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The new 2KD-5 linear amplifier.. .a one piece desk 
model with the power and reliability of a console 

A t  Henry Radio. we know how to build only one kind of in use al l  around t h e  world. Commercial and export 
amplifier . . t h e  b e s t .  We w a n t  you t o  conipare t h e  i n q u i r i e s  are invited. 
2 K @ - 5  w i t h  a n y  o t h e r  desk niodel a t  any price. - The 2KD 5 1s a 2000 watt PEP ~ n p u l  (1200 watt PEP nom~na l  

Remember. the 2KD-5 i s  only one model in t h e  w o r l d ' s  output) RF lhnear arnpll f~er. coverlng the 80 .40 .  20. 15 and 10 meter 
amateur bands. 

b r o a d e s t  line of amplifiers.. . b o t h  vacuum t u b e  and 
Two E~mac 3 5002 glass envelope t r~odes operating In a grounded 

solid s t a t e . .  . for HF. VHF and UHF.. . f ixed s t a t i o n  a r i d  ~ r l d  clrcult. 
mobile.. . low power a n d  high power. PI L plate clrcult wlth a rotary stlver plated tank cot1 for greatest 

Never before h a s  a r i v  o f i e  comnanv offered s u c h  a e f f~c~ency  and rnax~rnurn ;tttenuat~ori of unwanted harrnon~cs . , 
cornucopia of h~gh  power RF a ~ i i p l ~ f l e r s  - Full leeal ~ r ipu t  ~n all modes 7000 w,~tts PEP tnput fnr SSB 1000 

watt1 LIC ~ n p u t  for CW RTTY and AM 
Remember also t h a t  H e r i r y  Rad~o offers a broad I~r ie  of . Juniper for 115 or 230 VAC wire single 
comrnerc~al and FCC t y p e  a c c e p t e d  a r i i p l ~ f ~ e r s  coverllig . ,llEh 15 wide deep 
t h e  range of 3 MHz t o  500 MHz. H e r i r y  a ~ i i p l ~ f ~ e r s  are . Prtce $895 0 0  

2K-4 ... LINEAR AMPLIFIER. Offers englneerlng. 
construcl~on and teatures second to none Prov~des 
a long life of rellahlc servlce, whtle 11s heavy duty 
components allow 11 to loal along even at lull legal 
power Operales on all amateur bands. 80 thru 10 
meters If you want to pul that strong clearslgnal on 
Ihe alr thal you've probably heard from other 2K 
users, now is the lime Move up lo  the 2K-4 Floor 
console. $995 00 

TEMPO 6N2 brlngs lhesame h1ghstandardstothe6 
and 2 meler bands A palr of advanced deslgn E~mac 
8874 lubes prov~de 2 000 watts PEP Input on SSB or 
1 WO walls on FM or CW Complete wlth self- 
conlamed sol~d slate power supply. blower and RF 
relallve power lnd~cator $895 00 

TEMPO VHFIUHF AMPLIFIERS. Solld state power 
ampl~l~ers lor use ln most land moblleappltcatlons 
Increases the range clarlly rel~ablltly andspeed ot 
two-way communlcatlons FCC type accepted also 

0ll"C Oulpul 
Model Power Power Pr'ce 

LOW BAND VHF AMPLIFIERS (35 to 75 MHz1 
Tt-mpo lOOC30 30W lOOW $159 
Tempo 100C02 2W l00W $ 1  79 
Tempo lOOCl0 10W l00W $149 
HIGH BAND VHF AMPLIFIERS (135 lo  175 MHz1 
Tpmpo 130A30 30W 130W $189 
Tempo 130A10 10W 130W $179 
Tempo 130A02 2W 130W $199 
T~mrm 8OA30 30W HOW $149 

TPmpo 4ODlO 10W 40W S'45 
Tcrnpo 40D02 ZW 4nW $165 
Terr~podODOl 1W 40W S1H5 
Tonpo ED02 2W 25W 1125 
Tempo lODO2 2W 10W 1 85 
Tempo lODOl 1W 10W $125 

TEMPO 1WALlO VHF LINEAR AMPLIFIER. Con 
pletrly so11d stale 144-148 MHz Power output c 
l oo  watts (nom ) w ~ l h  only 10 warts (nom ) 11 
Reliable and compact $199 00 
TEMPO 100AL10/B BASE AMPLIFIER 13490 

Trmpo HOAlO 10W HOW $139 
TEMPO 2002 The same flne specs and features as T~~~~ 80A02 2w "OW $159 1,leart. r rill or wrllr for comrllvtf' ~nfurmallon 
the 6N2 but for 2 meter operat~on only $745 00 Tempo 50A10 % gq 
TEMPO 2006. Llke the 2002. but lor 6 meter Tempo 50A02 2W 50W $119 
operation $795 00 Tempo 30A10 10W 30W $ 6 9  

Tempo 30A02 2W 30W S 89 
UHF AMPLIFIERS I400 lo  512 MHz1 
Tempo 7OD'IO 30W 70W $210 
T~mpo 70D10 10W 70W $240 11240W Olymp~c Elvtl LO, Anq~les Call1 90064 213 4 - 7  6701 
Tpnlpo 70D02 2W 70W $270 931 N Euclld Anahelm Calif 92801 7141772 9200 

Buller M~ssour~ 64730 8161679 3127 
Prore% sublet1 lo chnnlr .~lhoul nol~ce 



TEN-TEC 540/544-the transceivers that almost seem 
like an extension of yourself. Following your every 
command, easily, simply - because we did our 
homework. They are designed with the same out-front 
thinking that characterizes all Ten-Tec equipment - 
super-sophisticated to make things simple for you. 

TAKE BAND CHANGING. IT'S SIMPLE! No more 
peak and dip, peak and dip. Just snap a switch and 
there you are. Anywhere you want to be, in any part 
of a band'segment-and always at full efficiency without 
danger of out-of resonance damage to the final amplifier. 
Thanks to the Ten-Tec broadband design, and thanks 
to the leadership of Ten-Tec engineers in solid-state 
high power HF design. 

FREQUENCY READOUT. I T S  SIMPLE! The 544 
has big easy-to-read numerals with significant figures in red 
for instant recognition. No more studying a dial or 
misreading. and no more lag in readout - you instantly 
know where you are on the band. Even the 540 has an 
optional add-on digital readout, in case you change your 
mind later. More of life's operating simplicity, from Ten-Tec. 

THE SMART "S"-METER. IT MAKES THINGS 
SIMPLE FOR YOU. It's electronically switched to read 
SWR when you are transmitting so  that without throwing 
switches you know at a glance that the correct antenna is 
in use. Simple for you, extra effort for us. 

SIGNAL HANDLING OF ALL SIZES. I T S  
SIMPLE! From the "down under" DX to the KW next 
door, the 540/544 series has excellent dynamic range that 
goes a long way in minimizing front-end overload. And 
that's important in today's growing amateur radio 
population. So is the 8-pole i-f filter. It gives you 
State-of-the-Art signal separation in those crowded bands 
- to make your operating simpler. more enjoyable. 

SUPERIOR SPEECH QUALITY. ITS  SIMPLE! - 
Ten-Tec rigs are known for their crisp articulation - the 
kind that brings compliments and satisfaction. Articulated, 
shaped speech for maximum penetration, yet smooth 
and clean, with less than 2% distortion to reduce fatigue 
and enhance the quality of both transmitted and received 
signals. The signal that's easy to listen to is the one 

everyone wants to work. And it's yours in the sophisticated 
simplicity of the 540/544. 

CW CONVERSATION. IT'S SIMPLE! The CW buffs 
used to speak in monologs. Now they cany on conver- 
sations, thanks to Ten-Tec'sfull break-in. It provides 
a constant window on the band to check for QRM, 
to save useless calling, to allow conversations that 
are natural, easier, and a lot more fun. And no more 
clattering relays! Simply sophisticated. 

FAST. EASY. LOW-COST SERVICING. IT'S 
SIMPLE! The thoughtful modular design of the 540/544 
makes any trouble-shooting simple and fast, resolving 
itself down to one of 22 circuit boards, any of which are 
readily replaced or serviced in the field! Or give the 
Ten-Tec service people a shout - they will have an 
exchange on its way to you the same day. 

But. best of all, little if any service will be needed 
because while your 540/544 is sophisticated, complex 
equipment, it also is designed to conservative ratings with 
high standards of American craftmanship. Simply durable. 
FEATURES - Instant Band Change (no xmtr. tune-up) 

Covers 3.5 to 30 MHz (plus One-Sixty with option) 200 
Watts Input - all bands Receiver Sensitivity 0.3 uV VFO 
changes less than 15 Hz per F0 after 30  rnin. warm-up Spole 
Crystal IF Filter Direct Readouts - choose LED digital model 
or 1 kHz dial model 150 Hz CW filter Offset Tuning WWV 
at 10 & 15 MHz Separate Receive Capability Automatic 
Sideband Selection. Reversible Sidetone Level and Pitch 
control Pre-Setable ALC 100% Duty Cycle S Meter and 
SWR Bridge LED indicators for ALC and OFFSET Modular 
Plug-In Circuit Boards Broad Accessory Line 

.544 Digital - $869 540 Nondigital - $699 

To make your operating simple, simply see your 
Ten-Tec dealer, or write for full details. 

TEN-TEC , INC. imr ,.L.,,,,., S E V I E R V l t L E .  ,.,: wcc,,M,.., T E N N E S S E E  ,.a.f,,,, # k t  31862 , .>,, 

S O P H I S I I ~ O N  OF DESIGN 



This NEW MFJ Versa Tuner II . . . 
has SWR and dual range wattmeter, antenna switch, efficient airwound 
inductor, built in balun. Up to 300 watts RF output. Matches everything 
from 160 thru 10 Meters: dipoles, inverted vees, random wires, verti- 
cals, mobile whips, beams, balance lines, coax lines. 

S W R ! W A I l S  ,, , . .8<fih,Sh' 1 1 f Q  

cient aimound induc- ransmitter matching 
capacitor. 208 pf. 300 and 30 watts. and RF watts in tor gives more watts out capacitor. 208 pf. 
1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 volt spacing. 

Only MFJ gives you this MFJ-941 Versa one existing antenna. No need to put up sepa- 
Tuner I1 with all these leatures at t h~s  price: rate antennas lor each band. 

A SWR a d  dual range wanmeter (300 and Increase the usable bandwidth of your mo. 
30 watts full scale) lets you measure RF bile wh~p  by tunlng out the SWR from inside 
power output lor s imp l i l ~~d  tuning. your car. Works great with all solid state rlgs 

An antenna switch lets you select 2 coax (I~ke the Atlas) and with all tube type rlgs. 
fed antennas, random wire or balance Ilne. I t  travels well. too. Its ultra compact size 
and tuner bypass. 5 x 2 ~ 6  ~nches 111s easily in a small corner ol 

A new elficlent alwound inductor (12 po- your su~tcase. 
sitions) glves you less losses than a tapped This beautlful liffle tuner is housed in a 
torold for more watts out. transm~tter to any leedline lrom 160 thru 10  deluxe eggshell wh~te Ten-Tec enclosure w ~ t h  

A 1:) balun lor balance Ilnes. 1000 volt Meters whether you have coax cable, balance walnut graln s~des. 
capacitor spaclng. Mounting brackets lor mo. I~ne, or random wire. SO-239 coax connectors are provided for 
b~le ~nstallat~ons (not shown). You can tune oul the SWR on your dipole. lransm~tter lnput and coax fed antennas. 

With the NEW MFJ Vena Tuner I you can inverted vee, random wire, vertical, mob~le Oual~ty I ~ v e  way btndlng posts are used lor 
run your lull transceiver power output - up to whlp, beam, quad, or whatever you have. the balance line inputs (2). random wlre input 
300 watts RF power output - and match your You can even operate all bands with just (I), and ground (1). 

I . 1 

MFJ.901 VERSA TUNER 
m w  n*nl ah nrnd call h m n  walls oul. 

Only MFJ user an ell~clent alr wound lnduclol 112 pas~t~onsl  
on lh15 class 01 tunerr lo give you more watts oul and less 
losrrr lhan a l a m  lorad Matche, everylh8W lrm 160 
lhru 10 MelerS dlpoIe5. onverte6 veer, random uaer. vattl 
COIS. mohlle whips, beams, balance lines. coax lines UP 10 

200 wattr AF oulpul 1 4 balun la balance lines Tune oul 
the SWR 01 your moblla whip h8m Inslde vur u r .  Works 
wrlh all rags Ultra compact 512x6 oncher SO 239 connec 
lorr  5 wav blndlna oostr Ten Tcc antlmure 

S a m  1% MFJ-901 Yena Tuner. *It docs not lure buill.k 
l l lun  let blllnce 1n.s. TVMI (UI IMS and n n d m  Ynrs. 

I 

MFJ.16010 RANDOM WIRE TUNER 
Opram 160 Ihm 10 Melm. Up m 200 walls RF r t p l .  
Malcher htph a d  low 1mpe6cdlnces. 12 p~altlon Inducta. 
SO-239 nnnecton. 21314 Inrhrt. M~lchcs  25 10 200 ohms 
11 1.8 MHz. 

MFJ-202 RF NOISE BRIDGE 
TMs MFJ RF hlrr M l p e  *Is rn M u l l  your annnnI 
qv~kly la m a r h v n  prfmInCI. l k l t u n  n l n l n l  h. 
quency. ndiall.0 nslslance and nln.ncr. n q e  
t t l r ndu  and clp.cl l~nce tlnpr ( +  150 7 (Ires 
you much ertendcd measuring nnw. 
l e l l l  resonant trenucn8'y and whelner to shorten or lcnglhen 
your anlenna lo, sl~ncnlum SWR Adlusl your srqltl Or multl 
Band drpole. 8nrerlea vse, beam, vertical. mohlle whlp 01 

random system lor marlmum pertamance 1 lo 100 MHz 
SO 239 connectors 2 x 3 ~ 4  lnchar 9 voll battery 

For technical Intormation. order and repair status. and in Mississippi. please call 601-323-5869. 

Order any product from MFJ and try it. ll not delighted, return within 30 days for a prompt refund (less shipping). 
Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
Order ~y ~ a i i  or Call  TO^ FREE 800-647-8660 and Charge It On - 
M F J  ENTERPRISES P. 0. BOX 494 s& l!E@ 

MISSISSIPPI STATE, MISSISSIPPI 39762 
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:ond 
Jim Fi 

Seventy-five years ago th is month,  on January 19th, 1903, the first two-way radio transmission was completed 
between the United States and England when President Theodore Roosevelt exchanged greetings with King Edward 
VII of England through the Marconi wireless station at South Wellfleet on Cape Cod. Only ten years earlier it was an 
achievement which would have seemed impossible, even to the most foresighted scientists; they were delighted 
when their crude laboratory apparatus could be made to span a few meters - to transmit a radio signal across 5000 
kilometers of ocean was beyond their wildest imagination. Young Guglielmo Marconi, not vet 30 years old when he 
accomplished the feat, was not restrained by such learned skepticism, but from the viewpoint of his first attic 
laboratory in 1894, even he would have been surprised by his great successes of the future. 

The son of a well-to-do land owner, Marconi had little formal technical training, but through his family's friendship 
with Professor Righi at the University of Bologna he was allowed to audit the professor's physics classes. I t  was there 
that Marconi was first exposed to the radio experiments of Heinrich Hertz, Oliver Lodge, and others. He soon set up a 
small lab in the attic of his father's large estate and began to experiment with electromagnetic phenomena. With 
Righi's spark gap mounted in the center of a short dipole and Lodge's coherer (a glass tube filled with metal filings) for 
his receiver, he was able to transmit radio signals that rang a bell at the other end of the attic. 

Guglielmo moved his equipment out into the yard and was soon working over distances of 50 meters or more. He 
found that he could extend his range by increasing the height of his antenna, but with greater heights it became more 
and more impractical to install the spark gap at the center of the antenna. When he installed the spark gap at ground 
level and connected it between the antenna and ground, his range increased dramatically. What was happening, of 
course, was that greater antenna heights meant lower operating frequencies since the dipole was the only resonant 
circuit in the transmitter, and the longer wavelengths provided greater range (Marconi's earliest experiments were at 
about 300 MHz, which limited transmissions to line of sight). 

In 1896 Marconi took his apparatus to England where some friends had arranged a meeting with William Preece, 
chief engineer of the British Post Office, the governmental department which had jurisdiction over all electrical com- 
munication in Great Britain. Preece was apparently impressed by the young Italian because arrangements were quick- 
ly made for a practical demonstration of the equipment for various British officials. By the autumn of 1896 
Marconi had transmitted and received signals over a distance of 3 kilometers at Salisbury; in the spring of 1897 he 
transmitted signals across the Bristol Channel (14km); and later that year he communicated between two ships at sea 
16 km apart. 

Although Marconi was enjoying the full support of Preece at the Post Office, apparently the bureaucracy moved too 
cautiously (or released funds too slowly), for he formed his own firm, the Wireless Signal and Telegraph Company in 
July, 1897 (in 1900 the name of the company was changed to Marconi's Wireless Telegraph Company). 

In the late 1890s Marconi continued to improve his equipment, and, in 1899, at the invitation of the French govern- 
ment, he bridged the English Channel, a distance of more than 50 km. By 1900 science had progressed to the point 
where signalling over distances of 300 km was possible, and Marconi began hinting that even the wide expanse of the 
Atlantic was not a barrier to wireless. In October the Marconi Company began construction of what was to be the 
most powerful wireless station in the world, at Poldhu Point in southwest England; by November, 1901, all was in 
readiness and Marconi sailed for St. John's, Newfoundland, the point in North America which was nearest to Poldhu. 
On December 12th, he and his assistants were successful in copying the Morse letter S transmitted from Poldhu - 
thirteen months later two-way wireless communications across the Atlantic were accomplished and the era of long- 
distance radio had begun. 

Marconi had a great deal of respect for the radio amateurs, for it was amateurs who showed that the short waves 
were not a "vast wasteland," as many scientists of the day believed, but were more valuable to long-distance radio 
than the lower frequencies favored by the commercial interests. In his later years Marconi often referred to himself as 
an "amateur" - it's only fitting that the 75th anniversary of his two-way radio transmission across the Atlantic will be 
celebrated this month on the amateur bands by KMlCC, a special events station operated by amateurs on Cape Cod. 
Look for them on 160 through 10 meters the week of January 14th. During the same period amateur stations will also 
be operating from the original Marconi transmitting sites at Poldhu and Clifden, Ireland. 

Jim Fisk, WlHR 
editor-in-chief 
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FULL 4 MHz MULTI-MODE TRANSCEIVER 

ICOM's new IC-211 maximizes band coverage, speed, performance and convenience like no other trans- 
ceiver in the 2 meter world. This Maximizer's single-knob dial provides all 4 MHz in a flash, right to your 
single fingertip! The IC-211 maximizes read-out speed with positively no time lag or backlash in display sta- 
bility. wen in modes using 100 Hz steps. The IC-211's freewheeling dial. with its superb inertia clutch, is in- 
stantly coordinated with the high speed, computer circuitry controlled synthesizer's seven digit read-out 
using an optical cho per. There is absolutely no mechanical connection between the smooth. bearing 
mounted flywheel knog and the two dnal-tracking VFO's. which come built into your IC-211. 

Single knob frequency selection: The 
IC-211 is synthesized with convenient single 
knob frequency selection over the  entire 4 
MHz. No more fussing with two or more knobs 
just t o  check what is going on around the 
band. One easy spin of the dial does it all. 

Two VFO's built in: The second VFO. which 
is an optional tack-on with most other trans- 
ceivers, is an integral feature in every 1C-211. 

Variable offset: Any offset from 10 KHz 
through 4 MHz, in multiples of 10 K H r  can be 
programmed with the LSI synthesizer. 

Remote programing: The IC-211 LSI chip 
provides for the input of programing digits 
from a remote key pad. which can be com- 
bined with Touch Tone' circuitry to  provide 
simultaneous remote pro ram and tone. 
Computer control from a  PI^ interface is also 
possible. 

FM stability on SSB and CW: The IC-211 
synthesis of 100 Hz steps makes SSB as  stable 
a s  FM. This extended range of operation is 
attracting many FM'ers who have been oper- 
ating on the direct channels and have now 
discovered SSB. 

The new IC-211 is the very best and most versatile 2 meter transceiver made: that's all. For more informa- 
tion and your own hands-on demonstration, see your ICOM dealer. While maximizing performance, the 
IC-211 minimizes impatience: yours is ready for delivery now. 

ICOM WEST, INC. iCOM EAST, INC. ICOM CANADA 
SUIIP 3 Strote 307 7nR7 Vfclore Drlvn 

Mmd-1" tb. .or ..)..tor b-mdr bolh tk 
IC- I l l  and IC-24SlSSB now oprs lr  the nrw 
FCC r e p a t u  spectrum 4 t h  nomodlficatlon 

All ICOM tadlo. dplRcsnCly exceed FCC 
.prclficatlon. llmlllng splrlous crnlsalonr 

-- . . -- - --  .. - -  
13256 Norihrup Way 3331 Towerwood Drive vincouver B C V ~ P  3Y9 
Bellevue. Wash 98005 Dallas. Texas 75234 Canada 
(206) 747-9020 (21 4) 620-2780 1604) 321-1833 
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"REPEATER DEREGULATION is being delayed" reported FCC Safety and Special Services 
Chief Charlev Hi~ginbotham. Enouzh serious questions about some provisions of the 
Docket 21033*~e~g;t and Order were raised by 'concerned Amateurs - and particularly 
the ARRL in its petition for reconsideration - to justify staying its effective date 
pending further review. Charley expects the Commission to move quickly in its recon- 
sideration, probably before January 1st. 

Individual Secondary Station licenses will be on their way out when the Commission 
announces a decision on Docket 21135, but military recreation, club, and RACES station 
licenses will be continued. Charley also predicted that by sometime this year Amateurs 
will no longer need to change callsigns when moving from one call area to another. 
Call areas wili continue, but having a prefix corresponding to your call area will be- 
come optional. He also predicted a "lifetime" Amateur operator's license will be adopt- 
ec. In addition, he expects we'll soon be able to claim credit for "elements passed" 
in an Amateur license exam - take the whole test even if you fail the CW, then return 
for only the failed portion next time. 

Autopatch Abuses, Charley warned, continued to jeopardize interconnects for the 
Amateur Service. "It's your decision!" he said, and if we don't clean up our act we'll 
end up with formal Commission proceedings that will severely curtail, if not eliminate, 
Amateur ability to tie into the phone system. 

A PIRATE 220-MHZ REPEATER operating in Chicago as a "commercial telephone service" 
was shut down in early November by the FCC's Chicago Field Office after a two-week-long 
investigation. No Amateur Callsigns were ever heard and it's probable that most of the 
"subscribers" (including a tire wholesaler and a medical clinic) thought they were per- 
fectly legal. 

TWO NEW ORLEANS AMATEURS PLEADED GUILTY in U.S. District Court to three counts of an 
eight-count bill charging them with transmitting obscene language and maliciously inter- 
fering with a New Orleans repeater during this last summer. The problem had been going 
on for over a year, but the two Amateurs - K5NY and WB5AWN - had avoided getting caught 
by the FCC by learning when special DFing equipment was in the area and laying low until 
it left. Cooperative efforts by local Amateurs and local FCC finally produced the need- 
ed proof leading to their indictment and subsequent guilty pleas. 

NEW MANAGER OF AMSAT QSL BUREAU is Ross Forbes, WB6GFJ, P.O. Box 1, Los Altos, Cali- 
fornia 94022. Former manager, WAlEHF, is stepping down after 4% years at the helm. Ross 
is well qualified, having spent 1969-1972 as manager of the ARRL W6 QSL Bureau, which han- 
dles over 90.000 cards oer month! 

 ona at ions ' ~ r o m  clubs' and Individuals to the solar cell and battery funds have brought 
in nearly $18,000, provinn the effectiveness of AMSAT's recent-heavy publicity campaign. 

several  ona at ions of $i000 Each have resulted in the names and calisigns o£ themdonors 
being inscribed on a plaque to be carried into space aboard the first Phase Three 
satellite. 

LU3AAT Heard KV4AD on 145.9 MHz November 17th when KV4AD was working OSCAR 7 Mode A - 
about a thousand kilometers over the present 2-meter DX record. KV4AD and KV4FZ are both 
working with LU3ATT and other LUs attempting to make it two way. 

THE FIRST TRANSEQUATORIAL two-meter contact was logged in October when YVSZZ exchanged 
signal reports with LUlDAU, who is approximately 50 km south of Buenos Aires. The dis- 
tance spanned represents a 2-meter DX record of 3180 miles (4446 km). Initial contact 
was made at 02302 on October 29 using CW. At 03102 both stations switched to ssb on 
145.9 MHz exchanging 55-57 reports. Signals were steady with none of fading experienced 
during a prior 6-meter QSO. At 03122 YV5ZZ also worked LU7DJZ who is about 30 km north 
of Buenos Aires. 

AMATEURS WITH AIRCRAFT or who operate Amateur gear in others' planes should review 
FAA Advisory Circular AC 20-98, which contains both FAA and FCC regulations on the in- 
stallation and operation of "nonessential" radio equipment in an airplane. 

L12B IS OPERATING IN IRA with government permission as he sails his reed boat down 
the Euphrates River. Thor eyerdahl has an okay to operate one hour a day, and report- 
edly runs 150 watts to a 20-meter dipole on the craft's mast. Unfortunately the oper- 
ation won't count for DXCC credit because he's afloat. 

SMOAGD Operated from Baghdad in a brief demonstration for Iraqi government officials 
during the Worldwrde phone contest weekend. The operation from the Swedish embassy 
netted 18 contacts, and the Iraqi officials were reported favorably impressed. 

POINT-OF-SALE CONTROL 
ment of Communications. 
buyers must sign a specia 

for linear amplifiers has been instituted by Canada's Depart- 
In a Canada Gazette announcement, the DOC stated that all linear 
1 formincluding their names and addresses at the time of pur- 

chase. The form is then forwarded to the DOC and the buyer's name compared with lists of 
General Radio Service (CB) licensees to determine whether the purchaser is in violation 
of DOC rules barring linear possession by an operator in the General Radio Service. 
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amateur bands from 1 6 0  to 10 meters. It's 

I Here's a new and versatile accessory from hands om el^ styled to match the TS-820S 
and TS-520s Series (and TS-820 and TS- Kenwood that belongs in every station. The 520), but can also be used with any HF 

AT-200 is an antenna tuner, but it's also much transceiver or transmitter with less than 
more. It's an antenna switch, an SWR bridge 2 0 0  watts output. 

and an in-line wattmeter. The AT-200 reduces Frequency Coverage Amateur bands 1 8 to 30 MHZ. 
Input Impedance 10 to 500 Ohms - Maxtmum Power 

the clutter and increases the operating Capability- 200 watts InseRton LOSS o sdb . Power 
Meter 20 watt/ZOO watt full scale. SWR Meter mea- efficiency your station ' ' and at a 
sures up to 10 1 . Dlmenslons 6.1 /2" W 7.318" D 6. 

surprisingly moderate price. g / i s ' r ~ .  We~ght 6 2 lbs 

The T S - 8 2 0 s . .  . still the Pacesetter. I t  has proven 
itself to be the performer we promised, proven itself 
through thousands of hours of operating time. 

The MC-50 dynam~c mocrophone has been worldwide and under the most difficult conditions. 
desqned expressly for amateur radto operatlon Unique features. superb specifications and top 

as a splend~d add~tnon to any Kenwood shack 
Complete walh PTT and LOCK switches, and a quality construction. . .al l  hallmarks of Kenwood 

mtcrophone plug for mstant hook-up to any amateur products are eminently displayed on the 
Kenwood rqg Easfly sw~tched for hlg 

~mpedance (600 or 5 
TS-820s .  But then, you've probably heard all that 
on the air by now. 



-- - 
I L I .  ' 

, . .pacesetter in amateur radio 

, - 

The TR-7400A lets you g o  anyplace o n  the - .  
2-meter band. . .covers the antire band with; 
out  compromise. It exceeds all FCC'emission - 

requirements for amateur transceivers. Its RF 
output is  factory spec'd at 25 watts. . . bdt  
is,typically over 301 It offers a dual frequency 
readout wi th large easy to  read 6 digit  LED 
display plus a functional dial readout system, 
fully synthesized 800 channel operation and 
repeater offset over all 4 MHz (1 44-1 48 MHz). 
The unique Continuous Tone Coded Squelch 
system is a Kenwood exclusive. 
Outstanding sensitivity, large-sized helical 
resonators with Hiah Q to minimize undesir- - 

Kenwood's exciting 2-meter transceiver. . .still able out-of-band interferance, and give a 
2-pole 10.7  MHz monolithic crystal filter 

the most powerful. 800 repeater combine to give your TR-7400A 
offset over all 4 MHz (144-148 MHz), dual receiver performance. Intermodulation char- 

frequency readout, easy to read 6 digit acteristics (Better than 66dB), spurious 
(Better than -60dB), image rejection (Better Kenwood's unique continuous tone 
than -70dB), and a versatile squelch system 

coded squelch system and outstanding receiver make the TR-7400A tops in its class, 

I performance. All in a rugged, compact package. (Active filters and Tone Burst Modules optional) 

The TR-7400A IS shown w t t h  - Imago Relaclaon Bnllor 

Rnnga 144  0 0  MHz to ohan - 7 0  dB 
147 995  MHz Spurlous lnrarlarencs 

Mode FM Retlar lhsn - 6 0  dB 

80" channelr 5 K H Z  In l r rmodulec~on Bsltor 
%paced than 6 6  dB 

s ~ ~ ~ ~ I ~ ~ ~ ~ ~  never than o 4 Recalve Svr l sm  Double 
uv for 2 0  d e  quletlng converrbon 
Betlof 8h.n I u V  lor 3 0  Ftrsl IF 1 0  7 MHz 
dB S / N  Second IF 4 5 5  KHz 

Squelch Ssnstltvttv Boltor ~ v d l o  Output Mora than 
than 0 25 uV 1 5 Watts 18 ohm load) 

Anton"" I m ~ a d o n c c  5 0  
ohms 

Frequency Dcvoatton . 5 
KHz 

Souraous Rnwnrr Brl lsr 
thon - 6 0  dB 

Mocroohone Oynsmlc *nth 
PTT $ l r~ l ch  5 0 0  ohms 

Current Dram Lars than 
1A II, reCawe (no tnpul 
algnsl) 

Current Dram Lsrr lhan 
BA 8" trnn%mll 

Trio-Kenwood Communications Inc. 
1111 W. Walnut. Compton. CA 90220. 



broadcast quality 
television camera 

How to combine 
a sync generator 

with three 
additional circuit boards 

to obtain a versatile, 
high-quality TV camera 

This television camera's main features combine 
high quality and ruggedness with relatively low 
cost and easily obtainable components. Printed- 
circuit construction and detailed circuit descriptions 
were used to produce a project that will be opera- 
tionally complete; it's not just another partially as- 
sembled unit, hastily placed under the workbench 
because of the lack of parts, technical knowledge, or 
article documentation. An attempt has been made 
to keep the special tools and materials stocked only 
by machinists separate from this project. And though 
I have found that compromises must be made to 
most ideal goals, every practical effort was made to 
keep these compromises to a minimum. 

A number of interesting features were incorpo- 
rated into this camera. Most of them allow flexibility, 
with applications extending beyond ATV use. Indeed, 
application flexibility weighs very heavily for any 

homebrew project, so study the following features 
and compare them to other cameras and your in- 
tended use. 

1. Resolution capability. In excess of 500 lines. 
The video processor has a 3 dB response of approx- 
imately 6.5 MHz but actual resolution depends large- 
ly upon the quality of lens, Vidicon, and yoke in that 
order. 

2. EIA interlaced scanning. Commercial broad- 
cast quality sync is provided to further enhance sta- 
bility, resolution capability, and weak signal lock-in 
when the picture is viewed through snow. Also, if a 
video tape recorder is used, exceptional frame lock 
stability is provided. 

I 3. Crystal-controlled timebase. A 3.15 MHz crys- 
tal is used to derive horizontal and vertical scanning, 
eliminating a 60-Hz line requirement. 

4. High acceleration voltages for the Vidicon. 
Resolution is basically increased as the G3-G4 grid 
voltage is raised but the main intent is to enhance 
the Vidicon's amplitude response, therefore boosting 
the performance of weak Vidicons. 

5. High-video output. 1 volt p-p positive going 
video is available at the output connector. The video 
is ac coupled for 75-ohm line drive requirements 
providing sufficient video for even the most stubborn 
modulator. 

6. Simple operating controls. The normal focus, 
target, and beam controls are rear panel mounted. 
No linearity adjustments are needed because of the 
current feedback, in the ramp generators, which 
provides a linear sweep. 

I 7. Poor-man's special effects. Variable vertical 
and horizontal blanking is provided as an option for 
multi-camera superimposed image applications. 

By Arthur Towslee, WA8RMC, 180 Fairdale 
Avenue, Westerville, Ohio 43081 
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fig. 1. Wiring diagram for the frame of the camera. The connector for the power supply printed-circuit board is a Cinch 50-20A-30. The other boards use the Cinch 50- 
12A-30. The C-mount lens-mounting plate 13833). yoke and focus coil assembly 12045). and Vidicon socket 12100) are available from Denson Electronics, Box 85, Vernon, 
Connecticut 06066. A suitable power transformer (ACT-760512.0) is available f rom Automation Engineering for $10.00, postpaid. A set of four etched and drilled circuit 
boards is available for $25.00, postpaid, also from Automation Engineering. 



8. L o w  power requirements. Only 25 watts of ac 
power is required; portable applications can make 
use of low-power inverters when 12 Vdc operation 
is used. 

9. printed-circuit construction. Four 3 x 6-inch 
(7.6x15.2cm) circuit boards are used, thereby elimi- 
nating most hand wiring. 

10. Rugged and simple construction. Easy-to- 
obtain aluminum is used. The frame approach pro- 
duces a camera that is mechanically rugged and al- 
lows easy access to all components. 

11,Vidicon and yoke flexibility'. The circuit design 
allows for many different magnetic focus/deflection 
Vidicons to be used. Also, a wide variety of deflec- 
tion yokes can be accommodated. 

12. L o w  cost. I estimate that the average amateur, 
with a well stocked junk box, can build this camera 
for less than 150 dollars. New parts cost (via surplus 
outlets) is approximately 275 dollars. 

13. Optional automatic l ight  compensation. By 
the addition of a 500 to 1000 megohm resistor in the 
video processor, reasonably good light compensa- 
tion can be obtained. 

14. Clamped black video level. As the average 
scene illumination changes, the black level position 
remains constant. This produces a constant refer- 
ence level needed for proper setup of bias levels in 
video modulators and final rf am~lifiers. 

I've found all of these features to be important, 
and are lacking in many camera designs. The origin 
of this design grew from seeing many other camera 
designs; I liked some of the features of each but not 
all in any one camera. Thus, I undertook the task of 
designing a camera from scratch, the way I wanted 
it. Also, I was determined to finish this project before 
starting another, and I've got a lot of things around 
the house that need attention! 

general description 
A block wiring diagram of the camera is shown in 

fig. 1. The role of the power supply is obvious, and 
includes the generation of the + 450 Vdc needed for 
Vidicon operation. All main timing and beam scan 
control is provided by the sync generator which was 
covered in detail in the September, 1977, issue of 
ham radio. This board provides the clock for the high 
voltage generation in the power supply, along with 
the horizontal and vertical pulse information to oper- 
ate the sweep generator and video processor circuit 
boards. The sweep generator supplies the operating 
voltages for the yokelfocus coil and Vidicon. The 

fig. 2. Photograph of the vertical video waveform. Tha 
blanking pulse can be seen as a slightly intensified portion 
of the base line. while the sync pulse is visible as an inten- 
sified portion on the - 40 line. 

video processor circuit board, as the name implies, 
processes the minute Vidicon target current into 
composite video, inserting sync and blanking on the 
output video. Typical horizontal and vertical output 
waveforms, at  the video output connector, are 
shown in figs. 2 and 3. 

Although complete circuit description and theory 
of operation becomes encyclopedic, and the resul- 
tant space would be prohibitively large, I hope that 
sufficient information is given here to enable you to 
properly troubleshoot and alter the circuitry as re- 
quired to  suit your own requirements. Most parts are 
non-critical and substitutions can be made if full 
knowledge of their function is understood. There are 
many areas which are considered "designer's 
choice," implying that there is more than one way to 
achieve the same result. 

Sync generator. All of the outputs provided on this 
circuit board are not used, so I'll recap only the 
functions needed and generally describe what their 
role is in this camera. 

First, the high-voltage power supply uses the 15- 
kHz square wave at pin C. The composite sync at 
pin 4 and the composite blanking at pin 2 are fed 
directly to the video processor for insertion into the 
raw video. The horizontal drive (pin E) and the verti- 
cal drive (pin 5) feed the sweep generator to trigger 
the respective ramp generators and also to provide 
Vidicon blanking during scanning beam retrace. The 
high-voltage disable input is not used so it must be 
connected to pin D ( + 5V) to  enable the high-voltage 
drive. 

Power supply. A great deal of effort was made to 
provide a complete power supply (fig. 4) on one cir- 

12 january 1978 



cuit board that was as simple as possible, easy to 
troubleshoot, and used commonly available com- 
ponents. I almost made it, with the exception of the 
high-voltage transformer. 

A +5 Vdc power supply circuit is used with the 
popular LM309K regulator IC as the series pass ele- 
ment. Particular attention should be given to the 
transformer secondary ac voltage. I point this out 
because I've seen many projects using a 6.3 Vac 
winding to obtain regulated 5 Vdc from a bridge 
rectifier. It will be found that most of these power 
supplies drop out of regulation at 710 Vac input, 
even with very high filter capacitor values. It's possi- 
bfe to use a center-tapped 12 Vac transformer with 
a full-wave center-tap arrangement, as shown in the 
sync generator article, since there is only one diode 
voltage drop. A diode bridge has an extra voltage 
drop to add in, thus a higher ac voltage is required to 
maintain regulation. 

A simple, little known formula for determining the 
minimum filter capacitance is presented here for 
those who may want to calculate the minimum value 
of C4. 

First, the average dc voltage at the filter capacitor 
(C4) is roughly 1.1 times the secondary ac rms vol- 
tage. Using this information, apply the formula 
CV=ZT 

where C = Capacitor value in farads 
V =  Peak ripple voltage at the filter capacitor 

in volts 
I =  Load current at the output of the regula- 

tor in amperes 
T= Time between charge peaks in seconds 

For the LM309 to regulate, a minimum input to out- 
put differential of 1.5 volts must be maintained. 
Therefore, at 5 Vdc output, the input must never go 
below 6.5 volts. At a low line voltage of 105 Vac. the 
dc level will drop to 7.3 Vdc. Therefore, only 0.8 
volt of ripple is allowed. These facts produce the 
following: 

c = - -  IT - 0.  Oog3' = 0.003906 farads (3906fl) v 0.8 

Therefore, at least 3900pF of capacitance is re- 
q"ired. I might have parted a bit from the main topic 
here, but I feel the above information is sadly lacking 
from typical power-supply designs. I'm a collector of 
rule-of-thumb formulas and this seems to be a good 
place to exercise this one. 

The + 15 Vdc regulator circuit is similar to the 
+&volt circuit except a full-wave center-tap recti- 
fier is used. The output is taken from U1. The - 15 
Vdc regulator uses the other half of the CR2 bridge 
with the + 15 Vdc output as a reference. This pro- 

vides tracking between the two supplies. U3 is used 
as an error amplifier to compare the R1-R2 connec- 
tion to ground. If + 15 and - 15 volts are equal and 
opposite, and R1 = R2, zero volt will be present be- 
tween pins 2 and 3 of U3. If not, U3 will drive Q2 to 
change the minus voltage until the difference is zero. 
This arrangement works quite well despite the fact 
that there are dual-tracking regulators on the market 
doing the same job. The most cost effective ap- 
proach is used here. The last of the low-voltage 
rectifier circuits is the -45 Vdc supply. This is a 
full-wave bridge doubler composed of C8, C9, C10, 
and CR3. This combination is used to eliminate the 
need for another transformer winding. The circuit, if 
redrawn, will reveal that it is actually two cascade 
voltage doublers arranged in push-pull to provide 
full-wave rectification with better regulation than a 
half-wave arrangement. 

The power transformer used to supply the vol- 
tages for the previous circuits is the size of a 6.3 Vac 
3-amp filament transformer. Multiple transformers to 
obtain the required voltages could be used here, but 
to fit into the available space I have designed a single 
unit to fulfill these specific needs. It is also possible 
to wind a transformer by removing the secondary of 
a filament transformer and winding back on the 
required wire (if you really like to wind transformers). 

The high voltage needed to operate the Vidicon is 
obtained by the use of a dc-dc converter driven by 
the 15750-Hz square wave from the sync generator. 
T I  is a ferrite cup core around a hand-wound bobbin. 
In operation, when the logic level drive signal at pin 
6 goes positive, Q1 turns on and saturates the core 
of TI. When 01  is turned off, the collapsing field in 
the primary of T I  is transferred to the secondary with 
a magnitude determined by the turns ratio. The ac 
voltage induced across the secondary is then recti- 
fied and filtered in a conventional manner. 

january 1978 Gbl 13 



The circuit feeding the focus potentiometer is a 
half-wave cascade voltage doubler formed by C19, 
CR4, and CR5. All other voltages are obtained from 
simple half-wave rectification circuits. The filter on 
the primary of T I  is used to prevent the switching 
spikes and the collapsing field of T1 from being fed 
back into the + 15 volt regulated supply. The point 
that Q1 switches is halfway across the horizontal 
active scan, so if care is not taken to suppress the 
spikes, they will appear as a vertical line in the center 
of the picture. 

Various chokes were tried for L1. The best com- 
mercially available unit I could find is a Miller 100-pH 
hash choke. However, for those who find this item 

U1A acts as an integrater to produce a vertical ramp 
controlled by the vertical drive pulse. This circuit is 
different than most integraters because the inte- 
grating capacitor C1 is referenced to ground,' there- 
by simplifying the vertical ramp reset circuitry (01). 
This configuration also allows for any required lin- 
earity correction. The component values shown pro- 
vide a linear ramp (R1 and R2 are equal) but the out- 
put is an exponential function in which the magni- 
tude and sign of the exponent may be varied by 
changing the ratio of R1 and R2 while holding the 
total resistance constant. The sum of R1 plus R2 
multiplied by C1 [CI(RI + R2)l determines the slope 
of the ramp. Values of C1 other than 1 pF may be 
used providing the RC constant remains unchanged 
and the value of R1 and R2 does not exceed ap- 
proximately 250 kilohm. In fig. 5, C1= 1 pF while 
R1 and R2 equal 100,000 ohms. Therefore, the RC 
constant is 200,000. If C1 was 10 pF, then R1 and R2 
must each be 10,000 ohms. 

The amount of positive feedback through R4 and 
R5 controls the exponential output. These resistors 
must be equal for a linear ramp but the main function 
is to set the gain (gain of 2). Any value of resistance 
for R4 and R5 between 4.7k and 100k produces no 
significant change in the output. Caution must be 
exercised when selecting values for C1. Stable, low- 
leakage capacitors (preferably non-electrolytic) 
must be used. I specify a mylar capacitor but tanta- 
lum units may be substituted if the correct polarity is 

fig. 3. Horizontal video waveform as seen on an analyzer. observed. In operation, the ~ositive-going vertical 
The sync pulse is seen on the - 40 line. drive pulse resets the ramp generator by turning on 

0 1  and discharging C1 to ground. After the vertical 

hard to obtain, a toroid-wound choke consisting of 
24 turns of no. 22 AWG (0.6mm) enameled wire 
wound on an FT50-75 core is quite satisfactory. 

The high-voltage transformer T I  is a homemade 
unit wound on a Magnetics OF42213-UG ferrite core 
and a PCB2213-23 bobbin. Actual winding and as- 
sembly is quite simple and total construction time 
should be less than 15 minutes; careful winding of 
the primary will save time later. See the construction 
section for full details. 

sweep generator 
The sweep generator (fig. 5) provides a number of 

functions; first and most important is the generation 
of linear ramp currents to sweep the electron beam 
across the target area of the Vidicon. In addition, 
logic is provided to blank the Vidicon during ramp 
retrace and also to blank the Vidicon in case of 
sweep failure. Finally, a constant-current source 
supplies the focus coil with the proper current to 
establish magnetic focus for the Vidicon. 

Vertical ramp generator. Operational amplifier 

- - - 
pulse is completed, C1 linearly charges producing 
the + 5  volt output at pin 12 of U1A. The next pulse 
resets Q1 and the cycle repeats again. The relatively 
large signal output ( + 5  volts) from U1A is inten- 
tional, to produce a large signal-to-noise ratio. 

The second stage (U1 B) is a voltage follower 
placed in the current loop to provide adjustable cur- 
rent gain and dc offset. The signal is reduced before 
pin 6 to  approximately 0.6 V p-p and then compared 
to the 0.6 V p-p signal at pin 7. The output from pin 
10 then feeds a com~lementarv transistor pair (02 
and 03) which providks a current boost to drive the 
vertical yoke. R14 and R15 bias 02 on slightly before 
Q1 turns off, eliminating crossover distortion; R16 
also helps supply current at the crossover point. 
R17 and R18 are simply current limiters for the tran- 
sistors and also provide some degree of decoupling. 

Capacitor C3 shunts the small component of hori- 
zontal ramp signal around the vertical coils. R21 is 
used to sense the current through the vertical yoke 
since the voltage developed across this resistor is 
proportional to the current flowing through the coils. 
R19 and R20 form a voltage divider across R21 and 
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fig. 4. Schematic diagram of the power supply board. Diodes CR1, CR2, and CR3 are Varo VE18 diode bridges, or can be replaced 
w i th  individual IN4004 diodes. Al l  other diodes are 1N4007s. R1 and R2 should be matched t o  within 1 per cent; all other resistors 
are 10 per cent tolerance. The 100 pH choke is a J. W. Miller 5250. All  the capacitor values are minimum values which can be in- 
creased if the new capacitor wi l l  f i t  within the available space. The high-voltage transformer is mounted by an 8-32 (M3.5) screw 
through the circuit board. Flat washers should be used t o  space the transformer approximately 118 inch (3mm) above the board. 

feed back a portion of the voltage to the inverting in- height and vice versa. Yokes with different deflection 

put of UIB. The overall gain of the loop is deter- factors can be accommodated by changing the value 

mined by of R21 which changes the range of the height poten- 
tiometer R20. The value used here (100 ohms) will 

R l l  +R13 E l , l = E O  
R11 yield an R20 range of 12 to 80 mA. Decreasing this 

value to 50 ohms would produce a range of 25 to 
where E,, is the voltage at pin 7 and Eo is the voltage 160 mA. However, most deflection factors fall in the 
at R20's wiper. range of 12 to 80 mA. C2 compensates UIB and 

By changing the vertical yoke current, the height prevents ringing due to overshoot by reducing the 
is varied with minimum current equal to maximum gain of U1B a t  high frequencies. Centering pot R10 
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fig. 5. R7 is a '/,-watt, 10 per cent, composition resistor. All other resistors, except the potentiometers, are %-watt, 10 per cent. The potentiometers can be either Helipot 
72PM. Bourns 3386-P, or Bourns 3386-F. All diodes are IN4151 but most other silicon diodes are acceptible. The heatsinks are Thermalloy 22128-5 or 2227-8 for 08 .  and 
Thermalloy 2228-B for 07  and 011. C1 and C4 are mylar capacitors; C11 should be a tantalum capacitor. 



This side view of the camera shows the sweep generator 
card. The additional components for the alignment coil can 
be seen on the socket for this circuit board. 

provides a variable dc reference to center the ramp 
symmetrically about zero. Increasing the bias shifts 
the picture on the monitor from the top to bottom. 

Horizontal ramp generator. This circuit is identical 
in concept to the vertical ramp generator discussed 
above. In fact, a visual inspection of the schematic 
will reveal only one added part, R24 in the circuit of 
U2A. When the horizontal pulse resets the ramp, C4 
is not completely discharged due to the 10-ohm re- 
sistor, but left with a slightly positive bias which 
shows up at pin 6 of U2A as an offset. This small 
offset opposes that presented by the horizontal 
centering control and will provide sufficient adjust- 
ment on either side of zero. 

The slew-rate upper-frequency limitation of U2A 
is used to an advantage here. Since slew rate is 
measured in volts per unit of time, the higher the 
ramp voltage becomes, the more time it takes to 
retrace. Steep slope retrace times will tend to pro- 
duce ringing in the following stages; By keeping the 
peak ramp voltage high (+5V), the retrace takes 
longer due to slew-rate limiting and yoke ringing is 
minimized. The resistive divider (R29 and R33) then 
attenuates the signal to approximately 0.6 volt at pin 
6 of U2A. 

The output voltage and current boost circuitry, 
formed by transistors 05-Q8, provide the required 
gain and current drive for the horizontal yoke. 0 5  and 
06  provide some gain but serve primarily as dc level 
shifters to drive the complementary stage (Q7 and 
08). Since the use of higher voltage levels was re- 
quired, I had to fall back on discrete logic. The higher 
peak-to-peak voltages are due to two factors. First, 
the horizontal deflection factor of the yoke is roughly 
six times higher than the vertical circuit. This is due 
to the smaller number of turns of wire to minimize 
the inductive reactance. Second, because of the 
increased inductive reactance, even with fewer wire 

turns, more voltage must be impressed across the 
windings to  source the same current as that required 
by the vertical circuit. 

Obviously, there are compromises and tradeoffs 
while trying to maximize current with a minimum of 
voltage. Notice that a negative supply voltage of 
- 45 volts is used. This is because maximum current 
is needed during retrace where the rise time is the 
greatest. An oscilloscope on the collector of Q6 
would reveal a sharp negative-going pulse. 

Theoretically, an infinitely steep voltage pulse, 
discharged into a pure inductance, will produce a 
current ramp. This is how some commercial cameras 
generate a sweep. However, no circuit achieves 
theoretical factors so non-linearities creep in. That is 
why most cameras provide linearity adjustments. 

Since the circuit presented here is a true closed- 
loop current source, the source voltage is auto- 
matically controlled to produce a linear current ramp. 
Thus, no linearity adjustments are needed and the 
only non-linearities which do exist are in the yoke 
itself. Because of the ramp generator design, com- 
pensation can be made to overcome this if required. 
For all practical purposes, however, yoke non- 
linearities are not detectable to the average viewer. 

The zero crossover problem, discussed in the ver- 
tical circuit, is more difficult to overcome due to the 
higher frequency involved. Hence diode biasing is 
used to overlap the turn on of 07  before Q8 turns off. 
R39 provides the proper degree of overlap and also 
balances the base drive for 0 7  and 08. Notice at this 
point that R7 is placed across the emitter-collector of 
08. If a yoke is used that requires more than 300 mA 
p-p for proper operation, base drive limiting can take 
place due to the low current gain of Q8. Therefore, 
R7 helps to source current when the ramp is maxi- 
mum negative, reducing the dissipation. Even with 
R7 in the circuit, Q8 is driven much harder and for a 
longer duration of the cycle than Q7. 

I would like to point out here that a large imbalance 
of the centering pot for a long duration will cause 
excessive dissipation in Q7 or Q8, depending upon 
which side of zero the imbalance occurs. Steps must 
be taken to check this when initially powering the 
circuit to avoid the premature replacement of the 
transistors. 

The value of R3 depends upon the yoke induc- 
tance and is used to dampen the inductance and 
lower the Q of the circuit to prevent ringing. Use a re- 
sistor decade box and decrease the resistance to a 
point where any vertical bar shading irregularities at 
the left side of the video monitor just disappear. If 
an oscilloscope is handy, connect it from terminal C 
to ground and view the horizontal ramp. Adjust R3 



to eliminate any ringing on the leading edge of the 
ramp immediately after retrace. For the yoke speci- 
fied, this value is 2.2 kilohms. 

The current sense element for the horizontal ramp 
is R45 and operates in exactly the same manner as 
R21 in the vertical circuit. Changing the value of this 
resistor will change the range of the width potenti- 
ometer R43. With an R45 value of 10 ohms, a current 
range of 120 to 400 mA can be accommodated. It is 
important to realize that when it is desired to view 
the ramp waveform on a scope, only the current 
waveform is meaningful, because it is the current 
that deflects the electron beam within the Vidicon. 
(Remember that we are dealing with magnetic de- 
flection Vidicons. ) 

Don't confuse the current waveforms with voltage 
waveforms shown on many commercial camera 
schematics. In many cameras, current waveforms 
are difficult to make because of the lack of a ground- 
ed current reference point. However, in this case R21 
(vertical) and R45 (horizontal) are in the current path. 
A scope from terminal A or C to ground will display 
current if the voltage on the CRT is divided by the 
R21 or R45 resistance. 

The Vidicon must be blanked during both vertical 
and horizontal retrace even though proper blanking 
of the video waveform is taken care of farther down- 
stream; this is because of the persistance and lag of 
the Vidicon - an actively scanned retrace will pro- 

duce dark diagonal lines superimposed on the normal 
scan. Methods to blank the Vidicon vary from cath- 
ode blanking to GI  grid blanking or both. In this 
case, simple cathode blanking is used by raising the 
cathode approximately 22 volts positive during the 
retrace intervals. The vertical and horizontal drive 
signals are inverted, wire ORed and again inverted to 
drive the Vidicon cathode through U4. I have noticed 
that when using a type 4478 Vidicon, because of its 
higher cathode cutoff point, marginal cutoff of the 
beam can occur, especially at low-light levels, pro- 
ducing a very slight retrace line. Using a type 7735 
Vidicon has not been any problem. 

