTERS 
AND 
CALCULATORS 
M~croprocessor repeater controller 

KB5F p 56 Apr 83 

MISCEL- 
LANEOUS 
TECHNICAL 
ALC clrcults lmprovlng amplltler par1 t 

WABAJN v 40 Aug 84 
ALC clrcuits lmprovlng amplll~er part 2 

WABAJN p 38 Sep 84 
Amaleur FSK A spectral analysls 

WA6NCX 1, 42 Dec 86 
Audlo lo microwave arnpltller build your 

own 
Gruchalla M~chael p 12 Mar 64 

Bicycle-powered statton 
WtBG p 25 Dec 84 

Branch lrne hybrrd part 1 
WA2EWT p 107 Apr 84 

Branch llne hybrld pdrl 2 
WAZEWT P 93 May 84 

Broadband ampllloer altrnuator 
W7SX p 59 Jul 86 

Butld a I 1000 MHz amplnllrr usmg 
MAR 4 MMlCs 
WB6BIH p 33 Jul 87 

Buyang topo maps Commenls 
K3SKE p 9 Dec 86 

Can I patent lt7 
KZLZ 0 8 Mar 87 

CATV1 ilelter) 
WB4NMA p IG Aug 83 
Comments changlrlg lundamenldl 
conslants 01 sclence 
W4SXK p 6 Oct 87 

Commun~cat~ng on 474 083 GHz (Ilght 
wdve COmmUnlCallonSl 
WA6EJO p 10 Drc 86 
Comments W6JTH IJ 8 Jun 83 

D ~ ~ l b e l  detln~ng (he 
Gruchalla M p 51 Feb 85 

Electromagnetic Interference and the 
dig~tal era 
KBPUR p 114 Sep84 

EMIRFI shielding new techn~ques part 1 
Martln, Vaughn D p 72 Jan 84 

EMIRFI shleldlng new techn~ques part 2 
Martln Vaughn D p 84 Feb 84 

Fllters (letter) 
W6XM p 8 Feb 83 
Comments W3NOW p 8 Apr 83 

F~lter des~gn graphic 
W6NRW p 37 Apr 84 
Short clrcu~t p 13 Jul 84 

Functoon Generator clrculls from your 
s~gnal generator part 1 
K41PV p 67 Dec 86 

Ham radlo techn~ques 
W6SAI p 63 May 84 

Ham radio technlques fllty years ago 
W6SAI p 58 Jun 84 

Ham radro lechn~ques 
W6SAI p 106 Oct 84 

Ham rad~o techn~ques 
W6SAI p 75 Jan 85 

Ham rad~o techn~ques 
W6SAI p 59 Feb 85 

Ham radio techn~ques 
W6SAI p 83 Mar 85 

Ham radlo techn~ques electron hole 
theory exposed as fraud 
W6SAI p 67 Apr 85 

Ham rad~o technlques 
WGSAI p 66 May 85 

Ham rad~o techn~ques 
W6SAI p 51 Jun 85 

Ham rad~o technlques 
W6SAI p 59 Jul 85 

Ham rad~o technlques 
W6SAI p 90 Aug 85 

Ham radlo technlques I have seen the 
future and 11 works 
W6SAI p 91 Sep 85 

Ham rad~o techn~ques 
W6SAI p 75 Oct 85 

Ham radro lechnlques 
W6SAI p 67 Nov 85 

Ham rad~o techn~ques 9CXX revts~ted 
W6SAI p 83 Dec 87 

Harmon~c product detector for ORP 
transceivers 
W5FG p 44 Jun 83 

Harmonics Trapplng stubborn 
NtRC p 99 Jan 86 

lmpedance matchlng a br~ef  revlew 
WD4C p 49 Jun 84 

KWM 380 exlernal control clrcult (HN) 
WA2RUD p 96 Dec 83 

Llghtnlng locat~on and detecl~on 
VYlCW p 25 Sep 87 

Llnear ampliller 3CX800A7 
K8RA p I 7  Aug 84 

Low pass fllter ~ntegrated clrcuit 
WBZKTG p 59 Jan 85 

Mobllp theft delerrent The Weekender 
W6WTU p 81 Feb 87 

Modllylng the Tr~o Kenwood TS930S 
WB9BXT p 67 Apr 86 

Monol~th~c RF ampllflers 
N6JH p 22 Mar 86 

Myster~ous spur on 160 
N3BEK p 73 May 83 
Comments KOKL N3BEJ 

p 95 Nov 83 
NE5205 w~deband RF ampllller 

Gruchalla Mlchael p 30 Sep 86 
Shorl c~ rcu~ t  p 72 Jan 87 

Neutral~z~ng 5726 f~nal  at 1500 watts 
output (HN) 
WZYW P 63 Jun 84 

Noise cancellation circult 
K l RGO p 75 Mar 84 

Peaked lowpass a look al the 
ultraspher~cal f~lter 
W7ZOI p 96 Jun84 

Phase modulator PLL (HNI 
VE3FHM p 1 1  7 Jun 85 

Photovolta~c cells a progress reporl 
WD8AHO p 52 Dec 83 
Comments K6KVX Sample 
Martln WDBAHO WB4APT 

p 10 Feb 84 
Polymer fllm translorms mechanical en 

ergy lo eleclrtcal energy 
WA4KFZ p 55 Dec 84 

Power FETs trend lor VHF dmpllllers 
Ptslers Danlel and W7PUA 

p 12 Jan 84 
Pract~cally speak~ng repatring flood 

damage 
K4lPV p 95 OCI 85 

Pracl!cally speaklng lntermltlents pt 1 
K4lPV p 75 Nov 85 

Pratt~cally speaklng Intermlttnnts pl 2 
K4IPV p 79 Dec 85 

Practrcally speaklng battery problems 
Pt 1 
K41PV p 82 Jul 87 

Prerecorded messages help the hearlng 
lmpa~red (HN) 
W20LI p 87 Sep 84 

Ouartz crystal resonators 
Boddaert Peter p 85 Feb 86 

Resonant clrcults 
WD4C p 12 Apr 84 

RFl fllters Build narrowband 
WB4EHS p 10 Mar 86 
Short clrcult p 36 Jun 86 

RFI solvlng the problems of 
W2YW p 124 Sep 84 

Russ~an Woodpecker the a contlnulng 
nulsance 
KR7L p 37 Nov 84 

Solar power for your ham statlon 
NH6N p t 4 Dec 84 
Short circuit p 145 Mar 85 

The Guerr~ report computer technology 
W6MGI p 54 Nov 84 
Short clrcuit p 8 Dec 84 

The Guerr~ report 
W6MGI p 124 Jan 85 

The Guerr~ report superchips come Of 

age 
W6MGI p 126 Feb 85 

The Guerr~ report 
W6MGI p 158 Mar 85 

The Guerr~ report 
W6MGI p 157 Apr 85 

The Guerrt report a busy slgnal from 
space 
W6MGI p 165. May 85 

The Guerr~ report pred~ct~ng equipment 
fa~lure 
W6MGI p 125 Jun 85 

The Guerr~ report 
W6MGI p 124 JuI 85 

The Guerr~ report 
W6MGI p 124 Aug 85 

The Guerr~ report RF power supplies 
achleve high eftlciency 
W6MGI p 157 Sep 85 

The Guerro reporl RF elfecls Ihe good 
and the bad 
WGMGI p 142 Oct 85 

The Guerr~ reporl 
W6MGI p 140 Nov 85 

Two tone s~gnal generalor 
YB9ATAIWA7AON p 25 Feb 86 
Short clrcull p 45 Apr 86 
Short clrcull p 36 Jun 86 
Comments Using the Spectrum Mon 
ltor 
KI6DW p 9 Nov 86 

Us~ng CAD to rew~nd transformers 
W6WTU p 83 Dec 86 

Uslng spreadsheet programs 
AD16 p 95 Dec 86 

Verv sensltlve LF or HF f~eld strenqth 
meter 
K l  RGO p 67 Sep 86 

VHFIUHF world the VHFIUHF prlmer an 
~nlroduct~on lo filters 
WtJR p 112 Aug84 

VHF noose brldge 
OEZAPMlAA3K p 10 Jul 86 

VSWR br~dges 
K2LB p 37 Mar 86 

VMOS on 1750 meters 
KlRGO p 71 Oct 83 

Wlds range RF power meler 
KA8OBL p 24 Apr 86 

NOVICE 
READING 
Cheers from down under Comments 

VK4OA p 9 Dec 86 
Ham rad~o techn~que 

W6SAI p 59 Dec 86 
Elmer s notebook novlce enhancement 

WlSL p 95 Jun 87 
Short clrcull p 95 Aug 87 

Elmer s notebook 220 MHr 
W l  SL p 91 Aug 87 

Elmer s nolebook an ~nlroduct~on to AM 
TOR 
WI SL p 101 Sep 87 

Elmer s notebook packet rad~o 
WtSL p 100 Oct 87 

Morse code computer tutor 
N3SE p 45 Jun 85 

New band prtv~leges for Nov~ce opera 
lors (letler) 
KAODOE p 15 Sep 85 
Comments W3YBF p 9 Jan 8b 





Comments KDOEV p 9 Jan 86 
Comments WD5H p 9 Jun 86 

Novlce prlvlleges (letter) 
WB91VR p 9. Oct 85 

Practlcally speaklng 
K4lPV p 79 Dec 85 

Rellecl~ons Nov~ce enhancemenl and 
the 220 MHz band 
W9JUV p 4 Apr 87 

OPERATING 
Battlef~eld the (letter) 

W W L  p 8 Jun 83 
Buy~ng topo maps Comments 

K3SKE p 9 Dec 86 
Carr~er operated CW reception llm~ter 

W6NRW p 113 Sep 85 
CATV1 (letter) 

WB4NMA p 10 Aug 83 
CW zero beat ~ndlcator for transceivers 

W6KVD p 88 Mar 83 
Comments DARC awards lnformatlon 
KlRH p 6 Jul 87 

Elmer s notebook 220 MHz 
W1SL p 91 Aug 87 
Short clrcull D 95 Auq 87 

Elmer's notebook an ~ntroducl~on lo 
AMTOR 
WlSL p 101. Sep 87 

Elmer's notebook packet radlo 
WlSL p 100. Oct 87 

Ham radlo technlques 
W6S AI p 66, Jan 83 

p 65, Nov 83 
p 81, Dec 83 
p 58. Sep 84 
p 67, Jan 86 
p 65, Feb 86 
p 63. Mar 86 
p 42. Apr 86 

p 39. May 86 
p 30, Jun 86 
p 66. Jul 86 

p 43. Aug 86 
p 42. Sep 86 
p 38, Ocl 86 
p 73, Nov 86 
p 59. Dec 86 

Ham rad~o techn~ques. BY0AA revls~ted 
W6S AI p 53. Aug 87 

Ham rad~o technlques a new country for 
you? 
W6SAI p 41. Nov 87 

IC-255A swltchlng clrcult (HN) 
WB610V p 70. Jan 83 
Commenls. WA4MZZ p 8. Jun 83 

Locator held llst 
SM5AGM p 74. Jul 87 

Locator held list 
SM5AGM p 89, Ocl 87 

Myster~ous spur on 160 
N3BEK p 73, May 83 

No-code Ilcense (letters) 
WB4SKP. W9ZMR. W2LX. 
WPJTP. WlBL,  K U W  p 8. Jan 83 

No code (letter) 
W6SN p 10. Aug 83 

Operating etlquette (letter) 
W9MKV p 12. Jul 84 

Pacemakers and RFI 
K4CN p 98, Jun 83 
Comments. KlRGO p 76. Oct 83 
Comments. K4CN p. 77. Oct 83 

Pacemakers and RFI, safety flrst 
K3EAS. K3FOW p 76, Oct 83 

Repealer etlquette (letter) 
W 1 OLP p 8, Oct 83 

Servlce no1 hobby (letter) 
W5VSR p 8. Aug. 85 

Ten-meter beacon 
WAIIOB p 46, Apr 83 

Ten-meter beacons (letter) 
KAlYE p 13. Sep 83 
Comments, KAlYE p 11, Jan 84 

TOM remembered (letter) 
WlESN p. 11 , Jan 84 

Tune-up method, low duty-cycle for 
transmitters (HN) 
K4KI p 62. Aug 83 
Comments, W5XW p 11. Dec 83 
Comments. K4KI p 11, Jan 84 

VHFIUHF world. operallng a VHFIUHF 
micro-wave StatlOn 
WIJR p 38, Jul 87 
Shorl clrcult p. 97. Oct 87 

Volunteer examiners. keep standards 
h ~ g h  (letter) 
K6WX p. 12. May 84 

Working WSLFL from space 
K6DUE p 81. Sep 83 

OSCILLATORS 
Audlo osclllator to pulse generator con 

verslon (HN) 
WWLO p 50 Oct 64 

Better frequency stabtllty for the Drake 
TR7 
HB9ABO p 21 Aug 87 

Frequency synthes~s by VXO harmonlc 
SelectIan 
W3MT p 12 Feb84 

H ~ g h  stablllty BFO for recelvpr appllca 
tlons 
KlZJH p 28 Jun 85 

Local oscillators hlgh stablllly for 
microwave receivers and other ap 
pllcatlons 
WB3JZO p 29 Nov 85 

Low nouse phase locked UHF VFO part 
1 the nose problem 
WA9HUV p 33 Jul 86 
Short clrcult Low nolse UHF VFO 
WASHUV p 9 Dec 86 

Low nose phase locked UHF VCO part 
2 conslructlon and testlng 
WA9HUV p 25 Aug 86 

Oscillator vollage controlled uses 
ceramlc resonators 
K2BLA p 18 Jun 85 
Short Clrcult p 27 Aug 85 

PL tone generator a programmable 
WB0VSZ p 51 Apr 84 
Short c~ rcu~ t  p 125 May 84 

RF synlheslzers lor hf communlcatlons 
part 1 
WA6OAA p 12 Aug 83 
Short clrcull p 125 May 84 

RF syntheslzers lor hf communlcatlons 
part 2 
WA6OAA p 48 Sep 83 
Short clrcult p 125 May 84 

RF syntheslzers for h l  communlcallons 
part 3 
WA6OAA 11 17 Ocl 83 
Short clrcull p 125 May 84 