The Vidicon must be protected from accidental 
loss of either vertical or horizontal sweep, even for 
time durations as short as a fraction of a second. If 
sweep failures occur without protection, the scan- 
ning beam in the Vidicon would permanently burn 
the target material, causing a serious line or spot in 
the picture after normal sweep resumed. U3, a 74123 
dual retriggerable one-shot, is the heart of a scheme 
devised to blank the Vidicon (turn off the scanning 
beam) if either horizontal or vertical sweep is inter- 
rupted. In operation, C10 and R54 integrate the ver- 
tical ramp, negative-going retrace into a short dur- 
ation pulse at the base of Q10. 010 turns on during 
this time to produce a positive pulse at pin 10 of U3 
to reset the timer. The output (pin 12) is low at this 
point. After the input pulse, U3 starts a time delay 

fig. 6. Schematic diagram of the video processor; all voltages are shown with no video (lens capped) and R16 turned fully 
counter-clockwise. R4, R7, and R9 are metal-film or deposited-carbon resistors. All other resistors are W-watt, 10 per cent car- 
bon composition. Diodes CR7-CRlO are IN4151 or equivalent silicon diodes; L1 is a Nytronics WEE-100 or J. W. Miller 70F75SA1, 
and LZ is a Nytronics WEE-220 or J. W. Miller 70F224Al. U1 is an RCA CA3039 and U2 is a CA3083. The output voltage will vary de- 
pending upon the pedestal setting. R29's value will produce 40 IRE units of sync; to change to 20 units, R29 must be reduced to 
220 ohms. All voltages were measured with a 10,000 ohms/volt meter. 
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Rear view of the camera with the back plate removed. The 
three capacitors which are connected to the Vidicon socket 
are grounded through a common piece of braid to the video 
Drocessor socket. 

which, if allowed to time out, will cause pin 12 to go 
high. For normal operation, before the timer times 
out, a new pulse arrives at pin 10 resetting the timer 
and repeating the cycle. If the sweep had failed to re- 
trace, no pulse would occur at pin 10 and the timer 
would time out thus driving U4 pin 8 low and blank- 
ing the Vidicon. 

The time delay is set by R55 and C11 and is slightly 
longer than a normal 16-millisecond vertical-scan 
cycle. The horizontal circuit operates in an identical 
manner. Note that I have brought the C11-R55 
junction to pin D on the connector. Normally this 
pin is not used, but if the delay is shortened to time 
out before the end of the normal scan cycle the Vidi- 
con will be blanked from that point until the start of 
the next cycle. By connecting a 500k potentiometer 
from pin D to + 5 Vdc, a poor man's special effect 
can be made to "wipe" from bottom to top. An addi- 
tional 500k potentiometer from pin E to  + 5 Vdc will 
produce a wipe from right to left. This combination 
will change the picture from full screen to a small 
square in the upper left of the screen. One caution 
must be observed. By blanking the Vidicon at a point 
normally in the active scan region for a long time on 
relatively bright scenes, a line will be produced on 
the screen when the blanking point is changed. This 
could produce a permanent burn in the Vidicon. 

The Vidicon magnetic focus control circuit is also 
on this circuit board. It is a simple current sink to 
supply constant current to the focus coil indepen- 
dent of supply voltage and coil resistance variations. 
R60 is adjusted to set the current desired to focus 

the Vidicon. The voltage developed at the emitter of 
Q11 is compared to the voltage at the wiper of R60 
by U5. U5 will then drive 0 1  1 until these voltages are 
equal, producing a voltage drop across R59 which is 
proportional to the focus coil current. The focus coil 
current. I ,  = ER60wipet/R59.  The op-amp's open 
loop gain and excellent temperature stability are 
combined to produce very stable regulation of the 
focus current. 

Most focus coils typically require approximately 
40 mA if the coil resistance is about 400 ohms, pro- 
ducing ERso equal to 0.4 volts. The lower the coil 
resistance, the higher the required current will be. If 
the focus coil used approaches 100 ohms, it will be 
necessary to place a small resistance in series with 
the coil (approximately 22 ohms) to prevent exces- 
sive dissipation in (311. The voltage across terminals 
E and F should be close to 15 volts. Finally, capacitor 
C20 must be placed across terminals E and F to 
suppress horizontal spikes occurring at a rate too fast 
to be corrected by U5 (there was not room enough 
to mount this capacitor on the circuit board). 

video processor 
The video processor, as the name implies, pro- 

cesses the extremely low level video signal from the 
Vidicon. The preamplifier portion (fig. 61, composed 
of Q1 through Q4, amplifies the signal and also pro- 
vides response modification. The amplified signal 
(approximately 0.7 volt p-pl is then presented to the 
processor where blanking and sync are inserted. 

The preamplifier accepts the extremely low level 
current, from the target of the Vidicon, which is pro- 
duced by the discharge of the target by the scanning 
beam. This signal, in the range of 0.05 to  0.5 micro- 
amp, is ac coupled to Q1 and discharged through R4 
to produce a voltage equal to: 

at the gate of Q1. For 0.3 microamp of target current 
(a relatively bright scene), approximately 60 mV is 
developed at Ql 's gate; a higher voltage level than 
one would suspect. Wiring must be kept to  a mini- 
mum and also well shielded at this point to prevent 
broadcast interference pickup due to the high im- 
pedance involved. 

The target bias is also applied at this point. This 
positive voltage will charge the capacitive surface of 
the Vidicon that eventually will be discharged by the 
scanning beam. The bias, usually about +20 volts, 
must be varied as the average scene level changes 
and ideally must be a constant-current source for 
automatic light compensation. By making the value 
of R7 very large (greater than 100 megohms) a 
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constant-current sburce is approximated because the 
Vidicon is basically a constant-current generator. 
Therefore, partial ALC is achieved. My original de- 
sign uses a 2.2-megohm resistor for R7 v.;:'- no ALC. 
However, if ALC is desired, use a 500- to 1000- 
megohm resistor for R7 and increase the value of the 
target pot from 500k to 1 megohm. If this is done, the 
recovery from abrupt light level changes will be slow, 
especially as R7 approaches 1000 megohms because 
C6 must be charged (or discharged) to a stable level 
in the process. 

In operation, the high impedance gate of 0 1  
amplifies the video signal with some series peaking 
in fhe drain circuit. This technique helps to compen- 
sate for the normal high-frequency rolloff of the 
Vidicon. R9 shunts L2 to shape the response of the 
peaking by reducing the Q of L2. At  low frequencies 
R10 is primarily the load resistor, while at high fre- 
quencies, where the reactance of L2 is higher, R2 
and XLof L2 are additive to increase the gain of the 

The video at 02's source is ac coupled to Q3 and 
Q4; 0 4  is used as a bootstrapped emitter follower 
with a dc gain of 1. Degenerative feedback is pro- 
vided to vary the high-frequency rolloff point (aper- 
ture) and the slope of the gain curve to the rolloff 
point (high peaking). The aperture is normally ad- 
justed by viewing a scene with high contrast ratios 
and adjusting R14 for no white tails following a white 
to black transition. The high-peaking pot, R15, is ad- 
justed by observing the maximum picture detail 
without noticeable oscillation effects. The corrected 
video is then fed to the video gain pot R16 for pre- 
sentation t o  the sync and blanking processing 
stages. 

The blanking and sync insertion circuitry2 is built 
around an RCA CA3039 high-speed diode array. The 
circuit restores the dc level to the incoming positive- 
going video signal, inserts blanking, sets up a pedes- 
tal level, and then adds composite sync. This type of 
processing precisely inserts the sync and blanking in- 

EX X W' SCREW AND N U 1  TO W N T  TI 
PLlCE F L I T  WASHERS B C T W N  TI 8 PCB 
m SPACE 1, up IPPROIIYI(TEL* !/a- 

6/32 X 318. SCREW NUT AND 
LocrwAs.cn TO ~ U N I  UI 8 uz 

fig. 7. Component plecement for the completed power supply board. 

stage. 02 is basically a source follower to isolate the formation, not merely adding it to the video. Linear 
signal from the previous stage and to present a lower addition is not good enough because the video in- 
impedance for coupling to 04. In addition, it pro- formation would ride on top of the sync information. 
vides a dc stabilized feedback to 01. 0 1  and 02 Sync must only contain position information; there- 
therefore operate together to provide a single in- fore, the video is clamped to a voltage level at the 
version of the signal with a total mid-frequency gain positive terminal of C16 by diode CR3. 
of approximately 15. Diode CR7 protects CR3 from excessive reverse 



The entire processor circuit, including the preamp, 

The 0.01 ,tF disc capacitor mentioned in the text can be seen 
attached to the sync generator board. Its inclusion will 
eliminate a vertical line in the picture. 

voltage and will clamp the absolute video excur- 
sions to approximately 0.7 volt. The resulting signal 
is then fed into a differential amplifier consisting of 
0 6  and 07, a matched pair within the CA3086 (U2). 
This amplifier has a low gain (2.5) between the base 
of 0 6  and collector of 0 7  but a much higher gain 
(6.5) between the base of 0 7  and its collector. With 
CR5 reverse biased during scan time, amplified 
video will appear at the collector of 07. When a 
horizontal or vertical blanking pulse appears at pin 2, 
CR5 is forward biased and saturates 07, thereby 
adding a very large pedestal to the video. This pedes- 
tal must then be clipped and sync added to complete 
the process. 

Transistor 0 5  and the associated circuitry is con- 
nected to function as a constant-current source 
which will set up a variable voltage at the cathode of 
CR4 depending upon the presence or absence of a 
sync pulse. Thus, whenever the signal at 07's col- 
lector is more negative than this potential, CR4 will 
isolate the video signal from the base of 08. How- 
ever, if the level at 07's collector is more positive, 
the video signal will appear at 08. If the current from 
0 5  produces a level at 0 8  base just beneath the video 
black level, the entire video will rest upon the blank- 
ing level. When CR1 conducts due to an incoming 
sync pulse, R29 will be short-circuited, and the vol- 
tage at the base of 0 8  will drop a corresponding 
amount. The resultant composite video is then pre- 
sented to the output transistors 0 8  and 09. Transis- 
tor 010 is connected as a diode to provide negative 
feedback. Because of 010's low reverse breakdown 
of 6 volts, it acts as a zener to clamp the feedback at 
6 volts. R30 and R32 are purposely selected to be 
low values to keep impedances low and improve 
bandwidth. 

has been tested and found to have an overall 3 dB 
bandwidth in excess of 6.5 MHz. This value is more 
than adequate for all but  the most expensive 
Vidicons. 

There are a few comments about component se- 
lection which deserve mention. The preamp resistors 
R4, R7, and R9 should be metal film to keep noise to 
a minimum. C6 must be a non-polarized and low- 
leakage capacitor; most ceramic capacitors are fine. 
In the processor U1 is a diode array selected pri- 
marily for high-speed operation. Substitution of 
descrete slow-speed diodes could be disastrous. U2 
is a high-current transistor array to handle the rela- 
tively high current in the output stage; it also runs 
warm in normal operation. In some applications, 
particularly for ATV operation, the sync amplitude 
may have to be altered. R29 is selected to produce 
approximately 40 IRE units of sync. To reduce this 
level to 20 IRE units, decrease this value to 220 ohms. 

A number of prototypes were built before an 
arrangement was obtained that provided compact 
size, easily obtainable materials, a minimum of 
special tools for fabrication, and accessibility to all 
printed circuit boards while the camera was opera- 
tional. Of course, there are always tradeoffs to any 
design, but the main criterion here lies in the ability 
for the maximum number of people to  be able to 
reproduce this design with the minimum of effort. 

A standard chassis approach was abandoned early 
because no standard size existed which was close to 
the dimensions needed to qualify the camera as a 
compact. Instead, I settled upon a basic frame ap- 
proach. This may require more individual pieces but 
it keeps bending requirements to a minimum.' 

Basically, the front and rear plates are made from 
118-inch (3mm) aluminum. Thinner material could 
be used but mechanical rigidity will suffer. The frame 
studs that hold the front and rear plates are 114- 
inch (6.4mm) square aluminum bar stock. This 
material is not generally available in hardware stores 
and I had to go to an industrial aluminum supplier 
and buy a 12-foot (3.7m) long piece. I've got a lot 
left over, but the cost was less than three dollars. 
The back plane bracket, video PCB shield, sync 
generator PCB shield. and the bottom plate are all 
made from 1116-inch (1.6mm) aluminum. Here, sub- 
stitution of thinner material down to about 0.040- 
inch ( lmm)  thick is fully satisfactory. Thicker mate- 
rial, however, will be difficult to bend and should be 
avoided. 

'A copy of the complete set of mechanical drawtngs is available by sendlng 
a 9 % x 11  envelope with 35 cents postage lo ham rad~o. Greenville. New 
Hampshire 03048. 
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Mounted directly behind and fastened to the front 
plate is the front mounting block. This serves as a 
very convenient means of securing all four circuit 
boards and establishes a good low-impedance elec- 
trical ground. It also spaces the yoke/focus coil 
back 'from the Vidicon to establish proper focusing. 
I made this block from 114-inch (6.4mmJ aluminum, 
but thicker pieces up to 318-inch (9.5 mm) can be 
used if care is taken to chamfer the edges where 
they contact the circuit boards so no shorts occur. 
Since the yokelfocus coil mounts to this block, 
check the mounting dimension requirements of the 
yoke you obtain before drilling these holes. 

The outer cover that wraps around the entire 
camera is not detailed because of the variety of 

with threads to accept a standard C-mount lens 
which would also screw into the front plate. Not 
everyone can do this so I suggest an adapter avail- 
able from Denson Electronics (part 3833) to mount 
the lens on the front plate. 

The printed-circuit board layouts may be obtained 
by sending a self-addressed, stamped-envelope to 
ham radio, Greenville, New Hampshire 03048 or, pur- 
chased as etched and drilled blank boards from Auto- 
mation Engineering Company." The parts placement 
drawings are shown in fig. 7,  8, and 9. Breadboard 
construction is not recommended because of the 
somewhat critical layout of components on some 
boards. In general, no special assembly of compo- 
nents is required on any of the boards. However, I 

fig. 8. Component pattern diagram for the sweep generator. Plastic transistor spacers should be used under Q7 and 011 to pre- 
vent the heatsinks from touching other components. 

materials that could be used. Solid-sheet aluminum 
may be used if ventilation holes are drilled along the 
sides and top. Many types of decorative perforated 
aluminum are available at hardware stores and are 
desirable for ease of bending. I used 0.050-inch 
(1.3mm) perforated steel because of availability. 
Don't use this unless you have access to a bending 
brake and can do it right the first time! 

Finally, the hole size in the front plate depends 
upon the method of mounting the lens but must 
be larger than 1-118-inch (2.9cmJ in diameter in order 
to insert and remove the Vidicon without removing 
the plate. I have found that a universal lens mounting 
method to satisfy all situations is not obtainable. I 
have access to a lathe, so an adapter was machined 

might suggest three cautions that should not be 
overlooked. 

1. Check for proper polarity of capacitors and 
diodes. 

2. Check solder connections on the component 
side of the board. 

3. Be careful not to leave component leads too 
long on the solder side; they may touch the focus 
coil. 

Most components are commonly available and 

'Aulomalion Engineering Company. 3621 Marine Drive. Toledo. Ohio 
43609. 
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fig. 9. The erea enclosed with a dotted line on the video processor board should be shielded If broadcast interference is a prob- 
lem. L1 is not mounted on the board but runs directly between the board and the Vidicon. All other components are mounted as 
shown in this diagram. 

were designed with surplus dealers in mind. Many pletion of the winding, slip spaghetti insulation over 
substitutions of components are possible, but good the leads and place the cores in position before sol- 
judgement must be exercised. Hopefully, after read- dering the leads to the pins. Careful positioning of 
ing the preceding technical descriptions of each the leads will prevent them from touching the cores. 
board a knowledgeable substitution can be made 
knowing that it will work. If substitution of tran- 
sistors is required for the 2N3053, 2N4036, and 
2N3440, be sure to check package size, voltage 
rating, current gain, and power handling capacity. 

The high-voltage transformer in the power supply 
must be wound with the Magnetics, Inc. cores de- 
tailed in fig. 10. The cores and bobbin are not gen- 
erally available in small quantity, from Magnetics, 
Inc., but they can be obtained from Automation 
Engineering for $2.50, postpaid. Adding the required 
wire to these parts is quite simple. First, insert a 
7116-inch ( I l m m )  bolt through the bobbin and 
secure with a nut. Now hold the bolt instead of the 
bobbin while winding. The primary must be wound 
on first, with the wire occupying the bobbin section 
closest to  the pins. Wind with 20 turns of no. 26 
AWG (0.4mm) enameled wire (approximately 3 feet 
or l m )  connecting the beginning of the winding to 
pin 1 and the finish to pin 3 (pin 2 is unused). Wind 
the first half of the secondary on the center section 
with 200 turns of no. 36 AWG wire (0.13mm). Con- 
nect the start to pin 4 and the finish to pin 5. Now, 
continue winding another 200 turns on the top sec- 
tion in the same direction as the first 200 turns, with 
the start at pin 5 and the finish at pin 6. After com- 

Finally, seal the wire in place on the bobbin by melt- 
ing a small amount of beeswax or crayon on it. 

Almost any 1-inch (2.5cm) Vidicon is usable in 
this camera, including the 8507 separate-mesh Vidi- 
con. When this tube is used, however, tie G4 (pin 3) 
directly to power supply pin 10 through a 1-megohm 
resistor. G3 (pin 6) is then connected to  the focus 
pot as shown. I recommend a yoke-focus coil as- 
sembly available from Denson Electronics (Part 2045) 
for this camera, but it must be altered and mounted 
as follows: 

1. The wire on the focus coil must be unwound 
and rewound with 1 pound (0.45kg) of no. 28 AWG 
(0.3mm) or no. 29 AWG 10.27mm) wire lapproxi- 
mately 7000 turns). 

2. A good target connection is not supplied with 
this assembly. However, if the front mount is re- 
moved by gently tapping it from inside and replaced 
with a Denson plastic front Vidicon mount and tar- 
get connection (furnished with the coil as a loose 
item), this will make the assembly usable with a mini- 
mum of effort. The two plastic ears on the plastic 
front Vidicon mount, which extend behind the solid 
piece, must be sawed off flush so the yoke can be 
fully inserted. 
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3. A method of clamping the yoke and Vidicon to short leads as possible. The ground side of the ca- 
the focus coil case must be made by the builder. pacitors should be connected together and then 

connected to the video processor socket pins C, 
4. The electrical alignment coils provided on this 

D, E, and F at the ground lug with a short piece of 
yoke must be powered to operate properly (many 

shielding braid. This is for flexibility along with pro- 
yokes have permanent magnet alignment magnets 

viding a low impedance to ground. 
not needing electrical connections). No provision for 
alignment coil power is provided on the circuit initial testing and setup - 
boards, but the circuit shown in fig. 11 can be used The testing of each circuit board should be done 
to power the coils. in a systematic manner to avoid the possibility of 

Two other yokes that I've tested and found to be 
satisfactory are the Denson 2047 and 2013. They re- 
quire approximately 300 mA p-p to operate the 
horizontal coils and 15 mA to operate the vertical 
coils. See fig. 12. If either yoke is used, you must 
furnish a satisfactory focus coil. The following tips 
will help if you feel confident enough to build a 
focus coil. 

damaging good components on one circuit board 
due to a problem on another; the following steps 
will save a lot of time and headaches later. 

First, after all frame wiring is completed (do not 
install the Vidicon or any circuit boards) plug the 
camera in and verify that, with respect to pin 2, 
approximately 20 Vac exists at the power supply 
socket pins A and C. Next, measure the voltage 
between pins E and F. It should be about 8 Vac. 

1. Wind the coil with 1 pound (0.45kg) of no. 28 
Last, check for between socket 

(0.3mm) wire (approximately 7000 turns). 
pins 'I and 8. 

2. Use a plastic front Vidicon mount and target Now plug in the power supply circuit board and, 
connection, available from Denson by description. with a clip lead, short pin 6 to ground. Turn the pow- 

er on and check for + 15 Vdc, + 5 Vdc, f 25 Vdc 
3. Use a permanent magnet alignment assembly, 

and -50 Vdc at the power supply socket and all 
Denson 7138. 

other socket connections to which these voltages 
The power transformer is a special unit I wound 

for this application. Although standard transformers 
are available which could work, I found none with 
all of the required voltages. It is possible to hand 
wind a transformer using a Stancor P6466 as a core 
but this is somewhat laborious. 

The 0.02 pF capacitors from Vidicon pins 2, 3, 5, 
and 6 to ground are 600 volt ceramic capacitors. 
They're installed on the Vidicon socket pins with as 

go. If an oscilloscope is available, make sure the 
ripple at pins 1 and 4 ( + 15 volts) and pin 5 ( +  5 
volts) is below 10 millivolts. 

After all the tests are complete, remove the clip 
lead jumper, and plug in the sync generator. Again 
apply power and check for proper high voltages 
(approximately 500-600 volts at pin 10). 1 assume at 
this point that the sync generator has been pre- 
viously checked and is operational. In normal opera- 
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fig. 10. Construction details for the high-voltage transformer. The primary winding will require approximately 3 feet (lml of no. 
26 AWG 10.4mm) wire, while the secondary will require 50 feet 117m) of no. 36 AWG [0.13mm) wire. The core and bobbin are 
available from Automation Engineering for $2.50, postpaid. 
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fig. 11. The upper diagrams show the lead identification 
colors for the Denson type 2045 yoke/focus coil assembly. 
After the focus coil has been rewound, the dc resistance 
should be approximately 250 ohms. R3, on the sweep gener- 
ator board, can be reduced to about 1000 ohms when using 
this assembly to improve the shading. The circuits at the 
bottom should be used to power the electrical alignment 
coils. The components can be mounted on the circuit board 
connector socket in the frame of the camera. I t  is possible 
that in some extreme cases one of the 470-ohm resistors 
may have to be reduced to obtain the proper range. 

tion, Q1 gets warm but never too hot to touch. If it 
does, either a secondary short exists or the trans- 
former was improperly wound; too few turns on the 
primary will produce this problem. In a couple of 
cases I have found that the high voltage at pin 10 
was low (about 400 volts) and Q1 ran very hot. I 
unwound the primary and, finding the proper num- 
ber of turns, wound it back on with the same wire. 
When I checked, the voltage was up to 600 volts and 
Q l  was running cool. No explanations found - any 
suggestions? In any case, this could be a source of 
trouble. Also make sure the surfaces between the 
core halves are clean. My ears are sensitive to the 15 
kHz whistle, so I found this early. 

Next, plug in the sweep generator and connect 
all yokelfocus coil leads. Turn the power on and 
check for proper sawtooth waveforms at terminals 
A and C with an oscilloscope. Adjust R20 for ap- 
proximately 1.4 volts p-p at terminal A (16 mA) and 
R43 for approximately 1.6 volts p-p at terminal C 
(162 mA) with the Denson 2045 assembly. Make sure 
the centering pots R10 and R32 are set to position 
the sawtooth waveform equally above and below 

zero. If either pot is adjusted to an extreme for an 
extended period of time, the output transistors will 
get very hot and may fail, so check this first! In nor- 
mal operation 0 8  will get very warm. A good check 
here is to place your finger directly on Q8. Count 
slowly to two. If you still have your finger on 08, it is 
not too hot! This may be a crude test, but I like tests 
involving instruments that are handy (pun intended). 

Now check the constant-current source supplying 
current to the focus coil. Set focus pot R60 to supply 
approximately 40 mA. This will produce a voltage 
drop of 0.4 volts across R59. Make sure that the 
focus coil's magnetic field polarity is correct by plac- 
ing a compass at the outside of and at the image end 
of the focus coil. The north seeking pole must be ar- 
tracted to the coil. 

Finally, plug in the video processor and short the 
target lead to ground at C6 with a very short jumper. 
With a television monitor connected to the video 
output, vary R34. The monitor should have a blank 
raster that becomes lighter as the pot is rotated 
counter-clockwise. Remove the short at C6. By 
placing your hand near C6, herringbone patterns 
should occur, indicating that the processor is passing 
broadcast radio signals and is operating properly. If 
a vertical line is noticed near the center of the pic- 
ture, it may be due either to improper grounding of 
the power supply or excessive pulse risetimes or the 
15 kHz drive clock. If the latter is the case, a 0.01 pF 
capacitor directly across pins 7 and 8 of U19 on the 
sync generator will correct the problem. After all 
items have been checked, the camera is ready for the 
Vidicon and final testing. 

final checks and calibration 
Install the Vidicon in the camera. The short index 

pin should be oriented to position it at 9 o'clock 
when facing the camera. The Vidicon should be in- 
serted into the yoke to a point where the tube face is 
approximately 112-inch (12.5mm) behind the lens. 
This dimension, however, is rough and final posi- 
tioning will be necessary after the camera is opera- 
tional. Apply power to the camera and perform the 
following steps: 

1. Adjust the focus pot for +450 volts at the 
wiper. 

2. When an image appears, adjust R60 on the 
sweep generator for proper magnetic focus. All elec- 
trical focusing should henceforth be done with the 
rear panel focus pot. 

3. Rotate the yoke, if required, for proper picture 
orientation. 

4. Adjust the centering pots, If either pot is rotated 
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to its extreme, the round edge of the target will be 
seen. This can be used as a guide for proper center- 
ing along with proper positioning of the object being 
viewed (test pattern). 

5. Adjust the horizontal and vertical size pots for 
correct image size. Note that under scanning the 
tube will produce a larger than normal picture. This 
is undesirable because resolution suffers, and if nor- 
mal scanning is resumed a premanent burn line of 
the target will result. 

6. With a picture in view, rotate R15 on the video 
processor clockwise until the picture "breaks up." 
Back off slightly and leave it there. In general, this 
pot increases the frequency response of the ampli- 
fier and a corresponding increase in resolution will 
occur until overcompensation is reached and oscilla- 
tion takes place. 

7. Next, rotate R14 (aperture) for no white tails 
following black-to-white transitions (po t  ful ly 
counter-clockwise) or no black tails following black- 
to-white transitions (pot fully clockwise). 

8. Finally, after all other items are satisfactory, the 
alignment magnets on the rear of the yoke should be 
adjusted to improve resolution and shading. These 
are not centering magnets and centering will possibly 
have to be touched up later. Rotate the focus pot on 
the rear panel. The image must not shift from the 
center position. Adjust these magnets until rotating 
the focus pot to each extreme produces a picture 
that rotates about an imaginary center axis as i t  goes 
through focus. No side-to-side or top-to-bottom 
shifts must take place. 

conclusion 
This television camera, although complex in some 

respects, is relatively easy to build and troubleshoot. 
A number of construction approaches were tried be- 
fore settling on this one. Because many amateurs do 
not own a machine shop, as much of the design as 
possible takes advantage of standard workshop 
tools. This is not 100 per cent applicable, but I'm 
sure that alternate approaches, for the same result, 
with available tools will be devised. For this reason, 
I've gone into further detail than normally would be 
expected. The construction of this camera is not 
really as complex as it seems on the surface. Give it 
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fig. 12. Connections for two  additional yoke assemblies 
that have been tested in the camera. I t  is easier to  mount a 
permanent magnet assembly on the2047; it also has slightly 
better resolution capabilities than the 2013. 

Y E L  N C 

trol is possible (color anyone?). Portable operation, 
as mentioned earlier, is also possible because of the 
elimination of line-lock operation (how about mo- 
bile ATV?). 

Before rushing to the workshop, or your local elec- 
tronics store, re-read the article, understand the 
contents, and visualize your construction method. 
After all, you may already have most of the parts 
without realizing it. I will be happy to correspond 
with .any individual about the existing design, con- 
struction difficulty, or improvements if a self- 
addressed, stamped envelope is enclosed with the 
correspondence. Good luck and happy construction! 
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microstrip transmission line 

A discussion of 
the operating parameters 

of microstrip 
transmission line 

and how to calculate 
its characteristic impedance 

and propagation velocity 

Printed electronic circuits were originally devel- 
oped for military equipment manufactured during 
World War II; in the years following the war printed- 
circuit manufacturing techniques were developed 
which both improved reliability and reduced cost. 
While much of this development work was accom- 
plished under the watchful eye of the military ser- 
vices, the television set manufacturers also played an 
important part - they were exploring every avenue 
that offered the possibility of lowering the production 
costs of their sets. 

In 1949 Robert Barrett of the Air Force Cambridge 
Research Center proposed that printed-circuit 
techniques be adapted to uhf and microwave circuits 
by using flat coaxial configurations with an air or 
solid dielectric.' The only known use of this tech- 
nique at that time was in an antenna power divider. 

In the early 1950s several manufacturers began 
developing Barrett's original suggestion. Airborne In- 
strument Laboratories (AIL) developed a system 
using air dielectric which they called stripline;* ITT 
introduced a single ground plane, solid-dielectric 
strip transmission line called microstrip;3 and 
Sanders Associates began investigating a dual 
ground plane, solid-dielectric arrangement that 
subsequently became known as Tri-Plate transmis- 
sion line.4 Since all three forms of strip transmission 
line supported the TEM mode of propagation, they 
had similar electrical characteristics. The major dif- 
ferences were in size, shielding, insertion loss, and 
ease of construction. 

Many companies and research groups contributed 
to the advancement of strip transmission line tech- 
niques, and by 1955 a wide range of uhf and 
microwave components were in limited production. 
Multifunction assemblies were developed by several 
manufacturers which were made available commer- 

- 
By James R. Fisk, WlHR, Communications 
Technology, Greenville, New Hampshire 03048 
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cially; strip transmission line couplers were 
developed,5 and multiple section lines were 
developed to increase the bandwidth of individual 
components such as directional couplers, hybrid 
rings, and filters.6 

In addition to strip transmission line layout tech- 
niques, improvements were also made in dielectric 
materials. Early efforts produced only a few suitable 
dielectrics such as fiberglass, Rexolite, and Teflon. 
By the 1960s irradiated polyolefin, Teflon-fiberglass, 
beryllia, and a variety of other laminates provided a 
wide range of dielectric constants and operating 
temperatures.7 Dielectric substrates such as quartz, 
alumina, sapphire, and magnesium titanate were 
developed later and have found wide use in  
microwave integrated circuits. 

The Tri-Plate strip transmission line developed by 
Sanders Associates has been used extensively in 
directional couplers and other uhf and microwave cir- 
cuits where shielding is required, while ITT's air- 
dielectric stripline has been used primarily in high- 
power circuits such as amateur vhfluhf power 
amplifiers and vhf fm  broadcast transmitters. 
Microstrip, on the other hand, is used widely from 
vhf through microwave - it has been employed in 
such diverse applications as frequency counters, 
broadband solid-state amateur vhf power amplifiers, 
uhf rat-race mixers, matching networks, antenna 
baluns, and phased antenna arrays for radar and 
satellite communications. 

microstrip characteristics 
A microstrip transmission line consists of a thin 

conducting strip placed on one side of a dielectric 
substrate which has a solid, conducting ground 
plane on the opposite side as shown in fig. 1. The 
substrate is usually a low-loss dielectric, but ferro- 
magnetic and semiconductor materials have been 
used in some specialized applications. 

The propagation characteristics of a strip transmis- 

/ GROUND PLANE 

fig. 1. Microstrip transmission line consists of a thin con- 
ducting strip placed on one side of a dielectric substrate 
which has a ground plane on the opposite side. The charac- 
teristic impedance of microstrip is a function of the ratio of 
the strip width to dielectric thickness, w / h ;  t is the thickness 
of the conducting strip. 

sion line are very similar to those of a coaxial 
transmission line, from which it evolved. The electric 
and magnetic field configuration of microstrip in fig. 
2 is the final stage in a progressive modification of 
the conventional coaxial line. The solid lines are used 
to indicate the electric field; the dashed lines, the 
magnetic field. Both are entirely in the transverse 
plane (at right angles to each other and at 90' to the 
direction of propagation), so this is called the 
transverse electro-magnetic or TEM mode. 

In the Tri-Plate line (fig. 20) the electric field is 
bounded entirely by the flat outer conductors and 
there is essentially no electric field component to the 
sides of the center strip. If the ratio of the outer con- 
ductor width is more than about three times the strip 
width, w,  sidewalls are not required. 

The two properties of microstrip of most 
importance to rf circuit designers are velocity of 
propagation (phase velocity) and characteristic im- 
pedance. Whereas the propagation of rf energy in 
coaxial lines and Tri-Plate line is purely in the TEM 
mode, in microstrip the field lines are not entirely 
contained in the substrate (fig. 2E). For this reason, 
the propagation mode in microstrip is called quasi- 

COAXIAL LINE TRANSITIONAL PHASE TRANSITIONAL PHASE TRI- PLATE LINE 

Q @ 8 Q 
fig. 2. The propagation characteristics of microstrip IE) are very similar to coaxial line (A), from which it evolved. The solid lines 
indicate the electric field; dashed lines the magnetic field - both are in the transverse plane so this is the Transverse Electro- 
Magnetic or TEM mode. Since the microstrip field lines are not entirely within the substrate, propagation is not purely TEM but 
quasi-TEM (see text). 

january 1978 a 29 



table 1. Characteristic impedance Z, and propagation properties of microstrip etched on fiberglass-epoxy circuit board (t ,= 4.81 

double clad w i th  1 ounce copper. The ratio w / h  is microstrip width t o  dielectric height. 

microstrip width microstrip width 
(1132"or 0.8 m m  board) l1116"or 1.6 m m  board) 

20 w / h  mils m m  mils m m  v~ 
10 14.93 422 10.7 887 22.5 0.481 
15 9.35 264 6.7 556 14.1 0.490 
20 6.59 1 86 4.7 392 10.0 0.498 
25 4.96 139 3.5 295 7.5 0.505 

30 3.89 109 2.8 230 5.8 0.510 
35 3.13 87 2.2 1 85 4.7 0.516 
40 2.56 7 1 1.8 1 52 3.9 0.520 
45 2.13 59 1.5 126 3.2 0.524 
50 1.79 49 1.2 105 2.7 0.528 

55 1.52 4 1 1.04 89 2.3 0.532 
60 1.30 35 0.88 75 1.9 0.535 
65 1.11 30 0.76 64 1.6 0.538 
70 0.955 25 0.64 54 1.4 0.541 
75 0.823 21 0.53 46 1.2 0.544 

80 0.71 1 18 0.46 40 1.02 0.546 
85 0.614 15 0.38 34 0.86 0.548 
90 0.532 13 0.33 29 0.74 0.550 
95 0.460 11 0.28 25 0.61 0.552 

100 0.399 9 0.23 2 1 0.54 0.553 

105 0.346 7.6 0.20 18 0.46 0.555 
110 0.299 6.4 0.16 15 0.39 0.556 
115 0.260 5.2 0.13 13 0.33 0.557 
120 0.225 4.3 0.11 11 0.28 0.559 
125 0.195 3.4 0.09 9 0.23 0.560 

130 0.169 2.8 0.069 7.6 0.20 0.561 
135 0.147 - - 6.5 0.17 0.562 
140 0.127 - - 5.4 0.14 0.563 
145 0.111 - - 4.5 0.11 0.564 
150 0.096 - - 3.7 0.09 0.565 
155 0.0833 - - 3.1 0.079 0.566 
160 0.0723 - - 2.5 0.064 0.567 

. , , , . , . . . . , , . . , 
0 1  015 02 0 3  04 0 5  07 1 0  15 2 0  30 4 0  5 0  70 100 

w / h  

fig. 3. Characteristic impedance. Z,,, of microstrip vs the 
ratio w / h ,  as derived by Wheeler. Since the curves for wide 
strip don't intersect the curves for narrow strip, values 
which fall in  the undefined region must be interpolated 
(udlr in the range between 1.0 and 2.0); many computer 
programs have been written to accomplish this task auto- 
matically, but Wheeler's microstrip equations are diff icult 
for the amateur to  use. The impedance curves plotted from 
the more recent microstrip design equations of Schneider. 
Sobol, Hammerstad, and others don't have any undefined 
areas. 

TEM. Assuming the quasi-TEM mode, the velocity of 
propagation in microstrip is given by 

where zip is the velocity of propagation, c is the speed 
of light, and the effective dielectric constant of 
the substrate. The effective dielectric constant is 
always lower than the relative dielectric constant of 
the substrate, E,,  because some of the field lines are 
outside the substrate. 

The characteristic impedance of microstrip line, 
Zo, is given by the familiar transmission line 
equations 

1 

where up is the propagation velocity (eq. I ) ,  C is the 
capacitance per unit length of line, and L is the in- 
ductance per unit length of line. Unfortunately, the 
calculation is not as simple as it may first appear 
because capacitance and inductance are both func- 
tions of microstrip geometry; and capacitance and 
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table 2. Characteristic impedance Z, and propagation properties of microstrip etched on Teflon-fibelglass circuit board 
( c , =  2 551 double clad with 1 ounce copper. The ratio w l h  is microstrip width to dielectric height (see text). 

microstrip width microstrip width 
11/32"or 0.8 mm board) (1/16"or 1.6 mm board) 

z~ w / h  mils mm mils mm "P 

10 20.96 593 15.1 1246 31.6 0.645 
15 13.27 375 9.5 789 20.0 0.654 
20 9.47 267 6.8 563 14.3 0.661 
25 7.21 203 5.2 429 10.9 0.667 

30 5.72 161 4.1 340 8.6 0.672 
35 4.66 131 3.3 277 7.0 0.676 
40 3.88 109 2.8 23 1 5.9 0.681 
45 3.28 92 2.3 195 5.0 0.685 
50 2.80 78 2.0 1 66 4.2 0.688 

55 2.42 67 1.7 1 43 3.6 0.691 
60 2.10 58 1.5 124 3.1 0.694 
65 1.84 5 1 1.3 107 2.7 0.697 
70 1.61 44 1.1 95 2.4 0.700 
75 1.42 39 1 .O 83 2.1 0.702 

80 1.26 34 0.86 73 1.8 0.705 
85 1.12 30 0.79 64 1.6 0.707 
90 0.991 26 0.66 57 1.4 0.709 
95 0.882 23 0.60 51 1.3 0.71 1 

100 0.785 20 0.51 45 1.1 0.713 

105 0.7W 18 0.45 39 1.00 0.714 
110 0.625 16 0.40 35 0.89 0.716 
115 0.558 14 0.35 31 0.78 0.717 
120 0.498 12 0.31 27 0.69 0.718 
125 0.445 11 0.27 24 0.61 0.720 

130 0.398 9.2 0.23 21 0.54 0.721 
135 0.356 8.0 0.20 19 0.48 0.722 
140 0.318 7.0 0.18 17 0.42 0.723 
145 0.285 6.0 0.15 15 0.37 0.724 
150 0.254 5.1 0.13 13 0.32 0.725 

155 0.228 4.4 0.11 11 0.28 0.726 
160 0.204 3.7 0.094 10 0.25 0.727 
165 0.182 3.1 0.078 8.5 0.21 0.727 
170 0.163 2.6 0.066 7.3 0.19 0.728 
175 0.146 - - 6.5 0.17 0.729 

180 0.131 - - 5.6 0.14 0.730 
185 0.117 - - 4.8 0.12 0.730 
190 0.105 - - 4.2 0.11 0.731 
195 0.094 - - 3.6 0.09 0.732 
200 0.937 - - 3.1 0.08 ' 0.732 

propagation velocity are functions of the effective 
dielectric constant. 

Early efforts t o  derive formulas for the 
characteristic impedance of microstrip were based 
on the quasi-TEM model, but there were serious dif- 
ficulties. As pointed out in 1964 by Harold Wheeler, 
one of the first to derive practical microstrip design 
equations, "Because this was a problem in two- 
dimensional electric and magnetic fields, i t  was 
natural to apply the principles of . . . conformal map- 
ping. The resulting formulas were usually so compli- 
cated that any practical utility resulted from simpli- 
fied approximations for limited ranges of variables."8 
Later, Wheeler developed a set of approximate equa- 
tions for microstrip and published design charts 
which were widely used by microwave designers.9 

Although Wheeler published both analysis and 
synthesis equations," the synthesis equations were 
apparently largely overlooked because most of the 
published articles which referred to Wheeler's work 
presented only the analysis equations. This meant 
that designers had to use lengthy, interactive trial- 
and-error solutions to  determine the correct 
microstrip geometry for a required value of char- 
acteristic impedance. 

One of the disadvantages of Wheeler's equations 
is that two different equations are required - one for 

'Analysis equations give Z,, in terms of the ratio of strip w ~ d t h  to substrate 
helght. udh; synthesis equations give w / h  directly as a function of Z,,. Use 
of the analysls equatlon to find zr/h requires ten or more iterations, a pro- 
cess that might require a half hour or more wlth a slide rule; it takes about a 
minute with the programmable HP-25 calculator - the synthesis equation 
provides an answer In less than 10 seconds. 



MICROSTRIP WIDTH TO SUBSTRATE HEIGHT, w/h  

fig. 4. Plot of simplified microstrip equation derived by Fisk 
leqs. 3 and 5) .  as compared to the more accurate expression 
of Hammerstad. For uj/h > O  2 and c , > 4  0, the Fisk formula 
is accurate to within a few per cent. 

wide strip ( w / h > l ) ,  and another for narrow strip 
( w / h <  2 ) .  Furthermore, the boundary between the 
two cases is not clearly defined, as shown in fig. 3, 
because the two curves don't intersect. Therefore, if 
the required w / h  ratio falls in this undefined region, 
it's necessary to interpolate the correct value. 

A few years after Wheeler's formulas were 
published, Schneider developed more explicit equa- 
tions for the free-space characteristic impedance of 
microstrip and effective dielectric constant.10 Like 
the Wheeler equations, two formulas are required; 
one for narrow microstrip and another for wide. 
Unlike Wheeler's work, however, curves plotted 
from the Schneider equations intersect, so there is 
no "indefinite region." Unfortunately, Schneider 
published only analysis equations, so synthesis of 
w / h  for a desired Z, required the lengthy iteration 
process. 

In 1967 Dr. Harold Sobol fitted curves to Wheeler's 
analysis and published an expression for microstrip 
impedance which covered both narrow and wide 
lines.11 This equation has been widely publicized in 
the literature, notably in application notes published 
by Motorola Semiconductor, and is the basis for 
many microstrip design charts. The Sobol formula is 
for analysis (Z ,  from w / h ) ,  but many microwave 
designers have access to high-speed computers, and 
when synthesis is required, a computer can go 

'Other forms of microstrlp design equations have been proposed by H. L. 
Clemm (Frequenz IGermanyl, July, 1968) and A. H. Kwon (Microwave 
Journal, January, 1976). Clemm's analysis equation is less accurate than 
Sobol's for high c,, and Kwon's equations, while purported to be new, are 
actually identical to those published by Wheeler in 1965. 

through the necessary iterations very quickly; the 
single closed-form expression for both wide and nar- 
row microstrip simplifies programming." 

Although a computer can go through the iterations 
quickly, programmable hand-held calculators can- 
not. NGTX has written an HP-25 program which pro- 
vides acceptable accuracy for most amateur work, 
but his program begins at w / h  = 2 and iterates out to 
the required value. Therefore, for high and low 
values of Z,  the required calculation may require a 
minute or more of successive iterations. To reduce 
the calculation time, I set about to develop a simple 
equation for the approximate value of w / h  which 
could then be refined with Sobol's formula. My first 
try greatly reduced the calculation time for values of 
Z ,  less than about 75 ohms ( t ,=  51, but offered no 
improvement for higher impedance microstrip.12 Fur- 
ther refinement of the approximate formula resulted 
in the following simple expression, which gives quite 
good accuracy for microstrip substrates used in most 
amateur work (E ,>? .  0 )  

For fiberglass-epoxy material (E ,=  4 .8)  this may be 
sim~lif ied to 

As can be seen in f i g .  4 ,  for w / h > 0 . 2  this 
simplified expression for microstrip impedance is 
within a few per cent of the impedance calculated 
with more accurate equations. This covers the 
microstrip impedance range most commonly used in 
radio communications work. With fiberglass-epoxy 
board ( ~ , = 4 . 8 ) ,  eq. 3 is within about 1 ohm of the 
exact expression for all values of Zo below 60 ohms. 
Accuracy falls off for ~ , < 3 . 0 ,  but is still acceptable 
for many applications. 

When it's necessary to calculate Z, from a given 
value of w / h ,  eq. 3 can be rearranged to 

142.6 zo = - 
w/h + 1 (for E ,  =4.8) 

The accuracy of this simplified equation is the same 
as that of eq. 3 (i.e., within a few per cent for 
w / h > 0 . 2  and ~ , > ? . 0 ) .  

accurate impedance calculations 
In 1975 E. 0. Hammerstad reported to the Euro- 

pean Microwave Conference that he had developed 
analysis and synthesis equations for microstrip which 
are more accurate than earlier work, and fall within 1 
per cent of Wheeler's numerical results.13 His for- 
mulas, which are based on the work of Wheeler and 
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Schneider, are considered to be the best available at 
the present time, and are shown here. First, the 
analysis equations: 

For w / h  < 1 

Where: 

For w / h  > 1 

Where: 

Hammerstad's microstrip synthesis equations for 
w / h  in terms of Zo and E ,  are given below: 

For w / h <  2 

For w / h  > 2  

Where: 

Hammerstad notes that for t r < 1 6 ,  the maximum 
relative error is less than 0.5 per cent for w / h  >0.5; 
for w / h  <20 the stated error is less than 0.8 per cent. 

Although these formulas may look formidable, 
they can be solved easily with a hand-held scientific 
calculator. These equations can also be quickly 
solved with programmable calculators - solutions 
with my HP-25 require less than 10 seconds (plus 
programming time, of course)." If you don't have a 
calculator, the graph of fig. 5 shows how the ratio of 

"Copies of the HP-25 programs will be sent to interested readers upon 
receipt of a self-addressed, stamped envelope. Send requests to ham radio. 
Greenville, New Hampshire 03048. 

fig. 5. Characteristic impedance of microstrip as a function of w / h .  plotted from the design equations derived by Hammerstad 
for glass-epoxy (t,= 4.8). Teflon-epoxy ( r , =  2.551, and alumina (c,= 10 0) .  
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MICROSTRIP WIDTH (MILS) 

fig. 6. Effect of finite conductor thickness on microstrip im- 
pedance for 1116" 11.6mm) and 1/32" (0.8mm) fiberglass- 
epoxy circuit board. In most applications the correction 
factor (eqs. 13 and 14) can be ignored for low impedance 
microstrip; at impedances above about 70 ohms the cor- 
rection factor should be included in the impedance cal- 
culation. 

strip width to dielectric thickness, w/h, affects the 
characteristic impedance of the line for fiberglass- 
epoxy circuit board (€,= 4.8) and Teflon-fiberglass 
board (€,= 2.55). These are the materials most often 
available for amateur work. For more precise results, 
table 1 lists the required microstrip geometry for Z, 
in 5-ohm steps. 

effects of strip thickness 
The microstrip impedance equations assume a 

two-dimensional microstrip with zero thickness. For 
very thin strips (t /h< 0.005) the experimental and 
theoretical results have been shown to be in excellent 
agreemeit.14 For thicker strips, the effect of finite 
strip thickness can be compensated by slightly 
reducing the strip width as suggested by Wheeler.9 
In other words, the effective microstrip width, we//, is 
somewhat wider than the strip's physical width. The 
Hammerstad impedance formulas can be modified to 
consider the thickness of the strip by replacing strip 
width, w, with effective strip width calculated from 
the following relationships 

For 3>l =0.16 
h 2n 

For w 1 
- < - = 0.16 
h 2n 

For microstrips with w/h> 0.16 etched on 1/16 
inch (1.6mm) fiberglass-epoxy circuit board, double- 
clad with 1-ounce copper ( t  = 35.6 microns or 0.0014 
inch), the correction factor Aw is 0.041 (i.e., 
wen= w + 0.041 ); for 1 132 inch (0.8mm) circuit board 
the correction factor Aw is 0.074. For very thin 
microstrip (w/h> 0.161, the width correction is 
somewhat greater; it also varies with strip width so 
must be calculated separately for each different 
width. 

Except for very precise work where photo- 
etching techniques are used and etching is careful- 
ly controlled, the width correction factor may be 
ignored for low-impedance microstrip etched on 
common copper-clad board. For impedances above 
about 70 ohms, however, the effect of strip thickness 
should be considered (see fig. 6); at impedances 
greater than 100 ohms the 1.4 mil (35 micron) con- 
ductor thickness reduces the characteristic im- 
pedance by as much as 10 ohms. (Note that the strip 
widths given in tables 1 and 2 have been compen- 
sated for strip thickness.) 

microstrip materials 
Of the many materials used in  commercial 

microstrip circuits, fiberglass-epoxy (G-10) circuit 
board is the one available to most amateurs. Profes- 
sional designers shy away from G-10 board at fre- 
quencies above 200 or 300 MHz, but amateurs have 
used it quite successfully in low-power circuits up to 
1300 MHz. The losses of G-10 increase substantially 
above 1300 MHz, however, so more expensive 
Teflon-fiberglass board should be used for microstrip 
circuits designed for 2300-MHz and the higher 
amateur bands. 

In addition to its loss, microscopic air pockets in 
the fiberglass-epoxy cause small changes in dielectric 
constant which can be troublesome in precision cir- 
cuits. Some users have reported that the characteris- 
tics of G-10 tend to vary widely from one manufac- 
turer to another, but this problem is not confined to 
G-10 - similar problems have been reported for 
Teflon-fiberglass and alumina.15 One commercial 
user I have talked to buys his substrate materials 
from one supplier, and then purchases material only 
in batch lots to ensure consistency. 

Fiberglass-epoxy circuit board, copper-clad on 
both sides with 1 or 2 ounce copper, can be obtained 
from many supply houses in thicknesses of 1 I32 inch 
(0.8mm) and 1/16 inch (1.6mm). This material is also 
manufactured in 118 inch (3.2mm) and 1/64 inch 

34 january 1978 



(0.4mm) thicknesses, but it's usually available only 
on special order. Note that the specified thickness is 
the overall dimension and includes the copper foil. 
One-ounce copper* is 1.4 mils (0.0014 inch or 36 
microns) thick; therefore, the dielectric thickness of a 
double-clad 1/16 inch (62.5 mils or 1.6mm) board is 
59.7 mils (1.5mm) 162.5-2(1.4)1. This is the h di- 
mension shown in fig. 1. To find the required micro- 
strip width, simply multiply w / h  times the dielectric 
height h. 

For example, assume you need a 75-ohm micro- 
strip. From table 1, for 1 I16 inch (1.6mm) fiberglass- 
epoxy board, w / h  = 0.823 for Z, = 75 ohms. There- 
fore, the required microstrip width (not including the 
correction factor for finite strip thickness) is . 

w = 0.823 . 59.7 = 49.1 mils 

Most samples of fiberglass-epoxy circuit board 
which I've measured with a micrometer have been 
very close to the specified thickness; I've seldom 
found circuit-board material so far off that it would 
seriously affect microstrip width. If you want to make 
this measurement yourself, carefully strip back the 
copper foil from a corner of a sample and measure 
the thickness of the dielectric - this is the critical 
dimension. 

You may also want to check the relative dielectric 
constant of the board you're going to use. This can 
be easily done by measuring the capacitance of a 
carefully cut section of circuit board. The relative 
dielectric constant is calculated by rewriting the well 
known formula for parallel plate capacitors with t, as 
the unknown 

C h  
Er = m~ 

(about 0.049 inch or 1.3rnrn) 
where C is the capacitance in pF, h is the dielectric 

The dielectric thickness of 7/32 inch 131.25 mils or thickness in mm, and A is the area in square centi- 
0.8mm) board, double clad with 1 ounce copper, is meters. For dimensions in inches the formula is 
28.45 mils (0.7mm). Therefore, the microstrip width 
will be a little less than half that of the same im- - C h  

pedance line on 1/16 inch (1.6mm) board - 23.4 
'' - 224.4 A 

mils or 6mm for a 75-ohm microstrip. where C is the capacitance in pF, h is dielectric 
thickness in mils, and A is the area in square inches. 

'Called I-ounce copper because one square foot of f011 we~ghs 1 ounce. For example, the capacitance of a 1 inch Square 

MICROSTRIP WIDTH TO SUBSTRATE HEIGHT , ( w / h l  

fig. 7. Propagation velocity, vl, (solid lines), and effective dielectric constant, t,,, (dashed lines), as a function of the ratio of mi- 
crostrip width to substrate thickness. w / h ,  for fiberglass-epoxy (€,= 4 8). Teflon-epoxy (€,=.? 55)- and alumina (c,= 10 0). 



(6.5cm2) of 1/16 inch (1.6mm) board, double clad 
with 1 ounce copper, should be about 18 pF for 
E ,  = 4.8. Note, however, that the relative dielectric 
constant of most materials decreases with increasing 
frequency. This means your low-frequency 
capacitance measurement may indicate a dielectric 
constant between 5.0 and 5.5. If the capacitance of 
the 1-inch square (6.5cm2) sample is between 19 and 
21 pF, 6 ,  will be approximately 4.8 at the vhf and uhf 
frequencies. 

One of the advantages of Teflon-fiberglass circuit 
board, other than its lower loss, is that physical 
microstrip width and electrical length are larger than 
substrates with higher dielectric constants,  his is 
very useful at microwave frequencies where high im- 
pedance (narrow microstrip) and fractional 
wavelength lines are required. On the other hand, 
substrates with higher dielectric constants such as 
alumina (E,= 10)  are used extensively in microwave 
ICs where miniaturization is important." 

microstrip phase velocity 
In addition to the characteristic impedance of 

microstrip, phase velocity is the one other property 
of major importance in vhf and uhf designs where 
precise electrical lengths are needed for impedance 
matching or other circuit requirements. As was 
shown in eq. 1, the phase velocity, up, is given by 

where c is the speed of light and E.J- is the effective 
dielectric constant. This may be rewritten to give 
microstrip wavelength, Ag, as a function of free- 
space wavelength, A, 

where the free-space wavelength, A,, can be found 
from 

A, = 
29980 (16) 

~ M H Z  
( em) 

(inches) h, = 7 

The velocity factor, up which is a function of w / h ,  is 
given in tables 1 and 2. 

Example. Assume you need a 75-ohm quarter- 

'A new microstrip substrate has been announced by the 3M Company. 
Called Epsilam-10, it's based on a ceramic-filled Teflon material and has 
the electrical properties of alumina, but can be cut with a razor blade or 
shear and may be etched like any other printed circuit. 

wavelength matching transformer at 432.1 MHz; 
your circuit is to be built on fiberglass-epoxy circuit 
board (~,=4.8). From table 1 ,  w / h  for 75 otims is 
0.823; up = 0.544. A free-space quarter-wavelength 
at 432.1 MHz is 

= 29980 = 1 7.35 cm (6.83 inches) 
4 4 . 432.1 

h 
Therefore -&=0.544*17.35=9.44cm 

4 

If you use the Hammerstad equations to calculate 
the required microstrip geometry for a given value of 
characteristic impedance, eej/ can be calculated 
accurately with either eq. 8 (narrow microstrip) or 
eq. 10 (wide microstrip). These same expressions 
can also be employed if you use the simplified for- 
mulas (eqs. 3 and 51, but there's a simpler way if 
you're not doing precision microstrip work. 