Universal osclllator clrcult 
VE6RF p 38 Apr 86 

VCO 1 800 2600 MHz 
WWTV p 21 Jul 85 

VFOs tuned by cyllnder and dlsc 
W0YBF p 58 Feb 83 

W~deband VCO des~gn 
WA4MGX p 49 Jul 84 

10 GHz osclllator ultra stable 
K8UR p 57 Jun 83 

PACKET 
C-64 and GLB PK-1 Interlace clrcult 

WZEHD p 87 Mar 87 
Comments packet board 
update p 6. Jan 87 

Elmer s notebook packet rad~o 
WlSL p 100, Oct 87 

Packetlmer for the PK-1 
W2EHDIexWBKGN p 93. Mar 87 

Packet radlo conference br~dge 
WD5HJP p 24. Apr 87 

Packet radlo PSK modem for JAS-11FO 
12 
G3RUH p 8, Feb 87 

RAM drlve lor packet rad~o 
AD16 p 44 Dec 87 

TEXNET packet-sw~tchlng network pt 1 
system deflnltlon and des~gn 
WB5PUC 8 N5EG p 29. Mar 87 

TEXNET packet swltchlng network-pt 2 
hardware deslgn 
WB5PUC & N5EG p 29. Apr 87 

TEXNET packet-sw~tch~ng network-pt 3 
software overvlew 
WB5PUC & N5EG p 53, Jun 87 

POWER 
SUPPLIES 
AC converter. DC lo 400-Hz (HN) 

WB2YVY p. 58. Mar 83 
Battery charger. NlCd, constant current. 

a pulsed 
KZMWU p 67, Aug 85 

D~esel generator repalr 
Rlchardson. Wayne p. 46. Apr 83 

Dual voltage power supply 
WD4SKH p. 32, Mar 83 
Comments, WBPUAQ p. 12. Jul83 
Short circuit p. 80, Jul 83 

Forget memory (Ni-Cd dlscuss~on) 
K W V  p. 62. Jan 83 

Low voltage power supplles deslgnlng 
W4MLE p 46 Mar 85 
Short C~rcu~ t  p 121 May 85 

Power supply ampl~f~er 
WAPGFP p 32 Sep 83 

Power supply SIX output 
Marlln Vaughn D p 12 Oct 84 

Power supply swltchlng hlgh voltage 
W5FG p 48 Apr 84 

Pracllcally speaklng bench power 
supply 
K41PV o 55 Mar 86 

Practlcally speaklng batter; problems 
Pt 1 
K41PV p 62 July 87 

Practlcally speaklng battery problems 
Pt 2 
K41PV p 73 Aug 87 

Pulse w~dth ~nodulated dc lo dc con 
verters 
W3CZ p 65 Oct 87 

Regulated screen g r~d  power supply A 
AG6K p 51 Jun 86 

Regulator problem solved (HN) 
W6XM p 97 Dec 83 

Temperature conlrol automatic 
WB51RI p 75 Jun 85 

The Guerr~ report RF power supplles 
ach~eve hlgh efflclency 
WGMGI p 157 Sep 85 

Transformers wlnd your own Inexpen 
slvely 
W4GDW p 96 Jun 85 

Vacuum tube substltut~on 
WPY E p 58 Oct 83 

PROPAGATION 
Achleve polar~zatlon dlversty through 
var~able power spllttlng 

W3NGJ p 10. Feb86 
D~gital lonosondes 

K2RR p 14, Dec 83 
DX forecaster 

p. 74. Jan 83 
p. 56. Feb 83 
p 84. Mar 83 
p. 94, Apr 83 

p 74, May 83 
p 65. Jun 83 
p. 82. Jul 83 

p. 66. Aug 83 
p 84, Sep 83 
p 87, Oct 83 
p 90. Nov 83 
p. 92, Dec 83 
p 83. Jan 84 
p. 79. Feb 84 
p 93, Mar 84 
p. 93, Apr 84 

p. 119. May 84 
p. 109. Jun 84 
p. 103. Jul 84 
p. 63. Aug 84 
p 79. Sep 84 

p 100, Oct 84 
p. 92, Nov 84 
p. 63, Dec 84 
p. 94. Jan 85 
p 75. Feb 85 

Short c~rcult p. 11 7. Jun 85 
p. 120. Mar 85 

p. 84. Apr 85 
p. 79. May 85 

p. 102. Jun 85 
p 100, Jul 85 

p 100. Aug 85 
p. 122, Sep 85 
p 105. Oct 85 
p. 92. Nov 85 

p 112, Jan 86 
p. 78. Feb 86 
p. 97. Mar 86 
p. 99, Apr 86 

p. 118. May 86 
p 101. Jun 86 

p. 91, Jul 86 
p. 90. Aug 86 
p. 98, Sep 86 
p. 92. Oct 86 
p. 84. Nov 86 

Short clrcult. HORANT program. 
p. 92, Oct 86 
p. 9. Nov 86 

p. 84. Dec 86 
DX forecaster, Wlnter anomalous ab- 
sorption 

KWYW p. 101, Dec 86 
OX forecaster: OX DroDaaation . . -  

KWYW p. 108, Jan 87 
Comment: HORANT for CP/M 
K4GIO p. 6. Feb 87 

OX forecaster. more DX propagation t~ps  
p. 88. Feb 87 

DX forecaster. equlnox problems 
p. 106. Mar 87 

DX forecaster a sprlng DX solut~on 
p 97. Apr 87 

DX forecaster 1986 propagatlon revlew 
p 105. May 87 

DX forecaster. sporadic-E season 
p 66. Jun 87 

DX forecaster: summer thunderstorm 
nose 

p.78. Jul 87 
DX forecaster: summertime DX 

p. 82, Aug 87 
DX forecaster: more sporad~c-E 

p 85, Sep 87 
OX forecaster: equlnox season DX 

KWYW p. 85. Oct 87 
OX forecaster: wlnter DX 

KmYW p. 57. Nov 87 
DX forecaster dxlng vla the wlnter 
anomaly 

KWYW p 91, Oct 87 
Comments low band DXlng 
W E l l  p 6. Apr 87 

Dxlng by computer 
NS6N and Buchanan, Walter 

p 81, Aug 84 
EME llnk calculator program 

KE6ZE p 9, Feb 86 
Comments, KC8OH p. 70. Apr 86 

Grayllne propagatlon, fundamentals of 
KR7L p. 77. Aug 84 

HF ground wave propagatlon 
WA9GFR p 81. May 86 

How to plot great circles on your lavorlte 
map 

W4BW p. 81, Aug 86 
L-band ground wave propagatlon pro- 
gram 

WA9GFR and Joseph R. Hennel 
p. 103. Jan 86 

Comment. WA9GFR p 9. Apr 86 
Moon coordinates, determining baslc 

WPWD p 38, Jan 85 
Moon-track~ng by computer 

K8WX p. 38, Mar 84 
New band propagation 

KKZXJM (W4MB) p. 12. Jan 83 
Radlo astronomy and the search for ex- 
tra terrestrial intelligence 

WB3JZO p. 10. Mar 85 
Return to the 360-degree propagatlon 
predlctlon 

N4UH p 41. Oct 87 
Russian Woodpecker, the: a continuing 
nuisance 

KR7L p 37, Nov 84 
Solar activlty and the earth's magne- 
tosphere 

KR7L p. 8. Aug 87 
Solar outages, predlctlng 

VE7ABK p. 75. Mar 85 
360-degree MlNlMUF propagation pre- 
dlct~on 

N4UH p. 25. Feb 87 
VHF meteor scatter communications 

A17J p. 69. Feb 84 
VHFIUHF world, lmprovlng meteor scat- 
ter communicat~ons 

WIJR p 82. Jun 84 
VHFIUHF world: the VHFIUHF Pnmer. 
an introduction to propagation 

WlJR p. 14. Jul 84 
VHFIUHF world 

WlJR p 45. Sep 84 
VHFlUHF World, propagation update 

WlJR p 86. Jul 85 
VHFlUHF World 

WlJR p. 85, Dec 85 
VHFIUHF world- meteor scatter com- 

munlcatlons 
WlJR p. 68, Jun 86 
Short circu~t p. 87, Jul 86 

VHFIUHF world: aW and mm-wave prop- 
agatlon: part 2 

WlJR p 69, Aug 86 

RECEIVERS 
AND 
CONVERTERS 

general 
Bragg-cell recelver 

WB3JZO p. 42. Feb 83 
Cascaded stages. IMD and Intercept 

points of 
W3lMG p. 28, Nov 84 
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WIREDITEITCD 

2W con1 UP to 3W tntrrm~ltenl 
.TASl for IOM. 6M. 2M. 150.174.220 MHz. 
eTA451 for uhf. 

.Wide Dynamic Range: t o  reslst overload FCC TYPE ACCEPTED FOR COMMERCIAL BANDS 
*Stable, n ~ w - t y p e  r i ~ ~ a l - g a t e  GaAs FFT 

.SENSITIVITY SECOND TO NONE! 0 15uV Typ 

.SELECTIVITY THAT CAN'T BE BEAT! Batll R pole xtal 
Inllrr & ceramtc I~lfer for > 100clR al + 12kH7 Hcllcal 
resonator front End to combat dcscnse & lntcrmod 

hel~cal resonator front en0 tot e ice~t lonal  selectvlty. 

proof squelch AFC tracks drlnlng xmlrs xtal oven 
avall Kt1 5138, wn $198 

.It451 FM RCVR. Same as aWve but UHF. Tuned lhne 
ront end 0 2uV senstllvtly Kt1 only $138. wlt $198 

.TO-2 OTMF DECODERICONTROLLER hlt only 178. 
Full 16dlg16.5 functions, toll call rertrlctor, program. 
rnablc. Much more. Great for salecllva calllng too! 

a~p.1 AUTOPATCH h ~ t  nnly $78. Reverse patch & phone 
llne remote control l ld.  

SAP-2 Slmpler Autopatch. Usc wrth above. 

FET Preamp w l th  features simllar t o  LNG 
except automat ical ly  sw i tches  out Of line 
transmit. Use wl th base o r  mobl ie 

lvers u p  t o  25W. Tower  mtg. hardware  

Kit leas Case 139 
Wlrad vlcasa $69 

RESONATOR 

FM tranSm!ttrr 
.DE-202 FSK DATA DEMODULATOR k11538 

Cl High quality equipment at  reasonable prices surely 
appeals to  me; but I want more details before I buy! Rush 
my copy of the 40-page Hamtronics catalog by return first 
class mail. I enclose $1 ($2 for overseas air mail). 
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MULTlFAX 2.0 
AN UPDATED MULTIFAX PROGRAM TO COPY: 

WEFAX FROM GOES SATELLITES 
HF FAX FROM NAVY WEATHER BROADCASTS 
APT FROM NOAA POLAR ORBITING SATELLITES 
WEFAX REBROADCASTS FROM TV TRANSPONDERS 

IN UP TO 8 COLORS (BY RE-USING FOUR) ON YOUR 
IBM OR COMPATIBLE PC. 
MULTIFAX 2 0 (MF2) displays the full picture on the moni- 
tor as it is be~ng recorded. Meanwhile memory is filled with 
f~ne-grain data so that ANY AREA on the plcture may be 
selected and repeatedly magnilled for viewing in greater 
detail. All data and any view may be saved on disk. 
MF2 is adaptable to all known fax speeds and PC clock 
rates since timing is keyboard adjustable. 
MF2 now records more, such as a full NOAA pass and 
longer weather chans and schedules. 448k of memory for 
DOS. MF2, and normal recording space. More memory 
gives a longer recording in 64k increments. 
OBTAIN hard copies by using your GRAPHICS print pro- 
gram OR using MF2 to dump a full picture in maximum de- 

stail to the printer. 
DATA entry is via the PC game port or parallel printer port. 
PRICE 1s $49 (US) lor MF2 on disk with instructions and in- 
terface circuit information. For prevlous MULTIFAX buy- 
ers. MF2 is $15 (US). Add 54 (US) for dellvery outside USA. 
Canada, and Mexico. 
MF2 was written by an author of "WEFAX Pictures on Your 
IBM PC" published in the June 1985 issueof "QST." 
SEND for freedescriptive material on these and other new 
features in MULTIFAX 2.0. Send $1 (US) for a copy of a 
typical picture memory dump to the printer. 

Elmer W. Schwittek, K2LAF 
2347 Coach House Lane 

Naples, FL 33942 
IBM req#%lt.r6,d Iradornark 01 IBM COrp 

Mull~lnr 05 a rr.gl5ter~d trademark01 E W Schwlllek 

106 n December 1987 fl 237 

Subscribe Today To The 
World's Leading Magazine For 
Shortwave & Scanner Listeners! . International Broadcasting 

Utlllty Monitoring 
Scanners 
Shortwave and Longwave 
Satellites 
Electron~c Projects 
Ltslenlrtg TIPS 
Frequency Llsls 
Equnpment Reviews 
News-breaklng Artlcles 
Feature Artlcles 
Exclusive lntewlerm 
Instghts by the Experls 
New Products 

Each month MONITORING TIMES, the first w~de- 
spectrum llstener s publlcat~on and st111 the best, brlngs 
you 64 glant tablo~d pages of late-break~ng lnformatlon 
on  every aspect of monltorlng the r a d ~ o  spectrum 

Fast-paced and ~nformat~on-packed, MONITORING 
TIMES consistently scoops the publlshlng tndustry 

ORDER YOUR SUBSCRIPTION TODAY before 
another Issue goes by only $15 per year (US and 
Canada). $22 per year (fore~gn) or send $1 for a sample 
Issue (fore~gn send 2 IRCs) 

MONITORING TIMES 
P 0 B o x  98 Brasstown, N C 28902 

( #I Source of PACKET Info ) 

I TheMagazine 
For Amateur Radio rnd Computerists 

Why You Should Subscribe! 
Read what our subscribers say! 