The following formula, which was derived from 
the work of Wheeler and Schneider, is somewhat 
easier to use than the Hammerstad expressions, 
covers the entire range of microstrip widths, and 
gives good accuracy for practical work. 

Consider the previous example where a 75-ohm 
quarter-wavelength matching transformer was re- 
quired at 432.1 MHz. Using the simplified formula 
(eq. 3) to calculate w / h  

From eq. 18 

The small length difference of 0.7mm (0.028 inch) 
will make no practical difference in circuit operation; 
and don't be concerned with what appears to be a 
large discrepancy between w / h  calculated with the 
simple formula, and the accurate value of w / h  from 
table 1. The actual difference in strip width on 1 I16 
inch (1.6mm) circuit board is only about 0.004 inch 
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(115 microns). Unless you are using photo-reduction 
techniques and carefully control both etchant 
temperature and etching time, you can't maintain 
this accuracy in your home workshop. 

practical considerations 
Theoretically, you can design a microstrip line for 

any desired characteristic impedance, but at very 
high values of Zo the conducting strip becomes so 
narrow that it's impossible to compensate for the ef- 
fect of finite strip thickness. With a strip width of 1.4 
mils (36 microns) on 1 ounce copper, for example, 
the microstrip is actually square; the impedance of a 
zero-thickness conductor of this width is about 200 
ohms - the impedance of the rectangular conductor 
is 173 ohms or less; it can't be calculated directly (the 
width correction factor, eq. 14, is not accurate for 
strip widths less than 2.8 mils or 71 microns etched 
on 1 ounce copper). 

Conversely, at very low values of Zo the microstrip 
becomes so wide the rf current isn't distributed even- 
ly across the conductor, so it's impossible to accu- 
rately predict performance. In addition, it's difficult 
to prevent coupling to nearby circuitry. For micro- 

and €, begin to change with frequency due to the 
propagation of hybrid modes. This has been dis- 
cussed in the engineering literature by a number of 
researchers; interested readers are referred to 
references 16 and 17. 

conclusion 
Microstrip transmission line is being used in many 

applications at vhf and uhf. Although microstrip is a 
relatively low Q transmission line and has greater 
losses than air-spaced coaxial or troughline struc- 
tures, it provides excellent performance in many low- 
power circuits - indeed, there are some circuits 
which would be impractical to duplicate in the home 
workshop without the use of microstrip. 

The design of microstrip circuits is the same as 
that for more conventional transmission-line circuits; 
if there is sufficient reader interest this will be the 
subject of a future article. 
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a FLEMEMT-3 , - BAND, 
10-15-20 METER BEAM 

I ..m 
Cushcrafl engineers have incorporated more than 30 years of design 
experience into the best 3 band HF beam available today. ATB-34 
has superb performance with three active elements on each band, 
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. . .  Alive with activity at both 
ends of the band! Be a part of the total 
2 Meter picture with the Cush Craft 
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assembled, 10 element yagis in one - 
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high end, the horizontal elements for 
the low end, and separate feed lines 
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i ng  new world of amateur satellite communications using 
low power with our multi-polarized Twist Antennas. All 
models include phasing harness for selectable linear or right1 
left circular polarization. Two of these Twists may be mount- 
ed on the A14T-MB mounting boom which is complete with 
a pre-drilled plate for a readily available mast-through rotator. 
Face this challenging frontier- Become a Specialist! 

PERFORMANCE ARRAYS . . . 
Enjoy fade-free contacts on VHFIUHF with Twist Antennas and 
Arrays. Excellent for scatter and other long-haul techniques. Double 
your effective radiated power by stacking two Twists, or quadruple 
ERP by stacking four Twists. Arrays are easily assembled for your 
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microwave path evaluation 

How to plot 
line-of-sight microwave paths 

under varying 
propagation conditions 

to determine 
if the path is clear 

Interest in amateur microwave radio seems to be 
at an all time high. Amateurs in the United Kingdom 
recently set a new 10-GHz DX record of 324 miles 
(521km) and with the recent introduction of inex- 
pensive Gunn diode transceivers, equipment 
availability has never been better.' 

The communications capabilities of microwave 
equipment now within easy reach of the average 
amateur are initially rather astounding to the com- 
mercial microwave user. The difference is, of course, 
the luxury of working with 0 dB fade margins (on DX 

paths) and substantially narrower bandwidths. Those 
two factors allow far greater working range with a 
given power output. 

One area of concern to both amateur and profes- 
sional is proper path clearance. Since obstacles 
along the path introduce loss, a signal should clear 
path obstacles, either optically or effectively through 
beam bending. 

This article reviews the essential information an 
amateur will need to evaluate a potential microwave 
path before trying it. The information will be useful to 
both microwave DX enthusiasts and to those who 
wish to  install permanent microwave links for 
repeater control or other purposes. 

distance and azimuth 
For the short distances involved in nearly all 

microwave paths, great-circle formulas are normally 
not used to calculate distance and azimuth. This is 
because these formulas assume a perfect spherical 
model of the earth when, in fact, the earth's surface 
is oblate. In addition, it is difficult on very short paths 
with small differences in latitude and longitude to 
achieve the necessary degree of trigonometric func- 
tion accuracy. The usual method used for short 
microwave paths up to about 300 miles (482km) is to 
first determine the number of miles per degree of 
latitude and longitude in the vicinity of the path, and 
then use a plane right triangle to determine the 
distance and azimuth. 

By incorporating a table of these distances into 
linear regression formulas, it is possible to devise 
equations which allow you to dispense with the 
tables, within certain limits. The regression-derived 

- 

By Dennis L. Haarsager, N7DH, 483 South 
Walnut, Boise, Idaho 83706 

40 january 1978 



formula for the length of the horizontal portion of the 
triangle is" 

and for the vertical part of the triangle 

The distance along the path is given by 

D =  JW (3) 

where m = t h e  arithmetic average of the t w o  
latitudes 

u= the difference between the two latitudes 
h = t h e  d i f f e rence  b e t w e e n  t h e  t w o  

longitudes 

It is easiest to perform the arithmetic if minutes 
and seconds are converted to decimal degrees before 
performing the mathematical operations. These 
regression equations are normalized for latitudes be- 
tween 25ON and 60°N. 

To find the azimuth, use equation 4 

Note that A will be positive in the second and 
fourth quadrants, and negative in the first and third 
quadrants. Add this angle algebraically to 90' if the 
destination is east of the starting point, and 270° if 
the destination is west of the starting point. The 
result will be the azimuth of the destination in 
degrees east of north from the starting point. A bit of 
ingenuity on your part will enable you to incorporate 
angle A (not the azimuth) into a procedure for finding 
intersecting points on map edges where you need to 
use two or more maps to draft your path profile. 

map usage 
An essential step in path evaluation is drafting a 

vertical profile of the path. Use standard graph paper 
that has at least 1 0  squares to the inch or, better yet, 
millimeter divisions. Choose vertical and horizontal 
scales which will enable you to conveniently plot the 
range of your path elevations and distance. The 
smaller the scale you choose, the better the resolu- 
tion will be. 

For rough initial path evaluation, especially in hilly 
or mountainous areas, the 1 : 2 5 0 , 0 0 0  scale 
topographic maps published by the United States 
Geological Survey (USGS) are adequate. Final 
evaluation of potential obstruction points requires 
use of the USGS's 7 . 5 -  or 15-minute series 
quadrangle maps. The latter are available for most 
areas in the United States. Maps and map indexes 
are available at nominal prices from private map 

"To convert the results of eqs. 1, 2, and 3 to kilometers, multiply 
by 1 ,609344. 

dealers, from USGS sales counters in major cities, or 
by mail order from certain USGS offices." 

Another source of topographical maps, although 
they are less useful for plotting microwave paths, is 
your local airport's private aviation flight shop; they 
sell Sectional and Wor ld Aeronautical Charts 
( 1  : 5 0 0 , 0 0 0  and 1 : 1 , 0 0 0 , 0 0 0  scales, respectively) 
published by the National Oceanic and Atmospheric 
Administration. The scale of these maps is too large 
for accurate microwave path profiles, but significant 
changes in elevation are shaded on these maps, mak- 
ing them useful for identification of possible DX 
paths. 

In making a path profile, assume the earth is flat 
and choose some arbitrary elevation - normally the 
lowest one along your path - as the base elevation 
for your profile. Enter it on the bottom of your graph 
paper and add elevation indicators from there ac- 
cording to your vertical scale as illustrated in fig. 1. 

The next step is to draw a line between the two 
points which define your path on the map or maps 
you are using. In most cases you will need to use 

,300 I 
0 5 lo I3 20 23 3 0  J3 - 0  43 30 

DISTANCE (MILES) 

fig. 1. Simple microwave path evaluation between two  sites 
50 miles (80km) apart. The dashed lines show the effects of 
different values of K ,  a factor which indicates the earth's 
effective radius and results from varying degrees of re- 
fraction (see text). 

more than one map to cover your path. You may 
either tape adjoining map sections together or deter- 
mine where your line intersects map edges by ap- 
plication of the angle A and eqs. 1 through 4. It will 
be very important to the mathematical procedure to 
determine the latitude and longitude of the two end 
points as close as you can. Use the smallest scale 
maps available for this determination. Carefully 

"For maps of areas east of the Mississippi write to the USGS at 
1200 South Eads Street, Arlington, Virginia 22202; for areas west 
of the Mississippi, including all of Louisiana and Minnesota, write 
to USGS c /o  Federal Center, Denver, Colorado 80225. 
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transfer elevations shown on the maps to the ap- 
propriate distances on your profile. 

Once the path profile is constructed, it will be 
necessary to add a correction factor on top of the 
plotted terrain to allow for the curvature of the earth. 
This is a bit more complicated than i t  sounds because 
the effective curvature of the earth changes with 
varying atmospheric conditions. 

Most amateurs are familiar with something called 
the "4/3 radio horizon, " but it is less well known that 
this horizon is different in different geographical 
areas, at different times of the day and year, and at 
different elevations. 

The amount and direction of bending or refraction 
of a radio beam is dependent upon several at- 

tions the earth's effective radius decreases las 
measured by K )  and path obstructions are effectively 
higher. When the atmosphere is homogenous, N re- 
mains constant over the 1-km range and K equals 
unity. In this case, there is no refraction and the ef- 
fective earth's radius is the same as the true earth's 
radius. During a humidity inversion, N can increase 
by over 200 N units/km and K is reduced to less than 
112. Such extreme conditions are called subrefrac- 
tive .2 

The amateur microwave DX enthusiast will be 
most interested in typical values of K for the path in 
use. The values for K given in table 1 will suffice for 
this purpose.3 These values of K should be used in 
eq. 5 to determine the earth's effective bulge." 

mospheric variables. A factor called K is used to in- B = dld2/1.5K (5) 
dicate the effective earth's radius which results from where: = earth,s effective bulge in feet 
these varying degrees of refraction. On a grazing dl =distance from starting point to test 
path, that is, on a path where the microwave beam point in miles 
just barely clears an obstruction, small changes in K d2  = distance from test point to destination 
can make or break the path for communications by in miles 
"moving" that obstruction i n  and out  of the 
beam path. 

The K factor is determined by how much another 
variable, the radio refractivity index, changes over a 
given change in altitude. The radio refractivity index 
is normally designated as N and is calculated from 
pressure, temperature, and water vapor data. When 
N decreases by 40 units with a one kilometer increase 
in altitude (the so-called standard atmosphere) K 
equals 413. When N decreases by more than 40 units 

table 1. Average K values for different localities and at- 
mospheric conditions (adapted from reference 31. 

K description 
1.17 Normal Kfor  light refraction; radio refraction in dry, mountainous 

areas above 7500 feet 12290 meters) elevation 
1.20 Dry mountainous areas between 5000 and 7500 feet 1 1525 to 2290 

meters) 

1.25 Dry mountainous areas up to 5000 feet 11525 meters) 

1.30 Inland plains during winter 

1.34 Standard atmosphere K 

1.50 Inland plains and northern coastal areas during summer; southern 

coastal areas during winter 

1.60 Southern coastal areas during summer 

1.75 Extreme southern coastal areas during summer 

per kilometer, the earth effectively flattens. A t  - 157 
N unitslkm, K equals infinity and the earth is effec- 
tively flat. When N decreases by more than - 157 N 
unitslkm, K adopts a negative value and the earth 
becomes effectively concave. Such extreme condi- 
tions are called superrefractive. 

Under certain atmospheric conditions the index 
decreases by less than 40 N unitslkm or even in- 
creases with increasing altitude. Under these condi- 

This earth bulge should be added on top of the 
point you are testing for an obstruction as shown in. 
fig. 1. Amateurs interested in establishing perma- 
nent microwave links should add an amount for earth 
bulge at K = 1 to allow for adverse propagation con- 
ditions at certain times.4 

other clearance requirements 
In evaluating the path profile, an allowance should be 
made for any trees or buildings known to be at the 
control point. That's the point along the path which 
gives the least vertical clearance for the microwave 
beam. Consideration should also be given to these 
non-terrain obstructions for points close in elevation 
to the control point. 

Finally, an allowance should be made for the space 
taken up by the microwave beam itself. Without go- 
ing too deeply into wave theory, every radio beam is 
composed of concentric Fresnel (pronounced fray- 
NEL) zones. The first Fresnel zone is defined by a 
grouping of points representing all possible paths 
which are one-half wavelength longer than a straight 
line between transmitter and receiver.5 If it were 
possible to view these points from the side of the 
path they would represent a cigar-shaped ellipse. 
The width of a Fresnel zone is therefore greater in the 
middle of a path than at the ends. To avoid obstruc- 
tion loss, it is necessary to have a beam clearance 
equal to at least 0.6 first Fresnel zone radius over the 

'In metric form, eq. 5 is 
B = d,d2/12. 75 K 

where B is in meters, and dl and d, are in kilometers. 
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potential control point (terrain + earth's bulge + trees 
or buildings). The formula for this Fresnel zone 
clearance is given as* 

where 0.6FI = 0.6 first Fresnel zone radius in feet 
D = path length in miles 
f = frequency in GHz 

dl, d2are defined in eq. 1 

To plot this additional clearance draw a straight 
line from the antenna elevations at both the starting 
(transmitting) and destination (receiving) points. The 
Fresnel zone clearance is then added below this line 
as shown in fig. 1. If there is 0.6 first Fresnel zone 
radius clearance over your obstruction at the normal 
K for your area, you will have near free space condi- 
tions over the path most of the time. If there is 0.6 
first Fresnel zone radius over K = 1 (true earth cur- 
vature), near free space conditions will exist over the 
path for all but the most extreme atmospheric condi- 
tions. 

reflection analvsis 
Microwave signals may be reflected off certain sur- 

faces such as open water or dew-laden fields of grain 
- surfaces that appear smooth relative to  the 
wavelength of the microwave beam. If this reflected 
energy arrives at the receiving antenna at or near 
180' out of phase with the direct beam (when 
clearance over the point is an even-numbered Fresnel 
zone radius), severe fading can take place. Because 
of this, it is recommended that amateurs interested in 
installing permanent, reliable microwave links also 
evaluate their potential paths for such reflection 
points. 

Since the position of a reflection point varies with 
any change in the earth's effective radius (K), reflec- 
tion analysis begins with sketching in the potentially 
reflective surface and other terrain features at differ- 
ing values of K. This procedure makes use of eq. 5 
and is illustrated in fig. 1. If the reflective surface is 
not clearly blocked by intervening terrain at the same 
K factor, it is advisable to make some computations 
to determine if a reflected wave will reach your 
desired receiving antenna. 

The following formula may be used for such com- 
putations. t 

1.5k 
L 

where hl ,h2=  higher antenna and reflection 
heights, respectively, in feet, above 
the reflective surface plotted a t  
K =  03. 

d l , d 2 =  distance from each antenna to the 
potential reflection point, in miles 

In fig. 1, the potential reflecting surface is the lake 
which runs from mile 10 to mile 15 along the path. 
Assume that the obstructing point for K =  4 / 3  at 
about 27.5 miles is not there. To calculate where the 
reflection crosses mile 50, use eq. 7. Substituting, 
h ,  = 410 feet, dl = 10 miles, d2 = 40 miles, and 
K = 4 / 3 .  This makes h2= 2240 feet. Adding this to the 
height of the reflecting surface at K =  o;r (1600 feet) 
gives 3840 feet above sea level. Since this is well 
above the planned receiving antenna height, no 
reflection problems will be experienced because of 
this reflection point. Similar calculations should be 
made for other unobstructed potential reflection 
points and at other projected values of K. 

summary 
In fig. 1, the example given assumes an operating 

frequency of 10 GHz, and a normal K of 413. The 
path profiled is 50 miles (80km) long. 

At this K value, the user will have little more than 
grazing clearance over the control point, which is 
located 27.3 miles (44km) from the transmitting 
antenna. There is not 0.6 first Fresnel zone clearance 
over the control point, however, indicating that a 
small amount of obstruction loss will be experienced. 
For casual use, this loss will pose no major problem, 
but for permanent installations the small clearance 
will give fading problems whenever K goes below 
413. Note that the receiving point is shadowed when 
K decreases to about 1.22 or less. 

The techniques outlined here will give the amateur 
microwave user the basic information needed to 
evaluate any potential path for normal communica- 
tions possibilities. It does not preclude use in path 
analysis for tropospheric scatter or refractive duct 
communications, but such techniques require addi- 
tional analysis beyond the scope of this article. 

'In metric form, eq. 6 is 

0 . 6 ~ , =  l 0 . 3 9 J w  
where dl, d,, and Dare in kilometers. 

tAdapted from reference 4, page 17 
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horn 2.Meters on down... 

The New SB-104A: The Advanced Concept 
In Ham Technology-Now Updated 
and Improved! 
From front panel to rear apron this solid-state 80 through 10 
meter transceiver is packed with the superior features and 
performance that set Heath's SB series apart. Featuring digi- 
tal frequency display, all new front end board, sensitivity less 
than 0.5 pv, broadband design. and a solid 100 watts out. 
you'll agree the SB-104A is the ultimate experience in Ama- 
teur Radio. Only $669.95 Kit 

HR-1680: The Perfect Choice for 
your first Receiver 

Shown with optional '&"; 1 Kit  

Micoder'" II installed 

HW-2036A: The New Industry Leader - 
The HW-2036 is the transceiver that made 2-meter history; now 
we've improved i t  with full 4MHz frequency coverage! Also fea- 
tures 15 dB quieting with 0.5 pV in; a solid 10 watts out; 
simplex or * 600 kHz offsets; full frequency synthesis, ex- 
cellent audio, built in sub-audible tone encoding.. . the list 
keeps going and at this price the HW-2036 is a super value! 
Only $269.95 Kit 

HW-101: Amateur Radio's 
unbeatable value 
If you're lookina. search no further. because there isn't n het- ~- - . . . . - - - . . . . - . - . . . . . - - - . 

One look and you'll know.. . this is one outstanding receiver! ter. performance value than the Heathkit HW-101. This 80 
The HR-1680 covers 80, 40, 20, 15, and the lower 1 MHz of 10 through 10 meter transceiver features LSB, USE and CW op- 
meters and features solid state design, preselector tuned dual- eration, 180 watts PEP in on phone, sensitivity less than 0.35 
conversion MOSFET front end, excellent sensitivity, 4-pole microvolts, open chassis layout, easy circuit board assembly, 
crystal IF filter for razor sharp selectivity, active audio filter- incredible performance and a price that's rock bottom1 
ing, and a price that's unbeatable. Only $199.95 Kit Only $339.95 Kit 

.EE 
The new Heathkit catalog contains nearly 
400 exciting radio, home entertainment, 
service and Instrument products. 
Send for yours today! 

Heath Company, Dept. 122-370 
Benton Harbor, Michigan 49022 

Please send me my free Heathkit Catalog i 1 am not on your mailing list 

I Name 

I 
I Address I 

City State 
I 
I I AM458 Zip i mm11111m11mmmm11mm1mmmm 
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There's more for the 
Amateur at Heath! 

Heathkit accessories to make your shack a showplace! 
El Fully assembled desk mike 
Hi-Z d y n a m i c ,  gr ip- to- ta lk ,  V O X  and PTT with 

................ cables. HDP-121A .39.95 

El VHF wattmeter 
1-25 and 10-250 W ranges. Built-in S W R  
bridge. 
Kit HM-2102 ...................... .37.95 ., 

HF wattmeterlSWR bridge 
1.830 M H z  range.  h a n d l e s  up t o  2000 watts. 

....................... Kit HM-102 .37.95 

El Hybrid phone patch 
Has V U  meter .  30 dB iso la t ion ,  m a t c h e s  3- 
169 s p e a k e r s  B hi-Z or 600 ohm Inputs.  
Kit HD-15 ......................... 37.95 

El Multiple antenna coax switch 
S W R  1.1 :1 max.  2 kW P E P  rat ing.  

....................... Kit HD-1234 10.95 

El Hi-Z ceramic mobile mike 
P T T  or PTT and V O X  opera t ion .  F u l l y  assem- 
bled. GH-12A ..................... .12.95 

El "Cantenna" dummy load 
1 kW max.  tnput; 1.5-300 M H z  range with 
S W R  1.5:l or less. Oil n o t  included. 

......................... Kit HN-31 14.95 
> c'r 

. *h -- El Solid-state dip meter 
,. . Covers 1.6 t h r o u g h  250 MHz. Battery p o w -  

L??., , ..<' , .*. ered. Bet. n o t  included. 
.'v 2- Kit HD-1250 ...................... .59.95 

Prlces are mal l  order net F.O.B.. Benlon Harbor, MlchiQan. 
Pr ices and specil icalions subject l o  change w ~ t h o u t  notice. 

Get a Catalog from yc ~ c a l  
Heathkit Electroni nter Too! 

You can get a FREE retail catalog ~y reaeeming this coupon 
in person at any of the 50 Heathkit Electronic Centers (Units of 
Schlumberger Products Corporation) in major markets coast- 

last, where Heathkit products are displayed, sold and serviced. 
(Retail prices on some products may be slightly higher.) 

to-ca 

See list at right 

AVAILABLE LOCALLY 
Vis i t  t h e  H e a t h k i t  E l e c t r o n i c  C e n t e r  
neares t  y o u  ( U n i t s  o l  S c h l u m b e r g e r  
P r o d u c t s  C o r p o r a t i o n )  and see our 
C o m p l e t e  P r o d u c t  Line. 
P a r l s  a n d  s e r v l c e  avai lable.  R e t a i l  orices 
on some p i i d u c i s  m a y  b e  s l i g h t l y  h igher .  
ARIZONA - Pho.nix 85017 

2727 W. lndlan ~ c h o o l  Rd. 602-2798247 
CALIFORNIA 

Anahelm. 92805 
330 E. Ball Rd. 714-776-9420 
E l  Csrri lo 94530 
6000 ~ a ~ r d r o  Ave. 415-236-8870 
LO. Angalas. 90W7 
2309 S .  Flower St. 213-749-0251 
Pomon.. 91767 
1555 Orange Grove Ave. N. 714-623i(643 
Redwood City. 94063 
2001 Mtddlelield Rd. 4164656155 
Sacramento. 95825 
I860 Fullon Avu 916-486-1575 
San Olapo (La Mesa, 92041) 
8363 Ccliler Dr. 7144614110 
San Jose (Campbell, 95008) 
2350 S Bascorn Avo. 408-377-8920 
Woodland H111.. 91304 
22504 Ventura Blvd. 2134830531 

COLORADO - Dannr.  80212 
5940 W 38th Avo. 303-422-3408 

CONNECTICUT - Hartford (Avon. 08001) 
395 W Matn SI. (Rla. 44) 203-678-0323 

FLORIDA 
Miami (Hlalmmh. 33012) 
4705 W. 16th Ave. 305423-2200 
Tampa. 33614 
4019 Wesl Hlllaborough Am. 813-886-2541 

GEORGIA - Allanla. 30U2 
5285 Rosweil Rd. 404-252441 

ILLINOIS 
Chicago. 60045 
346?.66 W. Devon Ave. 312-693-3820 
Chncaeo (Downen Q r m .  60515) 
224 Oqden Avc. 312-852-1304 

INDIANA - Ind#an.poll., 48220 
21 12 E. 62nd SI. 317-257-4321 

KANSAS -Kansas Clly (Mission, W101) 
59b0 Lamar Ave. 913-382-4486 

KENTUCKY - Loulsvllla. 40243 
12401 Sheibyvllle Rd. 50?-255-7811 

LOUISIANA - New Orleans (Kennmr. 7W(r?) 
1900 Vc,lorans Memorial Hwy. 504-722-6321 

MARYLAND 
Bsllimora, 21234 
1713 E Joppa Rd. 301-6614446 
ROckviIIe. 20852 
5>42 PI~cholson Lane 301-881-5420 

MASSACHUSETTS 
Borlon (Peabody. 01980) 
242 Andover St 817-531-9330 
Boston (Wal1esl.y. Oal81) 
1<,5 WO~L<!S~CI AVB. 
(Rl. 9 jUs1 west 01 RI. 126) 817-237-1510 

MICHIGAN 
Delrolt. 48219 
18645 W. Eight Ml ls  Rd. 3 1 3 - 5 3 m  
E. Datrolt. 48021 
18149 E Eighr Ml ls  Rd. 313.7724416 

MINNESOTA - Mlnnmapolls (Hopklns. 5S!343) 
101 Shady Oak Rd. 612.9386371 

MISSOURI -St. Louls (Brideelon) 83044 
3794 McKelvcy Rd. 314-291-1850 

NEBRASKA - Omaha. 68134 
9?07 Maple St 402-391-2071 

NEW JERSEY 
Fair Lawn. 07410 
35-07 Broodway (Rle. 4) 201-791.0835 
Ocean. 07712 
1013 Slats H w y .  35. 201-775-1231 

NEW VORK 
Buffalo IAmhmnt. 14228) 
3476 Shcrldan Dr. 716-835-3080 
Jericho. Long Island. 11753 
15 Jerlcha Turnpika 5164348181 
Rochasler. 14823 
937 Jellorson Rd. 716-244-5470 
While Plains 
(North Whlfs PImlna. 10603) 
7 Rcsctvo8r Rd. 914-761-7690 

OHIO 
Clnclnnatl (Woodlam. 45215) 
10133 S~r ing l le ld  Pike 513-771-3850 
Cleveland. 44129 
5444 Pearl Rd 716686-2590 
Columbus. 43229 
2500 Morse Rd. 614-475-7200 
Toledo. 43815 
48 S. Ryrne Rd. 418-537-1867 

PENNSYLVANIA 
Philadelphia. 19149 
6318 Rooirvel t  Blvd. 2152880180 
Frazer (Chester Co.) 19355 
630 Lnnclsler Plke (Rl. 30) 215W7-5555 
Piltsburgh. 15235 
3482 Wnl Penn Hwy. 412-824-3564 

RHODE ISLAND 
Providence IWan lck .  02088) 
558 Greenwch Ave. 401-736-5150 

TEXAS . - 
~ a l h 8 .  75201 
2715 ROSS Ave. 2144264053 
Houslon. 77027 
3705 Wsslhcimer 713-623-2080 

VIRGINIA 
Alexandria. 22303 
6101 Rrchmond Hwy. 703-765-5515 
Norlolk (Vlrpinlm BOWh, 23455) 
1055 I n d r ~ e n d r n c e  Bivd. 804-460-0997 

WASHINGTON - Sealtls. 88121 
2211 Thlrd Ave. 706-682-2172 

WISCONSIN - Mllraukse. 53210 
5115 W.  Fond du Lac 414-873425LY 
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solution to the 
low-band antenna problem 

The Marconi antenna 
works great on the 

lower amateur frequencies - 
here's how to make it play 

using simple methods 
and inexpensive parts 

Since many transceivers include 160 meters, 
many amateurs need a low-band antenna. However, 
this can raise a number of questions or comments, 
such as: 

1. Most trap or shortened antennas are very nar- 
row band. Is there something simple that will cover 
the entire low bands? 

2. The cost of an antenna and transmatch may be 
wasted if I find I don't like 160 meters. 

3. My lot is too small for even a quarter wavelength 
on 160, so how can I put up something effective? 

4. 1 tried to load a "compromise" antenna but 
burned up my final amplifier before I got it to load. I 
don't intend to buy an antenna lab just to check out 
an antenna! 

background 
Radio Handbook has, for years, included one 

antenna - a 180-foot (55m) Marconi. This length 
works as a 314-wavelength antenna on 80 meters 

and as a 114-wavelength on 160 meters by shorten- 
ing its electrical length with a variable capacitor. This 

1 antenna works nicely, but may still be too long. The 
Handbook suggests a 90-foot (27.4m) length for 80 
and 40, and may make you think about loading it 
f o r l w .  

The latest edition of Radio Handbook suggests the 
antenna be pruned to favor desired band segments. 
This seemed to fit the needs of a friend who needed a 

1 modest 160-meter antenna, so I agreed to "wring it 
out." The antenna started as a 94-foot-long (28.7m) 
antenna and was a real bear on 80, since the 112- 
wavelength point was at 4 MHz. Since it was end-to- 
end with my Bobtail Curtain, I assumed it was coup- 
ling to that antenna, so I re-erected it in the opposite 
direction completely clear of all antennas and utility 
lines. This was no improvement, so the antenna was 
progressively shortened until it behaved. 

1 taming the antenna 
Table 1 shows the results. The column labeled 

compensation indicates the component in series 
with the antenna to make it purely resistive at that 
frequency. A t  that point the R value was determined. 
Notice that the 82-foot (25m) version will provide 
operation on the high end of 160, all of 40, and all of 
15 with low swr, and no matching is needed other 
than the simple compensating element. You might 
feel that the 94 footer (28.7m) should behave exactly 
as the 180 footer (55m) does, with respect to im- 
pedances. It won't for this reason: 160 and 80 are 
very nearly harmonically related (1.8 to 3.6 MHz and 
2 to 4 MHz). 80 and 40 are not: (3.5 to 7 MHz and 4 to 
8 MHz). If you set up the 94 footer (28.7m) for 
resonance at 8 MHz, it will perform nicely at 80 
meters. The 82 foot (251-1-11 version in table 1 is reso- 
nant at 7450 kHz. 

It might be a temptation to let the antenna behave 
as a 1 12 wavelength at 75 meters. It could be loaded 
with a parallel-resonant tank circuit link coupled to 
the rig. If your version had a flat top at a height of 118 
wavelength or less, if it was built of no. 12 (2.lmm) 
or smaller, and if it were located over soil having ex- 
cellent conductivity (or a radial ground system), its 

By Bill Wildenhein, WBYFB, 41230 Butternut 
Ridge, Elyria, Ohio 44035 
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table 1. Values of compensating components for use with the low-band Marconi antenna 1160 through 10 meters) 

frequency 
kHz 

R 94 f t  (28.7rn) t o  north R 

(ohms) compensation (ohms) 

22 15.5pH 25 

30 11.5pH 30 

300 lOOpF 250 

500 lDOpF 350 

900 80pF 500 

5k 30pF 1.5k 

100 240pF 48 

50 

115 150pF 

125 125pF 55 

750 

900 

900 

90 100 

125 95 

130 90 

250 1.4pH 90 

130 1.OpH 120 

100 0.54pH 150 

94 f t  (28.71~1) t o  south R 
compensation (ohms) 

19.5pH 25 

18.0pH 30 

lOOpF 160 

80pF 200 

70pF 250 

36pF 1 k 

3.35pH 75 

2.7pH 

63 

1.9pH 65 

RESONANT 750 

0 54pH 800 

1.2pH 600 

1 .ZrH 65 

1 OpH 58 

0.85pH 60 

325pF 175 

170pF 250 

RESONANT 100 

end impedance will be well over 10,000 ohms. That 
means very high rf voltage in the station, BCI and 
TVI become more severe, lead-in losses rise, 
capacitor spacing would have to be much greater 
(and cost much more). There would be a possibility 
of very serious rf burns if a child happened to touch 
the lead-in. It would be beyond the capabilities of 
commercial transmatches. m 

COMBINW I N  ACTUAL PRACTICE I 

82 f t  (25rn) t o  north 
compensation 

22.0pH 

16.0pH 

120pF 

90pF 

75pF 

35pF 

1.2uH 

RESONANT 

520pF 

SEE TEXT 

SEE TEXT 

SEE TEXT 

0.7pH 

0.25pH 

0.25pH 

0.25pH 

0.4pH 

0.55pH 

R 82 f t  (25rn) t o  south 

(ohms) compensation 

20 20.5pH 

40 17.5pH 

145 120pF 

160 1 OOpF 

240 80pF 

500 ~ P F  

58 2.3pH 

60 1.8pH 

1.2pH 

75pF 

RESONANT 

0.26pH 

0.85pH 

0.72pH 

0.68pH 

190pF 

lOOpF 

75pF 

Instead, deliberately detune it by pruning it well 
above 40 meters. The 82-foot 125m) version is reso- 
nant at 7450 kHz in my backyard. Notice that the 80- 
meter numbers become quite reasonable. Also 
notice that the 40- and 15-meter numbers do not 
change appreciably with changes in length. You 
might be concerned that the antenna will lose effi- 
ciency if not cut to exact resonance. By adding the 
small compensating coil, you are resonating the en- 
tire system. 

the ground system 
XMTR A good ground is essential for a Marconi antenna. 

2 16 17-21 ICOMPENSITINGJ 
RNETJ 

I use three radials for each band, 114-wavelength 
long, and fanned out under the antenna. These 
radials are tied to a ground stake just outside the 
basement window. The lead-in is a scrap of no. 4 
AWG (5mm) wire but could just as well be a scrap of 

17-27 

2-10 V4RIOMETER 

11/4"01A I 7/8"LONG 16 T P I  
13emJ 146cmJ 

SUBSTITUTE FOR TAPPED INDUCTOR 

fig. 1. Loading circuit for the low-band Marconi. The L net- 
work and compensating coil are one unit in the practical cir- 
cuit. Voltage is low in this system, so an ordinary capacitor 
from a broadcast receiver can be used for tuning. Sketch B 
shows an alternative method for a tapped inductance. 

R G S / U  coax cable with shield and center conductor 
tied together. A second ground stake about 8 feet 
(2.4m) away is tied to the first with another scrap of 
no. 4 AWG (5mm) wire. Inside the window, my cop- 
per plumbing is also tied in with a piece of no. 4 
AWG (5mm) wire. If you have hot water heating, the 
plumbing in the basement may be copper pipe buried 
in the concrete. This results in a large area of copper 
capacitively coupled to ground. The ground wire 
may be fastened to the copper plumbing with hose 
clamps. A ground system such as this is very effec- 
tive and results in an efficient antenna. 
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An easy way to enter a basement window is to 
replace a pane with plexiglass. This material may be 
drilled (cautiously) for 1/4-20 (M7) brass bolts for 
antenna and ground lead. Keep the antenna lead well 
separated from the sash and ground lead. The most 
desirable location for the tuner is on a shelf at the 
basement window, with coax running to the rig. A 
long ground lead is undesirable. In short, when using 
a Marconi, don't cheat on the ground! I have used 
Marconis with only one radial cut for the lowest 
band; another had no radials and only a water-pipe 
ground. With the latter antenna I worked over 20 
states on 160 with 12 watts on a-m. The present 
antenna has convinced me of the value of a good 
ground. I get good, solid contacts over at least a 500- 
mile (800kml radius running 35 watts PEP on ssb. 
This, again, on 160 meters. 

leading circuit 

allow you to assess the capabilities of the setup. If 
you like it, you can buy a Transmatch later. You may 
have to add series inductance to get a commercial 
Transmatch to tune 160. 

Another solution for 80-meter matching is shown 
in fig. 3. This is the reverse of the network shown in 
fig. 1, since we want to step up the impedance. This 
network will allow unity swr at any point in the 80- 
meter band. Component values allow reasonable 
cost if you are operating a transceiver barefoot. 
Values are computed in this manner: 

= 500 Jm = 166 ohms 

Now let's see how cheaply we can load this thing. c,, = 159160 - 159160 - 240pF 
If you want the entire 160-meter band with unity swr, ~ M H J C  4 x  166 
the arithmetic aoes like this: 

= J1000 - 400 = 24.5 ohms 

This is for the case where the antenna presents' 10 
ohms. Fig. 1 shows the circuit. The voltage across 
the capacitor is low so an ordinary 3-gang broadcast 
capacitor will do nicely. The inductance above can 
be added to the compensating inductance in the 
form of one single coil. 

Next, there are two ways to match the antenna for 
80 meters. If you have an Amidon balun core it can 
be rewound with the same number of turns, trifilar, 
and connected as an autotransformer. Connect the 
finish end of one winding to the start of the next. 
Fig. 2 shows the hookup. If you jockey the im- 
pedance values to duplicate mine (by varying anten- 
na length), this system will result in a maximum swr 
of 1.5 at any point in the 80-meter band. 

The total expense of matching components for 160 
and 80 is low enough that you can have separate, 
pretuned networks for each band. On 40 meters the 
antenna is so close to the proper impedance that 
you need only a 2.5 pH coil in series with the antenna 
lead, and with tap set for minimum swr. This will 

This gives us the values for the 500-ohm point. In the 
same way you can calculate the values for the 3.5- 
MHz point. 

Before you run away from the simple math shown 
here, let me say that the amateur who usually uses 
guesswork would look at that choice of coil and say, 
"You're nuts! That coil might work on 20 but will 
never tune on 80!" Substituting a coil that "looked" 
like an 80-meter coil, he'd hunt at length for a tap 
position that would result in a match. Finding it with 
the coil nearly shorted out, he'd say, "Anyone can 
see this isn't right! It must be loading on a harmonic 
or something! Better junk that antenna before you 
get in trouble with the FCC!" 

Component values for an L network are, to a large 
extent, controlled by the ratio of impedances to be 
matched. Another reason for calculating the values is 
that it often enables you to see trouble ahead. If you 
didn't take the time to calculate the values, you 
might say, "Most commercial transmatches seem to 
use big capacitors. I have a pair of 450 pF variables 
here. With these I should be able to  match 
ANYTHING." A good example of this is the 
"Moose" shown in the photo. Since I do a lot of 
antenna experimenting I built this thing to give me a 
wide range of capabilities as a pi network, or either 
version of an L network. I calculated the values need- 
ed for my antenna on 20 meters. The minimum 
capacitance required made me suspicious. I wasn't 
disappointed! The network in the photo has a 
minimum capacitance too high to permit using it on 
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20! The minimum plus distributed capacitance of the 
450-pF capacitors would certainly also be too high. 

While this antenna is primarily intended for 160-80- 
40-meter operation, it will work the higher-frequency 
bands. On the higher bands it begins to take on the 
characteristics of a long-wire antenna. For example, 
as can be seen from table 1, variations in impedance 
between voltage-feed and current-feed points 
become progressively less as frequency increases. 
The antenna will begin to exhibit directional tenden- 
cies and can supply occasional surprises when you 
hit the correct conditions. You'll probably want to 
use a more effective antenna on the higher bands, 
but this one is quite useful as a standby antenna. By 
the same token, it will, obviously, do a good job of 
radiating harmonics. 

If TVI is a problem, a lowpass filter in the lead from 
the transmitter to the matching network should do 
the job. In my case, the TV set is located directly 
above the rig. Total separation is less than 10 feet 
(3m). The rig can be operated with shield covers 
removed, but no TVI occurs on 160 through 40. Of 
course, I use low power - 35 watts PEP, while the 
big amplifier is down for modification. If you do ex- 
perience trouble, the lowpass filter should be the 

fig. 2. Schematic showing a method for matching the Mar- 
coni to your rig for 80-meter operation. By varying imped- 
ance values, this circuit will provide an swr of 1.5 across the 
entire band. 

answer unless you have excessive ground-lead 
length. This will tend to couple the r f  to the ac line. In 
that case a lowpass filter may still help but may not 
be quite as effective. 

While on the subject of lowpass filters, it might be 
a temptation to build one of the simple lowpass filters 
described in the ARRL Handbook (late editions) for 
use in cleaning up vfo outputs. This little filter is very 
useful for its intended purpose but will behave as a 
halfwave filter when used in the output of a transmit- 
ter. For example, if the cutoff frequency were set a 

little beyond 20 meters (for instance, if you used a 
combination of 620 and 820 pF capacitors to yield a 
14.5 MHz cutoff), it will work beautifully on 20 
meters. If you check it with the signal going into a 
good 50-ohm load you'll find that each lower band 
will show greater reflected power, making it useless 
as a wide-range unit. The halfwave filter is a very ef- 
fective single-band device. If you have TVI problems 
on a single band, the filter can be an inexpensive and 
effective cure. Just don't be misled into thinking it 
will perform well on all bands below the cutoff fre- 
quency! 

instrumentation and design aids 
If you aren't the experimenter type, you're prob- 

ably worrying about all the L and C calculations. Be 
smart! Send $2.00 to the ARRL for their Type A 
Calculator. With this thing you can solve your L, C, 
and F calculations in seconds. I've worn out three of 
them over the years, and keep one at work and one 
at home. Once you get used to the thing, you're 
hooked. Instructions are printed right on the 
calculator, so it's impossible to mislay or forget this 
information. 

A good practical example of the savings in time 
and money is this: You might not have a grid dipper 
but may want a cheap and dirty model just for this 
antenna work. Perhaps you have a little two-gang 
broadcast capacitor but don't know its capacitance 
range. Be assured it will work very well in a conven- 
tional Colpitts oscillator. Perhaps you leave it on the 
original chassis, use an existing socket, and haywire 
the circuit. You may have some defunct octal tubes. 
The bases can be the plugin coil forms. Take a guess 
that in the Colpitts circuit the little capacitor will hit 
100 pF somewhere in the vicinity of a capacitor set- 
ting that puts it two-thirds meshed. 

The ARRL calculator gives you the correct number 
of turns on the tube base to hit some desired fre- 
quency. Once you have the instrument running, you 
can determine the total range of frequencies the coil 
will cover. 

Now you know the coil inductance and the end 
frequencies. With the calculator you can determine 
accurately the exact number of turns for any range. 
The calculator will also tell you the true maximum 
and minimum capacitance you have, which will in- 
clude stray capacitance. You can use the calculator 
to juggle turns to give a desired amount of overlap in 
coil ranges. In other words, i t  takes out  the 
guesswork, and the time-consuming work of remov- 
ing turns or rewinding coils repeatedly to achieve a 
specific range. 

The calculator also gives positive verification of a 
hoped-for cost saving. For instance, in making the 
dipper, you might look at the tube base and say, "I'll 

january 1978 49 



never get a 160-meter coil on that form!" But the 
calculator says you certainly will. For example, very 
often an article might specify a certain length of 
husky coil stock. Your calculator tells you what in- 
ductance this represents. It enables you to say con- 
fidently, "That coil from a surplus tuning unit will be 
correct, too." Think about it. You saved the price of 
the calculator with that one decision! 

measuring antenna impedance 
Possibly in your location the antenna impedances 

will be somewhat different from mine. Or you might 
have heard that two or three spaced wires, instead of 
a single wire, will decrease the impedance at the 
halfwave points. How much lower? You need to 
measure the impedance but have no tools? The 
Radio Handbook has carried a description of a simple 
little bridge for a number of years. It is the Antenna- 
scope. The latest edition has a version that only goes 
to 100 ohms. Earlier editions had a model that went 
to 1000 ohms. For hf antenna work, that model is en- 
tirely adequate. It is an inexpensive, two-evening 
project and can be made from standard parts. 

The meter need not be an expensive one since 
we're concerned only with a null. You can substitute 
one of the $1.50 surplus tuning meters used in stereo 
amplifiers. It should have a 100 or 200 microampere 
movement. Calibration requires nothing more than a 
handful of resistors between 10-1000 ohms. 

If you really want to go all out on antenna 
measurements, Hank Keen described a bridge that 
independently measures the R and X components.1 I 
described a similar one in reference 2. While only a 
little more costly and complex, both instruments will 
do an excellent job. However, if properly used, the 
little Antennascope is entirely adequate. 

In addition to the Antennascope, you'll need a 
source of low-power rf. This source can be a 
vacuum-tube-type grid dipper (the solid-state models 
don't have the power output necessary to serve as 
bridge drivers). You could also use a simple crystal 
oscillator. This oscillator should be a vacuum-tube 
type with a tuned-plate circuit link coupled to the 
Antennascope. No tuning meter is required since the 
Antennascope meter can be used to indicate maxi- 
mum output from the oscillator. Again, this could be 
built out of a scrap ac-dc set. The tuning capacitor in 
the ac-dc set will be adequate. Plug-in coils wound 
on tube bases will be satisfactory. 

With the original tuning capacitor you can hit two 
adjacent bands with a single coil. For instance, one 
coil will hit both 160 and 80 meters. A second coil will 
hit 40 and 20 meters. If you don't have an rf choke 
handy, use one pie from an old 455-kHz i-f  
transformer. 

band L C C compensation 
80 3-6pH 12 turns 2"dia. 240-440pF. 1kV 50-120pF. 1 kV 

(51mm) 1-1 12" (38mm) 
long 

20 1.4-2.5pH 12 turns 2" 40-80pF. 1 kV shorted out 
dia. l52mm) 1-1/2"  
l38mm) long 

10 0.25-0.35pH 12 turns 50-60pF. 500V 75-20OpF. 500V 
2" dia. (51mrn) 1-112" 
(38mrn) long 

fig. 3. Alternative matching circuit for 80 meters. 

Another solution is possible if you have a service- 
type signal generator. Many of these units have an 
open circuit output of about 0.3 volts. Make a "mini 
linear" using a hot pentode such as a 6AG7, 6CL6, or 
6GK6. Don't tune the input - just use a 10k resistor 
to ground. Tune the output and link couple it to the 
Antennascope. Set it up according to the tube 
manual values for class A operation. If output is 
marginal, tune the link. If you're using this technique 
or a grid dipper, don't rely on dial calibration; verify 
the frequency with your communications receiver. 

measurement technique 
The proper technique to ensure accurate measure- 

ments is this: In each case, the antenna must first be 
made resonant. Table 1 will give you a rough idea of 
the compensating element needed to ensure exact 
resonance. Example: 

1. On 160 meters, connect about 30 pH of in- 
ductance between antenna and ground. 

2. Couple a dipper to the coil and carefully short 
turns until a dip occurs at the desired frequency. 

3. Disconnect the grounded end of the coil from 
ground and insert the Antennascope between 
ground and the end of the coil. 

4. Feed power to the Antennascope at the same 
frequency. 

5. Adjust the Antennascope for a null on its meter 
and read the resistance indicated. Also note the in- 
ductance needed to obtain resonance. 

On 40, if your antenna is similar to mine, you could 
use the same technique but with a smaller coil. On 80 



you'd use a section or two of a broadcast capacitor in 
series with the antenna. The free end of the capacitor 
goes to a 2-turn link coil to ground. The dipper is 
coupled to the link, and the series capacitor is ad- 
justed for a dip. Then the Antennascope is con- 
nected in place of the link. At  halfwave resonance, 
the impedance is very high. If you connect a link to 
ground, you may not be able to find a dip - or the 
dip may be very shallow. Thus, on 80 meters, it 
would be best to start at 3.5 MHz. The antenna will 
be far enough from the half-wavelength resonant 
point to enable you to get a dip. The dip may still be 

,shallow, but it can be found. A similar situation exists 
on 20 meters. 

Another technique is to  judge resonance by 
deepness of dip on the Antennascope. For instance, 
the Antennascope could be connected directly from 
antenna to ground on 80 meters. You may find that 
its null is shallow. This will make it difficult to deter- 
mine the exact R value. You can connect the series 
capacitor between the Antennascope and antenna. 
Adjust the capacitor carefully to find the point where 
the null on the Antennascope is deepest. If this is at 
the point of minimum capacitance on the series 
capacitor, you may want to use a smaller capacitor. 
Finally, find a point with the series capacitor where 
the null is deep and sharp. This makes it easy to ob- 
tain the exact R value. 

On 20 meters you may have to use either a small 
inductance or fairly large capacitance to  f ind 
resonance (depending upon the frequency in the 20- 
meter band). At some point the antenna may be 
resonant and will require no compensation. (This is 
the advantage of using the more complex bridge 
mentioned earlier.) Incidentally, in a situation such as 
the 82-foot (25m) antenna at 20 meters, the reactive 
component is small enough so that no compensating 
element must be used with an L network. A standard 
L network will accommodate this reactive compo- 
nent, which simplifies matching. 

This antenna does a good job on the low-  
frequency bands. I hope this description makes it 
easy for you to obtain top performance. With the 
simple equipment and techniques described, you can 
be assured of an exact match without even turning 
on your rig. One last warning: The antenna length is 
measured from the far end to the point where it con- 
nects to the tuner. Have fun! 
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1. Henry S. Keen. WZCTK. "A Simple Bridge for Antenna Measurements." 
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a review of 

ssb phasing techniques 

Phasing methods for 
ssb signal generation 

have provoked 
much controversy - 

here's an article 
that provides 

some interesting information 
to the contrary 

A revival o f  interest in ssb phasing systems seems 
to have occurred in recent years, a trend I whole- 
heartedly endorse. Thus it's time to discuss the 
various phasing techniques used and to introduce 
some new or little-known techniques, which in my 
opinion, may revolutionize traditional approaches for 
obtaining ssb signals by this method. 

Using the rf-phasing methods discussed near the 
end of the article, it is my opinion that direct- 
conversion ssb generators and receivers can be made 
that cover an octave or more in bandwidth. This is 
the so-called "third-method" of ssb-signal genera- 
tion in which the desired output signals can be 
obtained without using cumbersome heterodyne 
methods with filters and their problems of frequency 
drift, which require periodic realignment. 

economic considerations 
A  bloc^ diagram of the classic phasing method of 

ssb generation is shown in fig. I (A) .  More usually for 

practical reasons it's implemented as shown in fig. 
I (B).  The key to the whole technique is the phasing 
networks - this may be stating the obvious, but 
their design, construction, and adjustment, and the 
difficulties encountered therein account for much 
constructor resistance to phasing ssb. Phasing ssb is 
mostly looked on as not a "proper" method of gener- 
ating ssb, an opinion I entirely reject. I've always 
thought that the filter method is really a brute-force 
technique. 

It's possible to obtain opposite-sideband suppres- 
sion of more than 50 dB with narrow bandwidths, 
but the subsequent amplifier stages degrade this 

I 1 1 
OSCILLATOR 

A u ~ ~ ~ ' p ~ ~ ]  lNWT WAS€-SHIF NETWORK NETWORK TbmT NETWORK 

I 

BALANCED 
WOUL4TOR 

fig. 1. Classic phasing method for generating ssb signals 
(upper). For practical reasons, the method is implemented 
as shown in the lower drawing. 

suppression and, as they generate intermodulation 
products at high levels, some of the advantage 
is lost. 

As the state of the art existed some 20 years ago, 
when most ssb equipment was homebrewed, the 

- 
By Roger Harrison, VKPZTB, 14 Rosebery 
Street, Balmain 2041, Australia 
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filter method was somewhat easier to implement. 
However, cost is almost always a consideration in 
homebrew projects, and the phasing method has a 
great advantage here. Furthermore, using some cir- 
cuit techniques described later, my opinion is that 
the phasing method is easier to implement than the 
filter method. Although you must spend $30 - $50 on 

430 

a filter and matched upper and lower sideband Z430pF 6079F 

crystals and a further $5 - $10 on components, a 
phasing generator can be built for around $10 or less. 

90. 
Even if you buy a batch of surplus crystals and lLTERNA~E INFUTS 

make your own filter the cost will be considerable. 
8 1 

Furthermore, the filter will require a great deal of time c t  607 p~ (560 p~ and 47 p ~ ,  5% capacttors ~n parallel) 

and effort to align - without guaranteed results. In cz 1215 PF (390 PF and 820 PF, 5% capacitors ~n parallel) 

my opinion, simplification of both circuit and align- C3 2430 DF (2200 p~ and 220 pF, 5% capacitors ~n parallel) 
. . 

ment, as in the phasing system, is a step forward in C4 4860 p~ (4700 p~ and 150 p ~ ,  5% capacitors in parallel) 

you can do the job required and still achieve Rl,R2 133.3k (E96 series) or lOOk and 33k. 1% resistors in series, or 1.2 
meg, 5%, and 150k. 1 % resistors in parallel 

adeauate s~ecifications. , -  ~ , 

ssb reauirements 

Let's look at what specifications are considered 
"adequate" for ssb. Opposite sideband suppression 
is important; after all, you have to live with your 
neighbors. Opposite sideband suppression of -40 
dB is quoted in many texts as reasonable. However, 
with moderate output power -35 dB can be 
tolerated. Such suppression can be obtained with 
phasing techniques, but with some circuits it's dif- 
ficult to maintain this number; in other circuits it can 
be exceeded. 

Carrier suppression with phasing ssb depends on 
balanced-modulator performance, as with filter 
systems. Suppression of -50 dB may be obtained 
with filter systems, depending on the type of mixer. 
The bandwidth of filter-type ssb systems is mostly 
determined by the filter. These bandwidths range 
between 2.1 and 3.2 kHz for most commercially 
available equipment, which usually has a 6-60 dB 
shape factor of more than 2. 

fig. 2. An audio phase-shift network (psn) for homebrew ssb 
projects popular from the early 1950s to the present. I t  was 
marketed by the Millen Company and by Central Electron- 
ics. Preferred capacitors are 1% or 2% silver mica, NPO 
ceramic, or polystyrene. 

With phasing systems bandwidth depends on 
audiostage bandwidth and the audio phase-shift net- 
work. Unless elaborate sharp cutoff audio filters are 
used, the shape factor is not as good as in the filter 
system. However, this isn't a major problem, and 
many operators find phasing-type ssb easier to tune 
(on receive) and often describe it as having a more 
natural quality. It's easy to weight the audio response 
of a phasing generator to provide improved intelligi- 
bility. 

Maintaining the specifications, particularly op- 
posite sideband suppression, has always been a 
problem with phasing-type ssb systems, requiring 
periodic realignment of the phase-shift circuits. 
Opposite-sideband suppression was largely a func- 
tion of component stability (that is, frequency drift). 

100 
%Vv-+ 12V I W l T C K O  
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- 
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fig. 3. Audio stages of the "Tucker Tin Mark II" (reference 11, a phasing ssb transmitter using the phase-shift network shown in 
fig. 2. 