It 's  in the fine print! 
*Your magazine is the finest irt~tnvurion that I hmv ,seen in 
hunt radio since 1953-except. . . mr~ybe the all-soli(1 state 
tranceiver. Carl Soltesz. WRPkT . . .hove most crnainly 
received my rnoney'.~ uv~rth in .sofru~.crre. . . Michael Regan. 
KSWRR . . .you have found a nice niche fo r  CTM in 
packet. . . you have me getting intrrc~.sred. . . Charlie Curle, 
AD4F Chattanwga. TN 7hr packet computer infi, 
convinced nte to subscribe. John Skubirk. KSJS 
Enclo.ved is my check j ~ r  renewal o/ tny s~tbscription. I enjoy 
the c1on.n to earth and homey style qf v o ~ i r  magazine 
and the many fine crlmpurrr anicqlrs. . . Andy Kosiorek, 
Lakewood. OH I Has both pleased and dismayed upon 
hecoming acqttainted u~irirh vour ma,qa:ine at HAM-CUM. 
Pleased that I discorrred your ma,cu:ine-di.srnuye(1 thrtt I 
didn f long hcfi~re now. Rill 1,athan. AKSK . . . CTM 
gives the finest coverage rn packer mrlio tlrar I have sem in 
any of the computer or amateur radio ma.qa5nes. h u,ould 
apprar that CTM has just the right hlend (4 packet onrritritr 
radio anicles and computer articles. Barry Siegfried. KLMF 
Of thr three HAM magazines I rrceiveil each month CTM is the 
only one I read from col r r  to cover and carry with me during my 
rra\rl.s abroad. Most qf thc rime it remains in that c o i t n t ~ .  Ruck 
Rogers. K4ABT 

U.S.A. $18.00 1 Yr-$10.00 6 Months (Limited 
Offer) $33.00 2 Y r  

Mexico & Canada $32.00 I Yr (Surface) 
Other Countries (Air) $68.00 (Surface) $43.00 1 Yr 

U.S.FUNI)S ONLY 
Sample Copy & Rack Issues-$3.50 

I Mail to: 
Circulation Manager 
1704 Sam Drive 

I Rirmingham, AL 35235 
1 (205) 854-0271 

1 Name I 
1 Call Sign I . . 

I Address I 
I City ST - ZIP I 

I Date I 
Signature I 

L m m m m I I m m m m m I m J  
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CB to 10-meter conversions, scanner 
W2FMY KB2GA p 98 Nov 85 

Compact 75-meter monoband 
transcelver 
KlBOT p 13, Nov 85 
Short clrcu~l p 66 Jan 86 

D ~ g ~ t a l  frequency readout uslrlg the Com- 
modore 64 
W3NNL p 83 Nov 85 

Elmer'a notebook recelver buzzwords 
WlSL  p 100 Nov 87 

Extendlng rerelve coverage for the IC 02 
and IC-04 
WB6GTM &I 77 Jul 86 

External prot:uct i!eteclo, irnoroves 
recelver performance 
W6GB p 107 Nov 85 

Ham rodlo techn~ques "wh~te nolse' 
technology bltes back 
W6SAI p 55 Jail 87 

Ham radlo tcchntques whlte noase 
rev~s~ted 
W6SAl p 79 Ocl 87 

H~gh-stab~l~ty BFO for recelver appl~c.i- 
!pons 
KlZJH p 28 Juri 85 

LF converler flxed-tuned 
KlRGO p 13. Jan 83 

M~xer Irequencles graphical selectloll 
W2HVN p 41, Jun 85 

No~se d~scrlrnbnatrir a pulsewldth 
WGNRW p 23. Nov 84 

No~se, understanll~ng arld harldl~ng 
DJ2LR p 10 Nov 86 

Panoram~c adaptor spectrum analyzev 
des~yn noles 
WA6NCX/l p 26. Feb 83 
Commenls K2CBY p 12. Sep 83 
Short crrcu~t p 70. Oct 83 

Preamp at work. Ouletl 
N6TX p 14 Nav 84 

Rece~ver Input temperalure (letter) 
WA6JTD p 13 Apr 85 

Recelver tunlng nlechan~sm selection 
PY2PElC p 31 Nov 86 

Recelver. 10 through 80-meter home 
brew 
NIBFV p 40. Nov 85 

Remole-slte recelvers and repeater oper 
atlon 
K9EID p 36 Jan 83 

S-meter, a 1.allbrilled 
W7SX p 23 Jan 86 
Short clrcult p 45. Apr 86 

Spectrum analyzer, a handheld optlcal 
WAUWDL p 23. Apr 84 

Ten-Tec Arqosy. Upgrade 
WB3JZO p 38. Nov 86 

True lrequency d ~ g ~ t a l  readout tor the 
HW-I01 
NU4F p 8. Jan 87 
Shorl clrcu~t p 41. Aug 87 

TS-930s headset audlo, Increase un 
distorted (HN) 
W6FR p 128, Oct 85 

VHFIUHF world hlgh dynam~c range 
recelvers 
WlJR p 97. Nov 84 
Shorl clrcult p 103. Jan 85 

VHFIUHF world broadband ampllflers In 
recelver deslgn 
WlJR p 91. Nov 86 

VHFIUHF World low-nose recelver up- 
date - part 1 
WlJR p 77. Nov 87 

Better frequency stab!l!ly for the Drake 
TR7 
HBSABO p 21. Aug 87 

CAT control system for the Yaesc, FT- 
757CX 
SM6CPI D 26 Nuv 87 

CB to 10 fm lransce~ver conversion 
VEBFIT. VEJAON D 16 Feb 83 

Compact SSB rt'celver 
K t  EOT p 10 Nov 83 
Comments KAKiPE p 10 Mar 84 

Compact 20 metrr CW recclver A 
K l  BOT pl 8 Jun 87 
Short clrcult p 6 Jul 87 
Short clrcull p 81 Scp 87 

Des~gn~ng a modern recelvcr 
WBBJZO 11 23 Nov 83 

Deslgn~ng a statc-of-the art recelver 
KAPWEUlDJ21 R p 17 Nov 87 

Dlg~tal HF radlo a sampllng o l  tech 
nlques 
KAZWEUIDJ2LR p 19 Apr 85 
Short clrcult p 121 May 85 

HF superhet 20 meter 
N3ECZ p 65 Nov 86 

H ~ g h  frt,quency recelver performance 
G40BU p 33 Feb 84 

Improved stab~l~ ly  and dlal cal~bratlon for 
the Healhk~t HW 8 IHN) 
W3HVK p 103 Nov 83 

Rece~ver Pocket portable SSB 
WB6BIH p 55 hov 86 

Recerver sweep al~gnment system 
WB6BIH p 124 No> 84 

Shortwave rrcelver portable 
PY2PElC p 67 Apr 84 

S~mple shortwave broadcast recelvpr 
W6XM p 83 Nov 83 

Supertiel collset ~lestgrr wtth a nocro 
computer 
Sterrenburg F 4 S p 113 Nov 84 

SW recelver a double conversloli porta 
ble 
PY2PElC p 48 Nov 84 

Thumbwheel lrequency selector f o ~  the 
Yaebu FT 757 GX 
KA9SNF p 33 Nov 87 

Transce~ver$ quasl bllaleral 11 for 
K lZJH p 75 Uec 84 

Two bsnd recelver extending rht, 
modular 
WA3TFS p 57 Nov 84 

Two bdnd recelver modular 
WAJTFS p 53 Jul 83 
Comment? WA3TFS p 8 Sep 84 

Tomorrow s recelvers what will thv next 
20 years bring? 
W7SX p 8 Nov 87 

15 meler sldebanrl transcerver 
WA4ZXF p 12 Mar 83 
Short c~rcult p 80 Jul 83 

80 meter recelver slmple 
WB2EAV D 25 Nov 86 

vhf 
Extendlng recelve coverage for the IC 02 

and IC 04 
WB6GTM p / 7  Jul 86 

Moduldr transmll and recetve converlers 
for 902 MHz 
N6JH p 1 7  Ma, 87 

Optlcal Im recelver 
Poon and Pleper P 53 Nov 83 
Short c~rcull  p 85 Jan 84 
Comment W6OAL p 13 Jun 84 

VHFIUHF world VHFIUHF receivers 
WlJR p 42 Mar 84 

VHFIUHF World low noise recmver up 
date-part 1 
WlJR p 77 Nov 87 

VHFIUHF World low nolse rect31ver 
update part 2 
WlJR p 72 Dec 87 

RTTY 
CW and RTTY dlgltal aud~o flltc3r 

WlOER p 60 Aug 83 
New MSO for RTTY (letter) 

N2EO p 12 Jul 84 
RTTY and ~ l s r l ~ ~  cornpuler 

K5VUV p 36 Ju l83  
Short c l r~u l t  p 10 Feb 84 

RTTY oscilloscope Input uslng Ihne trans 
formers (HN) 
W6XM p 87 Sep 84 

RTTY zero beat ~nd~calor  IHN) 
W2QLl p 76 Ocl 83 

Run RTTY on your T~mex 
NU4V p 110 Apr 85 

Run RTTY on your VIC 20 
WSTRS p i2O Apr 85 

T ~ m e x l S ~ n ~ l a ~ r  ncwsletter (letter) 
AD lB  p 12 Jul 84 

TRS 80 color computer for RTTY 
WlOER p 62 Jun 83 

VIC 20 prlnter (HN) 
WZOLI p 88 Sep 84 
Short clrcult p 145 Mar 85 

SATELLITES 
Demodulator telemetry PSK for 

OSCAR 10 
G3RUH p 50 Apr 85 

Eleval~on lndlcator lnexpenslce 
W5JTL p 67 Jun 85 

F~rst  H T  lo  HT QSO via OSCAR 10 
WAZLOQ p 32 Sep 84 

G 0 E S reception a s~mple approach 
WA4WDL p 46 Jan 84 

Graohlc az~muth and elevat~on calculator 

WB0VGI p 25. Jan 83 
lntroduclng satellite communlcatlons 

G3ZCZ p 10. Apr 86 
Locate orblt~ng satell~tes 

WWWW p 72. Sep 83 
Moon-track~ng by computer 

k6WX p 38. Mar 84 
Packet rad~o PSK modem for JAS-l iFO-I2 

G3RUH p 8. F ~ D  87 
Satelllle lracker d~gltally controlled 

KABOB1 p :02 Sep 85 
S~gnals from space recelvlng 

KRUR [I 67 Nov 81 
The Guerr~ rqlort Yuper spr!ed sc7mlcon- 

ductor 
W6MGI p '09 OCI 86 

The Guerr~ report communlcdtlon satel- 
lites 
W6MGI p '08. Jun 86 
Comments opdatt: on ACSSB Ir?vel 
one 
adapler, project OSCAR (Oct 86) 
WB6JNN p 9 Nov 86 

Work OSCAR 10 wllh your HT 
WA2LOO p 29. Sep 84 

SEMI- 
CONDUCTORS 
Coot~ng semrconductors par1 1 drsrgn 

Ing and using healslnks 
Mart~n. Vauqhn D 33 JuI 84 

Coolhng sen~\condu<:tors part 2 blowers 
and fans 
Martin. Vaughn U p 52. Aug 84 

GaAs FET performance and preamplifier 
; lpp l~c~l l~on 
K8UR p 38 Mar 83 
Comnlctnls KC0W p I?.  Jul 83 

Prdctlcally spcxak~ng solid state rectlf~era 
KJlPV p 51 Aug 86 

Practlcally spraklng substllotlng 
trans~stors-oart 1 
K41PV p 92 Sep H6 

Practlcally speaklng subst~tul~ng 
translslors-par1 2 
K41PV [I 66 Oct 86 

Sol~d-sta!e .eplacements 
AK7N p 46. Apr 83 

The Gucrr~ report super speed semlcon 
IluCIOr 9 

W6MGI p 109. Oct 86 
Transistor Ibas~ng, back to baslcs 

WD4C p 91. Dec 84 
VHFIUHF world the ublqu~lous d~ode 

WlJR p 51. Feb 87 
VHFIUHF WORLD The uh~qu~tous dlode 

part 2 
WlJR o 55 Mar R7 

SINGLE 
SIDEBAND 
ACSSB a level one adapter 

WB6JNN p 10 Oct 86 
Ad)ustlng SSH ompl~l!ers 

AG6K p 33 Sep 85 
Better soundlng SSB 

AG6K p 58 Feb 84 
Comnients W2OZH p 13 Jun 84 

Development of Amateur SSB a b r~e l  
h~story 
K4KJ p 12 Sep 84 
Comments AG4R p 8 Dec 84 

Ham rad~o IeLhnlques 
W6SAI 11 106 Oct 84 

Llnear ampl~f~er  HF solld slate kllowalt 
mob~le 
WA7SPR p 67 Feb 85 

Weaver modulat~on 2 rnetrr transmitter 
NlCOX p 17 Jul 85 

SOFTWARE 
BASIC program analyzes s~mple ladder 

networks 
W3NQN p 32 Aug 87 
Shorl circuit p 97 Oct 87 

Des~gn a no tune ampl~f~er  wlth your p r r  
sonal computer 
W7DHD p 8 Sep 87 

EME llrlk calculator program 
KE6LE p 70 Feb 86 
Comments KCBOH p 9 Apr 86 

Get on SSTV w ~ t h  the C 64 
IPCAB and I2AED edlted by K9EI 

p 43 OCt 86 

L-band ground wave propagallon pro 
gram 
WA9GRF arid Joseph R Hennel 

p 103 Jan 86 
Uslng spreadsheet programs for amateur 

rad~o projects 
AD lB  p 95 Dec 86 

TELEVISION 
A tour through an NTSC TV station-part 

1 (h~storlcal aspects) 
KL7AJ p 57 Dec 87 

Get on SSTV with the C-64 
K9EI p 47 Oct 86 
Short Clrcuil p 97. Oct 87 

TRANSMITTERS 
AND POWER 
SUPPLIES 
general 
Adjustrng SSB arnpllflers 

AG6K p 33. Seo 85 
Aural vco prov~des relatlve meterlnq 

KlZJH p '17. .Ian 87 
Des~gn a no-tune ampl~f~er  w ~ t h  your per- 

sonal c:ampi~ter 
W7DHD p 8 Sep 87 

Grounded grld ampllt~er parasltlcs 
AG6K p 31. Ajlr 86 
Comment NJW; a 9 Jlrl 86 
(:omment, WZYW p 6 Jul 86 

Ham rad~o technlques- super cathode 
dr~ven ampl~fter 
W6SAI p 73. Nov 86 

Ham radto techn~q~res ' whlte nolse' 
technology b~tes back 
W6SAI p 55 Jdn 87 

Ham rad~o technlques "whlte nolse' 
rev~slted 
W6SAI p 79. Ocl 87 

MCl496, ~mproved carrler suppresston 
IHN) 
KlZJH p 78. Apr 65 
Short clrcull p 74 Jul 85 