VOLTAGE 
INPUT 
RATIO 

: 500 

7 2 - 

d Y  

24.2 nF or 24200 pF (22 nF polycarbonate or polystyrene and a 470 
pF silver mlca, NPO ceramic, or polystyrene, connected in parallel) 

8.06 nF or 8060 pF (4.7 nF and 3.3 nF in parallel, or 6.9 nF and 1.2 
nF in parallel, or 8.2 nF and 0.47 ,IF in series. polycarbonate or 
polystyrene capacitors) 

5.35 nF or 5350 pF 15.6 nF and 0.12 ,IF in series, or 4.7 nF and 680 
pF i n  parallel, polycarbonate or polystyrene capacitors) 

4.03 nF or 4030 pF (3.9 nF and 120 pF in parallel, polycarbonate or 
polystyrene capacitors) 

1.78 nF or 1780 pF (1.8 nF and 0.18 FF in series, or 1.5 nF and 270 
pF in parallel) 

892 pF 1560 pF and 330 pF in parallel; use silver mica. NPO 
ceramic, or polystyrene capacitors) 

20k €96 series or two 10k. 1 % resistors in series 

60 4k €96 series, or 27k, and 33k. 1 %  in series, or two 120k in 
parallel 

fig. 4. Phase-shift network first popularized by WZKUJ 
(reference 1). 

With modern components and circuit techniques, 
these problems can be overcome, as we shall see. 

audio phase-shift networks 
Two types of phase-shift networks are used - ac- 

tive and passive. The latter are most widely used, but 
we'll examine both. 

In the heyday of homebrew ssb, several commer- 
cially made audio phase-shift networks were avail- 
able; the Millen and B B W  204 being perhaps most 
widely used. The Millen network is shown in fig. 2. 
Its popularity over the past 20 years is probably due 
to its relative simplicity. When properly adjusted the 
differential phase shift between outputs can be main- 
tained within f 1.3' of 90' over the audio range from 
225 to 2750 Hz. This results in an average opposite- 
sideband suppression of 45 dB. Using off-the-shelf 
1% or 5% resistors and 2% or 5% capacitors, an 
opposite-sideband suppression of 40 dB can be 
achieved. The circuit has two other distinct ad- 
vantages: it requires a minimum of 12-14 compo- 
nents, and the overall loss is about 10 dB, which is 
the lowest of all the RC networks to be described. 

The Millen circuit requires unequal drive voltages 
at inputs X and Y (fig. 2) in the ratio of 7:2. The 
source impedance is about 2k. The circuit may be 
driven by a specially wound transformer (well-nigh 
impossible to obtain today), which would have to be 

built. Another alternative is to drive the circuit from a 
phase splitter (that is, 180' out of phase) through the 
RC network shown. The 100-ohm trimpot is then ad- 
justed so that the audio voltage on input Y is only 
28.5% of that on X. Alternatively, the pot may be 
adjusted to provide equal-amplitude signals at the 
outputs, A and B. 

The audio bandwidth must be restricted as the dif- 
ferential phase shift between A and B departs further 
from the required 90' outside the bandwidth men- 
tioned, thus markedly degrading the opposite side- 
band suppression. A rolloff of at least 12 dB per oc- 
tave above about 2.5-3.0 kHz is recommended - 
preferably 16 dB per octave. The low frequency 
should be rolled off at about 10-12 dB per octave 
below 300 Hz. 
The outputs must drive a very high impedance, 
preferably an fet source follower. The "Tucker Tin 
Mark II" ssb transmitter' used this phase-shift net- 
work, which was driven by a phase splitter. The out- 
puts drove two fet source followers as shown in fig. 
3. The audio amplifier, which has a high-impedance 
input, is arranged to provide the appropriate frequen- 
cy response and gain, making it suitable for use with 
either crystal, ceramic, or dynamic microphones. 

The phasing and audio-frequency balance pots are 
adjusted to provide minimum opposite-sideband sup- 
pression during alignment and rarely need readjust- 
ment. The phase-pot is used to adjust the input drive 
voltages to the phase-shift network in the correct 
ratio. The Tucker Tin was a highly successful kit. It 
was made available by the Upper Hutt branch of the 
NZART. Phase-shift network components were 
standard off-the-shelf 1 % resistors and 5% 
capacitors. 

R1 125k (124k or El2 series, 120k and 4.7k. 1 % resistors in series) 

R2 198k (196k E96 or El2 series. 180k and 18k. 1 O/O resistors in series) 

R3 487.5k (487k E96 or €12 series, 470k and 18k. 1% resistors in 
series, or 3.9 rneg, 5%. and 560k. 1 % resistors in parallel) 

R4 770k (768k E96 or El2 series, 12 meg. 5%. and 820k. 1% resistors 
in parallel, or 680k and 82k. 1 % resistors in series) 

fig. 5. Network designed by Dome (reference 4). Circuit 
must be driven by equal-amplitude. opposite-phase sig- 
nals as shown or from a phase splitter. Output must be a 
very high impedance. 
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R 2  
C1 10.5 nF or 10500 pF (10 nF and 470 nF in parallell - 901 

C2 32.3 nF or32300 pF (27 nF and 560 pF in parallell 

C3 7.14 nF or7140 pF (6.8 nF and 330 pF in parallell 

C4 5.38 nFor 5380 pF (4.7 nF and 680 pF in parallel1 

C5 2.38 nFor2380 pF 12.2 nF and 180 pF in parallel) 

C6 1.2 nF or 1200 pF I1 nF and 200 pF in parallel) 

Rl,R2 90k (22k and 68k. 1 % in series1 

fig. 6. Modified Dome phase-shift network. 
Outputs may drive an impedance as low as 1 
meg, which swamps the input impedance of 

Zk-loll CT 
TRANS- 
FORMER t 

5001 POT --- 
A OUT 

- 
/ I  

the following stages (usually a source fol- 
NOTE ALL COMPONENTS WITHIN IX  

lower or similar circuit). Polycarbonate or 
polystyrene capacitors should be used for va(ues above 1 nF (1000 pFI; polystyrene, silver mica, or NPO ceramics below 1000 pF. 

A similar circuit (fig. 41, having different values to 
accommodate a lower input impedance, was first 
popularized in the "SSB Jr.," a phasing-type ssb 
transmitter designed and described by Don 
Norgaard, W2KUJ.2 Bandwidth and differential 
phase shift characteristics are much the same as in 
the circuit of fig. 2, which has the distinct advantage 
of a minimum component count of 14. Standard E24- 
series 1% or 5%, silver mica, or NPO ceramic 
capacitors are preferred and are readily available. 

The resistors may be 1% or 5% with values from 
the E96 series as indicated. Alternatively, they may 
be derived from 1 % or 2% tolerance types from the 
El2 series. If E96-series resistors are used, the com- 
ponent count is 9, whereas if El2 series are used with 
values in series or parallel combination, the compo- 
nent count is 13 (including the 100-ohm pot). The pot 
can be a carbon or wirewound type. A carbon type 
with a Cermet element is preferred. 

As for the circuit in fig. 2, the phase-shift network 
requires the X and Y input voltages to be in the ratio 
of 7:2. The pot is used to set this ratio. The circuit 
can be driven from a simple fet phase splitter with 
equal-amplitude outputs or by a transformer. A very 
high impedance must be presented to the outputs, 
and fet source followers are again recommended. 

For maximum results the two networks just 

described (figs. 3 and 4) can be aligned by making a 
portion of each capacitance a trimmer, then the en- 
tire phase-shift network can be adjusted for 
minimum phase deviation (from 90°) over the fre- 
quency range. An audio oscillator and scope are 
necesssary. The procedure is described in reference 
3. Details for aligning the Tucker Tin circuit are given 
in reference 1. 

A detailed and very useful discussion on the 
design, construction, and alignment of audio phase- 
shift networks is given in reference 3. An alternative 
procedure is to measure a group of components on a 
precision bridge, selecting those within 1% of the 
values given in the circuit. The only adjustment then 
is to get the input-voltage ratios correct. 

The Dome network4 shown in fig. 5 has the ad- 
vantage that it can be driven directly from a balanced 
input such as a center-tapped transformer or phase 
splitter. However, as with the two previous circuits, 
the outputs must be presented to a very high im- 
pedance. If components are close to the values 
specified, deviation from 90' phase shift will be 
about f 1.5' between about 270 Hz and 2.9 kHz. 
Restricted audio bandwidth must be used, as 
discussed previously. 

Another disadvantage of the circuit in fig. 5 is its 
high loss, which is about 15 dB compared with 10 dB 

NOTE ALL COMPONENTS WlTHlN 1% 
TO 
8AL 
MOD 

fig. 7. Network designed by Van Heddgem (refer- 
ence 5) for solid-state applications. Values of R3 
and R6 include Zi,. All values shown in the schema- 
tic should be within 1Yo or better. The ratio of R7/R8 
=3.83 (within 1% or better). 



for the previous two circuits. However, it's usually 
not too difficult to provide sufficient gain margin in 
the audio stages to compensate. 

One of the disadvantages with all the circuits 
described thus far is the necessity for the outputs to 
be presented with a very high impedance. The phase 
shift is affected by load-impedance variations, with a 
consequent degradation in opposite-sideband sup- 
pression. If the output impedance can be defined, 

could be built for solid-state applications. See fig. 
7.The input impedance of the following emitter- 
fol lower stages is taken into account when 
calculating R3 and R6. Note that input and output 
impedances are quite low compared with those in the 
previous circuits. Many standard component values 
may be used. 

In contrast with the original Dome network, the 
circuit of fig. 7 requires that the input drive voltage 

fig. 8. Passive phasing generator by W. Doyle, W7CMJ (reference6). 

and a practical value lower than the input impedance 
of the following stage selected, then the effect of any 
variations in load impedance can be swamped. 

Southwell3 discusses a variation of the Dome net- 
work4 in which the network outputs drive l-megohm 
loads placed across the inputs of the following 
stages. The circuit is shown in fig. 6. Amplitude 
balance at the outputs may be obtained by a fixed 
voltage divider and by a pot in the other load 
resistance. The original circuit was designed to drive 
a cathode follower, whereas I've shown a source- 
follower stage. 

Van Heddegerns discussed modifications to the 
basic Dome network in which a suitable network 

be in the ratio of 3.83: 1. The circuit was later used by 
Doyle6 in his passive ssb generator. The ratio of the 
two input resistors, which determine the input- 
voltage ratios, must be accurate to within + 1 % or 
better. 

Input impedance is noncritical but should be low. 
Doyle6 uses two 5k pots to adjust output levels and 
impedance for best opposite-sideband suppression. 
His circuit is shown in fig. 8. According to Van 
Heddegems the network should work well between 
280 Hz and 2.8 kHz. Audio must be restricted in 
bandwidth to maintain opposite sideband suppres- 
sion. No numbers are given as to how close the 
phase shift remains at 90°. Component count is 

fig. 9. Phase-shift network using RLC components developed by Westinghouse in 1944 and described by Cheek (reference 7 ) .  
Circuit has a minimum of 9 components. 

047°F 
The 40-mH inductors may be made from 
88-mH toroids. The 6-henry inductor may 
be an ordinary iron-core choke. Alternative- 
ly, all inductors may be wound on pot cores 
or low-frequency toroid cores. 

LOAD IMPEDANCES 
600 

L1 176 turns no. 26 10.3mm) enameled wire on a 
single bobbin in a Vinkor LA2330 pot core 

L2 2090 turns no. 42 (0.06mm) on a single bobbin in 

----- a Vinkor LA2330 pot core 

T1 2 windings, 176 turns each, no. 34 (0.16mm) 
enameled wire, in each half of a double bobbin In 
a Vinkor LA2330 pot core 



fig. 10. Wideband active audio phase-shift network described by Norgaard (reference 2) and Southwell (reference 3). Each RC 
network is adjusted for45O phase shift. grid-to-grid, at the frequencies indicated. Circuit loss is about 8-10 dB. 

only 12 if E96-series or selected E12-series com- 
ponents are used. 

If you wish to build this ssb generator, I recom- 
mend that you read reference 3 for adjustment and 
alignment. (The rf phase-shift circuit is discussed 
later.) No numbers are given for opposite-sideband 
suppression, but it appears that at least 30 dB is 
obtainable. 

So far all phase-shift networks considered have 
been made of RC combinations. Networks using R, 
L, and C combinations are quite rare in the literature, 
probably because the inductances in a phase-shift 
network of this type are not off-the-shelf items. 
Nevertheless, such a circuit has certain merits; one in 
particular is shown in  fig. 9. This circuit was 
developed by Westinghouse in 1944 and subsequent- 

fig. 11. Modern wideband active phase-shift network described by Dickey (reference 8) uses t w o  LM324 quad op amps. Input 
circuit provides operation from a single 5-volt supply. Each stage is adjusted for 90° phase shift, input-to-output. at the fre- 
quencies indicated. Circuit has unity gain (no loss). 



ly described by Cheek.7 Components are noncritical. 
Resistors and capacitors can be standard 5% or 10% 
components. Composition resistors and paper 
capacitors were used in the original circuit. The main 
requirement is that each 40-mH inductor resonate 
with the 1-pF capacitor at 800 Hz. Exact values aren't 
critical as long as components of the specified 
nominal values are used. 

The Bhenry inductor and the 6200-pF capacitor 
must resonate at 800 Hz. The 40-mH inductors may 
be made from 88-mH toroids, which are readily 
available in the surplus outlets. These inductors con- 
sist of two 44-mH coils wound on a toroid core and 
connected in series. 

Using a scope or vtvm and an audio oscillator, it's 
easy to resonate a 44-mH inductor and a 1-pF 
capacitor to 800 Hz. Just remove turns from the 
44-mH winding until resonance is obtained. The 
exact frequency has no magic about it; 800 Hz is the 
geometric mean of 160 and 4000 Hz, which ade- 
quately covers the speech band. Ensure that each LC 
circuit resonates to the same frequency. This fre- 
quency could just as easily be 750 Hz (geometric 

W R I E R  
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fig. 12. Passive rf phase-shift networks commonly used in 
phasing ssb designs over the past 30 years, which are dis- 
cussed in the text. All are suitable only for single-frequency 
use or for a very small frequency range. 

fig. 13. Coaxial-cable quadrature phase-shift network. 

mean of 200 and 2800 Hz) or 900 Hz (geometric mean 
of 270 and 3000 Hz). 

Transformer T I  consists of two windings having 
equal numbers of turns wound on the same core 
resonated at 800 Hz with the 1-pF capacitor. The two 
windings are connected in series: dots in the circuit 
in fig. 9 for T I  indicate the start (or finish) of each 
winding. As an alternative, each inductor could be 
wound on a standard pot-core assembly or a low- 
frequency toroid. 

COAXIAL CABLE ELECTRICAL 4 M M E  

fig. 14. Quadrature phase-shift network after Taylor (refer- 
ence 13) centered on 14.25 MHz. Output amplitudes are 
within 0.8 dB between 13.8-14.6 MHz. 

The two quadrature outputs, A and B, can drive 
low-impedance loads. The characteristics of the 
phase-shift network are unaffected by the load im- 
pedance, which may be between 400 and 600 ohms. 
Input impedance is about 5k and should be floating 
with respect to ground. The input should be driven 
by a transformer or a differential amplifier. 

The speech amplifier preceding the phase-shift 
network should include deemphasis for frequencies 
below 800 Hz. If the network is transformer driven, a 
deemphasis network consisting of two 15k resistors 
and two 47 nF ( = .047 pF) capacitors, connected in 
series with each input terminal, serves this purpose. 
The input impedance then will increase to about 40k 
and the input transformer should be selected to drive 
such an impedance. This is suggested by Cheek.7 

The network will maintain the phase shift within 1 
or better between 300 Hz and 3.5 kHz. The amplitude 
balance between the quadrature outputs is within 
2% or better between 200 Hz and 4 kHz. Thus, it's 
easy to achieve an opposite-sideband suppression of 
about 40 dB, which is certainly one of the advan- 
tages of this particular cireui? -; , I ~ C  and the quite low 
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INPUT (50 M S )  

P 

Fr.79 MHz 1 

TZ = T3= 

C1 .C2 26.3 pF (27 pF, 5% NPO ceramic or silver mica) 

C3,C4 110 pF. 5% NPO ceramic or silver mica 

C5,C6 390 pF. 5% NPO ceramic or silver mica 

C7.CE 1605 pF (2700 pF and 3900 pF, 5% polyfilm capacitors in series) 

L1.U 1.05 pH. 5 turns no. 26 (0.4mml enameled, closewound on 
Philips 020-91010 toroid core 

L3.L4 4.36 pH. 12 turns no. 26 10.4mm) enameled wound on Philips 
020-91010 toroid core, turns spread evenly around circumference 
of core 

L5,L6 15.4 pH. 24 turns no. 26 (0.4mm) enameled, wound on Philips 
020-91010 toroid core 

L7,LE 64.2 pH. 48 turns no. 30 10.25mm) enameled, wound on Philips 
020-91010 toroid core 

Tl,T2 Seetext 
T3 

fig. 15. Wideband 90° phase-shift network using two 45' 
bridge circuits (courtesy of Jim Koehler, VE5FPIVK2BOVI. 

input and output impedances together with the 
relatively noncritical nature of the components, gives 
this circuit quite an edge on the RC circuits dis- 
cussed. 

The overall loss is 12-14 dB (excluding the de- 
emphasis circuit), which is comparable to the RC 
circuits. The audio stages preceding the network 
must have a sharp cutoff above 3 kHz, a common 
feature of all networks discussed. The minimum 
component count of 9 is also an attractive feature 
and is competitive with the circuit in fig. 4. 

A point worth noting is that the low output im- 
pedance of the network in fig. 9 makes it suitable for 
driving low-impedance diode bridge balanced 
modulators. 

Active audio phase-shift networks were used in 
many early designs for ssb exciters. These circuits 
generally consisted of a cascaded series of triode 
phase splitters with RC networks coupling each 
stage as shown in fig. 10. This circuit is discussed by 
both Sothwell3 and Norgaard,2 amongst others. 
Each stage produces a 45Ophase shift at a particular 
frequency. The frequency of each RC network is 

chosen so that the entire network produces a dif- 
ferential phase shift within f 1 between 70 Hz and 
5.5 kHz. 

This type of network needs alignment, but the pro- 
cedure is more complicated to explain than to ac- 
complish and is not outside the expertise of most 
amateurs. All you require is a passing acquaintance 
with a scope and an audio oscillator. Once adjusted, 
the network will maintain its alignment for con- 
siderable periods. The wide bandwidth allows good 
opposite-sideband suppression over the speech 
bandwidth of 300 Hz to 3 kHz. The circuit has ex- 
cellent phase and amplitude stability. Overall loss is 
about 8-10 dB. The circuit can obviously be adapted 
to use modern fets. 

A more recent circuit, using two quad op-amps, 
was described by Dickey.8 He claims this circuit will 
provide two equal-amplitude outputs that differ in 
phase by 90° within _ + 2 O  over the frequency range 

INPUT (50 OHMSl 

P 

Fr-IBBMHz Fr.477 MHz 

ZOO - I 
T3 K 

Cl.C2 12 pF, 5% NPO ceramic or silver mica 

C3.C4 46 pF 147 pF. 5% NPO ceramic or silver mica) 

C5,C6 153 pF 1150 pF, 5% NPO ceramic or silver mica) 

C7,C8 6W pF 1680 pF, 5% NPO ceramic or silver mica in series with 5600 
pF, 5 %  polyfilm capacitor) 

Ll.L2 0.465 pH. 5 to  6 turns no.  22 (0.6mm) enameled on 
579~250~3121900 Neosid toroid, turns spread evenly around cir- 
cumference 

L3,L4 1.84 pH. 6 turns no. 30 (0.25mm) enameled wire, closewound on 
Philips 020-91010 toroid core 

L5.L6 6.13 pH. 12 turns no. 26 l0.4mm) enameled, wound on Philips 
020-91010 toroid core, turns spread around 213 the cir- 
cumference 

L7,LE 24.2 pH. 27 turns no. 30 (0.25mm) enameled, wound on Philips 
020-91010 toroid core 

Tl,T2, Wound on Neosid 1050-1-F14 of Indiana General F684-1 balun 
T3 core. Twist together three 7" (180mm) lengths of no. 26 10.4mrn) 

enameled wire and wind 3 turns through 2 holes; connect two 
wires in series for the 200-ohm winding 

fig. 16.3-30 MHz quadrature phase-shift network. Maximum 
phase error is about lo. Overall loss of this network and that 
of fig. 15 is about 6 dB. 
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100 Hz to 10 kHz. High-fidelity ssb! The circuit is 
shown in fig. 11. Two LM324 quad op-amps are 
used. Each stage is adjusted, using the 47k trimpot, 
to produce a 90° phase shift at the frequencies 
shown. The design values were calculated from data 
published by S. D. Bedrosion,g if you're interested in 
getting into heavy phase-shift network design. The 
circuit in fig. 11 has the advantage of having mini- 
mal loss. 

Alignment techniques for both circuits in figs. 10 
and 11 involve the use of an audio oscillator and a 
scope, as mentioned above, a phase meter, or a net- 
work analyzer. A technique using the oscillator and 
scope is discussed in detail in the references. 

For further reading the article by Wadelo is recom- 
mended. An excellent description of simple methods 
for aligning phasing-type ssb exciters is given by Fred 
Johnson.1 

circuits, as in f ig. 12F, was first popularized in 
reference 11 in 1950 and has been used in several 
phasing ssb transmitter designs since then. In prac- 
tice, the two tuned circuits are coupled by 50% and 
80% of critical coupling, and the links are adjusted to 
achieve equal-amplitude output. Secondary tuning is 
adjusted to provide the correct phase shift between 
the outputs. A very complete discussion on theory 
and practical considerations of this technique is 
given by R .  W.  Martin, VK2AH1.12 

rf  phase-shift networks i - 5 6 0  i 
Again, both active and passive phase-shift net- .A +I , I 

work designs are available. The networks commonly 
used in phasing ssb designs over the past 30 years ,, ,,,= -a " ,?, 

are illustrated in fig. 12. Popularity seems evenly 
fig. 18. Digital quadrature-phase rf circuit given by Shubert, 

divided among the various circuits with the exception WABJYK (reference 151. 
of E, the pi network. The RLG circuit in B is simply a 
variation of that in A. Input or output impedances are 
a consideration in all cases; the component values 
are dimensioned to accommodate external circuit 
conditions. 

The networks in figs. 12 A, B, C and D are quite 
simple to set up. Usually, one of the components is 
made variable to provide phase adjustment for final 

CLOCK I l l  

(4XF0) 
TTL FLIP-FLOP 

fig. 17. The 7473 IC connected to produce quadrature 
square waves. 

circuit trimming. Extra components may be added to 
account for circuit strays as necessary. 

The first two circuits exhibit an output phase 
characteristic that does not vary with frequency, but 
the relative amplitudes vary markedly either side of 
the design frequency. The circuits in C and D also ex- 
hibit the same characteristics, but the impedance 
varies also. The network in C exhibits least variation 
in this respect. Alternatively, another capacitor and 
resistor may be inserted in series with output termi- 
nals A and B respectively in the circuit of f ig. 12D to  
reduce output impedance variation. 

The technique of using two under-coupled tuned 

All circuits shown in fig. 12 suffer from three 
disadvantages: 

A. They work only over a narrow range of frequen- 
cies and are thus limited to fixed-frequency applica- 
tions or operation over bandwidths of 100 to 200 kHz 
at best. 
B. All need periodic realignment as they are subject 
to drift due to environment (temperature, etc.) and 
component aging. 
C. The practical upper-frequency limit is about 15 
MHz at best, depending mostly on strays, external- 
circuit conditions, and component performance. In 
any case, using these circuits above 10 MHz is not 
recommended. 

A technique that has occasional mention in the 
literature, but which I've not yet seen applied, is the 
use of coax cable as a phase-shift element in an ssb 
exciter. An electrical quarter wavelength of coax ex- 
hibits a phase shift of 90° at the design frequency 
and will remain within k 1 of this amount over a 
small bandwidth. Coax cables are relatively unaf- 
fected by temperature changes that would cause 
marked changes in the circuits discussed so far. The 
low impedance is an advantage in some instances 
(e.g., where diode-ring balanced modulators are 
used). Amplitude differences between the two out- 
puts are not a consideration. This technique is exten- 
sively used in antenna phasing applications. 
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fig. 19. Quadrature signals can be generated over a wide 
band by adapting the third method of ssb-signal generation. 

A coax-cable quadrature phase shifter is shown in 
fig. 13. No real theoretical upper frequency limit 
exists for this method, but practical limitations put it 
at about 150 MHz. A coaxial line-stretcher would be 
useful here. A coax-cable quadrature phase-shift net- 
work has the same disadvantages as those of the cir- 
cuits in fig. 12, only slightly less so. An electrical 
quarter wavelength of coax on 10 MHz is nearly 16.5 
feet (5m) long. This technique is probably best for 
fixed-frequency or narrowband use above about 15 
MHz. Small-diameter cables, such as Microdot, of a 
suitable impedance are best as they are less bulky 
than standard cables such as RG-58lU. 

Passive wideband rf phase-shift networks for ap- 
plication in  phasing ssb exciters are rare in the 

This circuit, fig. 14, will maintain 90° phase-shift 
and output amplitudes within 0.8 dB between 13.8 
and 14.6 MHz. A bandwidth of 800 KHz isn't 
exactly wideband, but is certainly much better than 
the 100-200 kHz bandwidth of the circuits in fig. 12. 
The trimmer provides phase adjustment. As men- 
tioned, Taylor13 used this circuit in a direct conver- 
sion receiver, but it could be used in a transmitter as 
well. You could generate ssb signals directly on the 
desired output frequency rather than on a fixed fre- 
quency, which requires heterodyning to the desired 
output frequency, as in common practice. 

Real advantages exist when generating ssb signals 
on the desired output frequency. The only spurs to 
contend with are those associated with opposite- 
sideband suppression and wi th intermodulation 
distortion, both of which must be considered in any 
heterodyning system. 

Then there's the simplicity of the circuitry. A major 
push behind the development of modern IC circuits is 
the simplicity of the following circuitry; therefore, cir- 
cuit simplicity is certainly an advantage. Circuit com- 
plexity isn't necessarily synonymous with sophistica- 
tion or "the state of the art." 

Quadrature rf phase-shift networks that operate 
over an octave or more in frequency were described 
many years ago. However, you must search the liter- 
ature on antennas and circuit theory to find them. 

The network in fig. 15 is through the courtesy of 
Jim Koehlor, VE5FP/VK2BOX, who designed it for a 
circularly polarized antenna system. Two bridge net- 

LOCAL 
RF 

I N W T  
I-30YHz 

fig. 20. Suggested bilaterial direct-conversion phasing ssb generator-detector. T1-T4 are wideband rf transformers. T5-T7 are 
audio transformers to suit the audio phase-shift network used. A wideband rf transformer may be used instead of the7-dB pad. 

literature. Richard Taylor, W1 DAX, described a cir- works each provide 45' phase-shift between 1 and 15 
cuit in the Septmember, 1969, issue of QSV3 used in MHz, resulting in a differential phase shift of 90' over 
a direct-conversion ssb receiver for 14 MHz. The arti- that range. Phase error is less than lo, and the 
cle was reprinted in the ARRL's Single Sideband for amplitude differences between outputs is less than 
the Radio Amateur, fifth edition, 1970. 0.5 dB over the range. This rf phase-shift network 



makes direct-conversion phasing ssb generation 
possible and has application in  direct-conversion 
receivers. Third-method ssb generation, with output 
directly on any desired frequency between 1 and 15 
MHz, is also a possiblity. 

A network designed to cover 3 to 30 MHz is shown 
in fig. 16. It has characteristics similar to those of 
f ig. 15. Input and output impedances of each bridge 
in both networks is 200 ohms. Transformers T2 and 
T3 transform the impedance to 50 ohms, which is 
convenient. 

Although the inputs of each bridge are in parallel, 
making the input impedance 100 ohms, T I  may be 
the same as T2 and T3, as the mismatch has no 
serious effect on network performance. The three 
transformers are constructed as wideband baluns 
having a turns ratio of 2:1. Small toroids or dual- 
hole balun cores, such as the Neosid 1050111F14 or 
Indiana General F684-1, are suitable. The input and 
output windings must be isolated. To use dual-hole 
balun core, twist together three 7-inch (180mm) 
lengths of 26 or 30 B&S or AWG 10.3 or 0.25mm) 
enameled copper wire at about two twists per 318 

resonate with the capacitor at the frequency in- 
dicated. Each series arm is temporarily connected as 
a parallel-tuned circuit to enable adjustment. This is 
very simply done with grid-dipper and a monitoring 
receiver. Sufficient accuracy is easily obtained. Of 
course, if you have a network analyzer or phase 
meter, the job is a little simpler. 

Wideband active rf phase-shift networks involve 
digital techniques. This technique involves cross- 
coupled JK flip-flops and was described by A. J. 
Turner.14 The circuit is shown in fig. 17. The upper 
frequency of such circuits is limited by the phase jit- 
ter between the two outputs and is somewhat below 
the upper clock speed limit of the device used. The 
clock frequency of the circuit shown in fig. 17 must 
be four times the desired output frequency. 

A circuit that requires a clock frequency only twice 
the desired output frequency is presented in fig. 18. 
This circuit is by G. K. Shubert.15 

The disadvantage of the digital technique is the 
nonsinusoidal output waveform and the attendant 
harmonics that must be removed. Although these 
may be reduced with simple low-pass filters, extra 

LOCAL 
RF 

INPUT 
3-30 MHz 

fig. 21. Another suggested bilateral direct-conversion phasing ssb generator. Tl-T4 are wideband rf transformers. T5 is an audio 
transformer chosen for the phase-shift network used. As in the circuit of fig. 20, the 7-dB pad may be replaced by a wideband rf 
transformer. 

inch (10m). Wind three turns through the two holes 
and connect two of the wires in series to make the 
200-ohm winding. If desired, the secondaries of T2 
and T3 may be arranged to drive diode-ring balanced 
modulators directly. 

It's important that coupling between the tuned cir- 
cuits in each arm of the bridge, and between each 
bridge, be kept to a minimum. Also, the Q of each 
coil must be at least above 50 or 60. Consequently, 
toroids have been suggested, although standard coil- 
former and screened-can assemblies (with ferrite cup 
cores) have been used successfully. Each arm is con- 
structed individually and the inductor adjusted to 

spurs are undesirable. The digital technique has the 
big advantage of requiring no adjustment. 

Another technique for producing broadband 
quadrature rf signals, adapted from third-method ssb 
generation, is suggested by Taylor.13 A block 
diagram, fig. 19, illustrates this. However, its relative 
complexity puts this technique at a disadvantage. 

The networks in figs. 15 and 16 and the circuits in 
figs. 17 and 18 may be used for direct-conversion 
generation or reception of ssb signals using either the 
phasing method or the third-method as already men- 
tioned. Indeed, it should be possible t o  build a 
passive phasing exciter using a combination of the 



techniques discussed. The third method produces 
superior performance with regard to opposite side- 
band and carrier suppression than either the phasing 
or filter techniques. 

Fig. 20 shows a suggested bilateral direct- 
conversion phasing-type ssb generatorldetector. It 
may be possible to use all-passive techniques. The 
audio phase-shift network may exhibit too much loss 
for successful operation and the bilateral feature of 
the circuit may be impossible to realize. TI, T2, T3, 
and T4 are wideband rf transformers as suggested 
previously. T5, T6, and T7 are audio transformers to 
suit the audio phase-shift network. A 7-dB resistive 
pad may be used to isolate the local rf input. 

. Alternatively, a wideband transformer may be 
substituted. 

Fig. 21 is a somewhat simpler circuit using series- 
bridge-diode balanced modulators instead of the 
ring-diode balanced modulators. Comments similar 
to those for fig. 20 apply. Performance may not be 
quite as good as the previous circuit, but the simplic- 
ity may be an advantage. The phasing of the sec- 
ondaries of T3 and T4 in both circuits is important. 
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RTTY test generator 

Construction details 
for the Digiratt 
R N  generator 

that can be used 
with the 

Digiratt afsk generator 
or as a stand-alone accessory 

The Digiratt  R/Y test generator is a companion unit 
to the original Digiratt precision AFSK generator and 
phase-locked-loop terminal unit featured in an earlier 
issue of ham radio magazine (September, 1977); it 
can be used with that unit or as a stand-alone ac- 
cessory for RTTY enthusiasts. 

While it would be simpler, from a design stand- 
point, to use a PROM (Programmable Read Only 
Memory) as the heart of the unit, I decided not to go 
this route for two reasons. First, few hams possess 
the required equipment necessary to program the 
PROM. Second, few people have the patience to do 
the programming. I also thought that more people 
would be interested in building a unit which used 
readily obtainable ICs. Those who do build the com- 
plete unit will have a non-mechanical device which 
generates 64 RYs, a carriage return, and a line feed. 

The Digiratt RIY generator is an eleven IC, TTL- 
based device for generating the 5-level Baudot code. 
I t  has on-board encoding for automatic sequential 
generating of the Baudot code necessary to print the 
letters R and Y. Additionally, encoding is provided 
for carriage return and line feed code generation. 
Logic is provided which keeps track of the number of 
characters printed and steers the output port to 

select either the RY message, carriage return (CR) or 
line feed (LF) code. 

The unit was designed in such a way that by con- 
structing only that portion of the schematic (fig. 1) 
enclosed by the dashed line, an RY generator only, 
can be built which deletes the CR and LF provisions. 
If this is done, the unit will print RYs continuously 
without regard to line length. Additionally, provision 
is made for "normal" and "inverted" output data to 
key transmitters with either mark high or space high 
signals. Finally, the unit is designed to operate at 

; slightly less than the full 60 wpm. Older Teletype 
machines and those slightly out of adjustment should 
be able to copy the test message with little difficulty. 

shift registers 
Before examining the details of the schematic 

I ' diagram (f ig. 11, the basic operation of a shift 
register should be understood. The SN74165 
registers used in this design are capable of changing 
an 8-bit parallel data bus into a serial stream of 
pulses. The parallel information is first loaded into 
the registers by the application of the load data 
pulse. Next, for each clock pulse that is received the 

1 bit pattern is serially shifted one register to the right. ' 
In this way, at the end of eight clock pulses the entire 
8-bit data pattern is now in a serial form. By hard- 
wiring the parallel input ports to a known pattern, a 
specific character, in this case CR and LF, can be 
generated. The hardwired pins, from right to left, or 
the first to last bit out are, 6, 5, 4, 3, 14, 13, 12, 
and 11. 

The Baudot code used for Teletype is composed of 
5 either mark or space conditions. Different combina- 
tions of the marks and spaces represent the actual 
letters, symbols, and functions. In addition to the 
first 5 bits, a start mark precedes the actual informa- 
tion. Finally, a stop pulse is used to indicate the end 
of the character. For the RY test generator I've com- 
bined the last two bits from the shift register into a 

By John Loughmiller, WBSATW, Route 1, 
Box 480C, Borden, Indiana 47106 
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slightly longer than normal stop pulse, 44 vs 31 ms. 
While this will slightly reduce the speed of the 
machine, it insures that older machines will print cor- 
rectly. 

circuit description 
U1 is the clock pulse generator and, as such, is the 

heart of the system. The output from pin 3 provides a 
pulse train with a 45.45 hertz rate which is applied to 
the clock inputs of shift registers U4, U9, and U10. 
These pulses are also applied to pin 4 of U2 which 
divides the rate by a factor of eight (5.68). The divid- 
ed signal then becomes the load data pulse for the 
shift registers. 

To generate the required pulse configuration for 
the CR and LF functions, the eight parallel inputs of 
the shift register are hardwired to either 1 or 0. Initial- 
ly, the load data pulse loads this hardwired informa- 
tion into the shift register. Each clock pulse then 
shifts the information one position. On the eighth 
pulse, new information is again entered into the shift 

clock U5, U6, and U7. U5 is a J-K flip-flop that will 
alternately change the hardwired pattern of the RY 
shift register. In this way, the shift register will pro- 
duce an R and then a Y as the IC toggles. U6 and U7 
are wired to divide by the fixed rate of 66. And, with 
the addition of U8, are the basis for producing the 32 
RYs and the CR, LF on each line. 

With the count initially at 66, a CR is generated, 
count 65 produces a LF with RYs being produced on 
the rest of the counts. At the end of the count cycle, 
the counters are preset t o  66 and then start 
decrementing again. The actual selection of the RY, 
CR and LF bit pattern is done by a 4:1 multiplexer, 
U11. The signals from U8 determine which pattern is 
selected as the ultimate output. 

Switch S1 is used as a manual reset to ensure that 
each line starts with an R. Normally, the reset is per- 
formed after the counter decrements down from 66. 
Holding the switch closed will result in continuous 
CRs being sent. This technique is not recommended 
if 74LS series ICs are used. 

register. Every eight pulses you will have a complete 
bit pattern available for use. construction 

In addition to functioning as the load data pulse, The construction of the RY test generator is non- 
the 5.68 hertz pulse rate is inverted and then used to critical. The only special precaution that should be 

+VCC 

2 3 6  
DATA WT 

DATA OUT 

I C / R  ENA8LEUl  

fig. 1. Schematic diagram of the RY test generator. The position of the jumper will permit you to select either inverted or normal 
RY information. A suitable loop keyer is shown in fig. 1, ham radio, September, 1977, page 27. 
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635V.1 Collins Preselector band pass Filters - They're back! 
2 to 3 MHz. 1 kHz steps, wlth copy of manual and rack and 
connector. $275.00 

RF Power Meter - identical to HP Model 430C 
. Read article April '77 HR Mag.. Pg. 44 for 
use. Copies of article available on written re. 
quest. Our special purchase is your gain at 
$34.95 ea. Note: This is Gen'l Microwave. 
451. Bolometer/thermistor mount available 
with purchase. $45.00 

Audio compressor AN/GSA-33 - ' 
Five ~derltacal plug.in compres- 
sor amps with power supply in  
19 inch rack. al l  solid 
600!! In & out, great for 
patch and phone patch. Weighs 
less than 30 Ibs. Built like a battleshap. $34.95 

RECEIVERS 
Collins 651F-1. 2 to 30 MHz in  100 cycle steps. digital tuning. 
USB/LSB/ISB. Stabii~ty: 1 part in 108. Completely remote 
controlled. wlth all racks. Connectors. control head. $1400.00 

R-388/51J - Collins 0.54 to 31 MHz $375.00 

R-390A - 0.54 l o  31 MHz. overhauled complete $595.00 

SPEmAL! R.390 with CV591 SSB Converter and outboard audio 
amp. All in  neat 19" rack. Special! $ 500.00 
RACAL Model 62171. 980 kHz. 32 MHz. All Solid Stale. takes 
about 3 lnches of rack space, digital tuning $1 600.00 

LTV G l l l  Panoramic Recvr includes CRT display. 100-150 MHz 
wlth converters. Wnll make a fine spectrum analyzer. $150.00 

r C 1 n t  
TMR.5 with front end plug-ins t o  cover 

105.140 MHz and 200.260 MHz. $250.00 >*.:'I..+. 
CEI type 415. 60 :'SO MHz. al l  solid state, modular consir., xtal 
controlled. 4 channels. Incredible value. $85.00 
SR-13A, 2 to 30 MHz. good condition. $285.00 

TEST EQUIPMENT 
Frequency Counter. LTV Model G.195, al l  solid.state $195.00 
Tektronics 545. several t o  choose from. $175 to $375. de. 
pending upon condition: call or write. 

ANOTHER MICROWAVE GOODIE: 2.2 KMc Solid State Trans- 
ponder - includes circulator, balanced mlxer. LO (SMA 
connectors alone worth the price). $34.95 

HP608D. 10.420 MHz. $425.00 

Crystal Detectors. HP.423A or equivalent. $25.00 

TRM-3 Signal/Sweep Generator with built.in display. 10 t o  420 
MHz (actually contains HP.608A). $325.00 

TRANSMITTERS 
PAL-IK, one kilowatt output linear amplifier. 2.32 MHz con. 
linuous, with all power SUP lies and manual: unit requires 
only 100.mW dr~ve, uses 8285 fflnal, vacuum-vanable tuning. 
conlplete metering. A real buy . . . $550.00 

GPT-750 Transmitter mfd. by the Technical Material Corp.. 2 
to 32 MHz. CW/USB/LSB/ISB. one KW to the antenna. 24 
hrs. a day if, you're so lncllned - with documentation. fair 

$375.00 

Standard T/T pad mounted in  
a sturdy steel case incl. 2 vol. 
ume pots & 1 push button 
labeled "Stereo" - Also has 2 
phone jacks for headphones. 
microphone, etc. Will make a 
fine control head. $24.95 

T/T Decoder Board - This 
board was removetl from a 
language lab remote control 
system. You draw the sche  
matic (because there wasnet 
one with the board). $34.95 

,I*III>IIUII,U~I~~ 

lnductuners, mfd by Mallory. 6 turn. 4 stage. P/N 44GT001. 
Brand New. $25.00 ea. 

Wanted: Cables. Accessories. Test Set, etc. for RT400/ARC65. 
Especially Radio Set Control. C.l210/ARC-21. 

DISC-CAP, 19075 BRAEMORE RD. 
NORTHRIDGE, CA. 91326 213-360-3387 

Cal. Residents . add State Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 

fig. 2. C o m p o n e n t  p l a c e m e n t  d i a g r a m  f o r  t h e  b o a r d  sup- 
p l i e d  by C i r c u i t  Specia l is ts .  

observed is to install the VCc bypass capacitors on the 
board with the 1Cs (fig. 2). In extreme cases of rf 
interference, you may have to  install additional 
bypass capacitors on the ICs. The power supply can 
be based on the popular LM309 with adequate heat 
sinking. 

The first portion that should be assembled is in- 
dicated by the dotted line in fig. 1.' This portion will 
send a continuous stream of RYs. R1 should be ad- 
justed to have the oscillator running at 45.45 Hz. If a 
counter is not available, R1 can be adjusted until the 
machine starts to print correctly. 

'A drilled and plated circuit board is available from Circuil Board 
Specialists, Box 969. Pueblo. Colorado 81002 for $6.50. A complete kit of 
parts is also available from Circuit Specialists for $22.00. 
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Two kinds of experts appreciate 
Rockwell-Collins equipment: ~ e 6 p e  
who buy it, and people who sell it. 

Every Rockwell-Collins Distributor is Get in touch with the distributor in your 
a real pro at answering questions and area. (And ask for a copy of the Rockwell- 
solving problems. Collins Amateur Equipment Catalog.) 

He'll show you how to operate specific Or contact Collins Telecommunications 
equipment, discuss peripheral gear, check Products Division, 
everything out when you get it, even help with Rockwell International, 
installation. And he'll be there to support Cedar Rapids, Iowa 52406. 
your needs for years to come. Telephone 3191395-4493. 
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microwave 

If you're interested 
in trying microwaves, 

but don't know 
where to start, 

this bibliography 
of amateur microwave articles 

will get you off 
on the right foot 

Many amateurs have expressed an interest in 
microwave communications, but the techniques at 
microwave frequencies are considerably different 
than those used at vhf and uhf, so many amateurs 
don't know where to  start. The following 
bibliography was prepared with this in mind. Far 
more good microwave information is documented in 
the amateur radio publications than is generally 
realized. Also included is a number of excellent 
books on the subject, as well as a short list of articles 
in other publications which are especially useful to 
the amateur microwave enthusiast; these publica- 
tions can often be found in a local library. 

If you're looking for the maximum amount of 

bibliography 
microwave information in the least amount of spact 
obtain a copy of the 3rd edition of the RSGB': 
VHFIUHF Manual and read Chapter 3 - it contains 
more amateur microwave data per page than any 
other single publication. 

In the field of microwave textbooks, there are a 
great many which are of limited use to amateurs; 
those books are not listed in the following 
bibliography. Microwave books which are listed in 
the bibliography were chosen because they had 
something to offer to the amateur microwave en- 
thusiast. Lance's Microwave Measurements, for ex- 
ample, is an excellent introduction to microwave 
techniques for those readers who are looking for the 
non-mathematical approach. Microwave Transmis- 
sion Design Data is a paperbound reference which 
covers many microwave subjects but is especially 
valuable for its explanation of circular waveguides. 
Very High Frequency Techniques is a compilation of 
a number of experiments from which the amateur 
can obtain cavity design information and practical 
transmission line information for new designs. The 
book, Principles and Applications of Waveguide 
Transmissions, provides excellent coverage of 
transmission lines and conical antenna design. 

Microwaves are really simple, when you get to 
know them, and microwaves are far superior to the 
lower frequencies for line-of-sight point-to-point 
communications. Microwaves are also an ex- 
perimenter's paradise, and far less expensive than 
432 MHz was fifteen years ago - and much more 
satisfying. Microwave is one area where amateurs 
can still contribute to the art of radio communica- 
tions - the following bibliography will head you in 
the right direction. 

By Cliff Buttschardt, WGHDO, 1488 Warner 
Street, Chico, California 95926 
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FULL COVERAL~E TRANSCEIVER easy and accurate adjustment of the AC POWER SUPPLY 
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age on all amateur bands from 1.8 to rained with a rugged AC power supp 
29 .7  MHz. Kenwood gives you 160  

ter capability, WWV on 5,000 The new TS-520s is completely solid built-in. The addition of the DS-1A Dl 
DC convener (option) allow! 

Iz.. and an auxiliary band position 'late except lhe driver 2BY7A) operation of theTS.520S. 
maximum flexibility, And with the and the final tubes. Rather than substi- 

lition of the TV-502 and TV-506 tute TV sweep tubes as final amplifier EASY CONNECTION PHO 

transverters, your TS-520S can cover tubes in a state of the an  amateur trans- The TS-520s  has 2 convenient RCA 

160 meters to 2 meters on SSB and CW. ceiver* Kenwood has lwO phono jacks on the rear panel for PHON 

DIGITAL DISPLAY DG-5 (option) 
husky S-2001A (equivalent to 61468) PATCH IN and PHONE PATCH OUT. 
tubes. Thesearugged. time-proven tubes 

! new Kenwood DG-5 provides easy. CW-520 -CW FILTER (OPTION) 
are kn ieir long life and superb 
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The CW-520 500  Hz filter c 
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characteristics. The 3SK35 has a low RF ATTENUATOR or SSB. 
noise figure (3.5 dB typ.) and high gain The new TS-520S has a built-in 2 0  dB ~h~ TS-520s retains all of the feature 
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A new audio compression amplifier gives VFO-520s - NEW REMOTE VFO panel carrier level control Semi-break- 
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~pecrfrcatrons RECEIVER 
Sensltlvttq 0 25 uV lor 10 dB 

tateur Bands: 160.10 meters (S+N)/N - ~- ~~ 

plus W (receae only) 
Modes: USE. LSB. CW 
Antenna Impedance: 50.75 Ohms 
Frequency Stab~llty: W~thtn ?I I 

kHz durtng one hour after one 
mlnute o l  warm.up. and wlthln 
100 Hz during any 30 mtnute 
pertod thereafter 

Tubes & Semiconductors: - .  

- """" .". 
Power Requirements 1201220 V 

AC 50160 Hz. 13 8 V DC 
(wl lh apttonal DS IA) 

Power Consumpt~on Transmlt 
280 Wal l s  Recetve 26 Watts 
lwdh heater al l)  

Select~v~ty SSB 2 4  kHz/-6 dB. 
4 4 kHz/-€4 dB 

Selectlvttq CW 0 5 kHz/-6 dB. 
I 5  kHz/-60 dB (with optlonal 
CW 520 Itller) 

Image Ratto: Better than 50 dB 
IF  Reiectlon: Better than 50 dB 
AF Output Power: 1.0 WaH (8 

Ohm load, w~lh less than 10% 
dlstorttan) 

AF Oulput Impedance: 4 to 16 
Ohms 

SPECIFICATIONS 
Measuring Range: 100 Hz to 

40 M H I  
Input Impedance: 5 k Ohms 
Gate Time: 0.1 Sec. 
Input Sensltlvity: 100 Hz to 40 

henslon 333(13'i) W x 153 (6.0) MHz.. ,200 mV rms or over. 10 
H x 335(13.(13-3/16) D mm(1nch) kHz to 10 MHz.. 50 mV or over 
!~ght: 16 0 kg(35 2 Ibs) Measurtng Accuracy: Internal ttme 
ANSMITTER base accuracy k0.1 count 
lnpul Power: SSB: 2W Watts Time Base: 10 MHz 

PEP C W  160 Watts DC Operating Temperature: -10" to 
Carrler Suppress~on: Better than 50" Cf14" 122" F 

-40 dB Power Requirement: Supplled 
Sideband Suppression: Better lrom TS.520S or 12 to 16 VDC 

than -50 dB (nominal 13 8 VDC) 
Spurlous Rad~atton: Better than o ~ ~ ~ ~ ~ ~ ~ ~ ~ :  167(6.9/16) w 

-40 dB 430 11/16) H x 268(10.9/16) D 
Microphone Impedance: 5Ok Ohms mm(lnch) 

Here's the perfecr companion for 
your TS-520s..  .the new solid 
state remote VFO designed for the 
TS-520s. This handsome accessory 
features its own RIT circuit and 
control switch and, of course, adds 
greatly to the versatility and 
pleasure of your own station. 
(Also compatible with the TS-520.) 

A versatile addltlon to any station. 
Serves as an antenna tuner. an 
antenna switch, an SWR bridge 
and an in-line wattmeter. May be 
used on all HF amateur bands 
from 160 to 10 meters. Perfectly 
matched to the TS-520s and TS- 
820s. but can be used with any 
HF transceiver or transmitter with 
less than 200 watts output. 

AF Response: 400 to 2.W Hz Welght: 1.3 kg(2.9 Ibs) 

TRIO-KENWOOD COMMUNICATIONS INC. 11 11 WEST WALNUT/COMPTON. CA 90220 



I introduction to 
GaAs field-effect transistors 

What's a GaAs fet? Certainly not a gaseous field- 
effect transistor, as a misguided soul recently asked. 
GaAs fet is short for Gallium-Arsenide field-effect 
transistor; it is the hottest new uhf and microwave 
component, and is being widely used in industrial 
and military applications. 

Gallium Arsenide is one of the newer semicon- 
ductor compounds, which until recently was used 
primarily for LEDs and microwave diodes. If you 
remember the Periodic Chart of the Elements from 
basic chemistry, you'll find the common semicon- 
ductors, silicon (Si) and germanium (Gel in column 
IV of the chart, indicating they have four free elec- 
trons. It has also been found that semiconductors 
can be made by combining an element from column 
Ill, such as gallium (Gal or indium (In), with an ele- 
ment from column V, such as phosphorous (PI or 
arsenic (As). The combined compound apparently 
has an average of four free electrons and acts as a 
semiconductor. The more successful combinations 
are gallium arsenide (GaAs), indium phosphide (InP), 
and gallium phosphide (Gap). 

What is the advantage of using these exotic 
semiconductors? It arises from the higher carrier 
mobility of these materials - the electrons move 
faster than they do in silicon or germanium. This is 
the key to high-frequency performance; the max- 
imum operating frequency of any amplifying device 
is limited by the time it takes a signal to pass through 
it (transmit time in a vacuum tube for example). 

GaAs fet construction 
Gallium arsenide is the most commonly used of 

these Ill-V semiconductors; with appropriate doping, 
it is used for field-effect transistors, infrared LEDs, 
and many types of microwave diodes including Gunn 
oscillators. The fets are fabricated on an epitaxial 
layer of the proper doping, with the channel defined 
between the high-conductivity source and drain 
areas (fig. 1). To take full advantage of the high car- 
rier mobility for high-frequency performance, very 
short channels or gate lengths, are used. Typical 
gate length is one micron (10-6 meter) for a 
microwave GaAs fet; some devices are available with 
a half-micron gate length. The fundamental limita- 
tion is the wavelength of the ultraviolet light used to 
expose the photoresist, which is approximately 1 I 3  
micron. 

A one-micron gate seems very small, and it is, 

even though it is much wider than it is long - 
typically 100 to 150 microns wide. The current path is 
therefore relatively short and wide, a good high- 
frequency configuration. To increase power capabili- 
ty, several gates are paralleled for higher current. 
Fig. 2 shows a typical GaAs fet structure with four 
gates in parallel (hidden by metallization). The gate 
itself is a Schottky junction, as opposed to the com- 
mon P-N junction found in low-frequency fets. 

How high in frequency do GaAs fets work? In the 
laboratory they have been operated to 22 GHz and 
higher. Commercially available devices work well up 
to about 12 GHz as low-noise amplifiers and power 

fig. 1. Construction of the GaAs fet, showing the channel 
between the high-conductivity drain and source areas. 

By Paul C. Wade. WAZZZF, GaAs FET Appli- 
cations Leader, Microwave Semiconductor Cor- 
poration, 100 School House Road, Somerset, 
New Jersey 08873 
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fig. 2. GaAs fet chip structure as seen by a scanning elec- 
tron microscope. 

amplifiers, and at even higher frequencies as oscilla- 
tors. And this performance is obtained at low supply 
voltages, 3 to  12 volts. 

At  present, it is as low-noise amplifiers that GaAs 
fets really shine. Available noise figures were 
previously only obtainable with the best parametric 
amplifiers and MASERS. For instance, some GaAs 
fets offer noise figures under 2 dB at 4 GHz, and 
under 4 dB at 12 GHz. A few of these devices are 
finding their way into amateur hands; at the recent 
Eastern VHFIUHF Conference, K2UYH's 432-MHz 
preamp, using a NEC V244 GaAs fet, had a measured 
0.8 dB noise figure! However, the prices for these 
devices, while dropping, are still rather steep. 

Power GaAs fets are newer, but are also showing 
respectable performance. Devices are commercially 
available with 1 watt output up to 8 GHz, and more 
than 6 dB power gain. Since these are linear devices, 
unlike bipolar microwave transistors, the power and 
gain are specified at the standard 1 dB compression 
point. 

One problem with power GaAs fets is adequate 
heat sinking, since gallium arsenide has a thermal 
conductivity much lower than silicon. Normally, 
planar transistors are fabricated with the active area 
up and the heat is conducted through the bulk 
semiconductor material underneath. With power 
GaAs fets, however, some manufacturers are using 
an inverted mounting technique, with the source 
metallization attached directly to  ground, as shown 
in fig. 3. This technique not only halves the thermal 
resistance, but also reduces the source inductance, 
which improves stability. 