MMlC multlDl6er cha~ns for the 907 MHz 
band 
N6JH p 72 Feb 87 
Short clrcult D 64. May 87 

RF swltchlng hlgh power wlth pln dl 
odes 
KN8Z p 82 Jan 85 

Three tube 4CX250B lhnear ampllller 
YUlAW p 63 Apr 87 

True frequency d ~ g ~ t a l  readout tor Ihe 
HW 101 
NU4F p 8 Jan 87 
Short crrcurt p 41 Aug 87 

VMOS on 1750 meters 
KtRGO p 71 Ocl 83 

6 meter ampllt~er 
W2GN p 72 Apr 83 
Short clrcult p 97 Aug 83 

5LX1500 screen protecllon (HN) 
VE3AlA p 58 Mar 83 

Ampl~f~er .  3CX1200A7 10 to 80 meler 
K8RA p 75. Aug 85 

Better frequency stab~l~ty  for the Drake 
TR7 
HB9ABO p 21. Aug 87 

CAT control system tor the Yaesu F T ~  
757GX 
SM6CPI p 26 Nov 87 

CB to 10 fm transcelver converslon 
VE3FIT. VE3AON p 16. Feb 83 

Compact 75 meter monoband 
transcelver 
KlBOT p 13. Nov 85 

Convert a $25 CB HT for 6 meters 
KlZJH p 79. Aug 87 

Des~an an a m ~ l l f ~ e r  around the 3CX- 
1200A7 
W7DHD p 33 Dec 87 

Ham radlo technlaues 160-meter eaulo 
men1 
W6SAI p 77. Mar 87 

Improved stablllty and dial cal~bratlon for 
Ihe Heathk~t HW-B (HN) 
W3HVK p 103, Nov 83 

Llnear ampltf~er, HF. sol~d-state kilowatt. 
moblle 
WA7SPR p 67. Feb 8:) 
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Remote control hf operation 
K5QY p. 32. Apr 83 
Short clrcult p 97, Aug 83 

Thumbwheel frequency selector for the 
Yaesu FT-757GC 
KA9SNF p 33. Nov 87 

Vacuum tube amplifier, design a toro~dal 
tank clrcult lor 
W6YUY p 29, Aug 85 

15-meter sideband transceiver 
WA4ZXF p 12, Mar 83 
Short clrcutt p 80. Jul 83 
Short clrcult p 66. Jan 86 

TROUBLE- 
SHOOTING 
GLA 1000 ampllfler, stop blowlng ftnals 

G4CFY G3ROG p 59. Aug 85 
Grounded g r ~ d  ampllfter parasltlcs 

AG6K p 31 Apr 86 
Comment NJ0G p 9. Jul 86 
Comment W2YW p 6 Jul 86 

Pract~cally speaklng coax veloclty factor 
K41PV p 78 NOV 86 

Pract~cally speaklng uslng the mu1 
tlmeter 
K41PV p 43 Jul 86 

Pract~cally speaklng uslng the rlght mu1 
llmeter 
K4IPV p 95 Jun 86 

Pracl~cally speaklng 
K4lPV p 35 Feb 86 

Pract~Cally speaklng 
K41PV p 59 Jan 86 

TVl problem solvlng a dtfflcult (HN) 
W2YW p 152 Sep 85 

VHF AND UHF 
general 
ATV power ampllfler fast scan 

WB0ZJP p 67 Mar 85 
Aud~o lo mlcrowave ampllfler bulld your 

own 
Gruchalla M~chael p 12 Mar 84 

Bandpass f~lter des~gn lnterdlgltal 
compuler a~ded 
N6JH Monemzadeh p 12 Jan 85 
Short clrcutt p 11 7 Jun 85 

Converting mob~le microphones for 
hand held VHF transcelver 
KDBKZ and WB3JCC p 79 Mar 86 

Des~gn~ng a mtcrowave arnpl~f~er 
Domansk~ S p 30 Sep 87 

D~plexer mods (HN) 
K5PFE p 89 Apr 83 

Dual wattmeter 50 500 Hz 
WB4EHS p 67 Jul 85 

Duplexer SIX cavlty home brewed 
K9EYY p 12 Feb 85 

EME llnk calculator program 
KE6ZE p 70 Feb 86 

Ef f~c~ent  match~ng 
VE7BS p 83 Sep 83 

Elevat~on lndlcalor lnexpenslve 
W5JTL p 67 Jun 85 

Elmer s notebook 220 MHz 
WlSL p 91 Aug 87 

Elmer s notebook 1200 MHz band 
W l  SL p 113 Dec 87 

Get on 6 meters the lnexpenslve way 
KBlKJ p 91 Mar 85 

G 0 E S recepllon a slmple approach 
WA4WDL p 46 Jan 84 

Helical antenna matchlng 
Bell~veau John p 73 May 83 

L band ground wave propagallon pro 
gram 
WABGFR and Joseph R Hennel 

p 103 Jan 86 
Local osctllators htgh stablllly for mlcro 

wave recetvers and other appl~catlons 
WB3JZO p 29 Nov 85 

Measur~ng nolse flgure 
KPBLA p 26 Jan 84 

M~cros and VHF beacons transmlt 
messages automatically 
K9EI p 51 Jul 85 

M~crostr~p Impedance program 
K8UR p 84 Dec 84 

MMlC mult~pl~er chams for the 902 MHz 
band 
N6JH p 72 Feb 87 
Short ctrcu~t p 64 May 87 

Modular transmlt and recelve converters 
for 902 MHz 

N6JH p 17 Mar 87 
Monoi~thlc RF ampllflers 

N6JH p 22 Mar 86 
Moon coordinates determlnlng baslc 

WPWD p 38 Jan 85 
Moon tracklng by compuler 

K6WX p 38 Mar 84 
Novlce enhancemenl ant1 the 220 MHz 
band Reflect~ons 

W9JUV p 4 Apr 87 
Power dlvlders extendedlexpanded 

W5JTL p 73 Oct 84 
Power FETs trend for VHF ampl~f~ers 

W7PUA and Peters D ex DL4VJ p 12 
Jan 84 
Power supply ampl~her 

WA2GFP p 32 Sep 83 
Preamp at work Ouletl 

N6TX p 14 Nov 84 
Rad~o telescope antenna requlremenl 

Landecker Tom p 44 Mar 83 
RF transmlsslon cable mlcrowave ap- 
pllcat~ons 

K3HW p 106 May 85 
Sllverplatlng safe sens~ble 

K9EYY p 29 Feb 85 
Slmple VHFIUHF multlple quarter wave 
f~lters 

WA3EWT p 37 Sep 87 
The Guerr~ report s~gnal processing 

W6MGI p 156 Dec 84 
The Guerr~ report mm waves part 1 

W6MGI P 109 Feb 86 
The Guerr~ report mm waves part 2 

W6MGI p 117 Mar 86 
The Guerr~ report f~ber optlcs 

W6MGI p 141 May 86 
Comment WD9EIA p 8 Feb 83 
Comments K2MWU p 8 Feb 83 

Trade of1 power lor anlenna gain at 
VHF? 

WA9GFR Hennel p 32 Jul 85 
Comment WA9GFR p 9 Apr 86 

2 3 GHz prescaler 
N6JH p 21 Jan 87 

UHF antenna tower low cost 
KA6GVY p 30 Oct 84 

VHF ampl~l~ers carrler operated relay 
WB3JCC KDBKZ p 45 Apr 85 

VHF meteor scatler comrnunlcatlons 
A17J p 69 Feb 84 

VHF nolse br~dge 
OE2APMlAA3K p 10 Jul 86 

VHF stgnal generation harmon~c m~xer 
KlZJH p 40 Mar 85 
Short clrcu~t p 121 May 85 

VHFIUHF world the VHFUHF challenge 
WlJR p 42 Jan 84 

VHFIUHF world lmprovlng meteor scat 
ter communtcat~ons 

WlJR p 82 Jun 84 
VHFIUHF world mlcrowave bands 

WlJR p 44 Jan 86 
VHFIUHF world the VHFIUHF primer 
an lntroductlon to propagatlon 

WlJR ' p 14 Jul 84 
VHFIUHF world the VHFIUHF Prlmer 
an ~ntroduct~on to hlters 

WlJR p 112 Aug84 
VHFIUHF world 

WlJR p 45 Sep 84 
VHFIUHF world 

WlJR p 55 Oct 84 
VHFIUHF world low nose GaAs FET 
technology 

WlJR p 99 Dec 84 
VHFIUHF world htgh power ampllflers 
part 1 

WlJR p 97 Jan 85 
VHFIUHF world h~gh  power arnpl~l~ers 
part 2 

WlJR p 38 Feb 85 
VHFIUHF world keeping VHFlUHFers 
up lo date 

WlJR P I26 Mar 85 
VHFIUHF world protectlrlg equlpmenl 

WlJR P 83 Jun 85 
VHFIUHF world propagatlon update 

WlJR p 86 Jul 85 
VHFIUHF world deslgnlng and bulld~ng 
loop Yag~s 

WtJR p 56 Sep 85 
VHFIUHF world lransmlsslon lhnes 

WlJR p 83 Oct 85 
Comment W9ICZ p 9 Apr 86 

VHFIUHF world 
WlJR p 54 Nov 85 

VHFIUHF world 
WlJR p. 85. Dec 85 

VHFIUHF world. pw and mm-wave prop- 
agatlon, part 2 

WlJR p. 69. Aug 86 
VHFlUHF world. meteor scatter commu- 
nlcatlons 

WlJR p. 68, Jun 86 
Short circu~t p 87. Jul 86 

VHFIUHF world, mlcrowave bands 
WlJR p 44. Jan 86 

VHFIUHF world, 33 cm-our newest band 
WlJR p 83. Apr 86 
Short clrcull (p 87, July 86) 

p 9, Aug 86 
VHFIUHF world rf connectors, part 1 

WlJR p 77. Sep 86 
VHFlUHF world rf connectors, part 2 

WlJR p 59, Oct 86 
VHFIUHF world: mlcrowave and 
m~ll~meter-wave update 

WlJR p 63, Jan 87 
VHFIUHF world- 33 cm update 

WlJR p 74, Apr 87 
Short clrcult p 81. Sep 87 

VHFIUHF world mlcrowave portable Op- 
eratlon 

WlJR p. 75. Jun 87 
Short clrcult p 81, Sep 87 

VHFIUHF world. mlnlmum requirements 
for 2-meter EME-pt 2 

WlJR p 65. Sep 87 
VHFIUHF world Operating a VHFIUHF 
mlcrowave statlon 

WlJR p 38, Jul 87 
Short clrcult p 81, Sep 87 
Short clrcult p 97, Oct 87 

VHFIUHF world, m~nlmum requtrements 
for 2-meter EM€-pt 1 

WlJR p 39, Aug 87 
Comments, W7WRQ p 9. Dec 87 

VHFIUHF World tmpedance match~ng 
techn~ques 

WlJR p 27, Ocl 87 
2 3 GHz prescaler 

N6JH p 21. Jan 87 
Weather radar, 10-GHz 

K4TWJ p 61. Sep 83 
X-band mlxer, low nose 

N5AX p 22. Jan 83 
10-GHz osc~llator, ultra stable 

K8UR p 57, Jun 83 

antennas 
Antenna ~nsulators, PTFE VHF 

W5JTL p 98. Oct 85 
Convert an lnexpenslve CB mag-mount 
antenna Into a superb 2-meter whlp 

K7DBA p 52, Oct 86 
Colag~ antenna, The 

VE3BFM p 61, May 86 
Computer-a~ded deslgn of long VHF 
Yagl antennas 

VK4ZF p 28, May 86 
Cyl~ndr~cal feedhorns revls~ted 

WA9HU p 20. Feb 86 
D~rect~on-f~ndlng tool, the fox box 

KIZJH p 25. Oct 85 
Ham notebook 2-meter halo antenna 

NR5A p 63. May 87 
H~gh-performance Yagls for 432 MHz 

K l  FO p 8. Jul 87 
Comments. KLM balun 
Scoll, W p 6, Sep 87 
Shorl ctrcutt p 97, Oct 87 

Long 2-meter colllnears a Simple way to 
achleve galn (HN) 

WB3AYW p 95. May 86 
Matchlng 432 MHz hellcal antennas 

W8NWU p 44. Mar 83 
Open-wtre l~ne  for 2-meters 

N4UH p 94. Jan 87 
VHFIUHF world VHFUHF antennas and 
antenna systems 

WlJR p 46. Feb 84 
Short clrcult p 54. Jan 86 

VHFIUHF world stacklng anlennas, part 

WlJR p 129 Apr 85 
VHFIUHF world stacklng antennas part 
2 

WlJR p 95 May 85 
VHFIUHF world 

WlJR p 85 Dec 85 
VHF Yagl CAD on the C 64 

W4PFZ p 70 Sep 86 
VHFIUHF world Yagt facts and fallacies 

WlJR p 103 May 86 
VHFIUHF world reflector antennas part 

1 
WIJR p 51, Feb 86 
Short clrcult p 45. Apr 86 

VHFIUHF world reflector antennas part 
2 
vVlJR p 68. Mar 86 

Yag~ a hlgh galn 70 cm 
WlJR p 75 Dec 86 
Shorl clrcult P 68 Feb 87 

VHFIUHF world Opllmtzed 2 and 6 
meter Yagl 
WlJR p 92 May 87 
Short clrcult p 26 Jun 87 
Short clrcult p 49 Jul 87 
Shorl clrcult p 41 Aug 87 
Short c~ rcu~ t  p 81 Sep 87 

Yag~ trtgon reflector Optlmlztng 
WB3BGU p 84 Jan 86 

2 meler beam porlable 
KB5QJ p 113 Oct 85 

6-meter kllowalt ampllller 
KX83 p 50 Ju1 86 

receivers and 
converters 
GaAs FET performance and preampltfler 

appllcatlon 
K8UR p 38. Mar 83 
Comments. K C W  p 12. Jul 83 

Local osc~llators, h ~ g h  stabiltty for 
m~crowave receivers and other ap- 
pllcal~ons 
WB3JZO p 29. Nov 85 