Investigation of GaAs fets as oscillators has only 
begun recently. To date, we have obtained as much 
as 0.6 watt output at 9 GHz from an oscillator. The 
highest frequency oscillator we have made so far was 
at 17.1 GHz, where we obtained 100 milliwatts from 
the waveguide oscillator shown in fig. 4. 

precautions 
GaAs fets also have a reputation for being fragile, 

but all new semiconductor devices pass through this 
stage; they inevitably become more rugged as better 
manufacturing techniques are developed. The latest 

fig. 4. A GeAs fet 17-GHz waveguide oscillator. 

GaAs fets are damaged only by excess voltage or ex- 
tremely high temperature (>300°C). An excessive 
voltage applied between the source and drain causes 
a bulk breakdown, which unlike avalanche 
breakdown in a transistor, is irreversible. With the 
addition of protective zener diodes, however, GaAs 
fets are as rugged as most microwave semiconductor 
devices. 

It may seem that GaAs fets are too rare, exotic, 
and expensive for amateur use, but many new 
devices started out this way. Then, radio amateurs 
like K2UYH, who needs the improved low-noise per- 
formance for his moonbounce work, began using 
them. Finally, after a few years, price and availability 
become more reasonable and formerly exotic devices 
come into general usage. This may or may not hap- 
pen with GaAs fets, but amateurs should keep an eye 
on new technologies for the future. 

'All photographs courtesy Microwave Semiconductor Corporation 

fig. 3. GaAs fet chip flip-chip mounted in package. ham radio 



new op amp 
challenges the 741 

The new CA3140 IC op amp 
from RCA features a 

hig h-impedance 
mosfet input stage, 
improved slew rate, 

and wider frequency response 
at comparable cost 
to the popular 741 

For several years the 741 op amp IC has been the 
popular workhorse for both industrial and hobbyist 
circuit designers. Why? Because it's inexpensive and 
simple to use. Of course, its slew rate isn't too great, 
and its input bias current isn't anything to write home 
about, but what do you expect for twenty-five cents? 

Now there's another op amp IC on the market 
which I think deserves as much attention as the 741; 
it's the new RCA CA3140. Like the 741, it requires no 
external frequency compensation components, and 
its output is short-circuit proof. Its pin configuration 
is the same as the 741, and RCA claims the CA3140 is 
a direct plug-in replacement for the 741 in most ap- 
plications. 

So, what's so special about the CA3140? For 
openers, it has mosfet input transistors (diode pro- 
tected) which means you can use much higher value 
resistors in the input circuit without worrying about 
their effect on output offset voltage. Another big ad- 
vantage is that the slew rate of the CA3140 is an 
order of magnitude faster than that of the 741. Sup- 
ply voltage range for both op amps is the same; + 2 
to + 18 volts. 

Now for the price. A t  this writing, it's available in 
an 8-pin TO-5 can for 80 cents in small quantities. It is 
reported that it will soon be available in the popular 8- 
pin minidip plastic package for 72 cents. The slight 
difference in cost as compared to the 741 seems very, 
reasonable for  the higher performance of the 
CA3140. 

Table 1 lists some important parameters for both 
the 741 and the CA3140, so you can quickly see what 
you're getting for your money. Specs given are for 
the commercial versions. 

The big differences between the two op amps are 
clearly input resistance and bias current, and slew 
rate. Typical curves for the devices show that max- 
imum output voltage swing for the 741 is flat out to 
10 kHz before it starts falling off at higher frequen- 
cies, while the CA3140 is flat out to 100 kHz. Fig. 1 
shows a block diagram of the CA3140, and fig. 2 
shows the schematic diagram. 

I a disadvantage 
There is one point on which the 741 is superior to 

the CA3140: the 741 will drive a lower resistance load 
than the CA3140 will. My experience shows that 
severe clipping of the output occurs on negative 
peaks when the load resistance on the CA3140 is 
1200 ohms. If the load resistance is increased to 2000 
ohms, this problem disappears. The 741 output cir- 
cuit is a complimentary npn-pnp emitter follower, 

OFFSET 
NULL CA3140 

I 

fig. 1. Block diagram of the new RCA CA3140 op amp 1C 
which is a direct plug-in replacement for the popular 741 
in most applications, but features a mosfet input stage for 
high input impedance. 

1 
I - 

while the CA3140 has an npn emitter follower with a 
current source in the emitter circuit. 

application 

BIAS CIRCUIT 

CURRENT SOURCES 

AND REGULATOR 

Since the input current to the CA3140 is so low, 
many megohms of unbalanced resistance may be 

I 
,, I 

I 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 
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table 1. Specifications of the 741 and RCA CA3140 op amp ICs. 
compared at +25OC. 

parameter 74 1 
Input resistance (typicall 2.0 
Input bias current (max) %JO.M)O 
Input offset voltage (max) 6 
Slew rate (typical) 0.5 
Large signal voltage gain Irnin) 20.000 
Output resistance (typical) 75 
Power supply rejection (max) 150 
Common mode reiection ratio (min) 70 

CA3140 units 
1.5 x lo6 rnegohrns 

50 picoamps 
15 millivolts 
9 voltslps 

20,000 voltslvolt 
60 ohms 

150 11 voltlvolt 
70 dB 

used in the input circuit with no appreciable dc out- 
put offset due to bias current. Consider the circuit of 
fig. 3. The inverting input terminal sees a parallel 
equivalent resistance of 10 megohms. Since the 
maximum input bias current is 50 pico-amperes 
(0.00005 microamp), the offset voltage due to bias 

current will be no more than 0.5 millivolt. Therefore, 
for most applications, you can use just about any 
resistor network you choose on the input and forget 
about its effect on the offset voltage. 

I took advantage of this feature of the CA3140, 
plus its high slew rate, to build the simple Wien 
bridge sine wave generator shown in fig. 4. Both ICs 
are CA3140s. U1 is the oscillator, and U2 provides a 
constant 600-ohm output impedance, regardless of 
the amplitude setting. 

The resistor network at the output lets U2 see a 
load resistance of 2000 ohms when the output ter- 
minals are connected to a 600-ohm load; it also 
causes the output terminals to look like a 600-ohm 
source. Maximum output amplitude into a 600-ohm 
load is about one volt rms. 

Frequency range of the Wien bridge oscillator is 30 

fig. 2. Schematic of the RCA CA3140 op amp IC with diode-protected mosfet input stage. As compared to the 741 op amp, the 
CA3140 offers higher input impedance and improved slew rate. Typical specifications for the two devices at room temperature 
are listed in table 1. 
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Hz to 100 kHz and is flat within 0.5 dB, due to the ex- 
cellent gain control characteristic of the thermistor in 
the feedback circuit of U1. The 10k pot is adjusted 
for best waveform. Total harmonic distortion is less 
than 0.5 per cent at all frequencies. C1 and C2 is a 
two-gang 450-pF air variable. Its frame must be in- 
sulated from ground; I mounted it on a piece of plexi- 
glass and used an insulated shaft coupling to con- 
nect it to the dial. A trimmer capacitor is needed to 

fig. 3. Maximum dc offset of this circuit due to bias current 
is0.5 millivolt. 

balance out stray capacitance from the capacitor 
frame to ground. 

a word of caution 
The input bias currents given above are for +25OC 

ambient temperature ( room temperature). As 
temperature increases, the input bias current of the 
CA3140 will approximately double for each 10°C rise. 

fig. 4. Wien bridge sine-wave oscillator using two RCA 
CA3140 op amps covers 30 Hz to 100 kHz with less than 0.5 
per cent total harmonic distortion. The 10k pot is adjusted 
for best waveform. Capacitor C1 and CZ is a two-gang 450- 
pF variable with its frame isolated from ground. Maximum 
output into a MX)-ohm load is about 1 volt rms. 

A t  +125OC, its value will be roughly 1000 times 
greater than at room temperature. Input bias current 
for  the 7 4 1 ,  however, actually decreases as 
temperature rises. 

ham radio 

2 Meter Synthesized Transceiver 800 Frequencies in 5 KHz Steps 
Variable RF Power 2-25 Watts 6 Digit LED Frequency Display 
Exceptional Transmit Audio Optional Plug-in Touch Tone Encoder 
Designed and manufactured in America, using State-of-the-Art digital technology, 
the S 2 25 is a high quality transceiver with excellent specifications. Of paramount 
importance to the user is its outstanding overall performance, both in transmit 
and receive mode. Write for complete technical specifications on this fine example 
of American craftsmanship. 

AMCOMM 730 West McNab Road, Fort Lauderdale, Florida 33309 
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INFO-TECH M-93 TERMINAL UNIT 

XMIT 

RECEIVE 

Check .these advanced features: 
State of the art three shift active filter C.W.I.D. (prom programmed) 
demodulator 60 ma constant current loop supply 
Three shift AFSK using function generator . Autostart 
chlp 
Regeneration on both receive and transmit L.E.D. tuning indicators for easy tuning 
using UART 

PRICED AT ONLY $239.50 
Write for information or see them at 

Cohoon Amateur Supply G. Hutter-Kunststofftechnik Mid Com Electronics, Inc. 
Highway 475 Postfach 2129 2506 South Brentwood Blvd. 
Trenton. Kv. 42286 D-8990 Lindau (8)  St. Louis. Mo. 63144 

. - 
Germantown Amateur Supply Germany 

, D ~ ~ , ~ ,  tor ~ s ~ ~ ~ ~ ~ .  A U S ~ ~ Z ~ .  s~,tzertena) 
3202 Summer Ave. 

N 6 G Distributors 

Memphis. Tenn. 381 12 
4545 N.W. 7th St. 

lnternatlonal Commercial Sales Miami, Florida 33126 
Ham Radio Center 14 Pleasant View Drive 
8342 Olive Blvd. Annawan, 111. 61234 
St. Louis. Mo. 63132 

I ~ ~ R P O R h T E D  Specializing in Digital Electronic Systems 

2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)576-5489 
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MICROPROCESSORS 

microprocessors: 
a microprocessor 
controlled CW keyboard 

N o w  that the microprocessor has made the 
homebrew computer possible, its popularity should 
tend toward dedicated applications in amateur radio. 
In this article, a preprogrammed microcomputer is 
designed to function as a Morse Code keyboard with 
extra features providing the utmost in flexibility. This 
project is an attractive alternative to its discrete 
equivalent with numerous gates, flip-flops, binary 
counters, and diode matrices. 

The code computer was designed around the 
MCS-6504 microprocessor by MOS Technology. The 
other devices connected to the processor chip com- 
prise a software simulation of a discrete logic system. 
The software for this project was developed and 
debugged with the aid of a KIM-1 microcomputer. 
After the program was working to my satisfaction, 
the source listing for the software package was 
transferred to the 1702A EPROMs for permanent 
storage. Thus, the system is running upon applica- 
tion of power. 

However, this system does more than synthesize 
Morse code from an ASCll keyboard. It also provides 
control functions, for operator convenience, which 
are unheard of in similar units of discrete design. The 
features of this system are: 

1. Variable code speed, 5 to 99 wpm range. Code 
speed is entered digitally from the numeric keys on 
the keyboard. 

2. 256-character first-in-first-out (FIFO) buffer 
memory. This allows the operator to type faster than 

the machine is sending. A t  10 wpm, it's possible to 
get five minutes ahead of the machine. 

3. Automatic character spacing. Word spacing is 
provided by the operator's depressing the SPACE bar 
on the keyboard. 

4. 64-character auxiliary buffer for storing repeated 
messages like CQ or call-up sequences. Data can be 
entered into the auxiliary buffer without causing in- 
terference to the FIFO. 

5. BACKSPACE command. A backspace routine is in- 
cluded in the software for FlFO error correction, and 
operates like the BACKSPACE key on a typewriter. 
For ASCII keyboards without a BACKSPACE key, 
CONTROL H can be used. 

6. Automatic default. Illegitimate control characters 
are ignored by the program to prevent a software 
lock-up condition. Control characters are used for 
code speed entry, auxiliary buffer data entry, aux- 
iliary buffer data transfer to FIFO, and backspacing. 

7. TRANSMITIRECEIVE output. This reed output 
automatically switches your transceiver from receive 
to transmit when you begin typing. The rig will stay 
on the air until the FlFO is empty. 

8. Warning lights. Two indicator lamps are provided 
to prevent the operator from filling the FlFO to the 
OVERFLOW point. Lamp 1 lights when there are less 
than 64 character spaces left in the FIFO. Lamp 2 
(condition red) turns on when the operator is within 
16 characters of OVERFLOW. 

9. FlFO full output. This signal from U13 goes to a 
logic 1 when the condition red lamp goes on. It stays 
high until the condition yellow lamp turns off. This 
output can be used to control a paper-tape reader. 

By James W. Pollock, WBZDFA, 6 Terrace 
Avenue, New Egypt, New Jersey 08533 





10. By adding a serial-to-parallel converter, like a 
UART, the system can be used with an ASR-33 or 
similar Teletype, CRT serial data terminal, etc. 

Although construction is not especially critical, 
this project is not recommended for the beginner; an 
experienced hardware hacker should encounter no 
difficulty. The cost of this project including power 
supply, ASCll keyboard, enclosure, and all parts is 
less than $200. About half of that figure will be in- 
vested in  the ICs alone. Knowledge of basic 
microprocessor operation and programming is 
recommended, but is not a requirement to build the 
system since the EPROMS store the system's opera- 
tion program. 

It's important that the builder be very meticulous 
while assembling the system. Since computers do 
only what they are told to do, a miswired address or 
data line will wreak havoc. Interchanging EPROMs U6 
and U7 will have the same effect. The instructions for 
the program have been listed in a specific order to 
define the behavior of the Morse keyboard. Inter- 
changing the EPROMs, in effect, scrambles the order 
in which the instructions are to be executed. 

system operation 
The heart 01 this code computer is a 6504 

microprocessor which is a software compatible 
cousin to the 6502. The 6504 was chosen for its lower 
cost and compact 28-pin package design. 

The crystal oscillator (U lC and U1D) functions as 
the system clock (see fig. 1). U2A divides the 1-MHz 
clock down to 500 kHz to compensate for the slow 
speed of the 1702A EPROMs. Since the access time 
for the 1702A is usually specified at 1 pec ,  the 
operation of surplus units may be marginal at the full 
1-MHz clock rate. Thus, a system clock of 500 kHz 
was chosen to prevent EPROM access timing prob- 
lems without resorting to  buying factory prime 
units. 

Pin 28 (42 out) on the 6504 is used to coordinate 
the readlwrite timing of the RAMs (U8-U11) and the 
peripheral interface adapter (PIA), U12. U5A, U58, 
and U5C buffer the readlwrite and 42 signals to pre- 
vent loading effects on the microprocessor. 

The PIA (U12) is used to interface the data bus of 
the microprocessor to the ASCll keyboard, keying 
relay, xmtlrcv relay, side tone oscillator, and the 
FIFO warning lamps. Thus, the PIA chip is used as an 
I10 port for the system. Port A is used to read the 
seven-bit input from the ASCII keyboard. Pin 2 of the 

'A PROM programming service is available from Keith Petersen. 1418 
Genesee Street. Royal Oak, Michigan 48073. For this project only, the cost 
is $6 for programming plus $1 for shipping and handling, per pair. Send the 
PROMS in a conductive carrier to prevent static discharge damage. 

PIA is bit 0 of Port A and is used as the serial output 
for the Morse code information that switches the 
side tone oscillator (U13) and the keying relay driver 
transistor (Q4). Port B is used as an output latch for 
the FIFO status flags. 

1. Pin 25 - TRANSMITIRECEIVE output 
2. Pin 24 - Condition yellow output 
3. Pin 23 - Condition red output 

In addition to two I10 ports, the PIA is equipped 
with a readlwrite interval timer that is used exten- 
sively for the timing of dots, dashes, and spaces. The 
timer is programmable in discrete steps of two 
milliseconds with a 500-kHz time base. 

The PIA also has a 64 by 8 bit RAM that can be 
used for scratch pad, or temporary program storage. 
The RAM, however, was not used on this system. 

The RAMs (random access memories) chosen for 
this project are 21 11's (U8, 9, 10, 11 1. These chips are 
organized as 256 by 4 bit devices, and are used in 
pairs to accommodate the 8-bit data bus of the 
microprocessor. Thus each pair (U8, U9, and U10, 
U l1)  makes up a 256 by 8 bit memory page for a total 
RAM storage of 512 bytes. As seen in fig. 1, the 
RAMS are used as temporary storage for the system 
scratch pad and messages entered via the keyboard. 

These particular RAMs, like the microprocessor, 
have a bi-directional data bus that permits - OR tying 
to the CPU for ease of construction. The R I W  signal 
from U5E, when a logic 0, allows the RAMs to send 
data to the CPU; when a logic 1, they will accept 
data. 

The bi-directional data bus of the CPU, pins 18-25, 
is OR tied with the data bus pins of the EPROMs, 
RAMs, and the PIA. Since these lines are tri-state, 
ORing them in this fashion greatly simplifies con- 
struction. These I10 pins are in a high impedance 
state when the chip select (CS) pin of the IC is a logic 
1. Since the address bus is a "one-way street," these 
lines are also tied together. 

Selection of the support devices is accomplished 
by U3. The high order address lines of the CPU, are 
decoded by U3 which in turn presents a logic 0 at the 

pin of the appropriate device. Address lines 
A8-A10 select the support device (RAM, EPROM, PIA) 
while the low order address lines Ao-A7 select a 
memory cell within that device. Table 1 shows the 
selection scheme with regard to the address lines. 

table 1. Device selection by the microprocessor. 

device selected A10 A9 A8 
U8 and US 0 0 0 
U10 and U11 0 0 1 
U12 1 0 1 
U6 1 1 0 
u7 1 1 1 



In order to have data from the keyboard processed be remembered: the ASCII outputs are not latched, 
by the CPU, the strobe output from the keyboard and will only be present when the key is pressed. 
diives the Interrupt ~ e ~ u e s t  pin (IRQ) with a 
negative-going pulse. The negative-going pulse at 
the IRQ input is about 10 psec long. Using the IRQ in- 
put in this manner alerts the CPU to the fact that 
keyboard data has been entered for processing. A 

PATTERN FROM 
LOON UP 

STORE I N  
MORSE 

REGISTER 

RACTER SPACING 

WAIT, DELAY 
FOR PERIOD 

fig. 2. This flow chart shows the ASCll to Morse conversion 
used in the keyboard. 

subroutine then fetches the keyboard data from the 
PIA and stores it in memory each time a key is 
pressed. 

Any ASCII encoded keyboard with TTL compatible 
output levels will easily interface with the computer. 
Pins 34-40 are the ASCll inputs to the PIA, with pin 
40 being the least significant bit, B1. The KBD-5 
ASCII keyboard kit by South West Technical Pro- 
ducts is a good choice. Regardless of the keyboard 
you select, bear in mind that the keyboard must be 
programmed for upper case characters; lower case 
characters will not work in this system. 

On the KBD-5, the BACKSPACE key is uncom- 
mitted and must be connected to the on-board en- 
coder. In my case, I connected the leads for the 
BACKSPACE key to pins 26 and 36 of the AY-5-2376 
encoder. The ASCll output will then be 0001000 
when the key is pressed. One additional point should 

ASCll to Morse conversion 
The generation of the Morse character for its ASCll 

equivalent begins by using table 2 for U6. As an ex- 
ample, the ASCII code for the letter F is 1000110 or 
&he,. The CPU looks at the 46th position in table 2. 
At position &he, the number is 00101000 or 28heX. 
The CPU stores this value in a memory location for 
shift operations during the code synthesis process 
and for future reference. 

table 2. Look- 

ASCll hex 

1000001 41 
1000010 42 
1000011 43 
1000100 44 
1000101 45 
1000110 46 
1000111 47 
1001000 48 
1001001 49 
1001010 4A 
1001011 48 
1001100 4C 
1001101 4D 
1001110 4E 
1001111 4F 
1010000 50 
1010001 51 
1010010 52 
1010011 53 
1010100 54 
1010101 55 
1010110 56 
1010111 57 
1011000 58 
1011001 59 
1011010 5A 

0110000 30 
0110001 31 
0110010 32 
0110011 33 
0110100 34 
0110101 35 
0110110 36 
0110111 37 
0111000 38 
0111001 39 

0101100 2C 
0101101 20 
0101110 2E 
0101111 2F 

1011011 5B 
1011101 5D 

1011110 5E 

0111010 3A 
0111011 38 

.up table listing for U6 

Morse code hex 
group equivalent 

01100000 60 
10001000 88 
10101000 A8 
10010000 90 
01OOOOOO 40 
00101000 28 
11010000 DO 
00001000 08 
00100000 20 
01111000 78 
10110000 BO 
01001000 48 
1 1 1 OOOOO EO 
10100000 A0 
l l l l O O O O  FO 
01101000 68 
1101 1000 D8 
01010000 50 
00010000 10 
11OOOOOO co 
001 10000 30 
0001 1000 18 
01110000 70 
10011000 98 
101 1 1000 88 
11001000 C8 

11111100 FC 
01111100 7C 
00111100 3C 
0001 1100 1 C 
00001 100 OC 
000001 00 04 
1OOOO100 84 
11000100 C4 
11 100100 E4 
11 110100 F4 

11001110 CE 
00010110 16 SiT 
01010110 56 
00110010 32 - 
01010100 54 AR - 
10010100 94 DN - 
10001100 8C BT 

11 100010 E2 
10101010 A A 
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The Morse buffer register will contain the informa- 
tion from table 2 as: 

The 0s represent dots and the 1s represent dashes. 
The actual code pattern is determined by inspecting 
the bits, from most to least significant. The remain- 
ing bits are used to  denote completion of the 
character by putting a 1 after the character and 0s 
after the one. The software will then check for 
10000000 (8OheX). 

The arithmetic shift left (ASL) instruction is used 
to shift the code group into the CARRY flag one bit at 
a time. 

START 0 1 0 1 0 0 0  
1st ASL 
2ndASL oJ1 0 1 0 0 0 0 0 
3rd ASL l J ~ l O O O O O O  
4th ASL o ~ ~ ~ O O O O O O  

Upon execution of ASL, 87 is shifted into the CARRY 
flag and the other bits in the Morse register are 
subsequently shifted to the left. The shifts are per- 
formed until the content of the register is 1000 0000 
(80he,). In the case of the letter F, four shifts are 
used. 

Morse characters are synthesized in dot-space and 
dash-space pairs. The state of the CARRY flag deter- 
mines whether a dot-space or dash-space pair will be 
sent by the timing loop software to the keying relay. 
When the final shift occurs, the program inserts a 
time delay equivalent to three dots to provide proper 
spacing before the next character. 

The flow chart illustrating the entire ASCII to 
Morse conversion technique is shown in fig. 2. 

control characters 
Control characters lend a greater flexibility to the 

system by allowing the operator to change the 

fig. 3. Schematic diagram of the power supply. The LM309K 
should be mounted on a heatsink. Note that the case of the 
LM320-12T must not be grounded. The bridge rectifier's 
rating is 100 PIV. 1 ampere; the transformer is 25.2 Vac. 1 
ampere. 

+5  volts ground - 8 to - 9 volts 

14 7 

14 7 

16 8, 12 
4 2 

14 7 

13, 15, 22, 23 16. 24 

18 8 

7, 16. 20 1. 5. 6, 8, 
10. 11. 12 

14 7 

8 1 

course of program execution, and perform software 
generated control sequences solely from the 
keyboard. The control character is implemented by 
pressing the CONTROL key first and while keeping it 
depressed, the desired alpha-numeric key. The 
following control characters are programmed for use 
with this system: 

1. BACKSPACE (CONTROL H) 
2. CONTROLX 
3. CONTROLS 
4. CONTROL L 
5. CONTROLT 
6. RETURN (Carriage return) 

BACKSPACE is used only for FlFO error correction. 
This key backs up the FlFO pointer to the last 
character entered; the keystroke that follows will 
replace that character. This feature literally makes it 
possible to send perfect code. Since the BACKSPACE 
key can be used to correct mistakes as they are 
made, a special key for the standard error signal (8 

The CW keyboard is housed in a 14 x 11 x 3 inch (36~28x8 
dits) was not included in the software. 

cm) cabinet available from Nu Data Electronics, 104 North CONTROL X is used for entering the code speed en- 
Emerson Street, Mount Prospect, lllinois60056. try routine. For example, the code speed can be 



changed to 25 words per minute by the following 
sequence: 

1. CONTROLX 
2. 25 
3. CONTROLS 

CONTROL X allows the operator to enter the two- 
digit code speed into a buffer. CONTROL S then in- 
itiates a subroutine that programs the interval timer 
by calculating the equivalent time element for that 
code speed. The calculation was based on the ARRL 
rule that 12 wpm is analogous to 5 dits per second, or 
10 Hz. Thus, from wpm, the time interval can be 
calculated. Since the interval timer is binary and not 
decimal, the timing interval must be converted to 
hexidecimal. 

After all the conversion constants are computed, 
the final equation is 

The division is performed in the microprocessor by 
using a repeated subtraction technique that performs 
the subtraction in decimal, and counts the number of 
subtractions in hex (base 16). 

CONTROL L is used to store call-up or CQ se- 
quences in the 64-character auxiliary buffer. When 
CONTROL L is activated, the contents of this buffer 
are, in effect, erased. The auxiliary buffer can be 
loaded as follows: 

1. CONTROL L 
2. CQ CQ CQ CQ CQ CQ DE 

1. CONTROL T 
2. ARAR K 

After the content of the transmission has been sent, 
the FlFO will send K2SMN K2SMN DE WB2DFA 
AR AR K. 

If a mistake is made while entering data into the 
auxiliary buffer, you must start all over again by 
depressing CONTROL L. BACKSPACE will not correct 
auxiliary buffer errors. When using a data terminal or 
a TV type terminal to enter data, the capacity of the 
auxiliary buffer will be one line of text. 

construction 
Since construction of this project involves the 

handling of MOS devices, their handling precautions 
should be observed. It is best to leave the EPROMs, 

ZYS 2 ~ 5  

~ i -  ~r 
+I  

PINS 1.6 

I I 

WB2DFA WBZDFA WB2DFA K 
3. RETURN 6 5 0 4  FROM 

cpu [ 1: qyE u3 ~ L e , ~ & = 2 ; ~ A  

The RETURN key jumps the program back into its AIO DURING BY " C O N D ~ T ~ O N  THE "STAND- 

normal flow, and the auxiliary buffer can be recalled 
I2 6 

by depressing CONTROL T. If it is desired to save the 8 

auxiliary buffer for later recall, the RETURN key is 
used so that the operator can go on with typing data 
into the FIFO. 

There are many situations in which this buffer can 
be used to make the operator more efficient. For ex- 
ample, while your QSO partner is answering, you can 
load a signing sequence as follows: 

1. CONTROL L 

2. K2SMN K2SMN DE WB2DFA 

3. RETURN 

When he is finished, you go on the air instantly by 
hitting CONTROL T and start typing your QSO. After 
the auxiliary buffer is empty, the FlFO memory is 
read out, in the order in which characters were 
entered. 

To finish your transmission, you can recall the aux- 
iliary buffer data by using CONTROL T again. 

/ I /  

fig. 4. System timing pulses that are on U3, the chip select 
IC, during the halt loop. 

CPU, PIA, and RAM chips in their protective carriers, 
installing them last. The use of sockets is highly 
recommended; a one-dollar socket is good insurance 
for the prevention of irreparable damage to a 20 
dollar CPU or 18 dollar PIA. 

The best place to start building is the power supply 
( f i g .  31, measuring the output voltage f rom 
regulators U15 and U16, + 5 and - 12 volts respec- 
tively. The potential at the cathode side of CR2 
should be - 8 to - 9 volts. After the voltage checks 
have been made, all capacitors, resistors, diodes, 
and transistors should be installed. Do not install any 
of the ICs before checking the pin voltages shown in 
fig. 3. When the voltage and continuity checks 
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agree, it's safe to proceed installing the U1, U2, and 
U14 circuitry. 

After you've re-applied power, check pin 8 of U1C 
for a 1-MHz signal, then pin 6 of U2 for a 500-kHz 
square wave. The tone oscillator, U14, should put 
out an 800-hertz square wave when pin 4 is tied to 
+ 5 volts by a clip lead. The tone should stop when 
pin 4 of the 555 oscillator is grounded. 

The next step is the installation of the CPU. 
EPROMs, and RAM chips, along with their support 
devices, U3, U5, and U12. When power is re-applied, 
the tone oscillator should be running. Momentarily 
grounding pin 1 of U4 will stop the tone. This means 
that the microprocessor has stepped through the 
configuration software, and is executing the STAND- 
BY routine in U6. Verification of this condition can be 
made by comparing the waveforms from U3's out- 
puts, with those depicted in fig. 4. Also, the output 
pins of U12, pins 2, 23, 24, and 25 should be at 
logic 0. 

The address and data lines of the CPU can only 
drive one standard TTL load. Therefore, i t  is 
necessaw to use low-power TTL (SN74L00 series) 
devices so the microprocessor can reliably drive the 
address, RIW, and clock pins of the EPROMs, RAMs, 
and the PIA. SN74LS00 devices could also be 
substituted. Note that the 1-MHz oscillator uses an 
SN74L00 in a self-biasing scheme provided by the 
4.7k resistors. A standard SN7400 will not work with 
the values shown in the schematic. 

The system, as is, represents a minimal configura- 
tion. The CPU itself is capable of addressing a total of 
8192 bytes of memory; of this amount, only 1024 
bytes are used for RAM and PROM. Address locations 
0200 to 04FF are not used.' Thus, the system can be 
expanded by adding RAMs or more I10 with software 
to supervise the expansion in the PROMS for loca- 
tions above address 0800. However, expansion of 
the basic system means buffering the address and 
data bus by means of TTL inverter pairs on the ad- 
dress lines, and a transceiving buffer on the data bus. 

'A copy of the memow map and programming information for the EPROMs 
is available by sending a self-addressed, stamped envelope to ham radlo. 
Greenv~lle. New Hampshire 03048. 

references 
1. Brice. Ward, M~croprocessor/M~croprogremming Handbook. Tab 
Books. Blue Ridge Summit. Pennsylvania. 1975. 
2. L. Krakauer, "Efficient Storage of Morse Character Codes." BYTE, 
October, 1976. 
3 .  W. Sewell. WBSNYC. "If Sam Morse could see us now." BYTE, 
October, 1976. 
4.  J. Pollock. WBZDFA. "1000 WPM Morse Code Type." ?3. Januaw. 
1977. 

ham radio 

START THE NEW YEAR 
WITH A COPY OF 

GREGORY ELECTRONICS 

january 1978 87 



2 OBI At0 S h l ~ f T M l l l  
Anywhere 8n US.  
Amrpon 10 A~rpDn 835 
Alaska and Haws,, Sl~ghIly Higher 

ers lncludlng mars. 

put Continuous duty power supply built ln  - State of the artzener diode standby and - All malor HV and other c i r cu~ t  components mounted o n  
operating b ~ a s  prov~des reduced i d l ~ng  current and greater output eff~clency - Built In slngle G-10 glass plug in  board. Have a service problem? 
hum free DC heavy duty antenna change-over relays - AC Input 1 lOV or 220V AC. (Very unlikely) Just unplug board and send to us. 
50-60Hz. Tuned Input clrcults - ALC-rear panel connections for ALC output to ex- Heavy duty comnlerclal grade quality and construction sec- 
clter and fo r  relay control - Double Internal sh~e ld~ng  of all RF enclosures. Heavy ond to no other unlt at any prlcel 
duly chassis and cab~net construct~on and much, much more. . We~ght  90 Ibs. Size 9'12" (h )  x 16" (w )  x 15%" (d). 

I HOLIDAY INTRODUCTORY SPECIAL! 
New! Sigma Model AF250L 
DeviationlModulation Meter W O L t ~ ~ ~  SALE 

I Fullv Certifisble for Commercial Use 
Features: $169 I 

Frequency. 18MHZ-520MHZ13 range select (A. B. C. EXT). A range 26.5 MHz-4OMHZ. B r,lrlqe 48MHL-60MHZ. C rarluc, 130MHZ 156MHZ. 
EX1 range. 18MHZ-520MHZ (Need S~gna l  Generator)-Generous overranges-Input level (11 Throuqh type ll lplrl level IW-200W IRF Input Ter. 
mlna l )  ( 2 )  O ~ r e c t  lnput  level M o r e  than 80db i500hm ~ m p e d a n c e  Amplitude m o d u l a t ~ o n  deqree 0 - l 00 "0  - Frequency d e v ~ a t ~ o n  
0-20KHZ Accuracy -3% of ful l  scale lntermed~ate frequency 10 7MHZ - Local Input trequency (EXT Range) - Measu r~ng  lrequency 
t i - 107MHZ RF Attenuator: 0-60db var~able . Aud~o  s~gna l  osc~ l la tor  (1 )  A u d ~ o  Fre uency-1.000HZ (1  KHz). (2 )  Output level-More than 1V 
R M S -  Power Source. AClJ7V. Dlrnenslons H-51'1,, (140mm).  W-1O1!4" (260mm). !-7"4" (184mm) Welqht 7 Ibs 

SIGMA RF-2000 SWR & POWER METER SPECIAL SCANNER SALE ::,SC;: 
Sun".. I1  tor Trio- 

~ c F , ~ U ~ ~ " D ~ ~ :  FOR KENWOOD TR-74WA 0 - 1  Nenwod Full scan 146 TR.74WA. and 147 
IM MHz P b a ~  m mt MHI ~onsecul~rslv or 1 ..... cenlusa the R F 2 W  wllh . ' MHz. Or s n l  MHI ranp. 

- s~molar .pparlnQ I w r  ' Scan rate I MHz;2 
prued unll l  R F 2 W  ts an 
~mwd~.llv cml,br.md C o n l r e l s  WCondS (adlustable) Scan.  Hold. 
plol...,on.l g"al4,v 

. - Ullch.'Oelav, 600 KHz r m l  onstrumen! un.qualw at 
m n v l , m ~ t ~ p r c .  s,,. 14Channsl Propramm.bIe FMSC 1 reg 5169 - 899 ~ ~ ~ a ~ ~ M &  2,;; Inlll~llill.lllly PllW 7 I w l l  2 113"ldl rw 8109 - 866 7400 Sanner I1 Rsa 1189 8119 ~nsfallal#on 

SALE FMOF 2 'I MHz Oflsaf Oovoo K I I  (No 
Crp la l r  lo  Burl 6 1 0  UKDK] FM 144 ~ c c e s s o r i e s  F M T t  1 sub Audlbls lone lla) HI. 
A d ~ ~ r l a b l n  67203  Hz1 ......15 

FM50-1  OSXRII 
Ownsrs Manual I C x l r ~ l  . . . . . . . . . . . . . 8 5  

FMTP-I TO... T a  P.d...................O1.. evcerrurlss 
FMTP.2 Touch T a  Pad wllh 10 Number 

Progrmmmable M............. FMPS-4R Rsgulalsd ACPS............. 
FMTD.1 Pravals all Dsodsr lor u u  Wllh FMMC-1 Mrrophona wllh Bulll-m 

.......................... and Roprammsd 4 Anv 
.........................5........ op,,on KII - A......... 

SC-12A Audlble Tons E n d r  D.ccld.r865 An. Splll ...................... 51 00 53 995 MHz 6 M  channels 
FMSC-I Scanner-Random Any Range. (99 FMAT-I 'h Wan, Patsble Anlenne In 
MARS.CAP Optkon UII Anv Freqwnn. notel, ~ o l s l  or Apnmsnl  . .17 95 

Holtdav Sale-Prtce (339 

5.111 Plvp A. ................................ .................. 
FMOF-1 OHwt Opllon KP - 2 Em. % w # n  Manuel .................. NEW COL H A M  Ill ROTPITOHS- 

Posm~nons. c ~ 1 . l ~  Rwu8r.d.. 0.0 ~auntsng   tack st ~Ex t ra l  . . . . . . . . . . . .16W Req. 5159 95-5125 

AMATEUR-WHOLESALE ELECTRONICS 
8817 S.W. 129th Terrace. Miami.  F l o r ~ d a  33176 
COURTEOUS PERSONAL SERVICE-SAME DAY SHIPMENT Prlces subject l o  change wlthout notice. I ~ V S A W W U O  [=!K@il Atlas 210X-215X and 350-XL 

v,,.,,\,. *,,,,. q , , ,  ,,,?, ,#, 

Telephone: (305) 233-3631 Telex 51-5628. Store Hours: 10-5 Mon.-Fri. 

88 january 1978 M o r e  D e t a i l s ?  C H E C K - O F F  P a g e  142 



'NEW! 
THE FUTURE NOW! 

FM2015R Does Your Unit Cover The New 
Sub-band 144.5 - 145.5 MHz? 
The FM2015R Does, PLUS MARS-CAPI* 

All Solid State-CMOS PLL digital synthesized - No Crystals to Buyl 5KHz steps - 
144 - 149 MHz-LED digital readout PLUS MARS-CAP." 

5 MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz-400 
to 800 Channels) a 4 CHANNEL RAM IC MEMORY WITH SCANNING a 
MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO TUNING -TRANSMIT 
AND RECEIVE a INTERNAL MULTIPURPOSE TONE OSCILLATOR a RIT a 
DISCRIMINATOR METER - 15 Watts Output - Unequaled Receiver Sensitivityand 
Selectivity - 15 POLE FILTER, MONOLITHIC CRYSTAL FILTER AND 
AUTOMATIC TUNED RECEIVER FRONT END, COMPARE1 a Superb Engineering 
and Superior Commercial Avionics Grade Quality and Construction Second to 
None at ANY PRICE. 

INTRODUCTORY 
PRICE 

$39900 FYYc t wlsm 

R.guhted AC/PS 
Modal FMPS-4R #49 00 

a on," 3 3 4 r 2 .-:--. 6a 
a FREQUENCY RANGE Rscelw and Transm~t 144 W t o  148 995 batures which are found ~n only the most sophlslleeted and 

MHz. 5Khz steps ( 1 0 0 0  channels ) INCLUDING NEW BAND 144 5 expensaw alrcratl and commerc~al lrensce~vers 
145 5MHz + MARS CAP' TRUE FM Not phasemodulat~on forsuperbemphaslnd hl-flaudlo 
LED DIGITAL READOUT quality second to none 

a 4 CHANNEL RAM SCANNER WITH IC MEMORY Programany4 a RIT CONTROL Used lo  ~mprovs clarlly when contanlng SIallOnS 
frequencnes and reprogram at any tlme usong the front panel w ~ t h  off frequency carrler 
controls scan all or part of the memory-search for omupled (closed) a MONITOR IAMPS 2 LED'S on front panel lndlcate (1) IMomlnO 
channel or vacant lopen)channels Internal Nt-Cad ~ncluded toretatn sngnal channel busy and (2) Transmll 
memory (no dtode mat t~ r  to wlre or change) FULLY REGUIATED INTEGRAL POWER SUPPLY Opsratln~ 
MULTIPLE FREQUENCY OFFSETS Three pos~ttons A.B.C. voltage for all 9v c~rcutts independently regulated Mass~w 
provlded for mstallatlon of opt~onal crystals EXAMPLE - 1 MHz Commercial Hash Filter 
offset Duplex Frequency Offset Bunlt In 6M) Khz PLUSor MINUS 5 a MODUIAR COMMERCIAL GRADE CONSTRUCTION 6 
KHz steps plus s~mplex. any frequency Un~t~zed modules el~mlnate stray coupl ln~ and facll~tate ease of 
INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT I N  malntenance 
1750Hz tone burst for whistle on operatson and sub-aud~ble lone ACCESSORY SOCKET Fully mred for touch tona. phone patch. 
operatuon pssible by slmply addlng a capacllor across the terminals and other accessories Internal swttch connects recelwr output to 
prov~ded Internal 2 pos~t~on switch for automal~c and manual ~nternal speaker when connector 1s not ln use 
operatton. tone burst or sub aud~ble tone PL adjustable 60 203Hz MULTl PURPOSE METER Trlple Function Mater Prowdes 
(1 00 Hz provldedl D~scr~m~nator Meter, S Resdlnp on receive and Power Out on 

• AIRCRAFT TYPE FREQUENCY SELECTOR Large and small Transmot 
coar~ally mounted knobs selacl 1 WKHz and 1OKHz steps a RECEIVE Bener than 25uv senslllvlw, 16 POLE FILTERalwell aS 
respecttvely Sw~tchas cllck-stopped with a home posltlon fac~l~tate monol,th~c crystal ftller and AUTOMATIC TUNED LC c~rcults povlde 
frequency chanp~ng w~thout need to vlew LED s while drlvlng and supernor skin select~vlty COMPARE1 
provsdes the s~phtless amateur m t h  full Bra~lle d~a l  as standard a HIGH/LOW POWER OUTPUT 15 watts and 1 wll. Swltch 
equ~pment selected Low power may be adjusted anywhere betwean 1 and 15 
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND watts Fully protected-short or open SWR 
TRANSMITTER CIRCUITS DC outputof PLLfed tovaractordlodes a OTHER FEATURES Dynam~c Microphone bull1 in speaker. moblla 
tn all front end RF tuned ctrcults prov~des full sensotlnty and mount e r t~ rna l  5 pan accessory lack speaker lack. and much. much 
optimum ~ntermodulat~on rejectionover theentlrs band APC(AUT0 more S~ze 2'4 1 7 1 7% All cords plugs luses. m~crophone hanear. 
POWER CONTROLI Keeps RF output constant from band edpe lo  etc lncluded We~pht 5 Ibs 
band edge NO OTHER AMATEUR UNIT AT ANY PRICE has these 

Manufactured by one of the world3 most drstrngurshed Awonrcs manufacturers, Kyokuro Dsnshr Keishn, Ltd 
Frrst in the world wrth en ell solrd srete 2 meter FM trenscerver 

n . . H W r . - M n  
-t .- .n Eb- 

YI, AMATEUR-WHOLESALE ELECTRONICS Ern I.dPd CO.U.LO.*..IL he 

881 7 S.W. 129th Terrace, M~ami, Florida 331 76 DEALER lNOU lR lES  INVITED. C O M .  N J 
12011 614 3003 - Telephone ( 3 0 5 )  233-3631 Telex: 61-5628 PLEASE ORDER FROM YOUR LOCAL F ? p ~ ~ ; e -  

U.S. DISTRIBUTOR DEALER O R  DIRECT I F  UNAVAILABLE.  is141 zz* 113s 
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mobile color code 
Dear HR: 

I would like to propose a standard 
color-coding system for mobile 
antennas so that one mobiler could 
quickly tell visually what  band 
another mobiler was operating on at 
that time. Using the standard resistor 
color code, the fol lowing colors 
would be used for each of the high- 
frequency amateur bands: 

80 meters gray-black 
40 meters yellow-black 
20 meters red-black 
15 meters brown-green 
10 meters red-gray 

The red-gray code is chosen for 28 
MHz because of its higher visibility 
over brown-black for 10 meters. 

The two colors for each of the 
bands could be applied with colored 
tape lor paint) to the antenna loading 
coil, displayed on a pennant flying 
from the tip of the antenna, or shown 
with two colored tape strips on the 
rear bumper. 

Ray Day, WBGJFD 
Palos Verdes, California 

fm repeater channel 
spacing 
Dear HR: 

I wish t o  thank Jerry Pulice, 
WB2CPA, for his fine article on direct 
synthesizers (August, 1977). The 
technical portions appear to be most 
needed in  the f m  community, 
especially for repeater usage (it 's 
amazing what spurs on a mountain 
can do). 

This letter is to comment on a 

statement made by Jerry in  dis- 
cussing the local-oscillator noise per- 
formance of his synthesizer. His 
statement, "In normal operation, 
crystal-controlled equipment would 
be able to maintain DX communica- 
tions within 10 kHz of a repeater 
channel," is misleading and requires 
clarification. 

As is well known, f m  spectrum 
width is wider than the actual devia- 
tion. In fact, the bandwidth actually 
occupied by a narrowband fm signal 
is very close to twice the sum of the 
deviation and maximum modulation 
frequency. For voice operating a 5 
kHz peak deviation (typical repeater 
operation), the bandwidth of the 
transmitted signal is 13 kHz or 6.5 
kHz from the carrier or no-modulation 
frequency. A receiver with 15 kHz 
bandwidth would have interference 
when tuned within 7.5 +6.5= 14 kHz 
of the transmitter. In actual practice a 
physical spacing of 40-50 miles (64- 
80km) is required for operation of 15- 
kHz channels, and 10-kHz spacing is 
totally impractical. 

This condit ion is becoming a 
serious problem in the high density 
areas (like Southern California), not 
because of Jerry's statement, but 
primarily because of the transceiver 
manufacturers' insistence that their 

radios offer "400 channels" simply 
because they can be tuned to 400 
discrete 5-kHz frequencies. In reality, 
there are only a theoretical maximum 
of some 100 channels from 146-148 
MHz, but due to the repeater band- 
plans based on 15-kHz (or 30-kHz) 
spacing, only a theoretical maximum 
of some 80 channels are available. 
This is with ideal equipment. With 
real receivers and transmitters 
available today, this number is closer 
to 60 discrete simultaneous channels 
available from one location. 

Robert 0.  Thornburg, WBGJPI 
Studio City, California 

300-Hz crystal filter for 
Collins receivers 
Dear HR: 

Referring to the article by W1DTY 
in September 1975 ham radio, I have 
found that the transistor impedance 
matching circuit, which has an input 
impedance of less than 15 thousand 
ohms, caused a 10 dB insertion loss 
when used with my 75S3C. To pre- 
sent a high impedance input, I modi- 
fied the circuit as shown in fig. 1. 
This method gives the same output 
as the other filters in the receiver and 
properly matches the crystal filter. 

l W T  
CRYSTAL FILTER 

r c 
fig. 1. High-impedance matching circuit for the 75S3C. 
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The circuit is mounted on a small 
Veroboard held in place with nuts on 
the fi lter mounting screws. The 
whole unit  f i ts nicely under the 
screening can without defacing the 
receiver in any way. I am very pleased 
with the performance of the filter. 
The attenuation is approximately 80 
dB when 600 Hz from the center fre- 
quency. 

C. H. Foulkes, G3UFZ 
Herts, England 

IC-crystal oscillator 
Dear HR: 

VK2ZTB is to be congratulated for 
his excellent article in March 1976 
ham radio. However, it did have one 
omission in the section on IC oscil- 
lators. The Motorola MC12060 and 
MC12061 are specifically designed as 
series-mode crystal oscillators. The 
MC12060 covers 100 kHz to 2 MHz 
and the MC12061 2 MHz to 20 MHz. 
Both ICs produce sinusoidal, ECL and 
TTL outputs. The MC12061 has also 
been operated as an overtone oscil- 

sinewaves to achieve the doubling. 
These two features allow VHF oscil- 
lator signals to be easily developed in 
one IC package with only one tank 
circuit. 

Ron Treadway, W7EKC 
Scottsdale, Arizona 

low-resistance 
measurements 
Dear HR: 

In the September, 1977, issue of 
ham radio, the accuracy of a low- 
resistance measurement method is 
indicated as being in the range of 
1 or2%. 

This is not  always the case, 
however, since an error of plus 100% 
will occur when the resistance being 
measured, Rx, is equal t o  the 
resistance of the millivoltmeter, R,. 
In fact, only when the resistance of 
the millivoltmeter is infinite is the 
method strictly accurate. 

Since the millivoltmeter shunts the 
unknown resistor and the total line 
current is 100 mA 

lator by connecting the components (V,/R,,,,) + (V,,/RJ = 0. I ampere 
as shown in fig. 1. Also, not men- 

Hence 10 Vm= R, x R,/(Rm+ RJ 
tioned in the data sheet* is the ability 
to get twice the oscillator frequency where V, is the voltage across the 
by tying the sinewave outputs (pins 2 millivoltmeter. In other words, the 
and 3) together. This connection per- method gives the resistance not of 
forms a full-wave rectification of the the unknown resistor, R,, but of the 

'Motorola MTTL Phase-Locked Loop Components, resistance of Rx and R,~ in 
MC12OM) Data Sheet. parallel. 

VOLTAGE 6 
fig. 2. Pin connections for using the MC12061 as an overtone oscillator. 

When selecting the millivoltmeter, 
one should be sure that its resistance 
is at least 50 times (and preferably 100 
times) the highest resistance to be 
measured to maintain the stated ac- 
curacy of this useful method. The 
percentage accuracy of the method, 
insofar as the resistance of the 
millivoltmeter is concerned, is limited 
to 100 (R,/R,,J. 

Ed Sampson, W1PT 
Brockton, 'Massachusetts 

magnetron 
development 
Dear HR: 

I have read w i th  considerable 
interest W1 HR's article on "Solid- 
State Microwave RF Generators" in 
the April, 1977, issue of ham radio. 

In the opening paragraphs where 
WIHR briefly reviewed the history of 
devices used to generate microwave 
power leading up to the modern solid 
state devices, I fel t  that some 
reference should have been made to 
the considerable work done by Dr. 
Eric Megaw, GGMU, on the split and 
multi-segment anode magnetrons 
principally done for the Marconi 
Company. Eric Megaw worked at the 
General Electric Co. Ltd., Research 
Labs at Wembley. Also the develop- 
ment of the first high power cavity 
magnetron developed at Birmingham 
University in February, 1940, which 
gave 400 watts CW at 9.8cm, and 
later pulse types for our radar, might 
have been mentioned. 

You are no doubt well aware that 
microwave activity in  the UK is 
growing significantly, largely under 
the direction of Dain Evans, G3RPE, 
and his associates. We how have 
three 10-GHz beacons operating at 
the Isle of Wight, Alderney (Channel 
Islands), and Romford in  Essex. 
Microwave Associates at the Luton 
factory are considering another 
beacon in this band, and one in Aber- 
deen is projected. 

G.R. Jessop, GGJP 
General Manager, RSGB 

London, England 
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SLOW - IEQUEN~ 

C W W  

Standard Features: 

Electronic TuningIAll Solid 
StatelDigitally Synthesized1200 Watts 
PEP InputIFull RF FilteringlDigital 
ReadoutINoise BlankerlSquelchl 
Variable Speech ProcessingIFull 
MeteringIWWV ReceiverlVOXl 
LSB-USB-CW 

The heart of the ASTRO-200 1s the 
frequency synthes~zer The latesl In 
phase-lock-loop lechnology IS 

~ncorporated lo prov~de the bu~l t -~n 
versat~l~ly of all electronlc luntng, crystal 
frequency stab~ltty at each frequency of 
operation and over 40.000 HF channels 
dtsplayed In 100 Hz Increments 
?50Hz f~ne tun~ng for continuous ham 
band coverage The frequency 

First with SSB HF Digital Tuning, is only the beginning 
of what the amateur gets from the CIR Astro 200. 

synthesizer circuit 
board shown. 
illustrates the 
construction on 
high qualify epoxy 
glass material, with 
clean des~gn 

*nl backed by years of 
(Lxrier~ence In des~gnlng and 
rnanufacturtng mllltary and commerc~al 
communlcat~ons equipment 

Rel~ab~l~ty 1s butlt In for years of 
conllnued use Each clrcult board 1s 
baked-~n ' for over 100 hours prlor to 

lnstallatlon In the transcelver assembly 
After system test~ng each transcelver IS 

agaln baked prlor to flnal system 
testlng your guarantee of on-the-a~r 
performance 

D~scover the ease and accuracy of 
electronlc tunlng Cal~brate all bands 
wlth WWV at the turn of a sw~lch Lowest 

frequency dr~ft, wtth no VFO to calibrate. 
Only 2.8" hlgh x 9.5" wide x 12.3" deep. 
Ideal for mobile use or, with accessories. 
provldes complete ftxed stat~on 
operat~on. Net Prtce $995.00. 

Accessories: AC Power supply 
$135.00; Speaker In cablnet $29.95; 
Stat~on operating console wilh phone 
patch. 24 hr. d~gttal clock. speaker, 10 
mtn. t~mer $295.00. Desk m~crophone 
$38.00: Mob~le mounl $12.00: Mobile 
mlc $15.00. 400 Hz narrow band CW 
ftlter $50.00 

Wr~le or phone for complete deta~ls: 
CIR Induslr~es. Inc 1648 N. Magnol~a 
Avenue. El Cajon. Cal~forn~a 92020 U S A  
(714) 449-7633 Telex 69-7989 

rHANil, l  VERS 



U.S.A. 

Gary Radro, 
San Olego 
Ph 714-292-1440 
Ham Radoo Oullet. 
Burlon ame 
Ph 419-342-5757 
Ham Radlo Outlet. 
Anahem 
Ph 714.761-3033 
Ham Radoo Outlet. 
Van Nuys 
Ph 2 13 988-2212 
ROT Enterposes. 
Los Angeles 
Ph 213-751-4191 

CFP Carnmun~catms. Inc. 
H~seheads 
Ph 607 739-0187 
Harrison Radio. 
Farm~ngdale 
Ph 800-645-9187 

Ohm 
Amateur Elechonic Suppfy. 
Cleveland 
Ph 2 16-486-7330 

Coleman's Latayene 
Electfoncs. 
Medtord 
Ph 503-779.7776 
Eugene Amateur Radio, 
F,,o."~ 

I 

Handymen! Hobbyists! , I  
DO-IT-YOURSELFERS! I 
L e t  K e s t e r  Solder aid y o u  in your home r e p a i r s  or h o b b i e s .  F o r  t h a t  household 
i t e m  t h a t  n e e d s  repalring - a radio. TV, m o d e l  t ra in ,  j e w e l r y ,  appliances, minor 
e l e c t r i c a l  r e p a i r s ,  plumbing, e t c .  -Save money - r e p a i r  i t  y o u r s e l f .  Soldering 
w i t h  K e s t e r  is a simple, i n e x p e n s i v e  way t o  p e r m a n e n t l y  join t w o  metals. 

When you Solder go "F i rs t  Class" - use K e s t e r  Solder. 

For valuable soldering i n f o r m a t i o n  send s e l f - a d d r e s s e d  stamped envelope to 
K e s t e r  f o r  a F R E E  Copy o f  "Soldering Simplified. 

m 

KESTER SOLDER 
\ Litton 4 2 0 1  W R I G H T W O O D  A V E N U E I C H I C A G O ,  I L L I N O I S  60639  

--". - 
Obement Llect~oncs. Ph 503.688.1412 
San Jore 
Pn 40R 998.5900 Ponland Radio Supply. 

P W ~  and 
I I I I I I I I  I I I I I I  

Western Raaoo. 
c .- n -., P ~ I  503.2288647 EmNORAM II 'm 

Flarida 
Hamboncs. 
Trevose 

Amateur Elechon~c Supply. Ph 2 15.357-1400 
Orlando 
Ph 305-894-3238 SouM Dakota 

Idaho 
Burghardt Amatwr Cenlw. 
Watertan 

Custom Elechonics. Ph 605-886.7314 
B0lse 
Ph 208-343-0682 Tern  
urns oistributing u., M~tee Electronics Cap.. 
Preston Houston 
Ph 801-852-0830 Ph 713-688-4228 

lllinoir Wnhingtm 
Erlckson Cmmunicattons. A8C Communications. 
Chtcago Seattle 
Ph 312-631-5181 Ph 206-364.8300 

K ~ Y I  A8C Ccinrnuncat?onr. 
E v ~ e t t  

Revcom Electronics. Ph 206-353.6616 

'%'%%6.3470 ABC Bellevue Commun~cat~ons. 

Muuchurr(tr Ph 206-455.0224 
Tufts Radlo. W i s l n  
Medfcfd 
Ph 6 17-395-8280 

Amateur Electronic Supply. 
M8lwauhee 

Mich i in  
Ph 4 14~442.4200 

Electronc Oislr~butors. Inc.. 

NebJSbA 
Electron~c Research, 
Kearny 
Ph 308-234-3132 
Communications Center. 
L8ncoln 
Ph 800228-4097 

Oenco Communlwt8onr Center 
Cdsper 
Ph 307-234.9197 

CANADA 
Glenwood Trading Co.. Lld. 
278 East Forst St. 
North Vancouver 8.C. 
Canada V7L 785 
Ph 604.9860404 

Scott Eleclron~cs Stloply. OTHER COUNTRIES 
North Plane 
Ph 308 532.9260 Magnur. 

5715 Nuth L~ncoln Ave . 
Scon Electronics Supply. Chlcago 111 60659 
Ltncoln 
Ph 308-464-8308 

312 334 1502 
L E S Konsult AB. 

Noelsen Cmmun~catcons. Box 11078 
lnman S 161 11 Brmma. 
Ph 402-394-5405 Sweden 

or r H s  d k t  lo CIR lu h w  h h u n  

I ACTIVE TERMINATOR (129.50) Plugs lnlo S 1iX) buss mother 
I hoard5 trch~ns . ~ t l i e  ~rrrnlnat,<z~~. <Iran$ uo the ~litchvr arvx~atcd wth I . - 

unlerminatcd linvs 

12 Volt, 8 Amp Power 
Supply Kit 

$44',11 l,,,~,,,. i..,, .,hwlr.,, ,.,er 
voltage prrlll,i l i t n  I turrcnl Ihmllinq, r~ut 
pul prolr,c!#nn aid p a w  arrcwnt~lv 11- 
with ham. CR, oulomot~ve eq~~pmrn! 
when you nerd ht.1~ AC pnuvr !.us, 
rase. hnrilvar~ 

Tell u b  you read Ham Radlo, and 
you're ellglble for the f~~l low>ng rpecialr- 

4700 uF at 50V computer grade capac 
!tors. with mounting brackets For sup 
pltes, audio amps etc 5/$4 95 

House number GI631 m dual gate 
MOSFET Ideal for RF amp and rnlxer 
appltcal!onr w ~ t h  a 3 5 dR NF at 20(1 
MHz 4/12 00 

Please note these prices good through 
Februav 28,1978 . 

r.'l. I.,, >t~,,~t~:r,,, ,I,,'(, !,M 12v WI>,, 
dlW I.>X SOl> nrll*.t\ OK wllh 1 1 1 ~ 1  

Mn.~a~rrhari,n,' os,l..r\ call 1415) 

m 
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CMOS programmable 
divide-by-N counter 

Most divide-by-N counters require 
either a complicated system of gates 
or pin strapping; changing the divisor 
is difficult for either method. If the 
speed of the circuit is such that a 
CMOS IC can be used, a single con- 
nection change will permit division by 
any integer between 2 and 10. This 
can be done with a simple, single- 
pole switch. 

This divide-by-N counter uses an 
RCA CD4017A Johnson decade 
counter. In normal operation, the 

fig. 1. The CD4017A connected as a divide 
by 7 counter. The resistor is used to hold 
the reset line low. When the appropriate 
number is reached, that output and the 
reset line are driven high. resetting the 
counter. To divide by other integers, pin 
15 should be connected to the desired out- 
put. For example, pin 1 for a divide by 5, or 
pin 7 for a divide by 3. 

counter provides decimal outputs 
that are low and go high only at their 
respective time slots. For divide-by-N 
operation, the reset line of the 
counter is connected to one of these 
outputs, depending on the desired 
divisor. As the count progresses, 
each decimal output goes high and 
then low until the count reaches the 
one connected to the reset line. The 
counter is then reset, and the output 
of the divider appears on the 0 line. 

Fig. 1 shows the circuit connected 
to divide by 7. 

It should be noted that to divide by 
10, no feedback is used and the inter- 
nal gating of the counter is permitted - - 
to function in the normal manner. 
Division by 0 and 1 are not permitted. 
For division greater than 10, this cir- 
cuit can be cascaded wi th  other 
divider schemes. 

Ken Stone, W B Z  

socket label for 
integrated circuits 

How many times have you bor- 
rowed integrated circuits from other 
boards and then when you went to 
return them, forgot which chip went 
in which socket? Well, it happened 
once too often for us. We decided 
that anything would be better than 
retracing circuits to determine which 

integrated circuit goes where. 
Various labeling methods were 

tried. Decals were too hard to apply 
in cramped spaces; painting was out 
due to a total lack of manual dexter- 
ity. Finally, strip labeling worked and 
has been adopted for labeling old and 
new boards. This is done by typing, 

or printing , the IC n/pe on strips of 
gummed paper which are then 
trimmed to fit the goove between the 
rows of pins. The result is neat, ac- 
curate, and inexpensive. In addition, 
the labels are visible only when the in- 
tegrated circuit is removed from its 
socket. 

John M . Franke, WA4WDL 
Norman J. Cohen, WB4LJM 

using the National 
NCL-2000 with the 
Drake T-4XC 

After finally moving t o  a QTH 
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IN4003 
SILICON 
DIODE TO 

INPUT 

IN47531  

2113055 

NCL-2000  
ALC 2N2907A 

OUTPUT Ffq2k TO 

fig. 2. Schematic diagram of the amplifier for use between the NCL-2000 
amplifier and a T-4XC. The zener diode has a 36-volt rating. A IN4003 or 
equivalent diode is used in the collector of the 2N3055. 

where I could use my NCL-2000, I 
found that the alc output level was in- 
sufficient to drive the T-4XC. To 
overcome this difficulty, I designed a 
simple amplifier to make the equip- 
ment compatible. No adjustments are 
necessary, and the circuitry can be 
conveniently built into the Drake 
AC-4 power supply. 

Parts selection is not critical. If a 
higher voltage transistor is used in 
place of the 2N2907A, the zener 
diode can be eliminated. However, a 
very low-leakage transistor will be 
necessary to keep from turning the 
2N3055 on. The 2N3055 was probably 
overkill for this application, but it was 
the only high-voltage transistor in the 
author's junkbox. 

Without  the modification, the 
NCL-2000 would severely flat top 
unless careful attention was paid to 
the GAlN control on the transmitter. 
After modification, no flat topping 
is evident on the monitor scope even 
if the GAlN control is operated wide 
open. Of course, the severe compres- 
sion renders speech unintelligible. 

Edwin R. Ranson, K5ER 

a simple adjustable 
IC power supply 

Last year, National Semiconductor 
introduced the first 3-terminal ad- 
justable positive voltage regulator. 
When used with a few external com- 
ponents, the LM117 is capable of 
delivering voltages from 1.25 to 37 
volts at 1.5 amps. Mounted in a TO-3 
case, this device is also protected 

LM117 

ADJUST 

fig. 3. Basic configuration for the LM117 
adjustable IC voltage regulator. 

aga ins t  cu r ren t  a n d  the rma l  
overloads. 

In normal operation,' the LM117 
regulator develops a 1.25 V reference 
(VREF) between its output and adjust- 

ment terminals, as shown in fig. 3. 
Since this reference voltage is con- 
stant across R1, a constant current 
flows through the output set resistor 
R2, so that the output voltage can be 
calculated from 

Typically, VREF= 1.25 V ,  and 
IADJ= 50 p 4 ,  SO that 

R2 
You,= 1.25 (1 +- ) + R I  

(50 pA)(R2) volts 

As shown i n  fig. 4, the input 
voltage is provided by a simple bridge 
rectifier and capacitor input filter ar- 
rangement delivering approximately 
37 Vdc. The 0.1 pF disc bypass 
capacitor C2 is strongly recommend- 
ed if the regulator is physically 
located some distance from C1. C3 
(10-pF tantalum) is added to improve 
the ripple rejection. 

Although the LM117 is capable of 
good load regulation, typically 0.3 per 
cent at constant junction tempera- 
ture, the 240-ohm current-set resistor 
R1 should be connected directly to 
the regulator's output terminal, rather 
than near the load. When external 
capacitors are used w i th  any IC 
regulator, it is wise to add protective 
diodes to prevent the capacitors from 
discharging through low current 
points in the regulator. Therefore, 
CR1 protects against C4, and CR2 
protects against C3. 

reference 
1. Linear Data Book, National Semiconductor 
Corporation, Santa Clara, California 95051, 
June, 1976. 

Howard Berlin, W3HB 
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fig. 4. Schematic diagram of the complete power 
supply with current and thermal overload protection. 



on most 4 , s  and 6-element antennas, 
only 3 elements at any one tlme on any 
one band are worklng. The rest are 
aomnq off. - 

SO Lounting elements is no way to 
judge an antenna. 

 his 3.bander uses every one of its 4 
elements ail the tlrne for maximum 
forward galn and maxlmum 
front-to-back ratlo. 

And that adds up to an antenna that 
works harder. w ~ t h  no Idle elements to  
increase windage and bulk. 

A good reason why the TB-IHA 
IS known both for performance 
and toughness. 

In fact, all of Swan's beam antennas 
share a reputation for working harder 
for every dollar you invest in them. 

swan beams are precision 
enalneered for a full 2000-watt PEP 
rating and a VSWR of I 5 I or better at 
resonance. And besides ODtlmum gain 
and front-to-back ratio, ttiey.re easy to 
Install and tune. 

Order a swan beam today. use your 
Swan credit card. Applications at your 
dealer or write to  us. who needs 
antennas that goof off? 

Heavy-duty, four- HeWdUtV, three- Light-weight, two- Hewduty,  DN@ 
working.element an- working-element an. working-element an- working-element an- 
tenna for IO,IS and tenna for 10. IS and tenna for 10.15 and tenna for 40 
20 meters. 5259.95 20 meters. 5199.95 20 meters. 5129.95 meters. 5199.95 

SWAIAI@ 
E L E C T R O N I C S  



Our new 4010V expandable I-band 
antenna is designed for the operator 
who wants to straddle connnents at 
a down-to-earth price. 

One reason the 4010V saves you 
money is because i t ' s  simpler. For 
example. it doesn't need a 
counterpoise. And it s easy t o  Install. 

The new 2000-watt PEP trap 
vertical comes in short lengths 
complete with mounting plate. So 
with easy set-up and no ground 
radials to contend with, you can't 

\ beat It for getting on the air fast 
when vou're in the areat outdoors. 

10q0~vertlc.1 Antenna. 
But If you're interested In a more 
permanent installation with one of 
the most effective verticals made, 
check Out our 1040V. 

The rugged 4-band 1040Vtrap 
vertical for 40 through 10 meters IS 
well-known for completeness. 

When you open your 1040V box 
what you see is what you need. 

Like copper wire to make two 
counterpoise radial wires for each 
band, egg insulators and a base 
mounting plate. 

And when vou're ready for 75 

Use your Swan credlt card and pay 
later, too. Applications at your dealer 
or write to  us. 

401 W 4-band trap vertlcal 
antenna. $ 74.95 

75 AK 75-meter kit. $ 39.95 
IMOV 4-band trap vertical 

antenna. 
75 MK 75-meter kit. 

lPllcw FOB Oaeanslde, UU 
Dealem throughout the wood 

or order direct from 

~ n d  irsa~so ideal for moblie homes' meters you can expand to  five bands 
and apartments \ Then when vou feel Ilke e x ~ l o r l n ~  1 I noted for the same attention to  r~ ~ r ~ n n n ~ ~ r r  

with the Swan 75 MK kit. Which is 

meters, expand your 4010~ to flve completeness as the 1040V. J - C L C L  I K U I Y I L J  
1 sumtat.w OI CUDOC cormarton 

s wlth me swan 75 AK kit and 305 Almon Road oceam~de CA 92054 \  YOU,^ a whole new world. " * expand-a-band-later vertical today. 
75AK 7 5 . M r l d (  75 MK 75.-klt 

\\EW 4MOV VERTICAL ANTENNA. 
IT,LOUKS AS GOOD TO 

YOUR POCKETBOOK 
IT DOES TO YOUR 

TRANSCEIVER. 



products 
For l iterature o n  any o f  the  new 

products ,  use  o u r  Check-Off 
service on  page 142. 

5kW beam balun 

Palomar Engineers introduces a 
new balun for beam antennas. With a 
ratio of 1 : 1, the balun couples coaxial 
cable to balanced 50- or 75-ohm an- 
tennas. An adjustable U-bolt provides 
convenient mounting to  a 2-in. (51 
mm) mast or boom. 

The balun is rated at 5 k W  PEP 
(2 kW CW Continuous Commercial 
Service) between 1.7 and 30 MHz. 
It features all stainless-steel hard- 
ware. The wire leads from the trans- 
former are brought out for direct con- 
nection to the beam driven element 
- no solder lug connections t o  
deteriorate in the weather. All input 
and output terminals are directly 
connected at dc to provide lightening 
protection. 

The beam balun is wound with 
teflon-insulated wire on an rf ferrite 
toroid core, has uhf (SO-239) con- 

nectors, and is epoxy encapsulated 
in a white PVC case so it can be used 
in any climate. Loss through the 
balun is less than 1.0 dB. Size is 
4 %  in. (114mm) diameter with case 
height of 2 %  in. (64 mm). Weight of 
balun and hardware is 2 %  pounds 
(1.2kg). 

Price is $37.50 postpaid in U.S. 
and Canada. For more information, 
write to Palomar Engineers, P.O. Box 
455, Escondido, California 92025. 

full-feature frequency 
counter 

Here's a high accuracy frequency 
counter for those working within the 
Citizen Band and Amateur disci- 
plines. The counter has recently been 
made available from Communications 
Power, Inc. Designated model CPI 
FC-70, the frequency counter 
features a bright seven-digit LED 
readout with anti-glare louvers - 
great when you're working in a dimly 
lit environment. 

Resolution is within 10 hertz; ac- 
curacy is rated at 0.0003 per cent, 
which is considerably higher than the 
FCC's 0.005 per cent requirement. 
The FC-70 accepts 400 watts of 
throughput power. It has a high- 
impedance input, which means it's 
easily used with rf oscillators and grid 
dippers. It's also useful for testing 

i-fs, filter characteristics, and crystal 
response. 

The FC-70 operates from either 12 
Vdc or 115 Vac. Quick disconnect 
cables are supplied for both voltages. 
The FC-70 has a guaranteed upper 
frequency limit of 40 MHz; 55 MHz is 
typical. Looks like a nice piece of test 
equipment for the serious technician 
working with high-frequency com- 
munications equipment. 

For more information on the CPI 
FC-70 counter, as well as information 
on CPl's complete product line, write 
Mr. Robert Artigo, Communications 
Power, Inc., 2407 Charleston Road, 
Mountain View, California 94043. 

prototype 
high-f requency 
receiver 

Ulrich Rohde, DJ2LR, has con- 
tributed many excellent articles on 
the subject of high-frequency re- 
ceiver design, and a number of read- 
ers have asked if these design ideas 
have ever been incorporated into a 
receiver. The answer is yes - in a 
prototype built by DJ2LR's firm, 
Rohde & Schwarz. Although the 
receiver is a prototype and has never 
been placed in production (so is not 
available on the market), a list of its 
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performance characteristics should 
spark the imagination of those ama- 
teurs who are still interested in build- 
ing their own receivers. 

The Rohde 8 Schwarz prototype 
is a frequency-synthesized, double- 
conversion communications receiver 
covering the range from 10 kHz to 32 
MHz in steps of 100 Hz, selectable by 
thumbwheel switches. In addition, 
the receiver is fine-tuneable _+ 500 Hz 
from any preselected frequency set 
by the thumbwheel switches! 

In operation, a signal is received by 
an internal active antenna or from 
either of the two external antenna 
input terminals and applied through 
switchable filters to a high-power, 
double-balanced mixer where it is 
converted to the first i-f at 41 MHz. 

The first i-f signal is amplified by a 
push-pull, low-noise fet amplifier, 
passed through a k3.5 kHz band- 
width crystal filter, and delivered to 
ano the r  h igh-power ,  doub le -  
balanced mixer where it is converted 
to the second i-f at 455 kHz. 

The output signal from the second 
i-f is fed into a low-noise, power fet 
and a diode circuit, and then through 
selectable mechanical filters. The 
signal is then demodulated by either 
the ssb1CW product detector or the 
a-m detector, depending upon the 
receive mode desired. Two independ- 
ent agc circuits provide fast-attack 
slow-decay characteristics (hang 
agc) for ssblCW or medium response 
for a-m reception. 

The audio amplifier has a built-in 
limiter and an active CW filter for 
improved reception. Audio output is 
through a built-in speaker, or may be 
taken from a rear panel connector. A 
rechargeable, built-in Ni-Cad battery 
power supply provides for five hours 
of continuous operation. An external 
power supply may be plugged in, if 
desired; requirements are 13.5 volts 
minimum, 24 volts maximum; nomi- 
na l  cu r ren t  d ra in  i s  on l y  250 
milliamperes. 

Frequency stability is + 1 ppm, 
internal, or an external frequency 

... everv tower in 
- 

made this good. 
Once in a while something really big 

comes along like Tri-Ex's all new W-80. So big 
we decided to call It the "Big W': 

It's the blg one of Trl-Ex's "W' Serb  
towers. 

Early on was the W-51. A s u m  per- 
tonner and very popular still. 

Last year came the W-67. Higher, Mgger, 
stronaer. 

FCbw the W-80, Trl-Ex's "Big W tower. 
Excellent Podormanco 

Provldes good DX capabillty at low 
co8ta And If you're watching the sunspot 
cycle-it's now on an upswing for better than 

transmission and reception. 
Ig W" is a free-standing, crank-up 

tower that goes a full 80-feet up. You can 
lower It wlth relatlve ease under windy condi- 
tions using "Big W's" comfortably positive 
pull-down cable to protect your antenna load. 

Inherently Strong 
As with all " W  Series towers, the W-80 is 

made of hl h strength steel tubing legs wlth 
M l d  rod "b" bracing. Stable? You bet! 

Hot dlpped galvanized after fabrlcatlon. 
Lon lastlng. Flve sections. Included is a fnn, 8 rlgl base mount. And the top plate is pre- 
drilled for a TB-2 thrust bearlng. 

Is Tri-Ex's "Bi W" your kind of tower? 
8*hr believe It! br l te today or see your 
nearest dealer. Ask about the W-80. It's real. 

NEW 

TOWER CORPORATION 
2182 Rasrnussen Avenue. Visaila. Cainda 93277 

More Details? CHECK-OFF Page 142 



loooool ELECTRONICS 
Mini 

,a"- .""",EW 

t,O M l i z  
600 MHz 
1 ~ 8 t h  opt#onal ~ resca lev l  

# h a  2-*,.\ 

. (;cnrr:~l Purpow Low Cost Counlcr W i l l ~ o t ~ t  1111. Sacr~l~cc o l  Hrric Pcr lorm;~!~~r  

"Check the features we have that some other low cost counters don't have." 

*Al l  Metal Cabinet *Crv*tal Ttme Base *Complatsly Auto Decimal Poinl 
-8 ~ i g i t . 4 "  LEO Display -115V or 1 2 V  O ~ a r s t i o n  a s a l ~ t i b l a  GateTimsr I 1  .sc & .1 rrsl -.G 
atnout cable ~ n c ~ v d e d   urn eucton controls astat. ot the ~ r t  LSI cnrcu~try ORDER NOW 
-12V Input Jack *Gate Lqhl asensiliuity < l o  MV Call Toll Free 

1-800828-7423 
7208 6 0  MHz Klt ....... $1 19.95 Assembled .... 
7208A 600 MHz Ki t  .. $149.95 Assembled .... 199.95 r-- 169.95 rn = @PRO@ DAVIS ELECTRONICS 636 Sheridan Or,. Tonawanda, NY  14150 1164871.1848 , 

Two v~tal  pieces of test equipment in one. Counter 
Lunar is a new company, but Lou and Chip are has 5 d ~ g ~ t  display with 7 digit readout capability. 

experienced hams, and skilled electronic engineers, 30+ MHz basic counter (220+ MHz with pre- 
with new ideas for providing better products for the sealer). Generator output displayed on counter use- 
ham. L~ke Lunar's 2M 10.80P. A 2 meter amplifier/ ful as accurate signal generator. 

watts input-eighty watts output, harmonic reduc. cond~tions. Standard model $29.95. Collapsible 
tion exceeding 60 dB, variable T.R delay for CW/ model $34.95. 
SSB, and Preamplif~er selectable independent of 
power amplifier. Introductory prlce $169.95 For complete description and specifications. 
WMAR PREAMPS see your Lunar dealer (listed below) M write for 

Or~glnally developed by Chip Angle, the Angle- brochure. 
linear rece~ving preamplifiers meet the most de- See the newVHF/UHFTransverter System at SAROC, 
manding needs where low noise is important. Booth #82. 

-11: hl m. sm*mmit, bo. b s  m k  ~ 9 ~ 2 1 0 .  W I ~  ~ n d n  M ?wan M. 111k k h .  LR 12m. mrnv I eon. 1111 Dedm Ilnd. lm  
1.1. rsm w 1, rm~rrrn~e. -ham. uqm~. GI* ~dn. 8193 CIU~-WI m t  MI ~ I O .  
Un, Bd. S.n Owe. C191111. Bud* Sln. 18551 Ylemn In. Wbr. U Iru- LnwTunld. 232 SFMI, Ikm. Sm w, U 91C65. 
91135. I*@ RIdm 105% L l k r l y  Sl rn l .  Imcllmnlk. R 12706. Bvrblnl 11s Panme~lran. d. h m u n u n a  CA. PO Bo. 16O)I. O#xa *nunab 
t t o n a .  2 1 0 1 8 Y ~ l n o l ~ ~ ~ m u ~  BurbmI. U91Ylb.  C W Cl=tmna. P O  b . Iml Lommun~am n w l e  I. UI rq. YO 11111. W h n r * u ( m  
H06 Y m  lur' U P I 1 0 3  . In1 Hlnnn 81"" KG BMh.l%Iflb 8. md(arh 27 Blrnnreada R a *  Olnne. 115 1 ffi U I . b d m r  U l m l d .  116 81th  
2111. 116 Blrnt-rg. MI (nmw.  Immr L l m m n u  Rmm AX1661 hut fivmue s l l u l a n y .  IIWBY .w* fiv!o~~d~m. la25~ tmtld. hmm. 
Sfled. I~d"c) lol loulh W l * %  I&V3lu. lbbb l  MI. I 4  Lounl?l Chb  1046. U W 7 2 .  
l o m l l  CII DM11 . Radmw!. I 4 1 1  Pus, Rrwd I v a d l d o  LA 92015. 8, 
v.mlornatr rr ~ ~ ~ ~ a , ~ . ~ j h ~  SO m n ~  b t u , . ~  . O  P I I ~ ~ C .  BCft ~ O T  I M e q  MOW Yw! 
Bodmleve~ 1 L,.d.ur 48W hrbbml  I 1  Oenrnll l .  I L 6 InduUnn. 1040 
P.~,SI,..~ lnvlllo II nlu. %nt,rn~.~n~ im~drustree! cmr.~. 
II M304 . 1 \ 1 1  do S M p  Ihr 5W bll V ~ o l  Dmr. 8.11.8re Mulh 11 11140. 
v u a a  -#lo Inr . 1645 b e r h  Svfr C [I Pam Tr 19371. H n q  R l d c  

standard may be plugged in to pro- 
vide laboratory-grade stability. Image 
i-f rejection is greater than 70 dB, 
independent of frequency setting, 
and adjacent-channel selectivity is 
high because of the mechanical 
filters in the second i-f, and the 
active audio filter (CW). 

Reception modes are LSB, USB, 
CW, RTTY, and a-m. The noise figure 
is 10 dB; sensitiivity is 0.3 pvolt for a 
10 dB SIN ratio (ssb), and 1 pvolt 
(a-m). 

This little receiver, barely a double 
handful, features an active antenna 
horizontally or vertically polarizable, 
meaning that no external antenna is 
required for most applications! It is 
designed for long-range monitoring, 
broadcast reception, public activi- 
ties, press, military, coastal services, 
ships, time signals, and many other 
radio services. 

Ten-Tec Triton IV 
Digital Transceiver 

All of the good features of the 
Triton IV appear in the Triton IV 
digital, with the added benefits of a 
built-in digital frequency display, plus 
a new zero-beat switch. 

The Model 544, as the Triton IV 
digital transceiver is known, in- 
corporates a six-digit display wi th 
0.43-inch (1 lmm)  high numerals in 
red, except for the least significant 
digit (hundreds of hertz) which is in 
green. 

The frequency-counter circuit was 
the latest large-scale integrated cir- 
cuit available for this function, and 
CMOS medium-scale ICs for the re- 
maining requirements. 

All crystal-tolerance deviations in 
the vfo mixer oscillators are ac- 
counted for in the final reading since 
the counter is fed from the vfo out- 
put. The remaining error from the 
carrier oscillator is adjusted out by 
setting the time-base gating oscillator 
while receiving WWV, assuring band- 
to-band accuracy. 

When used with Ten-Tec's Model 
242 remote vfo, the display indicates 



the vfo inuse at the time, whether it 
be the internal or the remote vfo. 

The Model 544 has incorporated a 

zero-beat switch on the rf control. By 

pulling the knob out, engaging the 
switch, it is possible to zero beat an 

incoming CW signal, putting the  
transmitter on exactly the same fre- 

quency. This eliminates the need t o  
tune t o  a 750-kHz beat note, as in the 
case w i th  the Triton IV. 

Specifications for the digital Model 

544 are identical w i th  those for  the 
Model 540 Triton IV, with these ex- 
ceptions and additions: 
Frequency accuracy: + / - 200 Hz. 
Receiver power 

required: 12-14 volts dc, 
@ 1 ampere. 

Semiconductors: 1 LSI; 19 ICs; 
63 Transistors; 
33 diodes. 

Zero-beat switch on rf control. 
No crystal calibrator included (or  

necessary). 
The suggested Amateur Net Price 

is $869. For additional information, 

write Ten-Tec, Inc., S e ~ i e w i l l e ,  
Tennessee 37862. 

new rf and microwave 
semiconductor catalog 
from Hewlett-Packard 

A new 128-page diode and transis- 
tor designer's catalog from Hewlett- 

Packard contains complete product 
specifications and design data for 

H-P's line of  rf and microwave semi- 
conductors. This 7-page catalog in- 

cludes Schottky diodes, signal-con- 

t ro l  diodes. microwave-source 
diodes, devices for hybrid integrated 

circuits, military-approved devices, 
microwave transistors, and inte- 

grated-circuit products such as 

double balanced mixers and comb 
generators. 

A numerical index lists each com- 

ponent by  part number. A selection 
quide for each product group helps 
the designer easily choose a specific 
device. Appropriate application notes 
and bulletins are listed at the end of 

the catalog. The Hewlett-Packard 
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7 SCR 7000 -\ 
SIMPLY THE FINEST 

IN VHF F M  REPEATERS! 
2M & NOW 220 MHz! 

Quality Speaks For Itself - 
See what our customers have to say about the 

quality & performance of the SCR 1000: 
"... The quality of the audio is unbelievable 
- a true reproduction of the input. I t  really 
does sound like simplex. The receiver sen- 
sitivity of our Spectrum system is at least 
twice the Motorola system we had in ser- 
vice. We have 24 Watts out of our Sinclair 
Duplexer. We all have fallen in love with 
your machine.. . Again, thank you foran ex- 
cellent piece of equipment. We are certainly 
glad that we purchased a Spectrum 1000 
Repeater." 

Jim Wood WJWJK 
Trustee WRBAHE 

Buller County Amateur FM Assoc. 
Mars PA 16046 

"We are quite pleased with the operation of 
the repeater and are very proud of it. Thanks 
for producing such a fine product. " 

D. Totel W9NJM 
Wheaton Community Radlo Amateurs. Inc. 

Chicago area 

"During the first part of the year I bought a repeater from your firm and I thought 
you might be interested to know i t  is working out just fine. You have a product 

. . .  that more than meets the specifications you claim In the receiver you have a 
. .  winner, the intermod is negligible. We have many other repeaters both amateur 

. . .  and commercial in the area and as of yet no problem In closing. I would like lo  
thank you for producing a product that does what is expected of it. In this world 
one seldom gets what he pays for; I feel our group has bought and received our 
moneys worth." 

Jim Todd WASHTT 
DallasTX 

... The SCR 1000 - the finest repeater available on the amateur market often 
compared to "commercial" units selling for 3-4 times the price! This is a 30Wt. 
unit, with a very sensitive 8 selective receiver. Included is a built-in AC Supply, 
CW IDer, full metering and lighted status lndicatorslcontrol push-buttons. 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch. etc. 
Custom options available: Duplexers. Cable, 'PL', HllLO Power. Autopatch, 
Racks, etc. Inquire. 

... . .  The Spec Comm Repeater System. a sound investment available only by 
direct factory order. $950.00 Amateur Net. Commercial price somewhat higher. 
Repeater Boards &Assemblies Also Available: Inquire. 

Call or write today andgef the details! Send for Data Sheets! 

SPECTRUM COMMUNICATIONS 
k 1055 W. Germantown Pk.. Norristown PA 19401 (215)631.1710 , 



 his MFJ RF Noise Bridge . . .' 
lets you adjust your antenna quickly for maximum 
performance. Measure resonant frequency, radia- 
tion resistance and reactance. Exclusive range 
extender and expanded capacitance range gives 
you much extended measuring range. 

nr9<rn* rc  r rAr  &- 

Thls new MFJ-202 RF Noise Bndge le$ you Order tmm MFJ and try il - no obllgalon. I1 
qulckly adjust your s~ngle or mult~band d~pole. In not del~ghted return 11 w ~ t h ~ n  30 days lor a refund 
verted Vee beam vertlcal moblle whlp or random (less sh~pptng) Thls brldge IS uncondltlonally 
system tor rnax~mum perlormance guaranteed lor one year 

Tells resonant hquency and whether to shorten To order, simply can us IIM hee 800.647.8660 
or lengthen your antenna lor mlnlmum SWR over and charge 11 on your VISA or Master Charge or 
any porllon ol a band mall us a check or money order lor $49 95 plus 

MFJ's exclusive range extender (Included) and $2 00 lor shlpplng and handllng 
expanded capacitance range ( *  150 pf) glves un Oon'l wall any longer to enloy maxlmum an 
paralleled ~mpedance measurements from 1 to tenna performance Order today 
100 MHz 

Wo*s * ~ h  any r m i v e r  or transcnver. SO 239 MFJ ENTERPRISES 
connectors 2 x 3 x 4 Inches 9 volt battery p. 0. BOX 494 

Other uses. tune transmatch adjust tuned ctr 
culls measure ~nductance. RF Impedance ol amp11 MISSISSIPPI STATE, MS. 39762 
fters baluns. transformers electrical length. vela CALL TOLL FREE . . . . 800-647-8660 
city factor Impedance ot coax synthesize RF Im For technical Informatton. order and repalr status. 
pedances wlth lransmatch and dummy load and ~n Mlss~sslpp~, call 601 323 5869 

DICK EXPERIENCE the Ultimate BOB 
K4RYR in Scanners W4YYS 

The Touch:" 
by r y e * %  

Over 15 000 lrequencles at your llng0rtlpS *329LlST our price 
Scans the Channels In 1 3 Seconds 
Specla1 Weather Alert' and Prlorlty Scan lsalures $2790° 

LAFAY ETTE RADIO ELECTRONICS ZE 
1m 1811 HWY 17-92, MAITLAND, FL. 32751 m 

305-83 1-227 1 Ekii 

1977 diode and transistor designer's 
catalog is available free of charge. For 
a copy, mail your request to Inquiries 
Manager, Hewlett-Packard Com- 
pany, 1501 Page Mill Road, Palo 
Alto, California 94304. Ask for pub- 
lication 5952-9825. 

six-digit frequency 
counter 

A full feature, low-cost 30-MHz 
portable frequency counter has just 
been announced by B&K-Precision, 
Dynascan Corporation. Designated 
Model 1827, the frequency counter's 
low cost, versatility and ease of 
operation make the concept of a con- 
sumer's frequency counter a reality. 
Not much larger than a pocket cal- 
culator, the model 1827 offers a full 
six-digit LED display and guaranteed 
operation t o  30-Mhz, w i th  1-Hz 
resolution. 

Broad range of optional acces- 
sories gives the model 1827 versa- 
tility. An  optional signal tap al- 
lows the 1827 to monitor continually 
the output frequency of a 23- or 40- 
channel CB transceiver without 
affecting normal set operation. The 
signal tap is rated at 100 watts, so it 
can also be used with amateur radio 
transmitters. Other optional acces- 
sories include rechargeable batteries 
and an ac adapter-charger, an under- 
dash or under-shelf mounting brac- 
ket, accessory pickup antenna (for 
use near portable transceivers), 
general purpose input clip-lead, and 
vinyl carrying case. 

The B&K-Precision Model 1827 



provides full autoranging operation or 
it can be switched to a 1-second posi- 
tion for !-Hz resolution - even while 
measuring CB radio frequencies. 
Decimal-point position is automatic 
as is a MHzIkHz indication. An ex- 
clusive battery saver feature shuts off 
power to the LED display after 15 
seconds of operation. A touch of the 
DISPLAY button restores the display 
for another 15 seconds. When 
operated by an external power 
source, dc or ac, the display remains 
on continuously. 

The model 1827 can be powered 
for more than 8 hours of normal use 
by ordinary AA batteries or by re- 
chargeable nickel-cadmium bat- 
teries. With appropriate accessories, 
the 1827 will also operate.from either 
external 6.7-9.7 Vdc (for mobile op- 
eration) or 110 Vac. Batteries are not 
required when external power is 
used. 

The 1827 uses a custom LSI inte- 
grated circuit that was designed by 
B&K-Precision in cooperation with a 
major semiconductor manufacturer. 
The model 1827 will be available at 
local distributors shortly. 

For additional information, contact 
B&K-Precision, Dynascan Corpora- 
tion, 6460 West Cortland Avenue, 
Chicago, Illinois 60635. 

improved television 
game crystal 

The smallest 3.579545 MHz quartz 
crystal for television games, the new 
Sentry Model SGP-18, has been 
developed and introduced by Sentry 
Manufacturing Company, Chickasha, 
Oklahoma, a precision frequency- 
control industry leader in quality 

New device opens up  the world of Very Low Frequency radio. 

Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, and 
the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur 
band where they can be tuned in on an ordinary shortwave 
receiver. 

The converter is simple to use and has no tuning adjustments. 
Tuning of VLF signals is done entirely by the receiver which 
picks up 10 KHz signals at 3510 KHz, 100 KHz signals at 3600 
KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency 
conversion, a low noise r f  amplifier for high sensitivity, and a 
multipole filter to cut broadcast and 80 meter interference. 

Al l  this performance is packed into a small 3" x 1 %" x 6" die 
cast aluminum case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex 
bandswitching and tuning adjustments usually found in VLF 
converters. Free descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 postpaid in U.S. and 
Canada. California residents add sales tax. 

Explore the interesting world of VLF. Order your converter 
today! Send check or money order to: 
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FOR BASE STATION & REPEATER USE 

Un~versallY Rack Mount 

All units: Harmonics exceed 
- 60 dB specification of FCC 
R 8 0  20777 

i:. 143-149 MHz NoTuning h 115or230VAC 
1:. A M  - FM - CW - SSB a 60dB Spurious 
a Low Harmonics fi- Fully Protected Output 

7:. Heavy Duty 7.y Internal TIR Switch 

a No  Power Supply Needed * U.S. Manufactured 
r i  Illuminated Panel Meter a 19" Rack Panel Option 

>k + 13.5Vl3 Amp Socket * S i t e8 -1 /2x13x7 "H  

Only two things are needed to put this power house on the air with your 
handytalky or mobile transceiver: a two loot piece of coaxial cable and a 
115 or 230 volt AC outlet. That's ail. You do not need anything else. The 
mobile lransceiver can be powered directly from the accessory socket 
located in the rear panel of the RFPL amplifier. It puts out + 13.5 volts at 3 
amperes. This is sufficient for powering most 15 watt transceivers. 

DEALER INQUIRIES INVITED 

HARD-TO-FIND PRECISION TOOLS 
..-. 
~ t a &  

htalcq 
Fairland, OK 
-3752 

Recommended by 
Fox Tango Club 
Satisfaction 

ALL MODELS tEXCEPT OLDEST MODELS 

communications and quartz time- 
base crystals. 

Other specific applications of the 
new Sentry crystal include amateur 
radio equipment, pocket-pagers and 
other telecommunicationsequipment. 

The new Sentry Model SGP-18 
offers significant improvements over 
conventional plastic-packaged, color- 
burst crystals. Key advantages in- 
clude improved circuit density and 
gold plating for greater long-term 
stability. 

The new crystal exceeds MIL-C- 
3098 specifications for quartz-crystal 
units and complies with military type 
designation CR-64lU. The crystal 
measures 0.147 in. (3.73mm) deep, 
0.399 in. (10.13mm) wide, and 0.510 
in. (12.95mm) long. Total volume is 
only 0.0364 in.3 (5.9710mm3). 

Additional technical information 
and samples of the new Sentry SGP- 
18 miniature quartz crystal are avail- 
able from the Sales Department, 
Sentry Manufacturing Company, 
Crystal Park, Chickasha, Oklahoma 
73018. 

smallest quartz crystal 

The world's smallest commercial 
quartz crystal, the new Sentry Model 
S-45, has been developed and intro- 
duced by Sentry Manufacturing 
Company, Chickasha, Oklahoma, a 
precision frequency-control industry 
leader in quality communications and 
quartz time-base crystals. 

Available in 6-25 MHz fundamental 
frequencies and 18-125 MHz over- 
tone frequencies, the new Sentry 
S-45 was specifically designed for 
hand-held pagers, miniature CB 
transceivers, and other size-critical 

- 
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applications requiring precision fre- 
quency control. 

Dimensions of the new Sentry 
Model S-45 crystal include a depth of 
only 0.078 in. (1.98 mm), a width of 
0.275 in. (6.98mm), a length of 0.285 
in. (7.24mm1, and total volume of 
just 0.0077 in.3 (0.1263cm3). Gold- 
plated and mounted in a hermetically 
sealed metal holder, the new crystal 
meets or exceeds MIL-C-3098 speci- 
fications for quartz-crystal units. 

Additional technical information 
and 'samples of the Sentry 5-45 
subminiature quartz crystal are avail- 
able from the Sales Department, 
Sentry Manufacturing Company, 
Crystal Park, Chickasha, Oklahoma 
73018. 

transistor and fet 
analyzer 

Sencore announces the new TF-46 
portable Cricket tester, especially 
designed for transistor and FET 
testing in the field or at the bench. 
The battery-operated portable tester 
automatically turns off after 20 min- 
utes of operation to extend battery 
life. At  the bench, the TF46 plugs 
into a $9.95 power adapter (PA202) 
that automatically bypasses the 
power-off feature, so you don't have 

THE FM LEADER 

FEATURING THE.. . 
The Master in 2 Meter FM ) 

I 
Positive performance at a 
practical price makes our 
HR-2B tops on 2 meters. 

Individual trimmer capacitors 
give bull's-eye accuracy for 

working repeaters or point-to- 
12 Channels point. The . 3 5 ~ V  sensitivity and 
15 Watts Hi/Lo power switch insure your 

hearing and being heard . . . clearly 
Amateur Net and reliably. . . the Regency way. 

. . .AND THE . 
(\& 

HR-440 UHF-The Ultimate in FM 

B 
440 is fresh . . . it's new . . . \ and with our HR 440 you can 

use UHF without using-up your 

inder your dash or at your desk. 
It's the best way to usher yourself 

into UHF. 

& ~ E L E C T R O N I C S ,  INC. 7707 Records Street 
Indianapolis, Indiana 46226 
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to turn the tester back on after every 
20 minutes of use. 

The TF46 is the first and only 
completely automatic transistor 
analyzer that Sencore has designed, 

<'THE PROFESSIONALS~~ 
1-1 ELECTRONICS 

500 MHz 
. . . . .  

COUNTERS 
I.. , * -  . 

T h e  C T R  2 Serler Cornnterr arc cles~gncd and built to  the highest standards to  fulflll t he  
needs ot cornmerrtal  communlcat lons,  engbneerir~g labs and sernous experimentors. Wi th an 
accuracv of + ,0000596 (oven option) t h e  CTR 2 can handle the most critocal measurements 
and IS about ha l f  t h e  cost of  other commercial counters. 

I f  you need a rel iable counter a t  an affordable pr ice, the C T R  2 is  the answer. 

8 Digit .3" LED D~splay Input Diode Protected 
High Stability TCXO Time Base 12V-DC Operation (Optional) 
Bu~lt.in VHF-UHF Prescaler Oven Controlled Crystal (Optional) 
Automatic Dp Placement + .5 ppm 
TCXO Std. i 2 ppm Selectlble Gate Times 

CTR-2-500 CT R-2-1000 
R A N G E  10 Hz to 512 MHz 10 Hz to > 1000 MHz 

500 MHz K i t  CTR.2-500K . . . . . . . . . . . . . . . .  $249.95 
500 MHz Assembled CTR 2 500A . . . . . . . . . . . .  349.95 
1 G H z  K i t  CTR 2 1000K . . . . . . . . . . . . . . . .  399.95 
1 G H 2  Assembled CTR 2 1OOOA . . .  549.95 
(OPTIONS1 (OPTIONS1 A 
(021 Oven Crystal  $49.95 104) 12V DC 510.00 
(03) .43" L E O  10.00 1051 10 rec. Time Base 10.00 'a 
painq OROE I4 V O W  - Call T o ,  F r e e  

111 1 ROO 828 7422 

D A V I S  ELECTRONICS 636 Sheridan Dr., Tona.. N . Y .  14150 7161874.5848 

with each function designed to test 
exactly what is labeled on the control 
knob and pushbuttons. The TF46 
automatically determines transistor 
and FET lead connections, transis- 

10's OF THOUSANDS 
OF CRYSTALS 

IN STOCK! 

Immdkts dntvery on most froqun~kal 
OTHERS ARE SPECIALORDER 

CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUSEITS 
01940 

i 

tor type, transistor polarity, whether 
the transistor is good or bad, plus all 
parameter tests such as actual gain 
and leakages. 

The TF46 was especially made to 

J 

be portable to expand complete 
transistor testing at hard-to-get-to 
places, such as aircraft, boats, com- 
munications equipment in auto- 
mobiles and trucks, computers, 
switchboards, and the thousand- 
and-one other places that have 
permanent installations but where 
complete solid-state testing is essen- 
tial. The TF46 sells for $195, $45.00 
less than the earlier model TF30 
Super Cricket, which didn't have the 
portable features. 

For more information on the new 
TF-46, write Sencore, 3200 Sencore 
Drive, Sioux Falls, South Dakota 
57107. 

hf and vhf signal 
generator IC 

A frequency synthesizer that uses 
digital phase-locked-loop techniques 
to generate radio frequency signals in 
the hf and vhf range is now avail- 
able as a large-scale integrated cir- 
cuit (LSI) from Signetics. 

W i th  low-power Schottky and 
emitter-coupled logic (ECL) technolo- 
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gies integrated into a single sub- 
strate, the new Signetics circuit, 
designated 8x08, operates at 80 MHz 
input with a typical power of 1.6 mW 
per gate. 

The 8x08 incorporates an on- 
board reference crystal oscillator and 
an ECL prescaler. The new frequency 
synthesizer should have major appli- 
cations in the design of aircraft and 
marine radio equipment, in instru- 
mentation circuits such as signal gen- 
eration in test equipment, and in 
synthesized a-m/fm radios. 

The 8x08 provides the major func- 
tional elements of a phase-locked- 
loop frequency synthesizer within a 
single LSI device. A VCO and loop 
filter are all that are required to com- 
plete the synthesizer circuit. The 
8x08 contains all other major func- 
tional blocks, including a fixed- 
frequency reference oscillator and 
divider chain, a phase comparator, 
and a programmable counter chain 
for channel selection. 

The fixed prescaler for the f m  
input is a key to the design, since the 
prescaler is required in phase-locked 
loops where very high frequencies are 
to be generated in order to divide the 
local oscillator frequency to a fre- 
quency compatible with the program- 
mable counter. 

In the 8x08, the ECL prescaler 
makes programmable channel spac- 
ing possible to 100 kHz for fm  re- 
ceiver local-oscillator signal genera- 
tion when using a 3.6-MHz reference 
oscillator crystal and an external 
divide-by-two circuit. Two-thousand 
channels are possible when using 
the fm  input. Operating features in- 
clude maximum power dissipation of 
680 mW with a single 5-volt power 
supply. 

The 8x08 a-m/fm-frequency 
synthesizer is available in an 18-pin 
package from Signetics and its au- 
thorized distributors. Price is $13.65 
each in quantities of one hundred. 

For further information, contact 
Signetics, 81 1 East Arques Avenue, 
Sunnyvale, California 94086. 

LATEST 
GEAR FROM 
WESTCOM 

An add-on unlt. no tntemal connections or adjushnents required to associated 
equipment. Standard Amplifier Models operate FM. Linear Models operate all modes: 
SSB. FM. AM. RTTY. CW. etc. "Microstrip"design provldes high stability and optimum 
performance over wide band-wtdth. Factory adjusted, no tuntng requared. Mobile 
mounting bracket included. RF sensing TIR switching, adjustable dropout delay. Re- 
mote keying capablity. Thermally coupled biasmg. Reverse Voltage protected and 
fused. Conservattvely rated with oversized heat slnk. Red LED lndicaton for monilor- 
ing DC and RF. VSWR protected -Ninety day material and workmanship warranty. 

INPUT NOM NOM 
MODEL POWER OUTPUT CURRENT 
NO. (watts) (watts) 13.8 VDC PRICE 

2M 15XL50L' 2-15 50 6 $ 94.95 
2M 15x80 5-15 80 11 $129.95 
2M 15X80L' 2-15 80 11 $139.95 

NOTES: 'Linear: AM. CW. FM. SSB. R'TTY. Linear models work well 
with low power transminers of 2-3 wans to y~eld 20-30 w output. 

size: 4'/s x 5112 x 2% 
techn~cat speclllcal~ms and data subject to change mlhoul nottce 

Ruggedized DC Power Supplies 
ideal for VHF Amplifiers 

105- 125 VAC. 50160 Hz 
Fold back current limiting 
13.8 VDC -C .05V 
UL listed 8 computer grade con 
One year warranty 
5 mV peak-peak max ripple 

npor 

RS-12A $74.95 RS-2OA $89.95 
9 ADC Continuws 16 ADC Continuous 
12 ADC lntmlnent 20 ADC Intermittant 
Recommended for up lo Recommended for up to 
80 W amp's. 120 W amp's. 

Master Charge 8 B of A 10 day money back guarantee 
Check with order or COD Full satislaction guaranteed 
We ship prepaid in USA Factory warranty on all items 
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Al l  band operation (16@10 meters) 
with any random length of  wire. 
200 watt output power capa- 
b i l iw-wi l l  work with virtually any 
transceiver. Ideal for portable or  
home operation. Great for apart- 
ments and hotel rooms-simply 
run a wire inside, out  a window, or 
anyplace available. Toroid induct- 
or for small size: 41/4" X 2-3 /8  
X 3." Built-in neon tune-up indi- 
cator. SO-239 connector. Attract- 
ive bronze finished enclosure. 

only $29.95 

I sst t-2 ULTRA TUNER I 
Tunes out SWR on any coax fed antenna as well as random 
wires. Works great on all bands (160-10 meters) with any 
transceiver running up to 200 watts power outout. 
Increases usable bandwidth of any antenna. Tunes out SWR 
on mobile whips from inside your car. 
Uses toroid inductor and specially made capacitors for 
small size: 5%" x 2%" x 2%." Rugged, yet compact. 
Attractive bronze finished enclosure. SO-239 coax con- 
nectors are used for transmitter input and coax fed 
antennas. Convenient binding posts are provided for ran- 
dom wire and ground connections. 

only $49.95 
IMPEDANCE TRANSFORMER 
Matches 52 ohm coax to the lower impedance of a mobile 
whip or vertical. 12 position switch with taps spread 
between 3 and 52 ohm.  Broadband from 1-30 MHz. Will 
work with virtually any transceiver-300 wattoutput power 
capability. 50-239 connectors. Toroid inductor for small 
size: 2-3/4" X 2" X 2-1/4." Attractive bronze finish. 

you are not satisfied for any reason. Please add $2 for shipping 
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Com~are the Atlas 350-XL 
withmother transceivers . . . 

. = I  and see why it's your best buy! 

TYPE 

'ODEL 

INPUT 
POWER 

BANDS 

Abon is a chart comparing kading HF Transceivers 
that fall in approximately the same price range as 
the Atlas 350-XL. The Drake TR4.CW is least ex- 
pensive. while the HY-Gain 3750 is the highest. 
Rated power input (SSB) and bands covered are 
listed in the chart, but below is a discussion on a 
number of other interesting comparisons which will 
help you choose the right transceiver for your 
station. 

1. STATE-OF-THE-ART, ALL 
SOLID STATE 
The first 3 transceiwrs listed above are all solid 
state. The real designs of the future! Having manu- 
factured and sold over 12.000 of our little 210x/ 
215x's. we can attest to the high performance and 
rel~ability of all solid state design. Tubes for the 
d r ~ e r  and P.A.. with their tuning circuits and high 
vokage power supplies are rapidly becoming obso. 
lete. As a resuk their resak value will be declining. 

2.POWER RATING. 
The higher power rating on the 350-XL providss 
you wrth a comfortable edge over the others. Run- 
nrng barefoot you can easily ride over the com- 
petition. If you're driving a linear you don't have to 
strain for everv bin of drive from the transceiver. It 
can loaf along with eare. The 350 watt input rating 
is really very conservatiw. Typical input power rum 
upwards of 400 to 450 watts without flat-topping. 
Considerably more than the others. 

3.  BAND COVERAGE 
Not only does the 350x1 cover the 10 through 160 
meter bands (includ~ng all of 10 meters in four 500 
kHz segments), but one of its exclusiva features is 
that you can install up to 10 auxiliary 5W kHz 
ranges anywhere from 2 to 5 MHz. and from 6 to 
23 MHz. This gives you great flexibility for MARS 
operation and possible future amateur bands. Crys. 
tals for Auxiliary Ranges are installed internally. In 
additron. the 350-XL provides reception of W at 
5. 10. and 15 MHz. w~thout having to add any aux- 
iliary range crystak. 

4. DIGITAL FREOUENCY READOUT 
On the 350-XL. the optional Digital Dial can be in- 
stalkd, and you still retain the conventional analog 
dial. with the option of switching the digital dial off 
if you wish. With the Ten-Tec or Yaesu 301. you 
lose the analog dial i f  you purchase the digital dial 
model, making you totally dependent on the digital 
dial. 

5. FULL BREAK-IN CW 
Only two rigs offer this feature: the Atlas 350x1  
and the Ten-Tec I The others are all "semi-break- 
in". And the Atlas includes CW sidetone with pitch 
and volume adjustments. 

ALL SOLID STATE 

6 .  NARROW BAND C W  FILTER 
This is another standard feature in the Atlas. op. 
tional on the Ten-Tec . Yaesu, and Kenwood. Ours 
is an I.F. filter with 500 Hz bandwidth. and shape 
factor of better than 3 to 1. 

7. A.F. NOTCH FILTER 
This 35C-XL standard feature permits nulling out 
heterodynes and other interference. The Yaesu. Hy- 
Gain and Kenwood include a similar feature. 

8.SPEECH COMPRESSION 
The standard Atlas ALC system provides up to 20 
dB of R F  compresslon which increases your talk 
power and at the same time reduces "flat-topping" 
and splatter. An optional speech processor to pro- 
vide up to 20 dB additional A.F. compression will be 

ATLAS 
350-XL 

3 5 0  
WATTS 

1 0 - 1 6 0 M  

HYBRID (VACUUM TUBE P.A.je ' 

available soon for installation in the AC supply. The 
Hy-Gain. Kenwood. and Yaesu also provide some 
form of speech processing. 

9.  AUXILIARY VFO 
All of the rigs listed offer an optional second VFO 
for split frequency operation. But Atlas is the only 
one with an Auxiliary VFO that is not an add-on 
box. The Atlas Auxiliary VFO plugs right into a 
space provided in the upper right hand corner of 
the front panel. Although miniature in size it tunes 
the same 500 kHz as the primary VFO, and does i t  
smoothly with coarse and fine controk that have 
10:l planetary drives. Green. yellow. and red LEO'S 
k t  you know which VFO you have set up for 
receiving and transmitting. Very neat, and all 
self-contained. 
An option to the Model 305 AuxiCary VFO is the 
Model 31 1 crystal oscillator that provides up to 12 
crystal controlled channels. I t  also plugs into the 
lront panel just like the 305. Vernier controls pm- 
vide fine tuning of the crystal frequency. 