TR-250012600 2-channel programtnlng 
IHN) 
K9MLD p 128, Oct 85 

VHFIUHF world VHFIUHF receivers 
WlJR p. 42, Mar 84 

VHFIUHF world low-nolse GaAs FET 
technology 
WlJR p 99, Dee: 84 

VHFIUHF world 
WlJR p 54, Nov 85 

VHFIUHF World low nolse update, part 
2 
WlJR p 72, Dec 87 

Yaesu's lalest VHFIUHF receiver, add 
general coverage 
W6MGI p 67, Oct 85 
Short c~rcult p 97. Ocl 87 

2-meter weather converter 
WA3EEC p. 87. Dec 83 

2304-MHz preamplifter, low-nolse 
WAZGFP p 12. Feb 83 

transmitters 
Ampl~f~er. 2 meter. 40 watt 

WB4GCS p 50, Oct 83 
Ampllf~er, 432-MHz. 1500-watt 

W2GN p 40, Jul 85 
Low-no~se phase-locked UHF VCO part 

1 Ihe nolse problem 
WAQHUV p 33, Jul 86 
Short clrcull p 9. Dec 86 

Low-noise phase~locked UHF VCO part 
2 conslructnon and testlng 
WA9HUV p 25, Auy 86 

Temperalure control. aulomatlc 
WB5lRl p 75, Juri 85 

TR-250012600 2-channel programmlng 
IHN) 
K9MLD p 128. Oct 85 

VCO. 1800.2600 MHz 
WmTV p 21. Jul 85 

VHFIUHF world medlum power amp11 
flers 
WlJR p 39. Aug 85 

VHFIUHF world VHFIUHF exclters 
WlJR p 84, Apr 84 
Short clrcull p 60. Oct 84 

Weaver modulalton. 2-meter lransmltter 
N 1 COX p 12, Jul 85 

X band beacons 
WA6EJO p 29. Jan 87 

6-meter ampllt~er 
W2GN p 72, Apr 83 
Short clrcu~l p 97. Aug 83 
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welve Folks Conve 

Eleven Geezers Griping 

Ten Novices Keying 

Nine Raggers Chewing 

Eight Amateurs Arguing 

Seven Turkeys Babbling 

S i x  Extras Explaining 

Five Garrulous Hams 

Four Chatting Chicks 

Three Bantering   id dies 
Two Crackling Speakers 

And a Radio to Listen in With. 

O u r  Thanks F o r  Your ~ o y a l  Support  
Happy  Holidays From EGE 

merica Drive, 



Handheld DX 
with the 
DX Handy" 

The idea of handheld DX seems far- 
fetched, but it's actually very simple. The 
DX Handy is a battery powered (six penlight 
AA drycells included) SSBICW transceiver 
with two watts output. DX Handy can also use 
nicad rechargeable batteries, or be powered 
with 9 VDC. 

Two variable crystal oscillators (VXOs), 
each with 50 KHz range, can be selected 
with a top panel switch. Crystals for 28.250 
to 28.300 and 28.300 to 28.350 Mhz are 
included, and other crystal ranges for the 
10 meter band are also available at a 
nominal cost. 

CW operation can be by either the built-in 
push button or with an extemal key or keyer. 
External speaker and microphone jacks are 
also provided, and the telescoping antenna 
is included. The DX Handy also has a top 
panel S-meter1 output power meter and an 
effective noise blanker circuit. DX Handy is 
housed in an attractive gray metal case com- 
paring in size to popular VHF FM handhelds. 

Ten meters is coming back strong. With DX 
Handy all amateurs, novice to extra class, 
can enjoy the thrill of working handheld DX. 

AEA 
Advanced Electronic Applications 
P.O. Box C2160 
Lynnwood, WA 98036-091 8 
(206) 775-7373 

AEA mil $379.95 Amateur Net $3 

. Frequency Coverage: Any tm, 50 KHz segments in the 
28.0-29.0 MHz Amateur Band (28.25-28.30 and 28.30-28.35 
MHz supplied) 
Frequency Contml: VXO provides 50 KHz of continuous tuning 
wlth a slngle crystal 
Frequency Stability: Whin +. 500 Hz horn a cold start 
Antenna: 50 Ohms Unbalanced. BNC connector 
Power Requirement: 8.69.0 VDC 
(Included): 6-AA Dry Cells (1.5 volt/cell) = 9.0 VDC 
(Optional): 7-AA NiCads (1.2 Volvcell) = 8.4 VDC 
Current Drain: Receiving - Approx. 70 mA 

Transminlng - Approx. 620 mA 
Dimensions: (W) 66mrn x (H) 39mm x (D) 142mm 
Weight: 710 Grams (1 Ib. 9 02.) with batteries and 
antenna 

'Ransmltler 
s Output Power: 2 Wans at 9.0 VDC 

Emlssion modes: A 3  (USB) and A1 (CW 
Spurlous Emissions: More than 40 dB down 

. Intermediate Frequency: 11.2735 MHz 

Controls and lndlcators 
On'Ofi Volume control Top 

mounted Potentiometer . Receiver Incremental Tuning 
(RIT): Top mounted 
Potentiometer with center 
off detent position 

Frequency: Top mounted 50 

Frequency Range: Top mounted 
2-position switch 
Nolse Blanker: Top mounted 
0n:Ofi switch -5 ,i . s w  meter: Top mounted s/RF 
meter 
Built in CW key: Top rnounted 
momentary switch 
External Speaker output: Top 
mounted I/,; phone jack 
Extemal Microphone Input: Top 
rnounted '/8" phone jack 
Antenna Connector: Top 
mounted Female BNC 
Transm~t Indicator: Top mounted 
Transmlt LED 
Push-To-Talk: Side mounted 
momentary switch 
Extemal P m r :  Bottom 

.'J rnounted 2.1 mm maxial 
External key input: Bottom 

~. , mounted '/e" phone jack 
Mode Seleclor Switch: Bonom 
mounted 2-positlon switch 
Charge Extemal Power: Bottom 
mounted 2-position switch 
select~ng 12 VDC external power 
function 

:I 9.9s Speofmtms and pwas s ~ e c t  to change mthoul nolm aoblQath 
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YOUALREADYOWN 75% OFA 
COLOR VIDEO STATION 
It's true. With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what's 
required to 
color video 

receive and 
world-wide! 

ser 

Add a I m ] o T ~ d e o  Vansceiver 
and your station is complkte. 
Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM-direct, via repeater or 
satellite-you can join in 
the high-tech fun with- 
out modifying your 
present equipment. Just 
add a Robot to your 
station! ROBOT RESEARCH, INC. 

?,036 l(ullto R,>rld 
Son D~ego 14 97 125 

Phone (610) 770 0430 

I 
Pleasesendmethefollow~ng Robot equipment I understandthat if lam 1 
d~satlsfled for anyreason. Ican return the unlt and recelve a full refund ! 

lPMX high resolution video tranxeiver $1595 
450C standard resolution $795 
400C upgrade k ~ t  $395 
More Information 

I 
Name Call I 

I 
Address I 

I 
City Zip I 

I 
COD I 

I 
Enclosed check or money order S I 

I 

OMC n V l S A *  Exp. Date I I 



CLOSFDUT 

440 lo 450 MHz 

tlnnd Held w/erilrn 
. HaIIer? Puck 

NEW ENGLAND'S FAC7Y)RY- 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOD mIIcoMI 
Ai.~o rli.vpleryin,q !lie, po~~ulcir  crcc.c,s.soric>s trcc.clc~tl l o  c.ottr/~lc,rc~ ( I  HAM DATION . . . 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL ~ 

ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 
HELDKN BENCHER B & W DAIWA ALINCO 

CLOSEOUT HUSTLER KLM LARSEN MIRAGE ROHN 
TEI.KX7HY-GAIN TOKYO HY-I'OWKR 1,AHS 

Kenwood TM-JOIR TRAC KKYERS VIRROPLEX WKl,% ETC. H 289 
25W 440 lo 450 MHI Mnhilc 1 C 2 9 9  OPEN SIX DAYS A WEEK 

t lr l l  'r 1 k I F C r  I t  JC . 

U N F f R  

The ORIGINATOR of the VHF AMPIPREAMP COMBO! 
YOU KNOW THE LUNAR NAME...NOW OWN THE BEST. 

Solid State Amplifiers for 50, 144, 220, 440 MHz 

NE W! GaAs FET Receive Preamp Built-In! 

NE W! UHF Models ot Latest Design! 

N E W!  ode^ ~2 -500  for ~o Meters... 
500 Watts Output in a Deluxe Package! 

See your Full line of 
dealer or call separate preamps 

avallable 
COMWl Pl i ATIONS 6 SYSTEMS OlVlSlON 

7930 Arjons Drive San Diego. CA 92126 Telephone (619) 549-9555 Telex 181747 

1, 290 
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CONFERENCE 
PROCEEDINGS 

21sl Central Sta;es W F  Society 
Conference held in Arlington, Texas, 
July 23-26, 1987. 28 papers covering 
everything from use of N R O  dishes 
for moonbounce to a solid state 
amplifier for 5.7 GHz. 166 pages. 

I 6th ARRL Computer Networking 
Conference held in Redondo Beach. 
California. August 29, 1987. 29 
papers (approximately 150 pages) will 
appear in the proceedings booklet. 
Copies will be available at the 
conference or from ARRL after Sep- 
tember 1. 

MICROWAVE UPDATE 1987 held in 
Estes Park, Colorado, September 10- 
13. 1987. 15 papers (approximately 
100 pages) appear in the proceedings 
booklet. Copies will be available at 
the conference or from ARRL after 
September 14. 

Proceedings booklets are $10.00 each 
plus $2.50 per order for postage and 
handling ($3.50 for UPS.) 
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Tom McMullen, WlSL 

the 1200-MHz band 
This month I'II explore some of the 
activities and peculiarities of the 
1200-MHz (23 cm) band, and give you 
a tip on how to become a very popu- 
lar person with your local UHF crowd. 

It wasn't too long ago that the 
1200-MHz band was a real challenge 
for technically sharp Amateurs; getting 
a few milliwatts of stable power was 
difficult, and getting several watts re- 
quired a whole bench full of tubes in 
cavities, heavy power supplies, blow- 
ers to keep it all cool, and enough 
spare surplus triodes to inflate the price 
of silver beyond reason. How things 
have changed! 

A sketch of the 23-cm band is 
shown in fig. 1; note that the portion 
in which Novices can operate covers 
a large chunk of territory - almost half 
the band. 

what's happening? 
This is another band in which 

Novices can use repeaters, and 
perhaps one of its most promising ac- 
tivities. The power limitation of 5 watts 
PEP (peak envelope power) shouldn't 
create hardship at all. Any decent 
repeater on this band will have a high- 
gain, non-directional antenna, and it 
should be able to hear a 5-watt mobile 
or hand-held unit for several miles. 
Since a repeater transmitter can oper- 
ate with many watts of output, the 
higher power level plus the antenna 
gain will assure full-quieting signals 
into any transceiver it can hear. 

Repeater channels for fm on the 
1200-MHz band are 25 kHz apart, with 
inputs starting at 1270.05 and continu- 

( A M A T E U R 1  

fig. 1. Novice privileges in the 1240- to 
1300-MHz band include repeater oper- 
ation and a large amount of spectrum 
where other activity can take place. 

l 

ing through 1276 MHz. Output fre- 
quencies are 12 MHz higher, from 1282 
through 1288 MHz. There's room for 
simplex channels between 1294 and 
1295 MHz, again with 25-kHz spacing 
recommended. There's plenty of room 
between 1276 and 1282, and between 
1288 and 1294 for other modes, which 
I'II discuss later. 

Adopted by the ARRL Board of Di- 
rectors, this band plan has been widely 
publicized. Local groups may have dif- 
ferent ideas, however, so be sure to 
check what's available before locking 
into a range of frequencies. 

equipment 
A look through the advertisements 

in any Amateur magazine shows that 
there are several choices for Novices 
to use on 1200 MHz. One notable fm 
unit is the IC-12AT hand-held unit from 
ICOM. It has 1-watt output, and has 
a sensitivity of 0.32 PV for 12-dB 
SlNAD (and that's pretty good, con- 
sidering that in the "weak-signal" work 
of only a dozen years ago, anything 
that could hear 0.5 PV was considered 
high tech!). One caution, however: 
current ICOM literature shows the 
IC-12AT (American version) available 
with 10, 20, 30, 40, or 50 kHz steps. 
Their IC-12E (European version) is 
available with 12.5, 25, 37.5, 50, or 
62.5 kHz channel spacing. Be sure the 
one you get will fit the channel spac- 
ing available in your area. 

There are a couple of mobilelport- 
able units available: Kenwood's TR-50 
(with 1-watt output) and ICOM's 
IC-120 (also with 1-watt output). Both 
units can be used mobile, or, given 
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their relatively low battery-power re- 
quirements, portable with a small bat- 
tery pack. 

ICOM also offers a repeater, the IC- 
RP1210. Novices can't be owners or 
control operators of repeaters, natur- 
ally, but I hope some Elmers or Tech- 
nicians (who can also be Elmers) will 
get some ideas. This repeater provides 
inputs from 1271.02 to 1272.98 MHz, 
with outputs 20 MHz higher - i.e., 
1291.02 to 1292.98 MHz. Output is 10 
watts. It will work from either 117Vl 
240V ac, or from 13.8V dc. 

Then there's ICOM's IC1271. Again, 
it has too much power output (10 
watts) for the Novice, but it's nice to 
know about when thinking of upgrad- 
ing. It's a CWISSBlfm transceiver, 
and has all the bells and whistles you'll 
need for OSCAR, contest, or other 
weak-signal work. It works from a 
13.8-Vdc supply, so it's a good candi- 
date for mobile or home use. 

is frn all there is? 
There's plenty of other activity go- 

ing on in this part of the spectrum, and 
a look at the VHFIUHFlmicrowave 
contest scores in QST shows quite a 
few stations adding to their total by 
using 1296-MHz equipment. This 
usually comes under the heading of 
weak-signal work, and there's equip- 
ment available for that, too. Note that 
although equipment shown in most 
advertisements is listed as 1296-MHz 
gear, it works at other frequencies too, 
and usually won't need any adjustment 
if you put it to work just below 1295. 
It will require only minor tweaking if 
you want to use it between 1288 and 
1294 MHz. 