10. MOBILE/PORTABLE OPERATION 
The Atlas. Ten-Tec . and Yaesu. berng solid state. 
are unique in that they will operate mobik or port- 
abk directly from a 12-14 vok DC battery. Ako. the 

lR4-CW 

solid state rigs are considerably smaller and lighter 
weight than the hybrid rigs. The Atlas is unique in 
having a very handy plug-in mobile bracket for the 
350-XL that makes it a simple matter to plug-~n and 
go mobile. 
11. OTHER 350-XL STANDARD 
FEATURES include R.I.T.. VOX. Crystal Calibra- 
tron. AWL. and Noise Blanker. 
Compare the Atlas 350XL SSB-CW Transceiver 
with the others. and we think you'll agrea the Atlas 
has everything you'll ever need in a transceiver. 
And it's made in America. 
And let us not forget to mention Our Customer 
Service which is second to none. Just ask the ham 
who owns one. 

Model 350-XL (less options). . . $995. 

TEN 
TEC 

200 

160M OPT 

4 MADE I N  AMERICA * * * * * * * * * * * * * * * * * * * * ** Model  DOG-XL Digital Dial . . . . $229. 
4 We're very proud that every Atlas tmsce ive r  is made right hem i n  America. (as are the Taw 4 Model 3 0 5  Auxiliary VFO . . . . . $155. 
4 TEC and Drahe). We think the Amaican worker, and our employees i n  particular, are the most 4 
4 talented, industrious people in the world. The quality and versai l i ty of our transceivers are 4 
'+ proof of this. 

And by using this Amer ica  qual iy  workmanship. advanced value engineering i n  design and 
'+ manufacture, and rigid quality control. the Atlas transceiver i s  not only competitively priced 
4 with the imports, but i s  actually a better value! 4 41 7 Vra Del Mon~e. Oceans~de. CA 97054 *++*******+*****+++*********** '+  Phone (714) 433-1983 

YAESU 
FT-301 

200 

10-160M 

HY-GAIN KENWOOD 
3750 

- 

201 

10-16 

-9 @t Merry Christmas and Holiday Greetings fmm e I  the geng et Atlas! @f 

TEMPO 
2020 

180 

1 M O M  

Specral Customer Servrce Drrect Lrne 
(714) 433-9591 
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I CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 

I 
X F9.A 2.5 kHz SSB TX $31.95 
xr9.n 2.4  HZ SSB RXAX $45.45 
XF9-C 3.75 kHz AM $48.95 E x p o r t  
XF9-D 5.0 kHz AM $48.95 
XF9-E 12.0 kHz NIIFM 148.95 I n q t ~ i r i e s  
XF9-M 0.5 kHz CW (4 pole) $34.25 
XF9-NB 0.5 kHz CW 18 oolel 163.95 

I n v i t e d  

9.0 MHz CRYSTALS (Hc25/u) 
9000.0 kHz Carrier 
8998.5 kHz USB 
9001.5 kHz LSB 
8999.0 kHz BFO 
Hc25/u Socket Chassis 
Hc25/u Socket P.C. Board 

Sh ipp ing  

$1.25 
per flter 

ALSO AVAILABLE FROM KVG 
10.7 MHz CRYSTAL FILTERS AND XTAL DISCRIMINATORS 
OSCILLATOR CRYSTALS 50 kHz TO 150 MHz 

Wrlte for Details 

PRE-SELECTOR FILTERS 
ELIMINATE IMD "BIRDIES" 
FROM YOUR RECEIVER. 
CLEAN UP YOUR TRANS- 
MITTER OUTPUT. 

432 MHz PSf432 $38.70 
1296 MHz PSf1296 $38.70 

4 
1691 MHz PSf1691 $49.75 

0 Shlpplng $3.50 
e t  

RECEIVE CONVERTERS 

MODELS FOR ALL BANDS 50 MHz 

THRU 1296 MHz. LOW NOISE OP. 

TlONS AT 432 MHz. 

STANDARD I.F. 10M. IF OPTIONS 6M 6 2M 
POWER 12V D.C. Shipping $2.50 
MMc144 N. F. 2.8 dB typ. $47.95 
MMc432 N. F. 3.8 dB typ. $57.95 
MMc1296 N. F. 8.5 dB typ. $67.95 

ANTENNAS (FOB CONCORD. VIA UPS) 

144-148 MHz 
8 OVER 8 J.SLOT +12.3 dBd D8/2M $39.95 
8 BY 8 VERTICAL POL. .. D8/2M-VERT. S48.70 
8XY/2M $34 

420-450 MHz 

MULTIBEAMS 

48 EL. GAIN +15.7 dBd 70/MBM48 $44.95 
88 EL. GAIN +18.5 dBd 70/MBM88 $69.95 

UHF LOOP YAGIS 
26 LOOPS GAIN +20 dBi 
1250-1340 MHz 1296-LY f 54.45 
1650.1750 MHz 1691.LY $79.95 

Send ?bc (2 stamps) for full lin,catalwue of KVG crystal products and 
all your VHF & UHF cqubpmenl rqulnmnls. 
Pn-Selector Filters Amplifiers SSB Transwrters 
Varactor Tri lers Crystal Filters FM Tmnrvenen 
Decade ~re.fcalen Frequency Meten VHF Conveners 
Antennas Oscillator Crystals UHF Converters 

Spectrum 
Cmational, Inc. 
Office Box 1084 Post I 

~ord, Ma 

CHANNELIZED 
OR 

SYNTHESIZED 

Choose the one 
that's right for you! 

If you operateon just afew channels, you really don't need 

complete, fully-synthesized multiple-frequency capabil. 

ity. With the Clegg 2-meter Mark-3 FM lransceiver you 

can select up to 12 fixed frequencies for nets, repeater 

stations or any other channels you work regularly. So if 

you're looking for selected channel convenience for a 
small investment, order your 15-watt Mark-3 today. It's 

only 169.50. And if you order before December31. get the 

matched crystals you need for only 6.00 per pair. 

But if you need more power with full coverage from 144 

to 148 MHz in 5 KHz steps, you're in business with afully 

synthesized Clegg FM-28. Bright digital display gives you -- 
instant frequency readout. Big 25-watt output for extra 

punch. Built in capability for standard 2600 KHz repeater 

splits. Plus your selection of any "odd ball" split you want 

by just inserting the proper crystals. It's all yours for the 

speaal price of 359.95 

Call us on our toll free WATS line for complete details on 
these supewalues. Just dial 1-800-233-0250. (In Pa. call 

collect 717-299-7221). Or drop us a card and we'll mail 
you full information on all Clegg products as well as our 
related HF gear. Clegg Communications Corp.. 1911 Old 

Homestead Lane. Greenfield Industrial Park East. 

Lancaster. Pa. 17601. 
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1-1 elerne 
$59.95 
.<-I field replaceable, plug-in, trequen 
determining elements 

CO~cu'clCATlCJNS SECIAUS-IS 
PO. BOX 153 

BREA, CALIFORNIA 92621 
14) 998-30: 

ted 

r s i  MICROMINIATURE ET 
J Available in all EIA standard tones 67.OHz-2035Hz 
13 Microminiature in size, 125x20x.65 high 
13 Hi-pass tone rejection filter on board 
13 Powered by 6-16vdc unregulated, at 3-9rr 

. 13 Decode senslivrty better than IOmvRMS, bandwidth, =Hz max., limi 
13 Low distortion adjustable sinewavc 
13 Frequency accuracy, +25Hz, freq 

stability L 1  Hz 
3 E n d e s  contini "="w 

during decode, ike 
hang-up 

7 Totally immune 

! 

- PCB - PCB - PCB - PCB - PCB - PCB - 
v 

5 '  . ETCH-IT-YOURSELF 2 
I , :.>-;::.+- I 

-.. 

Full range of adjustment in . -... 
tension and contact spacing e NOW YOU CAN design and produce your 

Self-adjusting nylon and brass 3 own pslnted clrcutt boards. C_ 

p IT'S EASY. Photo positive method. No & 
darkruurll required. 

Available at selec 8 
Solid silver contact points : LESS THAN 2 HOURS to produce a p.c. 2 

$39.95 PIUS $2 00 board dlrect from magazine arttcle. 
Precision-machined, chrome Money-back guar I KIT INCLUDES materials to make 4 p.c. I 
plated brass frames m boards direct from magazine article. 8 2 Add $1 for COD. S.A.S.E. for details. 
Heavy steel base: non-skid feet EXCEL CIRCUITS co. 1 

Write for detalbd lltarature 4412 Fernlee 313-549-40 
Royal Oak. M I  48073 m 

- P C B  - P C B  - PCB - PCB - PCB - PCB - 

I m m m m m m I ~  
m m  Available directly 

plug i t  i n  like a key KEYBOARD f r o m t h e f a c t o r y f o r  
and send perfectly TO only $225 plus post- I 
t imed Morse code as age & handling. Mas- 
easily as typing a let- 
ter. Sidetone and 

CODE tercharge or Banka- - mericard accepted. 
I buffer register make Call or  write t o  order I 

I it simple t o  send at or request complete 
the speed you select. ATRON I (S specifications 

options. 
BOX 2946, LACUNA HILLS, CA 92653 

(714) 830-6428 





The Leader in the Northwest! 
ATLAS ICOM KENWOOD YAESU 

Other locations: TO PLACE ORDER 
CALL TOLL FREE 

. SINGLE KNOB (HAIINfLSLLfCTIOII 

shows p r e f t x e s  on each country  . . . OX loner. 
IYOI-.r~ 1 w . m  1 4 7 s ~  1an.n 
lL4.OlU 16.2)- 147.6&11 111.11.14 
IPOI.~~ 1n.n.m 14i.u.a 1011.11 
lL4 ID 10 I U I I Y I  141.6CW 14IYL)o 
I16 1% 11 II(Y U 141 12 12 141.YL.11 
1I616.16 14611 31 14l.lL15 I41S.J 
I16 l%II I & W m  Ill l b  11 14l.Y%.3l 

PLUS: Ih l d k i n ~ c * # a  r h r r h  
YI a b  m m d  h W c h :  
14643 11655 14748 
14646 I4658 14751 Franctrco & Los Angelcs. 
14649 14742 14151 
14652 I4145 14157 

WS: b a . - d ~  Full color. 30" r 25" - tncluder Central Anler. 

and any twoother deslrEd user programmed channels The VIP 600 optlon WORLD A T U S  - Only at las compi led for radlo 
adds smplex capabillty on channels 600kHz above the lndlcated channel. arnnfeurs Packed wtth wor ld  wlde onformatoon 

- includes 11 maps, in 4 colors wl th  zone 

Valley Instrument Products 

---------- - - - - - - - - - -  
PLEASE SHIP - VIP-42<onversion hll(s) at 129 9 5  each BAN~AUERICARO 

Borllelf I1 b0103 ond - VIP1 5 oplionls) o t  13.50 eoch. 

. I .  r h n h  0. ma."ord.. . 

PI.ourhorwrnr VlSA Uonh ImrbcardI 

Cord numb., - t.plrolia don. 
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Sooner or later . . . 
every 

of qual~ty h~gh perform~ng hand- 
held rad~os are the small Amerlcan- 

made small stzed MARK 11 and MARK IV. 

~ w n  at least one 

Small size.. . 
1 

giant performance 
TWO MODELS AVAILABLE: 
25 Watt MARK II and 
4 Watt MARK IV 
SPEC1 FICATIONS: 

Ranae: 144-148 MHz 

- 
The new arrivals to the Wilson family . . 

f The ultimate hand-held for the amateur who 
6 channel Operation 
Individual Trimmers on all demands quality, performance and value. 

FEATURES: and RX Xtals. 
Current Drain: RX 15 mA, 
TX - Mark 11, 500 mA. . . 1 - Lightweight and compact size - fits 

omfortably in the palm of your hand. 
- Rugged Lexan~ case. 
- Same dependable performance 

as all Wilson Hand-Helds. 
- Microswitch Speaker-Mic 

t \ built in. 

Mark IV 900 mA ,' ? 
12 KHz Ceramic Filter 
10.7 MHz and 455 kHz IF 
Spurious and Harmonics: 50 dB 
below carrier 
BNC (Twist type) Antenna 
Connector 
.3 Microvolt Sensitivity for 
dB Quieting 

- Priced at 

19995 MARK I 1  
I2 5 watt) 

Uses s~eciai recharseable Ni- l 
Cad Battery Pack - 
New improved Rubber Duc 

MARK IV 
(4 watt) included 

One pair Xtals 52/52 included 
Weight: 16 oz. (.45 Kg) inc. 
batteries 
Size: 6" x 1.770" x 2.440" 

ACCESSORIES AVAILABLE 

Not available 
L for sale until 

- - 

Include LC-4 Leather Case, WC12 
Wall Battery Charger, BC4 Desk 1 
Battery Charger. SM4 Speaker Mi, 
Tone Pad. Tone Options. 

uch 

Models 1402SM. 2.5 watt 
Model 1405SM ~witchablk 1 k. and 5 watt and 4502SM. 450 MHz. - -- . . 
2202SM. 220 MHz UHF units and 
~ i l s o n ' s ' ~ ~ 8 0 0  synthesized 2 meter portable rig. 

FCC certification pending. 

ATTENTION AMATEUR DEALERS: 
n, L"",.." I.,.... 

new dealers in many areas.. . 
contact us if you are interested. 

4 For an illustrated Amateur Products Buyers Guide, write: 

Wilson Electronics Gorp. FOR SIZE COMPARISON, THE NEW 
MARK IV IS  ILLUSTRATED NEXT TO 
WILSON'S 1405SM SWITCHABLE 1 & 5 

WATT RADIO. 
P.O. Box 19000 Las Vegas. Nevada 89119 . (702) 739-1931 . TELEX 684-522 
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BREADBOARD c::CZ::n?mT MICROPROCESSOR COMPONENTS m e  Incredible 
JUMPER WIRE KIT'ry;'Gysm, mao* c ~ u  s 1 6 w  ~ 0 ~ 1 8 9 2  CPU 

I* e a r  an tan! w to* 8212 8 BII l n ~ w h t ~ U t  49s ~cem 8 811 MW "Pennywhistle 103" 

5129.95 Kn only 
Ir---r.*uprolma<w ... > . . , .  ,,.I. ..W."~,U# 
0m w 'W' . "W>  l h  m me, 2nd ' 88," ,, .," ll.,l,l,*l, 6 l l l . b  

nn w,n, mam ra , . m u  C **mr n m .  ..,,I .,1, ,,".C,~".,. 
.,".*.r *.,,",lo" , , . ,w.rrnno,n,"\rl~~,~"~~~ ."".".,.%.l," ""<I<." 

I...* *.."a. lun, 
0." I""'",-- . .I-- YI. IO*"II !,*I.,,W. l"."6Ym, 

-MI 
..*D..L.. . . . X n R . u r  
D.Y-! . ........ ~ m r ~ t * ~ w l m m m n n w ~ ~ w  

a(- uOl -0 --- m : I " , ~ t W I , ~ I V 1 O 1 M *  
~r.nm m..rt- smin MZM LO. inm !om - 

l ,  ' l  nnr llll" 025 w ,m ""6 
M W  - . . . ... . Onl l  xmlNU5 ruup*d 
....nl lmd . . ... >I nllm nn,ll#nal Lnli151.0* Irm 6 ma 

m m tom 
Ih -1 . l lP ... ,,qu.nr* I.lll."C, ."!.rn.lloll* Id,",!, 10 

rn . !z ,u~atz~~nmr*an  t~o1ura?4mfie 
D(WI Dm YRI . . .  hl "1 2W 00 m A  cullmi Im V l r r * s  n 

",l\",rn.m( .mmn WU,, 

wu . . a, cnmm*rocr m o w  on a mob 9 w r 
h.l kl*.ll . . . . t i "  VAL .,,nab ma* lu rm 

P w " ~  r l c , n l  rmft$ ucarn - ,4~  
amum.var. MW, r.li,mr,iaun., rnliol aul<aum goimm 

(C# AMlFM 8-Trackstereo Receiver 

.-, n- 8214 Pllor8W lnlerrupl Conltol 15 95 MC6820 Peloph Inledaa Adapter 15.W 
"" *"Oln '' u'u"*a 

*(OM mmm 
w nn,, - 

r l o n n  svr nrusn 
1+.nnr--" 

JKt .... SlL001hH l m M L m .  

n SOCKET Mala  wnh ho r o a  01 0 2 s  q or 
din posts on pallernr 01 100. 
centers ana shleldsd receptacles 

JUMPERS  ma amrr  hae$ on back tholu 
01 6" 01 Is' langth 

Pad No. Ma. .l cnMI Lmbt8 W 
q?d003lBR 76 18- S 5 38 u 

6' 4 78 914003-0613 26 
27 EI 914005~18R 40 

974005-06R 40 6' 73381 
9'140116.18R M 18- I 0  31 8a 
9'40 - b~ 50 6' I ea 

iij;MPEA plug tn acmrs ma board$ rackat.mnn%tor 1w9~.I..l HEADERS lulnperr 025' rp po$lr cho~ca 
of rlra~ghl or nphl angle 

Pnn NO I(.. d posh MI. 
9 ' 181, I H 26 sln8pm $1 28 ca 

8216 BI Dlrcaonal bl 0 r t w  6 95 MC68IOAPI 128 x 8 SIIIIC RIM 6 w  
8224 Clock Qnrlal01:011w 9 95 MCBJlOLB I024 1 8  8 1  ROM 15 W 
8228 Syslrm Conllallcl Bas O lwr  I 0  95 ZRO CPU 

.A" I 2995 
O N $  1% I ' Br,. I , ,P 

m u  ~ . m r  n m  > .  w z r  i,,,, 
aYI :"I >O?>., S, , ,#  J En snn uar m m  ? \ " 7 r n  3m.3 I " CR1 

11 1  
,... 2 X . i  .ill.,. ;; 

:?: A?l?fiT ? .1" 1 , .  ::::: : " 

11'9 Wa 10 8'1 >*  *.<I I%.> ,., ,,., IS 

)*  "'4 ",.' " .,., 6 91 

2; ?;:,?.a , zt~wmm . 3 I.,,., 
' 

zirl ,022 o,.,~,~ 
7 75 

su;, ; : ;; :::: L.,.  
25;' D u 4  I r r  R i l  
;:w; n.., ' : R" i 0 I I I ..me 

2 

aha+ W 811 , ,,, ~7) 
i i i l  - o ? : \ , ~ , , ~  moms :: 8 "  ,818 , . .  ' , 
?;;;6.0 :;, ,nm , 4 I ,. , 8 ,?. 

IVI:, , . a I,1.. , ,, ,,, 
?I>> i . .  8 ' 1,1. 5 ,b7 ..' tcq. mws nm s w *  lCnl I ~ - R .  2 % .  rlirl 4 tar< c , . ,  ;*; 

?5'W1Q"' Dnr 6*.uopw I ~ R  . s I* r ,om 
n,llDl,l h, o. ,w I~N nts chr WI 0 1 1014 1 .  ',,A*-, - WW~IU i rnmr~t  I 2c m.l -, ;:: ' 

~ : I R : ?  R 26 "qh' ; := 977865 R 40 sIn8ghl 
9738:5-R 40 llghl angle 2 30 s 
973866-R M r l ra~gn~ 2 36 ca 
923A7G.R M rlgnl angk 2 82 ca 

a INTRA-CONNECTOR 
i',oao~r oorn qrralghr * , l a  rlohl ,anot~ l i,nrlton~ Malcr 

with slanflard 10' 1 10'0unl row rnnneclorr I e 3m. /\lnDry 
eIC I P~r8nlls P Y I C ~  lesllng 01 l8~accesr~Ole lhner 
h n  no. 922576.26 no 01 ronl.rlv 16 k l w  16 PO 8s 

h8 INTRA-SWITCH 
l'erm,ri lilrNrll Ifne-by hnr r r ~ l c n ~ n ~  10, d l w ~ l k  or M 

1es1,ng Suilclier nctuatcn wllh ~cl lct l  or pmoe !ID Mates n t h  
slar~dad 10 K 10 dual row ~ u ~ l n e t l o ~  LOW p~ l l t l e  d s ~ ~ g n  
SWIIC~ b~11009 ILCES.~ 10 el~rnma~a acc~dental swtcn~ng 
hnna.: IS 16 No 1 1 : 6  Pde. $11 80 .a - .,. ~, (CRYSTALS hgpFT"- - .,3 .c fRtoUE*c,tl e - 

hac. - F~oqutncv 
C V l l  . ~.. ,:, ,8al C ! ~ , ; Y  
CI2A 2 2 ;  A M; I! u 15 3s 

[Cv? 01 I I 1, 9fl 
C"1A 4 3:: M*, Y I ' I "  s4 95 
" " 7 1  Y C . R  I: 9 j  
CI12A 10 OE: UHI * C ' A  u sa 91 

::::: 2: :: 
~"221 m cc: 9s 
CV3OB 32 WO Unr HClU U 54 9 1  

CONNECTORS 

SPECIAL REQUESTED ITEMS urn cwl 
Fcwn 9 llivi >*a  :m rssr  .iihR 

YUUIA 11191 
YUIIII 4 %  

With BSR Changer . I'IL  sy,,cm : , , 1'; ?: b;i:l(" :::::: :: HSR R~cora Changer 
*r 5 .urn 149,. 11,~:  ? RI ru 'm n m ut mlr y, uvr,ls • sllnc coq~troa 

:;: ,: 2 ;;z,, ,I; :;;To :/ ::&l;::UlO : ;::z ;; Aulomahc AFC Conlml 
9111 1911 UIUII14 l l Y l  i i . i K # > L O (  1 7 5  U i l lO l lb  3% YMU,l 9 %  

. 4 Sixlkt! Otllpul 
1251t1 21m YIU6515 l l y l  I l t U , I  (OM I1-,Y#, L B  . Walnul l ln~rn vlnyl mvsnd 

PARATRONICS wood veneer n t h  smoke 
dust C O Y I I  

F u W n d  on hbn,ary'o F r o n t  C o r e r  01 Popular E l c b o n l a  Sue ?OW x 9*H I 1SVaQ 

'naiver 'It I** IU ~ l t m  ~ * * l W 5  $149.95 
Model l O O A  --. . . - 
$229.OO/kit 1 1 1 1 1  l l lm ...mm.m. ..a. I . W"0W 11018' ' . I 

hn, im.a.n,mmrm . tm" to $9 ,,,,, ,,,? ,, \u .wm, . A,I,,~~!~... .,,,, ,>I l~lg~ta~ swynsm 
. C T . l l  Llnlln~n I,,." *.,.r 
.I"... Ynw*,r,.- - r  8.". . (.~,,,,i., nat., 8 I- ~ ~ ~ 8 ,  I,,,.. ~ .c,,,, t r,,k, 
.sV.e) .,,, . n  ..,-I 

T!uubi~ sllool I l L .  CMOS. OIL. RTL. 
. U r I  J A n l l  <#I> 

Schaltky and MOS lnm#l#er $39.95 . O ~ S P I ~ ~ P  16 I o g ~ ~ ~ t s t e s  u ~ l o B d ~ g t l r w l d r  addrorr # ~ l r I ~ ~ # r l # o n  anddata llow &rsmblsd - $49.95 
5.. urlar rl ld ,u!or d~rpldvm or, wut - flaolcnr run l~ r l l i  01 ROMS Oclh Lw enss 
CHI oclnl 01 lherndrc!mal lorrna~ - Irdc8rw OIYI~IIUII 01 C O O ~ ~ O ~  logic 

mnml*nm m m  wmImm - Mm'1oce"o I 0 s w u m a s  
- V~llfvtng Plopel s ~ l l e m ~ ~ c a l m n ~  

durfng lert~ng 

. Tests C<ILUI~I under actunl oprrattngcoMtotms - checks110 Cnllnlpr an0 shltl SIw- r n i ~ w y ~ n m l  s l 9 . n  . E ~ ~ y l ~ ~ ~ m M C - m m ~ ~ w l l n ~ l a p . b y ~ l e p m ~ r m c f m n  'CP'"c' oPr'*ltOn 

(Model I W A  M a n d  $4 951 
3%OIGIT DPM KIT 

PARITROWICS TRlOOER UPAlDER - *&el 10 *.W 18 111 - M . m  
~ 1 6 ~ d l l O ~ I 1 1 ~  R O M l d m # W I m Q Y l M m o t h p U W  M"*"'Ltl*-Mn 
m t d - ~ ~ ~ n m ~ a r a  - m n n h o m n t o ~ o d ~  I M L ~ D , ~ ~ ~ ~ J H )  ~~~':~,!!,~_ ",. 

sH.ol~11 Pw.bl. own . ,bC,,,., r,,,?c,, 8 

PRINTED CIRCUIT EDGE-CARD . a ,,n ,ti, ll,-i ," 
15b !illairltl 1111 IlnubIv l l c . ~ l  Out 

. ," ,,,,1 ", ., 

.AU,,,: ,I,II ,,,, 
BlurCalM Lonlncl\ l ~ l r  OSI lr, 1li0 P C  Cards . ,.,, 

15130 PINS (Sn Id r~  ty~1e11 11.95 . ~ktuly .rk.w . I" ,-vu lll.ll ,"linm 18136 )'INS (Soi,l?f t y r l ~ t )  12.49 
22144 PINS lsolde! t y r i r t l  $2.95 

. . . 
UnOl twvm", - 0  lbw. 

501100 PINS (Wlre Wrap) 16.95 5 vDtm ~i IW? 
lrw i4.rmnu Yi am "7 501100A I I m m l  PINS IWlre WraDl 16.95 

25 PIN-0 SUBMINATURE (RS232) 
n rc c u ~ , r  o t l x ~  
"nrln.. 0 I" ,wq ""rn 
5,:t ,,A , ' 3 , : 

c 5.c 
100 MHz 8-Digit Counter . %" '  ""'Q"' ' ' A T  . h", m.u ,o"?m. ,, . 6 I ,.., ,,, ,,,,,, New t l~po la r  Untt Auto Polarity . L ~ n ~ ' ~ o ' ' " ' " ~ ~ ~  cnvoor 11" .,in av\o • At110 Zetolng . rlltll LYI,,.~,.~. ilymel l u p l l l  ,M larn*"" . L o w  Power . ~ ~ n . , ~ i .  ,,..**r ;) lw m, 5 LED 

w, ,",,I. ,,,-, Single IC Unil . -. , .,-. ,, w . 1 ~ 0  $134.95 Model KB500 DPM Kit 
, 5 6 7  

$49.00 
Model 3110-5C-5V Power Kit $17.50 

'.. 8 .  . m ~ .  ,,:,,, ,,. %, 

0825P 1'1 I J L j  ,.. ,..,,-,.,,. -.I+,,11 - .  . .),, 

0 8 2 5 s  S O C K [  I ::::; Model 2800 -n: C,,,", z .,,.,,.,,..,.2,",, . , ,  .,. ,,, 
199.95 1C L h p l r  0C.a S 0 . I  A m S O R I E S  FOR MAX 100: m.,,m .,,, .).. , , , , , ,  ̂ ,  

R u h l q e l b l l  WI. CI8R. r  EllmlM* 
U1" n.,., .*m< r.,, , l  ,.,m. "."uHEAT SINKS # ".." I' ::'. wr. ,:.:,'., u L v l n ~  ~anatt-  018 8 r . s  LC-a n.a 7.50 g,~;~,n;,''-" .u .. ,. U"-m'" m l n z  

M5.CB : l~~r r l l l lm  Capper w-black llnrrh 101 lU , S .a llsvrc KIT ONLY $16.95 
291.36H hli8r1,lnum lo, 10.220 l!anrnlon 6 

Rc~1~1al0cs CONTINENTAL PROTO BOARD 6 SPECIALTIES moloalps 
Omrr CS Prolo Boards 14 PIN 

HEXADECIMAL 
680- 7Y Black Anaduad Alummum lor 10.3 $1.80 

S15.95 PBlOil : 5 c ,  5 19 95 16 PIN 
Ou& 4 Black Anodvcd l lum~num - p w d m  

mntrnllnp nobr lor 10-3 - 4 4  r II I I $1.75 
I6 ion9 . , wine] P8IOl 5 8 x 4 5 19 95 24 PIN 

PI3101 - 7 1 4  5 39 95 40 PIN 
59 95 OESIGII MARS 

37 X A-1 8 ' L  krtn M ~ I W ~ T  %,I 
rnouot, dl r l..rl..f 24 

OM! circu~l Oes~nn~r 

27 XA-1- , ~ h a c . , ~ , u t  
$69 95 
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3662 - -- 6 5  X 3 5 X ?  ! M t ~ 8 W o ~ & % ~  

,.P,".,"rrrc ,*<,wa I %  
8.95e'. 

22/44 - unm,.amrtol.-l. - 1 2.95 1. l o r  DTL HTL. T r L  o r  CMOS Devices 
77 cm m a  n m  
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0 ?kit? );;:;;,"Iy,z:,"p . . < I '  .,,,.; ',,. * . !'"* O I J \  1 1  ,om r n . 0 " "  00"" "%." "5 

...... ' iil 541 01 1 s  I S  8 %  

...... ...... 1/16 VECTOR BOARD ..mmm. u!.... ...... .~IIIY*IU,I,W(W.. O' 'I1 
sot I r n  :; 2 !;;'''' i: -..... 1 1  *O,.*..l, .P.".," "me. . ' ..-l, . .0'.,8 . ... 01 176 t)(l J 25 - ,. . M. L w w t o Y p  .y.O1.. Q ~ E ,  1 -  JE803 PROBE - 

~ C I I I (  YPUWIXXP de ss 1 , ~  I r -: 01 er 
0 1 1 1  :O 3m 

Ihl . i  i .,, ,""l.".,. . I,,...*lra',gm . - -._ 
I W U ~ ~ I I X I P  4 %  t ,m  z w  ~n . ... 7 

tmx~ Y P ~ I W ~  r s sn 2 0 ,  I es -.pllB . . " 6 "1 TY;,..~., :E ~~,~~~~ k~:, ' 4 
C I K ~  mw*a .~rn  r n  8 %  > u  2 1 ,  -. ,, ,*,,,, ",," j vo *$ , , 8  ,,. , ,,,,I ,,m ---*- 

!wua?w an t r m  5 w  r u  OUIC.M~-US-M ~ - . ~ - ~ ~ ~ g . n ) ~ ~ ~ ~ ~ ~  ~ ~ ~ ~ ~ ~ . n o I r . ~ ~ ~ ~ n u ~ l . l , , u I ~ ~ ~ ~  
16-R'i*l 8 %  17m 973  e x  L.~ IW~I~ I , ,M-AUI*L IUT~~ c m n o w  ~arrahimct as t l m  6 m  8 1 2  ,wmnY1 I,. .w,ca~r nr ol m ,nluny ?mn D, 

C O W S  ULD - tm.*~,.l-mI. * ,  I , " *  ,l.m,,\,, 1 I* 
1978 P ~ . ~ ~ . , , . , . , . . ~ , , ~ . ~ ~ ~ ~ . , ~ . , U ~ ~  59.95 per Kit 

63 KEY $29.95 

J 
:,;.,my ~ ' m  2: ",I\ ,-n <,. ,.,.I mm*, 
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PL 5V 1A Supply 
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nnan pairl n . < N.. 1021-1 HOWARD AVE . SAN CARLOS. CA. 94070 
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PHONE OROERS WELCOME - (415) 592.8097 m?mwmunrm19nm.jili~.y nl uilnple 

7 3 m e  ~llrllll . l  r l l l n  ..,,, no.., mRml I ( 4 . S -  ~ ~ u n m a m a s r r m u m u w  on,, $9.95 Per Kit 



M QRP TRANSMATCH with P r e a m ~  for HW7 Ten-Tec. 

flea market 
RATES Non-commercial ads 106 per 

word; commercial ads 606 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad ( s u b j e c t  to our e d i t i n g ) .  R e p e a t  inser- 
t ions of hamfest ads pay the non- 
commercial rate. 

COPY No  spec ia l  l a you t  or a r -  
rangements available. Material should be 
typewrit ten or clearly printed (not all 
c a p i t a l s )  and must include full name and 

Send stamp for details to Peter ~ e e c h a m  Associates, 19 
Lorreta Road. Waltham. Mass. 02154. 

-- 

HW.12 $90. DX-60 $75. BC-348 $50. John Townsend. 1522 
Branch St.. Wilson. N.C. 27893. 

-- 

MOBILE BONDING STRAPS under 50a each. Literature. 
Estes Eng~neer~ng. 930 Marine Drive, Port Angeles. 
Wash 98362. 

-- 

COLLINS CW Filter, 300Hz bandwidth X455KF300. For 
use In 75S3, 75S3B and 75A4 receivers. See Sept. 1975 
H.R. lor artlcle $60.00 postpaid. WlEBC. Gary Firtick, 40 
Pilgrim Tra~l. Woodbury. CT. 06798. 

FOR SALE: FAlRCHlLDlDUMONT OSCILLOSCOPES 
765MH176-0817413A, 50 MHz, 5 MV, dual trace, delayed 
sweep, silicon solid state $550 M~crodot 412A FM slgnal 
generators 400-550 MHz, 6 digit readout. 0.0003% accu- 
racy, callbraled attenuator, solid state, unique sell- 
calibrating FM devlatlon system, cost govt. $11.000+, 
$575. HPlBoonton 250A RX meter $525. EST 2918, Im. 
pedance bridge assembly $PUR, military TS-413BIU. $85. 
Write for detalled speciflcat~ons All cal~brated and 
guaranteed. Becken Co., Whlte Oaks Route. Carrlzozo. 
N.M. 88301. 

. ~ 

THE "CADILLAC" o f  QSL's! New'  Samples: $1.00 
(Refundable) - MAC'S SHACK; Box #1171-D; Garland. 
Texas 75040. 

CASH for any Collins unit. 618T, 490T, modules, parts, 
accessories Air Ground Electronics, P.O. Box 416, Kear. 
nv N.1 ll7017 ..,, 

address. We reserve the right to r e j e c t  un- - 

suitable copy. Ham Radio cannot check TELETYPEWRITER PARTS, gears, manuals, supplies, 
tools. toroids. SASE Ilst. Typetronlcs. Box 8873. Ft. 

each advertiser and thus be held Lauderdale. FL. 33310. N4TT Buy parts, late machlnes 
responsible f o r  claims made. L i a b i l i t y  f o r  

-- 

correctness of material limited to tor- EXCLUSIVELY HAM TELETYPE 23rd year, RTTY Journal. 
articles, news. DX. VHF, classified ads. Sample 35c 

rected ad in n e x t  a v a i l a b l e  issue $3.50 per year. 1155 Arden Dr~ve, Encln~tas. Calif. 92024. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines Many other sup- 
pression accessories Literature, Estes Englneerlng, 930 
Mar~ne Dr.. Port Angeles. WA93862. 

- 

YAESU EQUIPMENT OWNERS - Present or Prospec. 
tive - J o ~ n  the seven.year-old, 2500 member. 42. 
country, International Fox-Tango Club. Members receive 
valuable monthly Newsletter, money-savlng purchasing 
service, techntcal committee consultation, free ads. FT 
net, more. Back issues of  Newsletter available from 
1972. To join, send $5 for calendar year (includes a 1978 
issues of Newsletter) or $1 creditable towards dues, for 
complete inlormation and sample Newsletter. Mllton 
Lowens. WA2AOQIN4ML. 248A Lake Dora Drive. W. Palm 
Beach, FI. 3341 1 

. 

FREE Catalog. Solar Cells, Nicads. Kits, Calculators, 
Digital Watch Modules. Ultrasonics, Strobes, LEDS. 
Transistors. IC's. Unique Components. Chancy's, Box 
27038. Denver, Colo. 80227. 

- 

TELETYPE EQUIPMENT for beg~nners and experienced 
operators. RTTY machlnes, parts, supplies. Beginner's 
special: Model 15 Prlnter and demodulator $139.00. 
Dozen black rlbbons $6.50; case 40 rolls 11116 perf. tape 
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave., 
Brooklyn, N. Y. 11224. Tel: (212) 372-0349 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Austrla Ham Radio Holland 
Karln Ueber MRL Ectronlcs 
Pontfach 2454 Postbus88 
0-7850 Loerrach NL-2204 Delft 
West Germany Holland 

Ham Raalo Belgium 
Stereohouse 
Brusselsesleenweg 416 

Ham Radlo ltaly 

6.9218 Gent 
STE. V la  Manlago 15 

Belglum 
1201 34 Mlla00 
Italy 

Ham Radio Canada 
BOX 114. Godertch 
Ontarlo. CanadaN7A 3Y5 

Ham Radm Sw~lrerland 
Karln Ueber 

Ham Radio Europe Postfach 2454 

Box 444 0-7850 Loerrach 

S.19404 Upplandsvasby We31 Germany 
Sweden 

Ham Radio France Ham Radto UK 
Chrlstlane Mlchel P 0 Box 63. Harrow 
F-89117 Pariy Mtddlesex HA36HS. 
France England 

Ham Radio Germany 
Karin Ueber Holland Radla 
Po~tlach 2454 143 Greenway 
0.7850 Loetrach Greensfde, Johannesburg 
West Germany Republic of South Afrlca 

FIGHT TVI w ~ t h  the RSO Low Pass Fliter For brochure 
wrlte Taylor Comrnun~cat~ons Manufacturing Company, 
Box 126. Aglncourt. Ontarlo. Canada MIS 384 

-- - 

RUBBER STAMP. namelcall lQTH $2 50 ppd  (CA 
res~dents add tax) LWM Press. Box 22161. San Dlego. 
CA92122 

COMPUTER HOBBYISTS - Classif led advertising 
newsletter Ads, New Products, etc. Every 3 wks - 
Since Jan 76. $3.751year. Free Sample ON--LINE. 24695 
Santa Cruz Hwy.. Los Gatos, CA 95030. 

. 

PARTS and SERVICE SUPPLIES - Free catalog. 
Nat~onal distributors for Oneida Electronics and Crystek 
Crystals - Write Tommy, WD4EKJ. Comm-Tech. inc , 
104 North Thlrd Street, Richmond, Ky. 

FOR SALE - DRAKE 26 with 2AQ $175, Regency HR 2A 
$150. Both units good. manuals, pictures and informa. 
t ion available. Will Ship. Want Kenwood R 599 A 
recelver A.H. Davis. 212 Santa Fe. Halstead, Ks. 67056. 

COLOR VIDEO RECORDER - $249. Zoom lens TV 
camera - $179. good for Betamax. Quasar. other VTR 
and SSTV. ATV. Will trade - need Atlas 18012101215X. 
IC.22A or better 2M transceiver. SSB CB transceiver. 
W6DOM. 6017 Malorca Ct., San Jose. California 95120 
(408) 997.0132. 

-. - 

HAM RADIO HORIZONS, a super new magazlne for the 
Beginner, the Novice and anyone Interested in Amateur 
Radio.. .What it's all about, How to get started. The fun 
of ham radio. It's all here and just $12.00 per year. 
HURRY! HURRY! Ham Radio HORIZONS, Greenville, NH 
03048. 

OLD QSTs wanted for collection. Al Blank, WlBL 727 
Pine St., Bristol. Ct. 06010 

TELETYPE FOR SALE: Model 28ASR's. KSR's, typlng 
reperfs, and TD's. New and used parts ava~lable in- 
cludlng Cabinets, tables, mod kits, gears and gearshills. 
Paper, rlbbons, and supplies. Some 8-level Model 33 and 
35equipment available. Send SASE for complete list and 
prices. K9WJB. Lawrence R. Pfleger. 2141 N 52nd St.. 
Milwaukee. WI 53208. 

BUY-SELL-TRADE. Write for free mailer Give name, ad- 
dress and call letters. Complete stock of malor brands 
new and reconditioned equipment. Call for best deals. 
We buy Collins, Drake, Swan etc. SSB 8 FM. Associated 
Radio, 8012 Conser Overland Park. Kansas 66204 
(913) 381.5901. 

RTTY - NS-1A PLL demodulator Board $3.50; Parts 
$15.00; WIT $24.95, all postpaid. SASE for info. Nat Stin. 
nette Electronics. Tavares. FI. 32778. 

FOR SALE: DRAKE TRZZ and AAlOPA, $140. CV57IURR 
$50. Hall~crafter receiver S9, with original speaker, make 
ofler. WZGRN. Tom Myers, 540 Maple Dr. W.. New Hyde 
Pk., N.Y. 1 1040. (516) 354-5550. 

-- 

NEW ITEMS 
W i r e - W r a p  P r o t o t y p e  

sockets $18 .00  ea. ppd. 
Matching wire wrap 8 6  pin edge connec- 
tor while supply lasts $2 .50  ea. ppd. 
4PDT Relay, 12VDC coil, Potter 
Brumfield, 5 amp contacts, fac- 
tory new of course, a beauty 

$1.90 ea. 
Transformer: 11  5V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 1 0  Amps intermittent 
duty. Ideal for 2 M  rigs! $8 .00  ea. ppd. 
Jumbo LEDs. .2  inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd 
2 "  Square Speaker .  8 ohms.  
Mounting holes in the corners. 
Very nice unit and easy to mount. 

$1  .OO ea ppd. 
6 foot AC Line Cords. 2 conductor heavy 
duty. Color white. 40c ea. ppd. 
1 /16"  Copper Clad PC Board Material 
3 " x 3 "  - 2 for  2 5 c ;  3 " x 6 "  - 

30c ea.; 6"x6" - 7 5 c  ea. 
1 8  pin Solder Tail, IC Socket 
- for that memory chip. 

28c ea. ppd. 
SO239 Coax Fittings. . . . . . . . .  50c  ea. 
PL259 Coax Fittings . . . . . . . . .  50c  ea. 
2-1/4" Round Speaker. 8 ohms 
- . 3  watts.  Factory n e w  of 
course. $1.00 ea. ppd. 
Resistor Assortment. All new FULL 
leads. Color coded. Some 1 / 8  - 1 / 4  - 
1 / 2  watt. 100 /$3 .00  ppd. 
1 0 0  Assorted electrolytic capacitors, all 
clean, factory NEW - no junk 

$10.00 ppd. 
88mHy unpotted toroids 5 for $3 .50  
2N3391A NPN plastic transistors 7c  ea. 
I N 4 1 4 8  diodes - cut and 

formed leads 100/$1.10 
Wire Wrap Sockets 

. . . . . . . . . . . . . . . .  8 pin .22 ea. 

. . . . . . . . . . . . . . . .  1 4  pin .28  ea. 

. . . . . . . . . . . . . . . .  1 6  pin .35  ea. 

. . . . . . . . . . . . . . . .  24 pin . 7 0  ea. 
8 .0000  MHz Crystal - 

HC6 holder 3 . 5 0  ea. 
1 0 0 0  volt PIV 2 amp diodes . 1 0  ea. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863.7006 

12690 ROUTE 30 
noinn HUNTINCDON. PL. 15642 . 
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via f i rst  class ma i l  o r  air. 
\/ No m i n i m u m  order. 

d All the  popular  sizes a n d  mtxes. 
+Fast Service. Same day  sh ipment  

TO ORDER: Speci fy  both core size 
and m i x  f o r  toroids. Packing and  
shipping 50 cents per  order U S A  and  
Canada. Cal i fornians add 6% sales 

F a n  service. Free brochure and  
w ind ing  char t  o n  request. 

flea market 
ELIMINATE ORM and ORN problems wtlh our superlor 
CW and SSE l tllers Albo CW keyers, speech com. 
presmrs. power supplies. lelelype canverlers, and multi. 
band anlennas assembled or ~n klls Dealer d~scounls. 
Dynamfc Eleclrontcs. Box 896. Harlselle. AL 35640 (205) 
773-2758 

- 
U does it best. Deals, lhal IS, on Yaesu. ICOM. Drake. 
Swan. Cushcralt. Larsen. KLM. Dentron. VHF Englneer- 
~ n g  and Wilson. For new or used gear call. see or wrlte 
W0EZ. Bob Smith Electronics. 12 So. Ztsl St.. Forl 
Dodge. Iowa50501 (515)576-3886. 

-- 
BARLOW.WADLEY XCR-M Mark I1 Crystal conlrolted 
communlcal!ons receiver. Conl8nuous lunlng 0.5 lo 31 
MHz and 87.5 l o  108 MHz FM. Excellent condlt!on. In 
orlglnal box. $225 or otter. Harris, 171. Kresge College. 
Santa Cruz. CA. 95064. 

STOP LOOKING For a good deal on amaleur radio equip. 
men1 - you've found 11 here - at your amateur radlo 
headquarters an the heart o l  the Mldwesl. We are laclory 
aulharized dealers tor Kenwood. Drake. Calllns. ICOM. 
Ten.Tec. Atlas. Hall~cratters. KLM. Wllson. Regency. 
Tempo. Swan. Modland. Alpha. Slandard. Dentron, H y  
Gain, Mosley, Cushcralt, and CDE, plus accessories. 

Thousands 01 lhralty hams lrom coast to coasl already 
know us and we lnvlle you to loin them by wrillng or call. 
Ing us loday lor our low quote and lrylng our personal 
and friendly Hoosaer servlce. HOOSIER ELECTRONICS. 
P. 0. Box 2001, Terre Haule. lndlana 47802. 
1812) 238.1456. 

TECH MANUALS lor Govl. surplus gear - $6.50 each: 
SP-MMJX. URM-25D. OS.8AIU. TS-1731UR. Thousands 
more avallable. Send 500 (corn1 lor 22.page list. W31HD. 
7218 Roanne Drive. Washington. DC 20021. - 
WHY WAIT UNTIL THE NEXT HAMFEST? Your call sign 
and handle custom printed on a qualtty T-shlrt Colors 
avallable: whlte. black, tan, gold, red, yellow, or blue. 
Sues: Small-Medtum-Large.Extra Large. Clubs quanllty 
dlscaunted. $6.00 - TEE-SHIRTERY. K9PM. P.O. Box 
101-6. Medtnan, lllonois60t57. 

Coming Events 
SOUTH BEND. INDIANA ndmtesl Swap 6 Shop January 
8. 1978. 10151 Sunday alter New Years Day a1 NEW CEN. 
TURY CENTER downtown o y  rlvcr on US 31 ONEWAY 
Northacross lrom SI. Joseph Bank Bulldlng. Hall acre In 
one large room at same ground level as entrances and 
loading dock. Tables $2 each. Food calerlng servlce. 
aulomoblle museum and Arl Center in the same build. 
tng. Four lane h~ghways lo door lrom all dlrecllons. Talk- 
tn Ireq: 14652.52, 04.M East, 13-73. 25.85 SE. 34.94: 
147 99.39. 93.33. 84.24. 6309. Wayne Werts K9IXU. 1889 
Rlverslde Drwe 46616. 

THE ANNUAL FORT WAYNE WINTER HAMFEST is at 
Shlloh Hall. North ol Fort Wayne. on January 22 lrom 8 
AM until 4 PM local lame. Early parklng 1s avallable and 
28188 and 52152 wlll be monttored. Thls yearly even1 IS 

Sponsored by the Alien County Amateur Radto Technlcal 
Socnety (ACIARTS) Admlsston IS $2 W at the door. Table 
Space IS avatlable at $1.9 per hall lable (aboul 4 feet). 
For ~nlormal~on or table reservallons(he1d untll 9'30AMI 
wrnle: Hamlest Chairman; ACIARTS. PO. Box 342. Forl 
Wayne. IN. 46801. 

RICHMOND. VlRGtNlA WINTERFEST - 78 January 15. 
1978. Bon Alr Communlly Center. sponsored by The 
Rtchmond Amaleur Telecommuntcal~ons Socnely. Talk. 
~n 28-88 and 52 smplex. ARRL coord~nated Technlcal 
symposium. draw~ng, home brewers contesl - 2 dlvl. 
slans, over I 8  and under - wolh lramed certillcate to 
wlnners wtth Most Orlglnal Idea, Best Mechanical and 
Besl Electrical Conslructlon. FCC exams wllt be ad- 
mlnislered. slartlng at 10:00 a.m.. la  lake exam, mail 
Form 610 at least llve days prior to Fsst to address 
below. Send sell-addressed, stamped envelope 11 you 
need Form 610 Commerc~al Exhtblts. Indoor Flea 
Market. $200 (table ~ncluded). Ouldoor Frosl Blte Tall 
Gale Flea Market. $1 00 Adm~sslon $2 00. chlidren under 
12 lree. R.A.T.S. members excluded lrom Contest and 
drawtng. Brlng Ihe tamlly and spend the weekend In 
beautllul, htstorlc Rlchmond. Rlchmond Amateur 
Telecommunlcallons Soclety. Posl Olflce Box 1070. 
Rtchmond. Vlrglnla23208. 

- 

17th ANNUAL MICHICAN CROSSROADS HAMFEST 
Saturday 341788 00 openlng Marshall H~gh School. Exit 
110 tram 1.94 near 1-69 Over $300 ~n door prizes. Check an 
146.07167 146.52 tor lucky OSL card. Donallon $1 Mad .  
vance. S2.W at door. Table donallon 500 each loot. Con. 
lac1 K8UCQ. Goodr~ch 110 Perrelt. Marshall. MI 49068. 
(616) 781-3554. 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan- 
dard. Use with our CHAN- 
NELlZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
S 29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

1 9 5 2 C l l n t o n  St . .  B u f f a l o .  N. Y 14206 

TEST EQUIPMENT 

BOONTON l9OA Q m t r  30 200mHz . . . .  $425 
F L U K E  8038 Di l l  ac dc v t v m .  . . . . . . . .  2 9 5  
GR916A R F  I m p  bridqe420kHz 60MHz.  325 

. . . .  GRlOOlA L F  s i g g m 5 k H z  50mHz .  ,185 
HP120B 450kHz qenpur  scope . . . . . . . .  ,215 
HP160BlUSM1051 15mHZ scopewi th  

r e g  horiz, dual trace ver t  plugs . . . . .  ,175 
. . .  HP1668(Mi i lDe lay sweepforabove 130 

HP170A(USM140) IOmHzscopewi th  
req  horiz, dua l  t race ver t  plugs . . . . .  4 7 5  

HP175A 50mHz scope w i th  r e g  
h o r ~ z ,  dua l  trace vert  plugs . . . . . . . . .  5 6 5  

HP185A Sampling scope to 1 gHz 
. . . . . . . . . . . .  1868 xst r  r ise t ~ m e  p lug 585 

. . .  HP2028 L F  Osc .5Hz 50kHz 10vout. .  .75 
. . . . .  HP205AG L a b  dudlogen .02 2OkHz 195 

. . . . . . .  HP2IZA Pulsegen 0 6  SkHzPRR .65 
HP5240 F r e q  counter basic range 

. . . .  lOHz IOmHz extends w p lug ~ n s . .  195 
HP540B Transosc to 12.4qHz fo r  

use w HP524 type counters . . . . . . . . . .  145 
. . . . .  HP616 Sig gen 1.8 4gHz F M  CW. .  ,365 

HP686 Sweep gen 8.7 12.4gHz Sweep 
range4.4mHz 4.4gHz.. . . . . . . . . . . . . .  ,495 

HP803A V H F  Ant  br idge50 500mHz .... 135 
HP28OIA Prec d ig  thermometer  

-80 to 250 deg Ce lsw i th  1 
. . . . . . . . . . . . . . . . . . .  I . . . . . . .  

osc. lesssensors I295 
T e k l 8 l  T ime  markscopeca l i b . .  .55 

. . .  Tekl9OSiggen(const amp11 5OmHz ,175 I 
Tek 545lmil  vers b y  HickokLavoie) 

33MHz gen pu r  scope less p lug in  . . . .  ,495 
Tek565 Dual  beam IOmHz scope 

less p lug ins I l se r i es ) .  . . . . . . . . . . . . .  ,625 
TekSI35 80MHz gen pu r  scope less 

p lug in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,645 
For complete list ot all test equ8pmPnl 

5vnd sldmpud, sell dddr t 's~~d envelope 

G R A Y  Electronics 
P.O.Box  941, Monroe, Mich. 48161 

Specoal~28nq an used test equlpmenl 
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YOU ASKED FOR IT- 

DS-3000 KSR - 
The ULTIMATE in coded communications can now be yours with the new DS-3000 KSR TERMINAL 
(Version 3) and ST-6000 DEMODULATOR. Enjoy the convenience of composing and editing your 
messages BEFORE transmitting; decode and display CW as well as  RTTY signals. Connect the HAL 
ST-6000 and DS-3000 KSR to your transceiver and antenna and work the world on RTTY and CW. 

STdOOO DS3000 KSR 
170-425-850 Hz Shift MORSE. BAUDOT, and ASCn codes . Lmu or High tones . Full 72 character lines 
Crystal tone keyer 16 lines of display . Active band-pass filters Word wraparound 
Autostart and antispace TRANSCERIER Edit with WORD, LINE. & PAGE modes 
ATC and DTH Keyboard vrwrammable HERE IS 
KOS for keyboard break-in . Scope or meter tuning indicator . AM or FM limiter modes 
Table or rack mounting , 
VO interface to current loop. 
RS232. MIL-188, and CMOS 

STd000M (Meter) . . . . . . . $495.00 
ST-6OOOS (Scope). . . . . . . . $595.00 

p A - 1  DEMODULATOR 

. - message 
Up to 175 WPM CW. 5 speeds BAUDOT 
& ASCII . 8080A microprocessor controlled . MORSE also output as ASCII or BAUDOT 
VO interface to current loop or RS.232 
New streamlined 12 inch dipby 
On-screen indicators of WORD & PAGE 
modes 

DS-3000 KSR V3 . . . . . . . . . . . . . . $1575.00 
DS-3000 KSR V2 (NO MORSE) . $1195.00 

Write or call us for our new amateur catalog. 

HAL COMMUNICATIONS CORp 
Box 365 
Urbana, Illinois 61801 
217-367-7373 

For our European customers 
see HAL equipment at: 

Rrhter & Co . Hanmvpr 
I E C Inlprpko. brrar~ 
Pnmtek Syrtmr. Handon. W n  
Radvl S k k  01 London 

\ J 
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OUALITY 5 x 7 PCB. 20 pg. instructson 
& assembly manual. 1 - NEW "CIR-KITS" AVAILABLE I 
MODEL 11765 - miniature 1'hP, x 2" 
CW Beacon lDer (great for  1750M band) 

Code speed programmable. ONLY 
$19.95/KIT' 
MODEL 11764 - semi-automatic mod- 
ulated CW IDer. 1.7" x 3" PCB adjust. 
able code audoo level programmable 
code speed, tone & repeat interval. ONLY 
129.95/KIT' 
Mrmory elements factory programmed to your 

rprcnhcations (254 bits maximum). 
MODEL 1776 u n i v e r s a l  a u t o / h o m e  

I alarm control module. 
MODEL 1777 alarm t imer  module for I 1 1 7 7 6  

Calaf. rer. add 6% tax. Ibcl. 52 shpg./hdlg. $4 for. 1 
Wretc for addilional 
information. SECURITRON 

the easy way - just call 
T O L L  F R E E  
8 0 0 - 2 5 8 - 5 3 5 3  
to order books from Ham Radio's 
Communications Bookstore and 
subscriplions to Amateur Radio's 
best publications. Ham Radio HORI- 
ZONS. HAM RADIO Magarme and HR 
Report. 