Weak-signal modes are CW or SSB, 
and most stations use their existing hf 
or VHF gear along with converters or 
transverters (transmittinglreceiving 
converters) for 1200-MHz work. A 
popular line of such converters and 
transverters is produced by Microwave 
Modules. Among the equipment of- 
fered is the MMT 129611446 - a 2- 
watt output transverter that uses a 
144-MHz transceiver as its transmitting 
and receiving i-f; the NMK 12961144 
receiving converter that uses your 

2-meter receiver tuned to the i-f out- 
put; and the MMG 1296 MHz receiv- 
ing preamplifier to provide more gain 
and low noise ahead of a converter. 
Microwave Modules also has other 
units with more power capability for 
when you upgrade. 

Most of the test equipment available 
in the usual ham workshop will func- 
tion just as well at 1290 MHz, with the 
possible exception of a powerlSWR 
meter. Here, the Bird series of watt- 
meters with plug-in elements offers an 
accurate means of checking your 
transmitter power output and anten- 
na SWR. 

Frequency counters, too, have ar- 
rived in this part of the spectrum: the 
Optoelectronics model 1300H works 
up to 1.3 GHz (1300 MHz), and Ram- 
sey offers the CT125 for this band. 

antennas 
Although commercially-made an- 

tennas for this band are available, the 
selection isn't large. There is evidence 
of improvement, however. Of course, 
Kenwood and ICOM provide antennas 
to work with the equipment they sell, 
and Larsen has a mobile 1200-MHz 
antenna available. I've also noticed 
mobile and base-stationlrepeater an- 
tennas made by NCG Company. Some 
of the NCG units are dual-band, work- 
ing at both 446 and 1200 MHz. 

For weak-signal work, most people 
roll their own, and considering that the 
length of a half-wave element at 1290 
MHz is approximately 4-318 inches, it 
isn't hard to put together a beam of 
respectable gain with a few pieces of 
aluminum.* 

The loop Yagi, which consists of 
several closed metal hoops mounted 
on a boom in the same manner that 
elements are in ordinary Yagi anten- 
nas, is a popular item among many en- 
thusiasts. Down East Electronics, 

'A note for those who prefer to work wlth rnetrlc 
figures. the 1240 1300 MHz band is called the 23 crn 
band, whrch IS one wavelerlgth in space. A half wave 
in space IS then 11.5 cm, but the diameter of the metal 
rod used for an antenna element reduces the resonant 
length. Using the formula L (mrnl - 142,25O/f(MHr) 
gives a half wave element dimension of 110 27 rnrn. 

or 11.03 cm, which is a good ball park figure to start 
with at 1290 MHz. 

Spectrum International, and Mirage1 
KLM offer loop Yagis. 

the television question 
Novices are permitted to use all 

available modes on the 1270-1295 band 
segment, and that includes television. 
The obvious precaution, however, is 
to be sure that television operation 
doesn't interfere with any repeater 
operation. A TV signal requires a lot 
of room - anywhere from 3 to 8 MHz, 
depending upon the equipment used. 
There's plenty of space for TV and 
other modes on the band, but the pru- 
dent operator will check to see where 
others are operating before putting a 
signal on the air. 

The next thought that comes to 
mind is How? I haven't seen any ready- 
made 1200-MHz television transceivers 
offered in the Amateur publications. 
There are, however, 420-MHz televi- 
sion systems and components avail- 
able. Getting a signal on the air 
involves applying the video-output sig- 
nal to an rf amplifier to produce am- 
plitude modulation, then feeding the 
rf signal through some filters to get rid 
of one sideband and then to the an- 
tenna. Another method is to apply a 
low-power (i.e., milliwatts) output 
from a 420-MHz TV generator to a 
transmitting converter, then mix it with 
a local oscillator to produce 1200-MHz 
output. Either way, getting a television 
station together isn't a terribly difficult 
procedure, and such a project can eas- 
ily be explored by the technically adept 
Novice or Elmer. 

safety precautions 
One of the reasons for the 5-watt 

limit for Novices on 1270 to 1295 MHz 
is the possibility of tissue damage from 
rf energy at these frequencies. The 
problem comes about because unlike 
28- or 220-MHz energy, for example, 
1200-MHz energy is concentrated in a 
small area. Look at it this way: if you're 
operating at 28.1 MHz and using a 
114-wave whip, the output power is 
distributed along the length of the 
whip - approximately eight feet. The 
portion of it that your hand, arm, or 
head might intercept is small com- 
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Belle Mead. New Jersey 08502 
I V A R S  - KCZPX 
MARA - SALES 

-me - - - -  - --- - --- - 
I=-- 

l O A M  -3PM ORDERS w- 
7PM - l O P M  OROERSITECHNICAL C A L L  FOR CATALOG V ISA IMASTERCARD 

NEMAL ELECTRONICS -me== 
Womplete Cable Assembly facilities MILm-15208 
Wommerrial Accounts welcome- Quantity pricing Same day shipping mosl orders 
*I.',tory authorized distributor for Alpha, Amphenol &Iden, Kings, Times Fiber 

Call NEMAL for computer cabk, CATV cabk. Rat cable, semi-rigid cabk, tekphane cabk, 
crimping tools, D-sub connectors, heat shrink, cahk ties, high voltage connectors. 

HARDLINE 50 OHM CONNECTORSMADE IN USA 

PVIYY\M Am@wnd W e - -  .................. 1.45 
ffi 1 7 5 W  176 - hx ffiS8/58 (rpn3). .............. .22 

.............. 

NEMAI. ELECTRONICS, INC. U240 NE 14th Ave. N. Miami, R, 33161 
(305) 8935924 Telex 6975377 Whr FAX (305)8954178 v 295 

If-Square QRV-DX Monobanders 

Work DX with No Tower and No AmpW~cr. 
Cut noise, NI nur sigs. build DX rigs, kill QKM. 

r /  262 
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building) and have a ball racking up the 
contacts. Many of the stations will be 
using a frequency very close to 1296.0 
MHz, so you'll have to spread the 
word that you're only a MHz away at 
1295, but once they know you're 
there, you'll have plenty of calls to an- 
swer. This contest includes 220 MHz 
too, so you could easily become a 
multi-band contest operator. 

Another popular activity on UHF is 
filling in grid (locator) squares to earn 
points toward a certificate. A simple 
portable setup, with a medium-sized 
Yagi, operating from choice locations 
in some nearby grids will earn you 
points with the local VHFIUHF group. 
Get in on the fun yourself - see page 
17 of W1JR's column in the July, 
1987, issue of ham radio for a copy of 
the ARRL grid locator map, and start 
earning your own award. You'll need 
only 25 grid-square contacts to win 
your first certificate on 1290 MHz. 

ham radio 

SPECIALIZED 
COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! 

Since 1967, covering a l l  modes o f  
A m a t e u r  R a d i o  " s p e c i a l t y "  
communications; Fast Scan TV. SSTV, 
FAX, Packet Radio. Computers, RTTY, 
ARITOR, Satellites. TVRO,  Microwave, 
Lasers and more! 10 issues per year. 
Rack issues available, SASE brings 
TRSUOC, C64, I R M  software catalog. 
U.S.  subscribers $20lyear. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 
SPEC-COM Communications 81 
Publishing Group 
P.O. Box H 
Lowden, Iowa mw ;-; 

52255-0408 5"tm ~ d d e d  





Ham Radio's guide to help you find your local I 
Cal wc , w-m.,,.mvs 

A-TECH ELECTRONICS I ORLANDO. FL 32803 I MARYLAND RADIO CENTER 
I naa u n l  I v i n i n n n  \AIAV 305-894-3238 A 5 7 6  I AI IRFI nAl F nRlVF 

ifornia AMATEUR ELECTRONIC SUPPLY I rnhAhjnNWEALTH AVE. I Maryland 

,"UU 8 ,"LL, ..wv- ..r-m 

BURBANK. CA 91505 I Fla. Wats: 1 (800) 432-9424 
I (800) 327-1917 - - -  - - -  

--," -, .-. .---. .-- -. .. - - 
LAUREL, MD 20707 1 301-725-1 21 2 (81 8) 845-9203 I Outside Fla: ' 

New Ham Store and Ready to Make a Hours M-F 9-5:30, Sat. 9-3 1 Kenwood, Ten-Tec, Alinco, Azden. Full 
Deal! 

I I 
service dealer. 

JUN'S ELECTRONICS M-F 10-7 SAT 9-5 

3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 

Georgia 
21 3-390-8003 DOC'S COMMUNICATIONS Massachusetts 
800-882-1 343 Trades 
Habla Espanol 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encornrn, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
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 
Icorn, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more 
One mile off 1-95. no sales tax. 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861 -561 0 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
- 

ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

lllin ois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37279 W. SIX MILE RD. 
LIVONIA, MI 48152 
(31 3) 591 -7745 
Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 
Call Paul, WDBAHO 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 641 50 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 

I I Hours M-F 9-5:30, sat. 9-3 

Flori 
AMATEUR ELECTRONIC sfidr 
1898 DREW STREET 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comple fe details. 
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Amateur Radio Dealer 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201-939-0015 
Don WBZGPU 
Astatic. Azden. B&W. Butternut. Larsen. 
MiragelKLM. Kenpro. Nye. Santec. 
THL, and many others. 
M-F 10 am-9 pm 
SAT 9 am-7 pm 
VlSAlMC 

KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201) 239-4389 
Gene K2KJl 
Marvann K2RVH 
~ist i ibutor of: KLM. Mirage. ICOM. Lar- 
sen, Lunar. Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN 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. 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. ~ - - -  

~ 1 ~ ~ ~ 1 ~ ~ ~ . 0 ~ 4 4 0 9 2 ( ~ l e v e l a n d ~ r e a )  
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 

DEBCO ELECTRONICS. INC. 
3931 EDWARDS RD. 
CINCINNATI. OHIO 45209 
(51 3) 531-4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featur~ng 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 5-357-1400 
Same Location for over 30 Years 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 
Kenwood. ICOM. Ten-Tec. Cushcraft. 
Hy-Gain. Hustler. Larsen, AEA. 
Mirage. Ameritron, etc. 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
512-680-61 10 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6: SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN B 
KIRKWOOD) 
HOUSTON. TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

Foreign Subscription Agents 
for Ham Radio Magazine 
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PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE 8 DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE INFORMATION- 

Midland 
Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 
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flea market 
SAT TRAK II  A complete advanceif self conta~tled s.~tr l l~te 
tracker w ~ t h  AZ'EL rotor control [:titer Keplerlari data uncf, vla 
RS 232 wllh termtn,tl or cornputt:r Memory fnr 12 s,ttell~tes 
Accurate, Sol~d state AZ. EL rlrlvr! Av.~~lal,te from ADR, PO Box 
10184. :.aldsotd. FL 34230 18131 378 3410 

HAM LAB PROJECT. Want sevrrdl p~ccr?s HP G 382A v~~rl,ltjle 
atrenuator W~ l t  coris~der any rey td~ra t~ l t ' con t l~ t to~~ K6tiOX. PO 
Box 10. O'Neals CA 93645 1209) 868 3548 Collect 

30 YEARS PROVIDING QSL's. F~l l l  color Old Glory. C.rrtooo 
Also Parchrrient. Golden Eagle, 'and others Free salr~l,l<,s SASE 
apprccl;ltrd Rusprlnt, Rt 1. Box 363 HR. Spr~ng HIII, KS 66083 WANTED-Rddlo Bro,tdrast~rlg Equl11nlr.nt fur ri!bulldtr~l dnd 

parts Jcmrr WB4MMV. 98 Wooillake D r ~ v c  Chdrlottesvllll~ VA 
22901 Phljn? 18041 978 1770 or 18041 473 8697 RUBBER STAMPS: 3 I~nes $4 50 PPD Send r h r c k  i n  MO to 

G L PIC rcr 5521 Blrkdale Way S.rn Dtego CA 921 1 i SASE 
hr~ngs ~hlortnatlun WANTED TO BUY-Schemdtlr or Mdnt~al for Heathk~t Oacll 

loscope Model 10 14. Have Apple ~publ~c domaln softw.jru W ~ l l  
trade Requf:st (1st Hubert Tesrroet. 1305 West 41 Stn:et. Dilven 
port, lowa 52806 

ELECTRON TUBES: Recewmg. transrnlttrriq rnlcrow,rvf, all 
types avdlldble Large stock Next day delivery, nm\t LdSC'5 
DAILY SLECTRONICS, PO Box 5029, Compton, CA 90224 12131 
774 1255 SMART BATTERY CHARGER lor qell cclls or I t ! ,~l  m d  

I)attt!r~r%, hy Warren Dbon, WlBBH Set Julrc '87QST Mn!j.+z#nr 
for r;lrcult r,?tdds Coni~Ietr? k ~ t .  r1otl1111!) vise to b ~ q .  only $49 95 
pltls $3 '50 s:h Order 8150 KIT A h A Eny~t~et,r~nc]. 2521 
W LdPalnia. Unlt K.  Anahelm. CA 92801 

-- 

RATES Noncommercial ads 100 per word; 
commercial ads 600 p e r  word both payable 
in advance. No cash discounts or agency com- 
missions a l lowed.  

HAMFESTS Sponsored b y  non-profi t  or- 
g a n ~ z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
(subject  t o  our edit ing) on a space available 
b a s i s  only.  R e p e a t  insertions o f  h a m f e s t  ads 
p a y  t h e  n o n - c o m m e r c i a l  r a t e .  

COPY No special layout or arrangements 
ava i lab le .  M a t e r i a l  should be typewr i t ten  or 
c lear ly  pr in ted  (not all capitals)  and m u s t  in- 
clude full name and address .  We reserve t h e  
right to reject unsuitable copy.  Ham Radio can- 
not  check each advert iser and t h u s  c a n n o t  be 
held responsib le  for c l a i m s  made. Liabi l i ty for 

correctness  of material l imited t o  corrected ad 
in n e x t  ava i lab le  issue. 

DEADLINE 1 5 t h  of  second p r e c e d i n g  

CUSTOM MADE EMBROIDERED PATCHES At), sw \T>.* IW 

..,I on!. 1.. I,.II. 11 11, .1111111111 F11 1 wnlp.c. II~O\.,:, ( 3  111 1 1 I I 
nfu~nt;rl.r,r ntlh SPkC A-  I ES n. l)#.t)l 301 42U2 P .  l ) r ~ % c  

CODE PROGRAMS. APPLEIC-64 37 rnodes LARESCO POB 
2018 1200 R~riq Road (.dlurnt3t Clty 11 6C409 1 312 891 3279 RECONDlTlONED TEST EOUIPMENT $1 25 fur , .ir.~lau 

Walter 2697 N ~ r k r l  Sdn Pablo CA 94806 
IBM-PC RTTYICW. New CompRtly II IS tht, co(?ll>lete 
RTTYICW program for IBM PC's .rnd cornpat~btcs Now with 
larger t~c~fft ,rs, better support for packi't ~ l t i ~ t s .  plctclrris. rllilch 
morp Virtually any speed ASCII. BAUDOT. CW Tc:xt I ntry vl ;~ 
bu~l t  In scrl!c,n ed~torl  Ad lus t~ I~ I c  ..11111 screen d~splay If\at.rnt 
n ~ o d r  si,..'ril change Hardcopy. ~laskco(jy bn,dL In I,ultc,r. il.lert 
calling ts?xt f ~ l e  transfer, cusloni~zablt, full screen l ogq~~~ ! )  24 
prograrn~nable 1000 character messagi:s Ideal for MARS and 
traff~c handling Reqwres 256k PC or AT compat~ble, sur~dl tmrt. 
RS 232C TU $65 Send call letters ltr~cludmg MARS) wltll order 
David A R~cu.  KC2HO. 25 Vtllaile Vjew Bluff. Bdlls~oo Ldkc. 
NY 1201'1 

COMING EVENTS 
Activities - "Places to go . . ." 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCk 
MENTS WHETHER OR NOT YOUR HAMFEST LO( ATION. 
CLASSLS, EXAMS. MEETINGS. FLEAMARKETS, E I C  ARE 
WHEELCHAIR ACCESSIBLE THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHER SISTER 
HAMS WITH LIMITED PHYSICAL ABILITY 

MEASURE VSWR, ,gntvnna pdttcr:,, n,,)tch rvru j t  ~n~pr< ld l>cra 
from 100 kt12 to 2 GHz w ~ l h  portal)lr, 5 ,  .$lar network dnc,lyrurs 
Wr~tt!  fot ~ I c l d ~ l s  D~rect Convers~on Techntque, 3132 North 
Lowell AvPnue, Ch~cago. lll~nols 60641 (3121 283 1690 

MINNESOTA: December 5 The annual Hdnd~ Hanl Wlriter 
Harnfesl. Eagles Club. Fartbault Reg~strat~on starts 9 A M  Hdrld! 
Ham equlplncnt suctlon Dtnrlcr dt noon Proyrdm f<~ l lows 
Llcense exams. Talk In on 19/73 For ~n lo rmd t~o r  Do81 Frdr~z, 
WOFIT, I114 Frank Avenuf:. Albert Lt2.1. M N  56007 

CHASSIS. CABINET KITS. SASE K31WK. 5120 Hdrmony 
Grove R@a(l, Dover, PA 17315 

TELEVISION SETS mddr I~efore 1946. early TV IIdrts, thlrra 

m o n t h .  lure wanted for substantla1 cash Est)ec~,~lly ~nterested I I ~  "rillrror 
In the Itd" ,111d splnntng disc tv's Flntler's fee p a d  for Ik:.,ds INDIANA: SOUTH BEND. Jdnuary 3 Hdmfest Sway, ti s11<1(1, 

SEND MATERIAL TO: Flea M a r k e t ,  Ham Arnold Cl~a.;e. 9 Rushletqh R o d .  Wt:st Hdrtford. Conrl 061 17 f~rst Sunday after New Year's Day at CENTURY CENT€R i low~r  

R a d i o ,  Greenvi l le ,  N. H. 03048. (2031 521 5280 towrl on US 33 Oneway North butwf:eti St Joseljh 8.111, BIII I~ 
~ n g  arrd rtv$,r Four lane hqhwdys to door from all rltr,. r w l r ,  

ENGINEERS request free catalog of Elt:ctrot~~cs Software CII Tables 5515 ft round, $15 8x2 5 rectangular, 520!8 1 1  W,ill 
cult analysl!.. fllter des~gn, graphlcs, etr. BV Eng~neer~ng. 2200 locations Talk In freq 52 52. 99-39, 69 09, 34 94, 145 29 K9IXU 
Bus~ness Way, Suite 207, R~vers~de. CA 92501 17141 781 0252 (2191 233 5307 

TEST EQUIPMENT WANTED. Don't watt we-'It IIav cash 
fur LATE MODEL HP. Tek. r t c  Csll Glenn. N7EPK. .,I Skdgl 
tromcs Co (8001 356 TRON 

NEW AND USED EQUIPMENT. MCIIIV hdrd to f ~nd  Items Send 
large SASE to KA5TLG. 4812 Terrace Tra~l, Fort Worth. T?xas 
76114 

WISCONSIN: January 9 The 16th Annual M ~ d w ~ n t r r  SW~IOID\~ 
sponsorrd thy the West Atlts Ra(tlo Afriateur Cluh. W,IIIL~,>II,I 
County Expo Cr:nler Forun,. 8 A M  to 3 PM Admtss!ot~ $2 00 
advance. $3 OOsdoor 4' taljles 53 OOIddvallcc, $4 011 rloo, 
Advance dt!ddlllle January 2 Ex.lms glveti, dealers v*<.lc ,,lrjk,. 
flne lood avallable For t~ckets or ~rrforrndtion SASE tr, WARAC 
Swapfesl, PO Box 1072, M~lwduket', W I  53201 

"HAMLOG" COMPUTER PROGRAMS. 17 nlorlules ~ u t o  lugs, 
sorts 1 Ildnd WAS,DXCC Ftjll Ir.at~~ri:s Annlp $19 95 IBM or 

COMMODORE REPAIR. We are the laryestloldest Author~red 
Servlce Center In the country leg C64 $39.951 Fast turn.jround 
Call Toll Frt:t? 1 800 642 7634. 800 248 2983 loutstde NYI or 
914~356 3131 Kasara Inr..  36 Murray H ~ l l  Drfve, Sprlng Valley, 
NY 10977 RV OPERATORS dre f ~ ~ v ~ t e r l  to c l i ~ ~ k  I r l  Sun 2 PMC. 14 240 

I 5 Tiles, Thurs 8 PMC 3 880 1 5 Good S a n ~  RV Net I l i fo 
SASE KJ4RO 

MICHIGAN: January 24 The Southf~eld High School ARC 1s 
sponsortrig the~r 20th annual Swap & Shop, Sourhf~~.lrl HS. 
24657 Ldhser. Southfleld. Doors o(,erl6 AM for e x h ~ b ~ t o r  ~,ul)l~c 
8 A M  to 3 PM Adnilss~ori $3 00 8 '  reserved tables $211 00 In 
advance Artd~r~onal reserved tatiles $10 00 edch All (,rofats qa 
toward Electror~~c Scholars1,lps and lo  support S o ~ ~ ~ h l ~ ~ ~ l r l  HS 
ARC. For 1nforniat8on. reservations. Roben Younker. S,i ,~l l~l~elr l  
Htgh School. 24675 Lahscr. Southfoeld, M I  48034 

TEN-TEC. Now sh~pplng new boxed USA made Ikltest laclory 
models. 561 Corsalr 11. 5250 Aryo!.~ II and Century 22 trsn 
scelvers RX325 general coverdg4: rece\vt!r, model 2510 mode 
B satell~tu stal~orl. TT920 a~rbanrl dvlatlo!l handheld transcutvur. 
Model2298 2KW antenna tuner. Morlet42S T~tan 1 5KW l~rtear 
ampldf~er. plus accessortss and aritennas Also book~na orders 
for Pdrdgorl dellvery For best dedl wfl te or phone Bltl Slcp 
704 524 /!,I9 SLEP Electron~cs Cornpally. Hdghway 441 Otto. 
NC 28763 

FOR SALE. Kenwood TS 940s and TL 922A T r l  
1401 789 1817 

2.4 MHz AM Demodulator w111r 8 lht A D dnd buffer Copy 
WEFAX lrom GOES SATELLITES or APT from NOAA POLAR 
ORBITING SATELLITES Crwtpd lor use with Elnier S ~ h w ~ t  
tek s Mutt~fax 2 0 program Ordrr U206 KIT $49 95 or asseni 
bled and tested bodrd Order #206 ASY $69 95 Add $2 50 
shlpp~ng per order For Info on dll our WEFAX products send 
SASE to A 6 A Englneeranq 2521 W LaPalma U n ~ t  K 
Anahelm CA 92801 1714) 952 21 I 4  

HAM EXAMS 1111. MI1 JhF  RI:IN..,I~, Aaho(~.,r uf 31 I II V I  I 
R,MI I) S(, t tl (>llg.r n>oolr>l\ ha111 L*,sn>s A 1 c t5w.5 h . I I . 
Extr., W + . l l f t r ~  lar Dt!rvn>her 23. 7 PM. MIT Roorll 1 Ic,11 11 

DIGITAL AUTOMATIC DISPLAYS for FT-101's. TS 520's 
IDG 5 clat?el Colltns. Drakc  Swan H<,ath and all orhers Snx 
112'' dtglt:. !I w ~ d e  by 1 114" hlgh mc!tdl cabinet Reads recerve 
and transmlt lrequenc~es Senrl $2 00 lor lnformat~on and !i?celve 
a $30 00 ~ I S I  ount. Includes accurdcy cornparlson of the s~mple 
"BCD" rejdouts, found ~n new radlos, agalnst our "Calculdt 
Ing Frequfmcy Counter" readouts Please he spectf~c SRAND 
SYSTEMS. POB 2171. Blame, Wash~ngton 98230 

Mass Avt!. Cambrtdge, MA .  Reservations requested 2 days 111 

advance Contact Ron Hoffrnann ar 16171 646 1641 €hart> f a :  
$4 25 Brrnq a copy of your curreor lhcfnse Ilf anyl. t w , ~  larms 
o l  plcture ID, and d completed form 610 dva~lable I ~ o m  1111. FCC 
In 0111ncv. MA  16171 770 4023 YAESU FT-7274 COMPUTER INTERFACE. For ~ n f n  wrlte 

Gerald Hogsett Consulttng. I581 Woodland, Palo Alto, CA 
94303. 

NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full Serv~ce Ham SWL CB 
Scanner store III NJ D~scount Grdnd Opentng Prlces Top per 
formlny radlo systems for every budget. New I 0  meter and 
VHFIUHF rlgs ARRL, Amphenol, Astat~c. Astron. Azden, 
B&W. Bdat Beldetr 9913. Butterrlut. Clear Channel. KLM, Larsen, 
MFJ. M~rage, MII Spec Cables, much more Open M F 10 
AM 9PM Sdt I 0  A M  7 PM Buy and sell used gear and have 
quallf~ed repalr factltty. ABARIS SYSTEMS. 276 Or~ental PI. 
Lyndhurst. NJ 07071 12011 939 0015 

COMMODORE C-128 Radto.'Elet:tron!cs and Eng!nesr~ng 
Des~gn sottware. Not available throurlh .3ny other source Over 
65 Des~gn Piograms User Friendly Send $20.00 for 2 d ~ k s  or 
SASE for ~nforrnat~on to Trl County Anlateur Radlo Club (.!a 
KA4ZAY. PO Box 680741. M ~ a m f .  PI. 33168 8741 CHARGE 

YOUR CLASSIFIED ADS 
to your @ MC or VISA ( 4  

write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1441 

WANTED to buy Scheniaty~c or manu.ll for Heathkjt Osc~lla 
scope Model 10-14 Have Apple Putlllc Dornatn software Will 
trade Reclur?st Llst. Hubert Testroel. 1305 West 41 Street, 
Davenport. lowa 52806. 

RTTY JOURNAL-Now In our 35th ycar. J o ~ n  the c~rcte of 
RTTY f r ~ e ~ ~ d s  from all over the world. Year's subscr~ptlori to 
RTTY JOIJHNAL, $10 00, Iorelgn $1500 Send to RTTY 
JOURNAL. 9085 La Cas~ta Ave . Frxlnta~n Valley. CA 92708 

COLLINS EQUIPMENT KWM2A. 7 5 1 ,  31285, 30L1, Hunter 
Band~t 2000A, dummy load, MFJ Versa Tuner, Speaker Clobk, 
m~scellaneous. John Lorenz. WA9RDV. W27 Southpark. Morton 
Grove. IL 60053 13121 965 0722 No collect. 

WASGFR COMMUNICATIONS SOFTWARE. 515 00 dlsk 
contalns HF VHFIUHFIL Band propagation programs to pred~ct 
ranye ~n mlles based on transmllter power, recelver sensltlvlty, 
and antenna he~ght & galn A "must" for des~gnlng repeater 
~nstallattons. Also ~ncludes Sni~th  Chart ~mpedarice match~ng 
progranls Commodore 64 or IBM Lyriri Ger~g. RRI, Monroe 
vtlle. IN 46773 

IMRA lnterndtlonal M~sslon Radto Asson~at~on helps mlsslon 
arles. Equ~pment loaned. Weekday net. 14.280 MHz. I 3 PM 
Eastern Nint! hundred Amateurs In 40 countries. Rev Thornas 
Sable. 5 . J  . Unlverslty of Scranton. Scranton, PA 18510 

MARCO: Mtdtcal Amateur Radra C<~un( .~ l .  Ltd, operates rla~ly 
and Sund.~y nets Med~cally orlentod Anlateurs (phys~clans, 
dentsts, vcterlnarlans, nurses, phys~otlierap~sts. lab techn~c~alis, 
etcJ ~ n v ~ t e d  to loln Presently over 550 members For Informa 
tlon wrlte MARCO, Box 73's. Actne. PA 15610 

ALUMA TOWERS. Crank up wllh hlr~yed base, haus? hrack 
1.1, mast Mobfle vdn, rooftop, traller towers. Stack sectloris 
Will tak? Amdtf:ur gear or computer5 on trade McClaran Sdles. 
PO Box 2513. Vrro Beach, FL 32961 (305) 567 8224 
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(&ing HAM RADIO Magazine is both fun and thoughtful. 

One Year/ 12 issues 

FOR ONE GlFT SUBSCRIPTION 
OR RENEWAL 
OR 

FOR TWO OR MORE GlFT SUBSCRIPTIONS OR EXTENSIONS 
INCLUDING YOUR OWN 

A handsome gift card will be sent if your order 
is received before December 15, 1987 

-4---+7 

Every month your Ham friend will be reminded The Special ANTENNA issue in May, VHF/UHF 
of your gift as they read through the latest issue issuein July and the RECEIVER issue in Novem- 
of H A M  RADIO Magazine. ber alone are worth the price of a subscription! 

Staying on  top of the ever changing world of  elec- You also get monthly columns by Orr ,  Reisert, 
tronics is tough. With a subscription to  H A M  Stonehocker, Carr and McMullen covering from 
RADIO, however, you get all the latest break- antennas to  Zener diodes and repair techniques. 
throughs in electronic design and  developments 
as they happen - not years later. Each issue is There's no time like now to  give the present of 
packed with theory, state-of-the-art projects and HAM RADIO Magazine for that hard-to-buy-for 
the latest designs. Plus plenty more. ham friend. While you're at  it, why not renew 

your own subscription and take advantage of the 
special low one year rate. 

Name - Call -- 
1987 GIFTS AT 1985 PRICES! 

Please enter my one year gift~renewa~ 5 A d d r e s s - -  
- 

subscription(s) to Ham Radio Magazine as follows: 
=s  * city State Zip- 

First gift or renewal $19.95 Save $3 I J new I 1 renew 

Two or more gifts or renewals $16.95 Save $6 I I Start or I I Renew my own HR subscription 

I 1 Enclosed is a check or money order for $ for 
subscr ipt ions. (use separate envelope) 2 Name- - Call 

I I VISA I I Mastercard 1 I Bill me later 

Acct.#___ - Expires 

64 City- -- S t a t e  Zip- My Name-. 
l 1 new I , renew Address 

a Name- Call- -- 
'at~-_- State- - ZIP 

2- ham Pr~ces U S only 

-- 
CALL TOLL FREE 

- S t a t e  ZIP--.- 800-341-1522 
I A new 1 A renew radio ~~~~~j~~ M-F DATAT 8-9 EST - E SAT L 8oco). 9-5 EST 

FOR EXTRA FAST SERVICE, CALL TOLL FREE TO 
ORDERS ONLY 

Greenv~lle, NH 03048 ALL OTHER CALLS 

ORDER YOUR GIFT SUBSCRlPTlONS OR BOOKS. Pr~ces US only 603-878-1441 8-4:30 EST 



ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Ltsled below are the pageand reader service number for  each advert~ser In l h ~ s  Issue. For more informallon o n  the11 
products, select Ihe appropriate reader service number make a ci ieck rnark in  the space prov~ded.  Mall this fo rm l o  
hirm rarl,o Reader Serv~ce. I.C.A.. P.O. Box 2558, Woburn.  M A  01801 

Name - -  . - - - - . . Call - ----- - - 

Address - -  ~ - - - - - - - - ~. 
Cltv State . - Zip - 

P lease  u s e  b e f o r e  J a n u a r y  31. 1988. 'P lease  c o n t a c t  t h i s  adver t i se r  d i rec t l y .  

READER SERVICE PAGE x READER SERVICE * PAGE * 
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11.1 Ham Radio Oullel 
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710 ICOM America Inc 
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758 -Lars?" Eleclronlcr 
790 Lunar Eleclronlcs 
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;'):I MF.1 Enlt?rpr$scs 

7 1 
106 
64 
44 
7 1 

45 
7 1 

55 
69 

109 
82 
55 

52 53 
54 
04 

16 
56 
77 
4 1 

56 
14. 15 

68. 88.89 
92 

105 
70 

62 63 
66 

CII 
47 

70 
66 
38 
4 1  

30 
2 5 6 . 7  CIV 

56 
112 
8 1 

70 
115 

R 

286 Nuts 8 Volts 
709 OPTO~~leclronrcs 
216 P C  EIecl (~n~cs 
241 - I'ac.Cr,nun Pachel Radio Syslerns. Inc 
294 The PX Shack 
298 . Radlo Amateur Callbwh 
229 . Rad~o Shack 
277 - nad8osporl8ng 
283 . 1 hc Ritdlo Works 
285 . Ramspy Electronacs Inc 
233 - TheRr Conn~claon 
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240 . Somnlel 
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246 STVlOnSal 
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170 - TE Sy-lrms 
289 Tpl-Com 
224 Telewavt lnc 
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2ST Tots1 E lectronlcs Concrpls 
263 . rransvcrlers Unllfniled 

Ttop~c.tl Hamborre 
271 Unad~lIalAnlennas Etc . . Untvers8tv M!crolflm In1 

221 Vnnquartl Labs 
213 Varlan ElMAC 
25Q VHF Cnnmrn~calaonc 
279 W9lNFI Anlennils 
227 . Wcsle,n EIectron~cs 

Wh~a lon  Hdml~51 '88 
281 Wor ld  Dala Enlcrprtsrs 
208 - Yaesu USA 
206 . Y a P s t ~  USA 
267 F ti Y,151Co 

PRODUCT REVlEWlNEW PRODUCTS 

301 AEA 
310 - B~l i l l  Company 
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- t nqlneerlng Consullonq 
309 ~ o l m  Fluke Manulaclurnnq Co. lnc 
307 Heath Companv 
302 ICOM Amerrca Inc 
304 KanlrOn8Cs 
305 - MFJ Enlerprares 
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The "Flying Horse" 
sets the standards 

C o n t i n u i n g  a 67 year  t r a d i t i o n ,  w e  b r i n g  
y o u  t h r e e  n e w  C a l l b o o k s  f o r  1 9 8 8 .  

T h e  N o r t h  A m e r i c a n  C a l l b o o k  l l s t s  t h e  calls. 
names.  a n d  address I n f o r m a t i o n  f o r  478 .000  
l l censed  r a d i o  a m a t e u r s  in a l l  c o u n t r l e s  o f  
N o r t h  A m e r i c a ,  f r o m  Canada t o  Panama 
I n c l u d i n g  Green land .  B e r m u d a ,  a n d  t h e  
Caribbean is lands  P lus  H a w a i l  a n d  t h e  
u.S. possession5. 

T h e  l n t e r n a t i o n a l  C a l l b o o k  l i s t s  4 8 1 . 0 0 0  
l i c e n s e d  r a d i o  a m a t e u r s  in c o u n t r l e s  o u t s i d e  
N o r t h  A m e r i c a .  I t s  coverage i n c l u d e s  S o u t h  
A m e r i c a .  E u r o p e .  A f r i c a .  Asia. a n d  t h e  
P a c i f i c  area (exclusnve o f  H a w a i i  a n d  t h e  
U.S. Possessions). 

T h e  1 9 8 8  C a l l b o o k  S u p p l e m e n t  i s a  n e w  Idea  
in C a l l b o o k  updates.  l i s t i n g  t h e  a c t i v i t y  I n  
b o t h  t h e  N o r t h  A m e r i c a n  a n d  I n t e r n a t i o n a l  
Ca l lbooks .  P u b l l s l l e d  J u n e  1, 1 9 8 8 .  t h i s  
S u p p l e n l e n t  w i l l  i n c l u d e  thousands  of n e w  
Ilcenses, address changes, a n d  ca l l  s lgn 
changes  f o r  t h c  p r e c e d i n g  6 m o n t h s .  

T h e  1 9 8 8  C a l l b o o k s  w i l l  b e  p u b l i s h e d  
D e c e m b e r  1, 1 9 8 7 .  See y o u r  dealer o r  o r d e r  
n o w  d i r e c t l y  l r o l n  t h e  Publ isher.  

n N o r t h  A m e r i c a n  C a l l b o o k  
i n c l .  s h i p p i n g  w i t h l n  U S A  $28.00 
i n c l .  s h i p p i n q  t o  f o r e l g n  c o u n t r i e s  3 0 . 0 0  

11 l n t e r n a l i o n a l  C a l l b o o k  
l n c l .  s h i p p i n g  w i t h i n  U S A  1 3 0 . 0 0  
i n c l .  s h i p p i n g  t o  f o r e i g n  COLlntrIes 3 2 . 0 0  

o C a l l b o o k  SuPPle lnen t ,  p u b l i s h e d  J u n e  1s t  
i n c l .  s h i p p l n q  within U S A  513 .00  
i n c l .  s h i p p i n g  t o  foreign c o u n t r i e s  14.00 

SPECIAL OFFER 
n R o t h  N.A.  & I n t e r n a t i o n a l  C a l l b o o k s  

i n c l .  s h i p p i n g  w i t h i n  U S A  1 55.00 
inc l .  s h i p p i n g  t o  f o r e i g n  c o u n t r i e s  60 .00  

* . . . . . * . . * * *  

I l l i n o i s  res iden ts  p lease a d d  6 " ~ 4 b  tax .  
A l l  p a y m e n t s  r n t ~ s t  b e  in U.S. funds .  

I~ke Cl luf l .  lL 6 0 0 4 4 ,  U S A  I 
I T c l  ( 3 1 2 )  ?34-GGOO - 
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ARE YOU CONFUSED ABOUT YOUR /Fa' . RSZOM 

NEW PRIVILEGES? CALL US FOR PK 232 . VSZOM $125 . R S W  $133 
THE UP-TO-THE-MINUTE INFORMA- . Make any R S  232 compat~ble computer 1 4 ~ 3 5 ~  $149 

TlON AND ASSISTANCE WITH YOUR ortrrrntnal a complete d ~ g ~ t a l  operat~ng ~ ~ 3 5 t . 4  $165 

posltlon R S W  $189 

Morse. Baudot, ASCII. AMTOR. Packet RS50M $215 . R M W  $219 
Loaded w ~ t h  features . VSWM $229 Q 



OPTOelectronics ine 

8 LED DIGIT3 02 GATE TIMES 
ANODIZED ALUMINUM CABlNW 

INTERNAL NI-CAD BArrERlES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 

. - 

@"' l I FREQUENCY 

EXCELLENT SENSIT1 W 
& ACCURACY 

PORTABLE 
OPERATION 

AC ADAPTER 
CHARGER 

#lZoon 1.2 GHZ 

POCKET SIZE 
SIZE:4" Hx3.5" W x 1 " D  

MADE IN USA 

Small enough to  fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz 8 digit frequency counters are not toys1 
They can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 

' I COUNTERS TO 1.3 GHZ 

adapter/charger supplied with the unit. 
The excellent sensitivitv of the l2OOH makes it ideal for use with the telescoping RF pick-up antenna; 

accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit- 
ters, signal generators and other devices to accurately monitor frequency. 

The size: price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 

#1200HKC Model l2OOH in kit form, 1-1200 MHz counter complete including 
all parts. cabinet. Ni-Cad batteries. AC adapter-battery charger and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S 99.95 

#1200HC Model 1200H factory assembled 1-1200 MHz counter. tesred and 
calibrated, complete including Ni-Cad batteries and AC adapterbattery 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  charger $137.50 

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and 
calibrated. complete including Ni-Cad batteries and AC adapter/battery 
charger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S l S  0.00 

ACCESSORIES: 
. . . . . . . . . . . . . .  #TA-100s Telescoping RF pick-up antenna with BNC connector $12.00 

. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm, BNC connector $18.00 

KC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and 
accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $10.00 

r /  209 
ORDER FACTORY DIRECT 

F U  (305) 771-2050 1-800-327-5912 1 
O ~ m I K t m n i e r  ine t v M a  1 AVAILABLE NOWI 

5821 N.E. 14th Avenue Orders to US and Canada add 5% of total IS2 min., 510 rnaxj 
Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee $2. 



Decisions, decisions, decisions. 
SIio111(1 ~IIII (*h(losr orlcl, l\vo, or ill1 Ihrt~r:' 

('l~oosc or~c~-\'i~c~sr~:.; FTIO!IRI1. FTI'O!)I<II or FT- 
7I)!)R- ;III~ yo11 gain I l r v  III;IS~IIII~III ~)~*rli~r~~~;~ri(~r~i~vaili~l)l~~ 
i r ~  ;lriy sir~glt~.t) i~rid H'C 

( ' h c ~ ~ ~ s r  t\vo-or r n 3 n  thrc~o, ant1 ~ O I I  ;ilsc~ gclt intrr- 
c~l);~r~~~al~l~~i~c.c~~~ssoric~s, ol~l io l is iirid r l l~~~r;r t i r ig Ilrocat'- 
~ r s .  1 1 i 1  it i s  I i f o r c l i ~ l l  I I i l l  your 
I:ivorit(> \'IIF iirit l [ ' [ IF  I);~ritfs. 

l l~)\vvv(~r yo11 (ltb(.i(lfb, yoit gvt ill1 tliis o p ~ ~ r i ~ l i n g  
f l t~sit) i l i l \ :  f)o\vrrf~rI 5-\v;itts oi~tplrt (4.5 \v;~tls on 440 
\l l lz). I3;itIc~ry s;lvc3r. I ' i l s l i - l ~ i r l l ( ~ r i  rc.c.;ill 01' Ill mc~n~oric~s. 
t-;~c.h th i~ t  i r ~~ I~~p r~n t l c~ r i l I y  slorrs rr>c*c~ivo ~~I~~III(III(.!: st;111- 
(li~r(l or ~~o r i - s t i ~ r~ ( I i ~ r ( l  offsrt. VVI>II o~)l ior~:i l  ~II(*O(I(% 
;irid doc~~d r .  

220 MHz 2 Meters 440 MHz 

Yaesu USA 172111 E(Iw;lr(ls ko;itl, C~arrilr~s, l ' ~ ! l ~ ) ~ l l l  I :I:{ I 111  I :!71lll. l<tbpikir S~~rv i t , t% :  (213) 411.1 4SS4. 1':irts: (?I:{) .lll,l 4 x 4 7  
Yaesu Cincinnati Service (knwr ! lO iO  (;11111 1';11.1\ llrli.~,, II;~IIIII~IIII, O l l  ~15OII. (5I:I) Si.1 :iIIlII. 

r i  I I I I  \111qt.11 1 0 1  I.~I~III~I* ~VIIIII,III 11a11i(.t* 



Affordable DX-ing! 
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