SAVE MONEY TOO! 
5% discount plus Free Shipping 
on orders of $35 or more. 
Please use this number to PLACE ORDERS 
ONLY. To inquire about book orders and 
~ubscriptions please write. or call 
(603) 878-1441. 

GREENVILLE 
NH 03048 

MILITARY 
SURPLUS WANTED 
Spacr tlrl,., ~ n , > r , .  .$no rjdi . ,  rnorr H l o h -  
esl prNce5 ever o n  U S M#l#taly sur- 
plus, espec8,tllv o n  Colltns equipment 
or parts WP pay freight Call col lec l  
now l o r  our hlgh oller 201 440-8787. 

SPACE ELECTRONICS CO. 
dmv ot M~l l tarv Electronics CorP. 

DIPOLE /ANTENNA CONNECTOR 
Hvrqur I H Q . ~ ,  rr4noir ronnrrtor mas 
can. l,tl.d S O P 1 1  ~ l a ~ l ,  l v c l c l  b-7 moldad I 0  r l c C v t  lnlo .Ill% ro.. 

PL .-.," .>n lrr<tlln. Dll"<... ,re,>. <,,.,. I ,,,,,, lil el" Illlll"<l."ll. l . ~ C I " l l l t l  
c,,,.,,.,, ,, -,,,I a, "*,"* O " 4 8 ~ ~ ~  0 ,  $4 95 

I.onlPa..on In\"l.lfur.. 7/,.q9. 

BUDWIG MFG. CO. PO 8.. WH. ~ a m o n n .  CA 9 7 0 ~  

More  Details? CHECK-OFF Page 142 

We're Amateu r  Radio's B o o k  People!  
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BREA. C 

(7 

$29.95 each communicaI1OM 8peciaIi8\8 ~ ~ u ~ ! ~ ~ , D F ~ ~ ~ ~ ~ ~ ~ B L E 1  

Wired and tested, complete with ". 0. BOX 153 
:ALIFORNIA 92621 

DETERMINING ELEMENTS 
K-1 element 

'14) 998-3021 
$3.00 each 

More Details? CHECK-OFF Page 142 january 1978 123 



. IYIWlF1100Zr  M I R Y  

. IIUPLI 4 I I A I  "00% U I  

. 1U* IO"L1001Y, l "  

.I i i n i , f u " H , l N , , n n  . , .' . . .K,.,, 

SYIIN(.PINOULIIM 

. TIME 51 r PIISH 811T70115 

I ~ t n ~ ~ ~ t a ~ t ~ a t  

KIT.UNFINISHE0 CASE . . . . . . . . . . . . ,559.95 

E l A s S t O T l M t R  

, , r , . , < , , ~ < , , . . , " , u , , , < , N , .  
*,.l..,.,.,, \ , I , , *  , . . . , I , ,  3s. ,,.:, ,,,,. >' ,>.,,,,",".,,h,,". 
h,,,.,, ,, A,, ,w,,,,,, 

I?OII  ?.*I1 YOOI 

- 75 'V lEWlNC OlSlANCE 

. 6 H O U R S R M l N U l E S  

I"S1CONDS 

. COMPLETE W I T H W O O D  CASE 

. " L I O M O O U L E '  

. C O M P L I T I  WITH CASE. 
B R A C K l l  L T l h l I  S f 1  
PUSHBUTTONS 

l L A R M O P 1 1 0 N  

P.O. BOX 2159 
DUBLIN, CALIF. 94566 
ORDERS (415) 828-1923 
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)kin! 
DACK ISSUES 

of HAM RADIO 
mn-igazine? 

8 

end fol 
ated li: 
--,.!-- 

Ss - our recently up- 
d; ;t of all available 
~ ~ C K I S S U ~ S  from March 
1968 through December 
1977. Try to  complete 
your valuable reference 
collection of HAM RADIO. 

$2.00 each, 3 for $4.95 
Write for your copy today. 

BOUND bd to be 
I 

I useful. 
As another year ends and 

I a new year begins, it 's 
time to collect last year's 
issues of HR and protect 
them from wear and tear 
in a handsome, durable 
buckram binder. Binder is 
attractively illustrated and 
includes a gold-stamped 
date label. (Available in I 
large size only for 1976 
and 1977.) 

I $6.95 each, 3 for $17.95 ' SAVE by ordering for the future 
, ENCLOSE PAYMENT order TODAY. ----------- 
ham Greenville, NH 03048 

radio 
i I Send me the current list of avail- I 

able backissues of HAM RADIO. I 
Order 1 magazine binder.. . 
enclosed is $6.95 I 

General Communlcatlon 6 Industry 
Cltlzen's Band 
(Standard 6 Synthesized) 
Two-Meter - Monitor - Scanners 
Marlne VHF Amateur Bands 

Depend on Jan Crystals 
made in U. S. A. for 

Frequmcy Contml  F r q u m c y  StmbllHy 
Hlgh Pntonnmnce 

Send 1 0 .  for our latest cetelog 
Wrile or phone for more details 

Dl 2400 Crystal Drive 
Ft. Myers. Florida 33901 - all phones (813) 936-2397 

I I 

m-1 

SPECIAL LOW PRICE 
ON IC-245 

THIS MONTH ONLY l : f i R ~ , " < ~ ~ ~ , ! ~  

IC-211 
14410 148MHz 

SSBlFMlCW 
1 0 W  TRANSCEIVER 

IMMEDIATE DELIVERY 
SHIPPING PREPAID I N  USA 

MASTERS ';'9\"24! 

COMMUNICATIONS 
7025 N. 57th DR. 

GLENDALE, AZ 85301 

PHONE 
602-939-8356 

Order 3 binders.. . . . . enclosed is 
$17.95 

I 
I 

Name I 
Address - I 

S l a t e  Zip I ----------- 
More Details? CHECK-OFF Page 142 



- 
EXCITING NEW PRODUCTS 

RAP-200 RAP-400 

-*.. 
..".T.r( ."ID ... 5" 

A complete Autopatch facility, similar to the RAP-ZOO. that 
A Complete Autopatch facility that requires only a repeater add~tlonal ly provldes for half. or full-duplex operation and 
and a telephone line. Features include single.digit acce5.1 features built-in compression ampl i f~ers  plus a long-distance 
d#sconnect, direct dialing f rom mobile or hand-held rarloos. inhlblt function on digits 1 and 0. 
adlustable amplifners for transmitter and lelephone audio, and RAP400 $749.00 
tone-burst transponder for acknowledgement of patch dls. 
connect. 

% RAP-200 P. C. Card f 199.50 
RAP-200R Rack Mount 249.50 

SME 
@-- 

DATA TONE . - 
TO DIAL PULSE SUB-MINIATURE 
CONVERTER 
The Data Tone to  Dial  Pulse converter Model DPC.221 pro. 

TOUCH TONE ENCODERS 
MODEL SME - Smallest available Touc l l  Tone Encoder. Thin. 

v d e s  l u l l  compatibil ity between Touch.Tane encoders and only .05" thick, keyboard mounts directly to front of hand- 
rotary d:al-pulse telephone exchanges. Two separate outputs held portable, while sub.m~ntature tone module fnts inside. 
for  the and 2: digi ts p rov~de  remote control operation, and This keyboard allows use of battery chargers. Price $34.50, 
a cancel functton permits the caller to automatically slop with your choice of keyboards. 
and reset the converter's dialing carcults. 
DPC-221 P. C. Board $219.00 
DPC-221R Rack Mount $299.00 

MIGHTY MOS 

Complete C.MOS keyer versatile aliow wide charae MODEL DTM - Completely self corl]ained miniature encoder 

ter.weight variations, s;eeds from 5. to 
for  handheld  portables. Only 5/16 thick. Three wire con. 

and Solid state output transistors are 
nection. Automatic PTT hevln6 opttonal. With our choice of 

compatible with both gr~d.block and solid.state transmitters. 
DTM - s49.50. DTM-PTT - $59.g0. 

Unit also available i n  ki t  and w ~ r e d  p. c, board only versions. 
MIGHTY MOS 
P. C. Card . Wired f:f 2'2 

$19.95 

DATA SIGNAL 
P. C. Card - K i t  AND 

TTP-1 - TTP-2 
---. 

DIGITRAN KEYBOARDS 
Style A Style B Style C 

"... .,.. 
UNIVERSAL TOUCH-TONE 

ENCODERS 
Z1/,,, x 3 , ,  1Ya"x21hr, 21h1 ,x1K"  

The Data Signal TTP Serles of keyboard encoders is  used to  
Style 0 Style F Style G 

generate the standard 12 or 16 DTMF digits. The encoders 
provide fully autornat~c ,transm!tter keytng and feature a 
delayed Transmit Ready Ilght, an nnterd~g~t  tlmer. and a built- 
i n  audio monitor. Features also include al l  solid.state, crystal. 
controlled, dtgitally.synthesized tones and an optional internal 
mount Automat~c Number ldent i f~er  (ANN). 
TTP.1 (124igi t)  159.00 
TTP-2 (16-digit) $69.00 
'Touch.Tone I S  a registered trade name of AT&T. 2l/s,, x 2l/s,, 2*, x 2 l l / l b*  2%,, x 2 11/16" 

Ask About Our Deluxe Receiver Preamplifier For HF & VHF 
and 

Send For Free New Catalog 

DATA SIGNAL, INC. 
2403 COMMERCE LANE 

ALBANY, GA. 31707, 912-883-4703 

More Details? CHECK-OFF Page 142 january 1978 125 



Excellent for weather satel. 1 3 ~ 0 5 d ~  MAX. N.F. 
N.F. at 150 MHz, 2 stage, l i fe reception and recom. 20dB MIN. POWER GAIN 

mended by Dr. Ralph E. 
I 

Taggart in his Weather 9 
Satellite Handbook. Less ( ,!":::ii:d -1 
.+....A.......;.~.....A gives a minimum of 20 dB 

1-3/8"aluminum case with power switchand .,,,,,,,,,.,,,, ,, ,, ..,,,, ,,, . ,,, ,,,,,, 
your choice of BNC or RCA receptacles. J.FET in a common source neutralized cir. stabil i ty is such that you 
Available factory tuned to the frequency of cuit. ~ ~ ~ i l ~ b l ~ f ~ ~ + ~ ~ ~  en can have mismatched loads without i t  oscil- 
your choice from 5 MHz to 350MHz with frequency from 

I '  I 

Requires 12 VDC *,' IOmA. 

h s e s  2 of Tl's low noise I 

"'",, .," . ,y".F I ....... --.a ................. ,-.. ..... I ~ o w e r  oain at A50 MHZ. I 

.... . ,"..." ,., ,-". 
135 MHz lo 250 MHz, 1 lating and you can retune (using the capped ..................... - ooen!nas in  thecase) over a 15.20 MHz ranae I 
a"'". r.qU8I.Z- 9 . L  ."L >.  ., 

a .,.... -- ...,- 1 1.3/8" aluminum case with oower switch and I 

imum of 20 dB gain and a 
noise figure of 2.5-3.0 dB 
which assures you of a sen- c 1 

additional amplif 

sitivity of .I microvolt or Available in  your choice of input frequencies and output frequencies from 14.220 M H ~ .  
better. The circuit uses a from 5.350 MHz and with any Output you Usable bandwidth is about 1% of the input 
dual.gate MOSFET R.F. stage and a dual- choose within this range. The usable band. frequency butcan beeasily returned tocover 
gate MOSFET mixer (thereby giving you a width is approximately 3% Of the input i re- more. Requires I2VDC 6, )  3 0 m ~ .  
minimum of cross-modulation products), 6 quency with a maximum of 4 MHz. Wider Model d08price ...................... 559.95 
tuned circuits, a bipolar oscillator and ,00596 bandwidths are available on special order. .0050acrystal included. 
crystal. Covers 144.146 MHZ at 28-30 MHZ Although any frequency combination is 
output with one crystal included and 14&148 possible (including converting up) best 
MHz at 28.30 MHz with an extra crystal results are obtained If you ' 

. . 
(available for $6.00 more). The glass epoxy frequency not mc 

.- - 

1-114" with your choice of either BNC or RCA power and antenna transfer " ' 
' 

receptacles. ~ l s o  included is a power and choice of BNC or RCA recer 

circuit board is enclosed in a I6 gauge 1/20 of the input f~WuenC!!. Enclosed in a your choice of frequen. 
aluminum case measuring 3-1/zc* x 2.114" x 42 .m '  x 3" x 1.114" aluminum case with I ciesfrom 1 3 5 . 2 5 0 ~ ~ ~  in mm) 1 
antenna switch. Requires 12 VDC 6, 15 mA. I ?  VDC a'  25 mA. I width (channel selectiv- 
The converter is alsoavailable at other input Model A07A price: i ty(  available in your choice of 27.5 kHz or 
and output frequencies. Call us for prices. 5-200 MHz ........................... 554.95 -~ ~- - 15 ~ H Z .  spole filter and a 4.wle 
PRICE: Model C.14A.A available fro1 
at 139.95 with one crystal. Additional crystal Prices include .00! 
S6.00extra. crystals 18.95 ea. locked loop detector. Frequency trimmers 

H F  6 VHF UHF for each crystal. .2 to .3 microvolt for 20 dB 

I 
4OdB GAIN 2.5-3.0 20dBMIN.GAIN I quieting. Dual-gate MOSFETS and intearat- 
N.F. ISOMHZ 

2 METERS d This converter has a min. 
L 

btpo l~~r  Osc~llafO~ using 3rd or 5th overtone 
pluq In crystals IS followed by a harmonlc 
bandpas2 fjlter, and where necessary an 

ler IS used to assure the 
Correct amount of drlve to the mixer. 

cry5tal5 to I ?duct' hpuriour rr25po l>r5 and 
make posslble fpwer mult~pllers In the oscll 
I?tor cham whlch uses 1200 MHz b~polars for 
maxlmum efftclency Ava~lable wlth your 
cho~ce of ~nout  frequenc~es 1 from 300 550 MHz 

SWlrCn your any one segment from 
Itacles. I I AMHzwide. I.F. band- 

I 

......................... rn stock ( 201 350 MHz 159.95 ceramic filter gives more than 80 d~ 
crystal. Additional I reiection at 2X channel bandwidth. Phase I 

soenr prorecrw oual-gare 
MOSFETS give this Con- 
verter the high gain and low - . . 
very weak signals. The 
mixer stage is also a dual- 
gate MOSFET as i t  greatly reduces spurious 
mfxing products -some b 

............ 
for any transceiver 
operating from 20 MHz 
to 475 MHI that uses 
rrvctal+ in thr 5 to RS 

thumbwheel dial calibrated for your operat- 
ing frequency plus a selectable transmit 
nf fcr t  nt nlllc nr rninllz 6 M  kHz. olus O r  

,,,,..".. 
add latsl. , I srluF..rr U..YI ,- .lll- -..- 
spurious outputs are 60 to 70 dB down. To 
n r n r r r c  vnaor nrdrr  w r  rntlct havr the crvstal 

- - , 
both transmitting and receiving (like the 
~ lntnmla Matrnmrn 111. vntr ran  tlzr Our 
IFCF,.F ~r""'z._l.rr.  "......"..-. .- .... ..=.... 
Maximum tuning range per synthesizer is 10 
MHZ above 100 MHz and proportionally less 
at lower frequencies. Dial incrementsare in 1 
k ~ z  steps from 5 to 30 MHz and 5 kHz steps 
ahnve 

appearance ro our 
Model 407A but USeS 2 
low noise J-FETS in our 

stand. 
Aluminum case, 6" x 7" x 1-3/8" 
Model FMR 260.PL price: 

1 noise you need for receiving ' - r I specially designed RF 1 . . . . . . . . . . . . . . . . . . . . . . . .  $149.95 1 
stage which is tuned 
with high.Q miniature 
trimmers. The mixer is a special dual-gate 

181-250 MHz ........................ S159.95 
Price includes one ,00146 crystal. Additional 
crystals $8.95 ea. This receiver is recom. I 

y as much as 100 MOSFET made by RCA to meet Our require- mended in Dr. Taggart's Weather Satellite 
913 over that obtained with bipolar mixers. A I ments. The oscillator uses 5th overtone I Handbook. I 

- 

FOR ALL TRANSCEIVERS FOR VHF RECEIVERS 

I TIIP STR series syn This synthes~r~r  has 
~ ~ P ~ I I P T ~  are available - 8000 channels and can 

HOW TO ORDER A l l  ! ~ n l s  o n  !his paqr  ar? 
available only from Vanguard Labs For re 
celvers and converters state model, rnput 
and output frequenc~es, and bandwidth 
whereaoollcable For the fastest servlce call I tune a continuous A0 

MHz segment of your 
choice from 110-180MHz 
in 5 kHz steps. This wil l  

(212) 468-2720 between 9 AM and 4 PM 
Monday through Friday, except holidays. I , ..... - .............. 

MHZ range. I t  has a I satisfy m&t of your I Your order can beshipped COD by Air Parcel I 
requorements in  the VHF rangeand can save 
you hundreds of dollars in crystals plus a lot 

POSt. 
BY MAIL: Send your order to Vanguard 
Labs, 196.23 Jamaica Avenue, Hollis. NY I of time. Stock units are programmed for -. -.-- -. . - - . .  -. .. 

1 MHz, and Zspareoffsets that you can receivers with the crystal iormula Fc = Fs 11423 and include remittance by postal ,. c.-..,--.. =pF,,r=~v ;. m z e *  and I . I n  7 ' d i v i d ~ I  hv 3 hut we can ormram i t  to I monev order, cashiers check or certified I ............ , ..-...--. 7 - <  - 
almost any other IF  at no additional cost at 
the time of vour order. I t  is supplied with an 

check: Personal checks are also accepted. 
but oanks now requore 3 weeks tor checks to I . . . . .  

I 
v , - - - - - , - - . - . - - . . . - . . . - - . . - . .  

formula of your transmit and receive crys. Interface for plugging in to your existing 
tals. I f  vour transceiver uses 1 crystal for I crystal socket. Requires 12 VDC (.a ' I 2  amp 

' 

i easily obtainable from a low cost 
, , ~pp ly .  The synthesizer has A voltage ....................... .......---- 

n.-+kscirar d - ~ ~ i h d  tn tho rioht I ;~t , l i l tnr< therefore the oawer suoolv need 

clear, therefore this wil l  delav your order. I 
Include sales tax if you reside-in New York 
State. 
PURCHASE ORDERS: We accept purchase 
orders from US and Canadian oovernment I which i? 

Dower SI 
. -  > .. - . . . . . . . . . . .  - - ~  ..--, ~- 

not be regulated. Phase noise is not 
detectable as the VCO is coarse tuned by a 
DAC thereby easing the requirements of the 
phase locked loop. Not affected by vibrations 
encountered in mobile use. Enclosed in an 8" 

agencies, univers t#es,and A A A  rated cor- 
porations. Our terms are Net 30days. 
FOREIGN ORDERS: Must remttoavment in 1 
full in US funds plus postage and insurance 
fees. If complicated customs forms are re- I 

1 Z G S T R  synthesizer price: x 3-7/a"x ~ . ~ / ~ " a ~ u m i n u m  case and supplied qu~red, please forward your order to an 
C ~ S O  QS I with a combination ti l t  standlmobile mount. I imbort-exoort aaent. I 

SHIPPING: we-ship al l  our merchandise by 
~nsured parcel post or air  mail. Special de. 

;our &der. ~ o r . a i r  mdil shipping add $1.00. 

orders, and foreign orders. 

Price: Model SR 1400.05 ............ $179.95 livery is also available. Prices include ship- 
I 1 oina bv reaular oarcel oost if vou remit with I 



I SPECSCA N-S Programmable Scanner I 
... I The ONLY Digital Scanner made for the IC-22s. It adds a whole new 
dimension to 2M FM. If any other accessory can make your IC-22s as ver- 
satile as the SPECSCAN-S does, Buy It! I 

Scans the entire 148.147 MHz Band in  I S  kHz steps. 
automatically, or manually 
Automatically reads out your other 21 channels when they are 
used. 
Can be used as a remote programming unit with the radlo hid. 
den under the seat. etc. 
Exclusive VARI-SCANTM control allows full control of scan 
rate in either direction! 
Full compatibility with the duplex mode. 
Uses state of the art CMOS logic. 
Low current drain. Less than 500 mA. 
RF immune. Unaffected by nearby equipment and in high RF 
areas. 
Large LED display lets you see every channel ataglance. .. Manual mode features lets you scan past any portion of tho 
band and manually select a desired channel. 
Easy installation. Uses only one matrix positlon leavlng the 
other 21 useable lor manual programming. 
Plugs into 9 pin accessoly socket. 

9 Adjustable scan delay feature. 
90 day l~mtted warranty 

ONLY I 4 9 ! 2 t e u r  Net - 
Send S.A.S.E. for more SPECSCAN info. 

' MOTOROLA ' 
GOODIES 

TU540S . . .  narrowband filter for 
"G"-series receivers $7.00 each 
Mobile rapid-charger for HT-220 
Omni. . . . . . . . . . . . . . .  $50.00 

. . .  U43HHT Hi Band Mobile with 
most accessories . . . . .  $150.00 
Channel Elements for MlCOR 
model K1007/K1005$10.00 each 
Channel Elements for Model TLN 
1081 & 1083 . . . . . .  $6.00 each 

. . .  UHF "6"-Series receivers 
dual squelch, two-frequency. 
narrowband . . . . . .  $10.00 each 

. . .  U51LLT 50-watt MOTRAN 
40-50 MHz. all solid state. with 
most accessories (have one 
only). . . . . . . . . . . . . .  $329.00 

f 3 

CDE 
ROTORS.. . 
JANUARY 
SPECIAL 

Model CD 44, i d e a l  f o r  y o u r  
VHF a n t e n n a  a r r a y .  List 
$129.00 Our price $99.95 

Ham Ill, i n - t o w e r  m o u n t i n g ,  
r a t e d  12.5 s q u a r e  f e e t  

Our price $129.00 

L 1 

WE WANT TO MEET YOU! 
1 

We will be exhibiting at the following hamfests: 
January 21st: Waukesha, Wisconsin 
February 5th: Wheaton, Illinois 

Come by and say hello. I 

f \ 
RADIO AMATEUR CALLBOOK. INC. 

,n, U S  C * , W  h". orrl <,"r.",.,. ." 0.9 llrr .D"l" 

m m u a  r i.r,,"p. I , , , , ~ ,  ,'.,*"" 8". ,*.er=-mc- .. 8......,YlOn... ... r..r..l"n 
nrmr* ................... 

, , l  ..0,,, ..".l.,.ll , , , A  
ma .dn..r%*r D~U,  !n, -an* ....In. ,Is. ",..% I..I ......ma. 

n n r r  .. <"a',, .n,, ................................. 
.n.<mrr, ,'l.,~on.!II*.wrl '--?''' 
*,Dm In. C.llbm. 

\ 

Model 43 
+ shipping 

. . .  If you have been having difficulty 
locating the Wattmeter or element just 
right for you. . . .  You may have been 
looking in the wmng places. Our large 
inventory of most common elements lets 
you get what you want when you need 
it. Give us a call farst for your BIRD 
needs. 

SPECTRONICS, INC. STORE HOURS HOURS: 

1009 GARFIELD Mon.Thurs 9:30-6:00. Fri. 9:308:00 
OAK PARK, IL. 60304 Sat. 9:30-3:W. Closed Sun. & Holidays. 

312.848-6777 

TELEX 72:8310 

More Details? CHECK-OFF Page 142 january 1978 127 
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STEP UP TO TELREX 
Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

, 
ILLUSTRATION BALUN 

MONARCH 
TBSEM/4KWP 

, 

By the only test that means anythlng 
on the alr cornparlson thls array con- 
tlnues to outperform all competltlon 
and has 'Or lwO decades liere' why For technical data and prlces on com- 

Telrex uses a unique trap design plete Telrex I~ne, wrtte for Catalog PL 7 
ernploylng 20 HIQ 7500V cerarnlc con. 
densers per antenna Telrex uses 3 opll- 
mum-spaced, opl~murn-tuned reflectors 
to prov~de maxlmum galn and true F I B  
Trl-band performance - . .  ", ,*%,, ,,, % A  

* R ~ C B ~ V ~ R  - Drake. Yaesu - speaal 
mods lor better performance *Frequency 

The New 1978 
32nd Edition 
WORLD RADIO TV 
HANDBOOK 
I s  Ready! 
Ltsten to the world with lhis 
cornprehenslve directory of 
slations at your side. Best 
there IS! Only $ll.BSppd. 

FREE SWL MINI-CATALOG 
GILFER SHORTWAVE 

Dept. HR-1, Box 239, Park Ridge, NJ 07656 

128 january 1918 

IF WE WERE YOU 

MODEL 6154 TERMALINEe 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT ATTENTION 

AUTHORIZED DISTRIBUTOR 

WEBSTER COMMUNICATIONS 
115 BELLARMINE 

ROCHESTER, MI 48063 
CALL TOLL FREE 

800-521 -2333 
MICHIGAN 313-375-0420 

Oak Hill Academv 
Amateur Radio session 

19t11 1.1~111 - jt111/ l I t t t 1  :\II~II\/ 11. 1978 

RXI>PR in\trtwt<trs, ' i r > ~ n c  (11 \vhon, h 9 v ~  ~ C P O  
the st;aIi frnr the past I X  yeilrr arc the 

s;unr. Or~l!. thr Iur;tt~c,n has hrrn r.himcccl. 
(:lanse :ts\<~ci&ttt~uu with l c ~ l l ~ ~ ~ v  i>nt~:btetnr< olivn 
inr8 nt,oc,rtt8nll~ for S;ttur;tticm Lr;tm!nc th.nt . . 
h;ts hr.rn vcrv ~~~cr .es~I t~1 since its rc,nn*ptirsn. 
Slrvwr* tlpxr.,cle t c ~  C:vner;tl. Tech\ 111 C;envrsl 
& Advitect.ul. ;and Aclv;tnct.d hvrwur I'.rtn~r. 
C:t,If privilexe*. riarvvring cm Ihe Srw Hivrr & 
nnilny rlthpr n.rrrinticbn ;,rtlvtlirs arc ~,flprcd. 
hlnkv y n ~ r  v t ~ c ~ t v ~ r ~  >t "\':tcttt~$tr~ with a f't~r- 
IBC>\<." ;tn'I ttl>L!r:~<I? ?#>n,r li<e,,s,. 31 ;, l>,~;n,,l,l,,l 
w h ~ ~ ~ ~ l  I l t v  c < I ~ ~ I  n~~~txnt.t~r~s \'irgit8in. 
F'ortnvrl!, C;kdr. V,tllr!, Srhool Rndin S,.srion 
------.----------------.---------- 

C. L. PETERS. K4DNJ. Director 
Oak Hill Academy Amateur Radio Session 
Mouth of Wnlson. Vnrginla 24363 

Name Call-- 

Address -- . -. - - 

City/State/Zip -- 

COPY SATELLITE. PHOTOS. 
WEATHER MAPS. PRESS! 

The Fax Are Clear on otir lull .8,1. 118-1 '2 '  w~del 
recorders These cornrnerc~al-mlltlary c~nlts now auall- 
ableat sur~lus prtces Learn haw lo copy ~4th our FREE 

MOTOROLA. GE. RCA. ETC. EQUIPMENT 
MOBILES, BASES. PORTABLES. MOBILE- 

TELEPHONES, REPEATERS, REMOTE COMTROLS, 
TONE EQUIPMENT. 2.WAY TEST EQUIPMENT 

Operational Units Only 
Comm~ss~ons/Finders Fees 
CALXOM SYSTEMS. INC. 

. Input 8-18 VDC 

Rugged, plastic I encased with Price $19.95 1 
Adjustable frequency F 
(98-250 Hz), Lower 

. Excellent stability 

Send for mor 

More Details? CHECK-OFF Page 142 
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B a s e d  o n  m o d e r n  
psychological techni- 

TEXAS RESIDENTS Strapping for Hi-Low Z Output ADD 5":, SALES TAX 
Internal 5 V. Regulator CHECK OR M.O. 

Supply Voltage Range 7 to 24 V. a NO B O O ~ S  TO Read 

RFI Suppression Album contains NO visual Gimmlckr  
TO Distract VOU 

Velcro and Case Included three 12" LP's a ,US, Listen And  Learn 
2% hr. instruction 

Available in Cassette also for only  $10.95. 

5 0 8  East  Warh lngton  St.. A r c o l a .  IL 6 1 9 1 0  

~ 1 0 5 1  or 1827  

W e  stand on our long term offer to  poy 5% more 
490-T Ant Tuning Unit than any other bonajide offer. 618-T Transceiver 
(Also known as CU1658 (Also known as MRC95. 

See last month's ad for other items available. ARC94. ARClO2. o r  VC102) 

THE TED DAMES CO. 
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l ~ A 4 0 l l l t l  K i t  . 
I'ASo/25 K i t .  . 
I'A144115 K i l  . 

1'.4144/25 K i l  . 
I'A2?1~/15 K i t  . 
1'4422/10 K i t .  

I'A1411/10 W/T  
l '4140/30 %'/'I' 

2 m f r  p n w w  a m p  ki t  I w i n - 2 S w  
O ~ I  w i lh  srblid \fnlc s\vilthinp. 
~ i l s c .  c$,,~neclc,r\. . . . . . . . . . .  
2 m l r  power amp- I l l w  i n  40w . . . . . . . .  ~ ~ u t - r ~ l i ~ v  b ~ . i l ~ l l i l l g  
h ~ n t r  puwr r  ;amp. I w  in. ? l a  13~1. 
less C ~ U .  C O ~ O C L I C V \  & s w l l r t l i r l ~  
2 m l r  panvcr amp la. ill - I S u  
tnul-less care. cr,nnrrtctrr and 
s\r.itul,#,,p . . . . . . . . . . . . .  
ssmc ns I'A144/15 k i l  hu t  2Su . 
similnr tcv I'A14.1/15 for  220 M l l r  
pcavrr amp-sim8lrr Ir, 1'A144/15 . . . .  r x c r p l  l o w  and 4.12 Mil, 
IOW i n -  1 4 1 1 ~  c l l l f  2 m l r  amp . 
JUu i n 1 4 m v r , u l - 2  n l l r  nmp . 

POWER AMPLIFIERS 

I3I.C 10/70 
!%LC 2/70 
HLC' 10/150 
I3LC 30 / I  SO 
111 1) 2 / 6 0  

144 M l l r  I l l \ \  
144 MH, I\\' 
144 MHI I t lW 
144 M t t r  .Ill!\ 
220 h4Hr 2!\ 
220 bll l ,  IOU' 
220 h.111~ Ill\\' 
4 2 0 M l l r  111\\' 
420 M l l r  ?I\ 
420 hlll, .jl,\V 
420 MII, l o \ \ '  

1 POWER SLIPPLIES I 
. . . . .  PSI SC K i t  . . .  I S  amp- 12 vn l l  rcpuls l rd power sup- O . V .  ;add\ over vlsl~agr pr(,tl.c1jto~t 18, > * ) u r  

yly w/carr, wlfa~ld- l rark current l im i l -  p#mer ~upplnv%, 1 5  V l l l '  t 1 8 , o t  12.v5 

~ n y  and 18verv#,ltrpr prolculi<,n. . .  13S.!A K i l  . . .  I 2  \ c b l l  l p ~ ~ ~ ~ c ~ t  ~ # p l % l \  r~gul.11csr <.lrsI 
151  SC'W/T. . .  same 2s nhclvr wired & t r r t rd.  . .  I i l l  h I I . Ill.'li 

I'S25M K i t .  . .  25 s m p ~ ~ l 2  vo l l  r rgal r tcd pclwrr sup- IISJ~II 2 W I I  . 18c\\ ~c!nt#nrr,~.$l a I u ~ ~ $  JII .I!~II, I ?  VOI 
ply w/cnrc, w/fold-l?:gck r u r r m t  l imit. r ~ ~ ~ u l : ~ t c ~ l  IUSWLY \UI,I>I~ n ! c , ~ \ t . .  

. . . . . .  I I ,~ and ovp. w i l l l  n ~ c l r r  154.95 
. . .  . . .  

u i l o h l  1~1ch ' ~ n r r r ! # ~  l ~ ~ ~ m ~ l o r ! ~  .A~III 
1's ISM W1.I'. n m c  as d rov r  -wired & tested. 179.95 ~, \ t . r \a~l t :ng~ ~~I,ICIIIIIII 24U.,>S 

K t ' l  511 KII. r rpr ; t lcr -h m r l r r .  499.95 
REPEATERS . . . . . . . . .  . .  . . . .  . . .  

1 1 1 5 0  rcl lr; l lcr 13 mctcr. wlred & I r r led  194.95 l)l'1..450 f? m l r  ~ l < h c ,  \ tuwk~d ~ I t8p lcx t~ r .  5 1 5 . v ~  . . .  . . .  
K l ' l l 44  K i t  . . r r p c ; # l r r  2 m l r  15n  r#,n,p lc l r  l l lsL:\144 ? m l r ,  bol l  K l l r  t l~~p l t , \ c r .  

. . .  
( I  y t : l  499.95 

,V,W,I   SIC^ I~IIW,I 1 ~ 3  ~ W W ~ I I L ~  37L1.6j5 . . . . . . . . . . . .  
1<181 2211 K i t  . . repr:ttsr 2211 M I I ,  1%-c l ln lp l r . l c  

I11~1.~22n . , . 2211 \Ill, LIUI~I,~\CT, \%#red ; x ! n ~ l .  
. . . . . . . .  

i I~*\~l\ \ l i l l \ l  . . . . . . . . . . . .  4u9.95 . . . . . . . .  
~thnr.d 1.) I~CIIIII.IIC? 37'1.'I( 

111~1.132 K i t  . . rcpe:~lcr-  l l l ~ v ~ ~ l l  4.12 hill! . . . . .  . 
I ' l . . 4432  k I p 1 .  l l ' l . c ~ 5  

. . . . . . . . . . . .  ( I r \ r  cr,rt;al\) 519.95 . . .  1lSC-11 J,,uhlc shnrhlrd ,lullie\ef c';,hles 

lll'l 1.14 \V/t rcpr;l lrr 15u.1111 2 n l l r .  799.75 
vtl in I'l.2Sg1 <<m!tt,~latrs (p r , l  2S.IIll . . . . . .  . . . . .  

l l l ' ~ l 2 2 l l \ ~ / ' ~  rt,pc:!lt~r 12\\;811 2211 hll!,. 199.95 I1SC.N q:tmr ;xr;~l,cn.r. \\,IIII Ivpe N . . . .  . . . . . . . . .  
l< lXl4.32\V/1 ,rl>c:,l,,r l l I~v ; , l l  4 3 2  A l l l , .  &4‘,.9S c<~l t t lec lorr  (pr.1 22.00 . . . .  

I TRANSCEIVERS OTHER PRO1)lICTS HY V I I F  I-N(;INI:I:RIN(; I 

SYNTHESIZERS 

................ ...*...... ... ... 
BOX H / 320 WATER ST.  / IIINGHAMTON. N . Y .  13901 / Phone 607-713-9574 

I'ric<,.r u,td . Y / ~ ~ ~ ~ ~ i l i ~ ~ ~ , l i , ~ ~ # . ~  ,~,t131c,~f I,# ~$I~IIV,. ! % ~ i ~ I t o f t ~  , ! , > 1 t ~ .  h.v /~gwl  pr;cc.v s l i , ~ / ! f / ~ ~  l l i ,c l l~I ' .  .TlJ-' .~lf l f l~ 1 "' 
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CENTRAL EQUIPMENT CO. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing in Amateur, CB 
& Mar~ne Equipment. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Illino is 
KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL 60304 
3 12-848-6777 
Chicagoland's Amateur Radio 
leader. 

Indiana 
HOOSIER ELECTRONICS, INC. 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in  Meadows Shopping Center. 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
219-484-4946 
We service what we sell. 10.9 T, 
TH, F; 10-5 W, SAT. 

10 wa 
BOB SMITH ELECTRONICS 
1 2  SOUTH 21ST STREET. 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

Kentucky 
COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, Dentron. 
Our service is the BEST. 

Alabama 
LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to  place your order 

Arizona 
HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from 
beginner to expert. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

MASTERS COMMUNICATIONS 
7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 
Rohn tower distributor, Atlas, 
Icom, Tempo, HyGain & service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX. AZ 85017 
602-242-8990 
Arizona's #1 Ham Store. 

QSA 599 AMATEUR RADIO CENTER 
11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602-833-8051 
Eirnac Distributor. New & Used 
Equipment, Parts - Surplus too! 

California 
C & A ELECTRONIC ENTERPRISES 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the Biggest, but the Best - 
since 1962. 

CARSON ELECTRONICS 
12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communications equipment. 

COMMUNICATIONS CENTER 
705 AMADOR STREET 
VALLEJO, CA 94590 
707-642-7223 
Who else has a Spectrum 
Analyzer? 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 
Author~zed Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 
C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham r a d ~ o  distributor. 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

Connecticut 

ARCOMM ELECTRONICS 
2865 MAIN STREET 
BRIDGEPORT, CT 06606 
Come on in, Tues. thru Sat. 
1O:OO - 6:OO 

AUDIOTRONICS INC. 
18  ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated t o  service. 

Florida 

AGL ELECTRONICS, INC. 
1800-6 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 
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Maryland 
COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
3 0  1-792-0600 
New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake, Tempo 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

Massachusetts 
TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RADlO SUPPLY & ENGINEERING 
1207 WEST 14  MILE ROAD 
CLAWSON. MI  48017 
313-435-5660 
10001 Chalmers, Detroit, MI 
48213, 313-371-9050. 

Minneso fa 
DACOM 
3926 BEAU D'RUE DRIVE 
EAGAN, MN 55122 
612-454-7420 
Full Sales & Service 
HF thru UHF 

ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Growing 
Ham Dealer. 

Missouri 
HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In  This Issue. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 4 8  ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo, Swan, 
HyGain - call Toll Free 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3 A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, Dentron & Yaesu dealer. 
We service what we sell. 

New Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

Ne w Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, Dentron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 
ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

CFP COMMUNICATIONS 
211 NORTH MAIN STREET 
HORSEHEADS, NY 14845 
607-739-0187 
Jim Beckett, WAPKTJ, Manager 
Bryant Hozempa, WB2LVW. Sales 

GRAND CENTRAL RADIO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
2 12-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
5 16-293-7990 
Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 
New & used ham equipment. 
See Warren K21XN or Joe WB2GJR 

Ohio 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614-866-HAMS 
Drake, Yaesu, Ten.Tec, KDK, Wilson, 
Dentron, Tempo, Sigma. 

Oklahoma 

RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Oregon 

PORTLAND RADIO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
215-659-5900 
Communications specialists. 
Sales and service. 



HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357.1400 
Same location for 25 years. 

PARTS PANIC!! 
Having parts problems such a s  Minimum Orders, unanswered Letters, 

Uninterested Suppliers. Too Much Time at Flea Markets? 
Let G. R. Whitehouse & Co.. the New Parts S~ecialists solve your 

problems. 
NOW IN  STOCK 

Transmitting Variables - Roller Inductors - Counter Dials 
Air Wound Coils - Couplings - Knobs - Receiving Variables 

Toroids - R.F. Chokes - Coil Forms and more 
From 

Millen - E. F. Johnson - Barker &Williamson - JW Miller - Hammarlund 

Send First Class S t a m ~  for Flyer 

G. R. WHITEHOUSE & CO. 
10 NEWBURY DRIVE, AMHERST, N. H. 03031 

Tennessee "The Parts Finders" 

GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

J-TRON ELECTRONICS 
505 MEMORIAL BLVD. 
SPRINGFIELD. TN 37172 
615.384-3501 
Ten.Tec dealer - call or 
write for best trade. 

Texas 
- 

AGL ELECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY, INC. 
4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
414-442.4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs. 9-5:30, Sat, 9-3. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE. WA 98108 
206-767-3222 
First in Ham Radio in Washington 
Northwest Bird Distributor 

Wyoming 

I SOLVED! I 
THE J O I S T I C I V F A  

IY.llilllr I,,*, dhll "I,,., i,.x .I'"#'. Om111"1r.tli,>n.l li.,lm"n., 
fsmv rod,armot< con at, t # . > # % c k  ?t i<>  >tmau 1 0  < M A R S  a f w  
,,n ill, BC L SW, 
1WOI" l  ,Il"ln,l" rrlmlts , n o u l  fll,.,", ,"* "Fa ,,I rr.. I,,, I.,. 

111 11c?<m1 0 7 t 1  ,31111 01 ~~~~n~~ ORP mnlastr rlr 

SYSTEM 'A' $75.00 
I'IOYV P C P  R o t  Uerl . l r<%l lOr \  

SYSTEM 'J' $99.00 
5 W W  I, L P R om I..,(.,n**.,I, i,, :,., "..cr,"" 

*,I M a l i  <<lU tl8Ll"dr.d , tac t>  .i,..ll.ll. 3 ILC,lO"< .d\,l, 

nrr.m~ned I,, ma*.. unlv I r, ~ ~ c ~ t l ~ ~ ~ ~  nTUl NIII , , , , I~  
w,ct "<,t> %>"t. .,>+,* b,,, "",, w,,, saws SSS a, C,!"S"", ,,#% ear" 
rg t r  . D ~ W  bv I , u v , ~ ~  o,rrrl ur marlvt nust, ru,,l ,.,dr. 
Ma.ll.lrlldryn or ,!lark 0, a l l  lo, hlclrllii,r 

PARTRIDGE (HR) 
ELECTRONICS LTD. 

CBCED B.D.*.I.". *an,.En.l.nd 
1st rhsnat 62535 C3VFA 

. .-.- 
I Featurlns - Y;t,,su. ICOM. Atlas. Dentron. I 

I Ten. lcc , .~wan.  Regency. standard. ~ernpo; 
KLM. Hy-Gal". Mosley. Lafsen. Mndland. 
Wilson. Southwest Techn~ca l  Products. I 
We servlcr evc~.yth,sg we KII! Wrlle or call for 
quote. YOU WON'T BE DISAPPOINTED. 

DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234.9197 
Sales. Service to Wyoming 
and the Northern Rockies. 
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6 GOOD REASONS :::,':"EF::~~"~I';,"~~I~ 
11) I O U  , COMPLrTC KIT.  12) EASY ASSEMBLY. ( 3 )  COM- 
PLETl  LY CNCLOSFO I N  METAL CABINET. (4 )  I C  SOCKETS 
USED THROUGHOUT FOR ILASY T T L  REPLACEMENT (5)  EASY 
O N  YOUR POCKET BOOK. A N 0  (6) N O  EXPENSIVE CHIPS TO 
REPLACL (EXAMPLE - I F  YOU LOSE A DECODER. LATCH OR 
DRIVER I N  A HAL-TRONIX COUNTER. T H E  AVERAGE COST 
OF RFPLACEMENT OF THE LOW-COST TTLS IS LESS THAN 
$1.00 EXCLUDING T H E  PRE.SCALE CHIP. I N  SOME O F  T H E  
NEWCR COUNTERS N O W  BEING MARKETED B Y  M Y  COMPE- 
TITION THEY ARE USING T H E  EXOTIC S INGLE C H I P  A N D  
WOULD COST YOU CLOSE TO $ 3 0 0 0  TO REPLACE). THIS  I S  
SOMETHING YOU s n o u L o  CONSIDER. 

DESIGNED BY HAL.TRONIX 
A N D M I K E G O L D E N O F  
R . E . T . S .  E L E C T R O N I C S  
SCHOOL O F  DETROIT. FOR 
RUGGED CLASSROOM USE. 

FOR THE RADIO AMATEUR, STUDENT, EXPERIMENTER OR DESIGNER 
 SPECIFICATION^; OUTPUT VOLTAGES: +5V. +12V, -12V; USABLE CUR- 
RENT: 750mA ,o Regulat~on at 500mA: 0.2%; Short-circutt l~rntted at 1.0 
amp; Thermal duerload prolected. power requiremnts: I17VAC, 6OHZ. 40 watts. 
Function Generator: Frequency range: 1HZ to 100 HZ in 5 bands. Amplltade 
adjustable from 0 to 10 VPP. DC offset adjustable from 0 to _' 10V. 
Waveforms: Sine square, triangular and TTL Clock. TTL Clock 0 lo  +5V 
level, 200 ns r i ie  and fall time. Frequency determined by Function Genera- 
lor. Outpul impedance 1.2K ohm. 
Most of al l  it's easy to conrtrucl and service. PC boards am prcdrilled, 
plated thru 'and solder Rowed. Owr 1000 units sold to schools. 

FROM HAL-TRONIX 
FIRST TIME OFFER 

6.95 
Twelva.volt A 

s22.0 

C 
PART NEEDED To MAKE YOUR COUNTER COMPLETE. 
HAL-6OOA 7-DIGIT COUNTER WlTH FREQUENCY 
RANGE OF ZERO TO 600 MHz. FEATURES TWO IN- 
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR 
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION. 
TlME BASE IS 1.0 SEC OR .1 SEC GATE WlTH OP- 
TIONAL 10 SEC GATE AVAILABLE. ACCURACY -C 

.OOl%,UTlL lZESlO-MHZCRYSTAL5PPM.  
COMPLETE KIT . .. $ 149.00 
HAL-3OOA 7-DIGIT COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 3 0 0  MHz. FEATURES TWO IN- 
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR 
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION. 
TlME BASE IS 1.0 SEC OR .1 SEC GATE WlTH OP- 

lo SEC GATE AVAILABLE. ACCURACY * 
.001%. UTILIZES 1O.MHz CRYSTAL 5 PPM. 
COMPLETE KIT . . .  $124.00 
HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE 
OF ZERO TO 5 0  MHz OR BETTER. AUTOMATIC DECI- 
MAL POINT, ZERO SUPPRESSION UPON DEMAND. 
FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY 
INPUT. AND ONE ON PANEL FOR USE WlTH ANY 
INTERNALLY MOUNTED HAL-TRONIX PRE-SCALER 
FOR WHICH PROVISIONS HAVE ALREADY BEEN 
MADE. 1.0 SEC AND .1 SEC TlME GATES. ACCURACY 
& .001%. UTILIZES 10.MHz CRYSTAL 5 PPM. 
COMPLETE KIT $124.00 

HAL-TRONIX BASIC COUNTER KITS 
STILL AVAILABLE 
THE FOLLOWING MATERIAL DOES NOT COME WlTH 
THE BASIC KIT: THE CABINET. TRANSFORMER. 
SWITCHES. COAX FITTINGS- FILTER LENS. FUSE 
HOLDER. T-03 SOCKET, POWER CORD AND MOUNT- 
ING HARDWARE, 
HAL-600X (Same Spec i f i ca t ions  a s  HAL6OOA) $124.00 
HAL-300X (Same Speci f icat ions as HAL-BOOA) . $99.00 
HAL-SOX (Same Speci f icat ions a s  HAL.5OA) 199.00 

PRE-SCALER KlTS 
HAL-O-300PRE (Pre.drilled G I 0  board and all com- 
ponents) , . $19.95 
HAL-O-300P/A (Same as above but  with preamp) 

$29.95 
HAL-0-600PRE (Pre.drilled G I 0  board and all com- 
ponents) $ 39.95 
HAL-IGHZ (New Item - Available in December) 

$ 124.95 

PRE-BUILT COUNTERS AVAILABLE 
(HAL-600A - $229.00) (HAL900A - $lg9.00) HAL- 
50A - $199.00). ALLOW 4- TO &WEEK DELIVERY 
ON PRE-BUILT UNITS. 

HAL-TRONIX 
P. 0. BOX 1101 

"HAL" HAROLD C NOWLAND SOUTHGATE, MICH. 48195 
W B Z X H  PHONE (313) 285-1782 

ORDERS OVER 515.00 WlLL BE SHIPPED POSTPAID 
SHIPPING EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES 

ARE REQUESTED. ON ORDERS LESS THAN 415.00 
INFORMATION: PLEASE INCLUDE ADDITIONAL 51.00 FOR HANDLING 

AND MAILING CHARGES. 

SEND SASE FOR FREE FLYER 

6-DIGIT CLOCK 
12/24 H O U R  

COMPLETE KIT CONSISTING OF 2 

~ C c ~ ~ ~ ~ ~ l " p " S L ~ , " D P ~ 5 ~ o , * ~ , " ~ :  
OUTS 13 TRANSISTORS 3 CAPS 

PUSH: 
B U T T O N  SiITCHES, 
POWER TRANSFORMER CORD AND 
INSTRUCTIONS. 
DON'T BE FOOLED BY PARTIAL 
 KIT^ WHERE HAVE TO BUY 
EVERYTHING EXTRA. 
PRICED AT . . .  $12.95 

L 

4-DIGIT ALARM CLOCK 
12 H O U R  ONLY 

$ ~ ~ ~ ~ E ~ ~ ~ $ I f ~ ~ ~ ~ l ~ ~ ~ ~ ~  
1 CLOCK CHIP. 4 FND 503 READ- 
OUTS, ALL NECESSARY TRANSIS- 
TORS CAPS AND RESISTORS 

y$I@HzG ~ O L P ~ ~ ~ . B , $ ~ ~ ~  
T R ~ N s ~ o k ~ ~ R  P L U S  
SPEAKER; COMES COMPLETE 
WITH INSTRUCTIONS. 
PRICED AT . ..... $16.95 

CLOCK CASE Ava i lab le  a n d  w i l l  111 any  o n e  o f  t h e  above  c locks  
R ~ e u l a t  Proce . . . 16.50 B u t  On ly  S4.M when bouEht w i t h  c lock  

60-HZ TIME BASE 
CRYSTAL TlME BASE KIT. WlLL 
ENABLE MOST ALL DIGITAL 
CLOCKS TO OPERATE FROM 12 
VDC. LOW PROFILE UNIT EASY 
3-W1RE '2PPM3 
ADJUSTABLE. 
COST ONLY 45.95 EACH OR 2 
FOR $1000 - OR ONLY 44.50 
WITH CLOCK PURCHASE. 

10-MHz CRYSTALS 
Hl4UALITY CRYSTALS. DESIGNED 
FOR FREQUENCY UJNTROL AND 
ELECTRONIC TlME PIECES; AGING 
FACTOR 5PPM. MEETS OR EX- 

E : ~ ~ ~ I ~ : ~ C . 3 $ ~  SECL'..TRMd\g 
BY SENTRY. 
PRICE 55.95 OR 2 FOR $10.00 

FROM HAL-TRONIX 

wtth I t r  own two-tone anodized alumlnltm cab~net. Measures only Z3/4 x 
3%". Complete with Touch-Tooe pad, board, crystal, chip and all nu- 
errary components to finish the kit. 
PRICED AT .. . . .............. ................ $29.95 
FOT those who wish i6 mount the encoder in a hand-held unit, the PC 
board measores only 9/16" x 13/4". Thls partial kit wllh PC board, 

PRICE $17.00 



OK, so you want to save money - can't blame you for that! 
After you have called the 800 numbers, got your "best price," sent your money - what do 
you get? A box. Suppose it doesn't work? (Murphys' law). Ship it back (at your own ex- 
pense)and wait. Or - two weeks after the warranty expires - so goes the rig.. . what to do? 
And since you got that great discount how much attention will you get? Rotsaruck fella! 
Today's amateur equipment is far more sophisticated than that of even a few years ago, 
and it's getting more so every day. Service becomes an important issue. At C F P  we have 
decided to offer you an alternative: I f  you are willing to pay the regular l ist price on any 
Drake or Yaesu product, C F P  will provide an additional 90 days of warranty protection. 
This warranty will be identical with the normal warranty with the exception that we will 
pay all charges including shipping both ways! 
There may be occasions when we won't have the item you desire. Should you place an 
order and we don't, we will refund your money and advise you when it will be available. 
We won't sit on your money! If you wish a high demand item and want to make a deposit to 
ensure getting what you want - fine. 

9; Amateur radio is a great service and a greater hobby - lets keep it that way! $ 
$ Mail Orders accepted. N. Y. residents add sales tax. SASE wlll get our list of used Amateur Equipment. $ 
$ $ 
$ 

WANTED: QOOD stom noun $ 
$ 

CLEAN TRADES! C F P COMMUNICATIONS, INC. Tues.toFri.106p.m. %I. 10-4p.m. 
$ 

$ WAPKTJ 211 NORTH MAIN STREET 
Frl &Sat sublecl to 

$ 
$ WBPLVW HORSEHEADS, N.Y. 14845 Hamlest week~nds 

PHONE: 607.739-01 87 Closed Sun & Mon 
$ 

Z 9; 
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FOR A BETTER DEAL SEE 
ROSS THE COUNTRY HAM 

$500 TRADE-IN ALLOWANCE FOR TS-520 
OR FT-TOlEE, IN GOOD CONDITION, 
TOWARD ASTRO 200,  FT-3010. OR 
ICOM 701 

Midland 13-510 (2117). new.  $349.96 
Yaesu FRlOlS, l ike new 349.00 
Yaesu 221R. new Write 
lcom 211. new Write 
lcom 22s. new 258.50 

Call M write for quote on b t m  200, Oentron 
MT-MOOA, Yaesu FT-301D. 

ROSS DISTRIBUTIN6 CO. 
2088524830 Preston, Idaho 83263 

Established 1957 
Dealer for Yaesu Atlas Drake lcom CIR Denlron, 
Swan, Rohn ~ L M ,  iushcmfl, ~ ; ~ a i (  Tempo, 
Midland, M ~ J ,  Moslep, Covercraft. 

COLLINS 81 MORE 
Collins 75S38. H a m  rcvr  1725.00 
Collins 31284, EXC~II.. round. $250.00 
Collins 7553. very good 
Collins 3233. round. late 
Collins 75S3C, round. late 

$;;%:: 
Collins R388/51J3, vy. gd. $425.00 
Nat ional Hi30500 receiver. sxc. $795.00 
Collins 31785, VFO console $550.00 
Collins 51Si.  2-30 MHz recelvar SPECIAL 
Hammar lund SPCOOJX, very good $350.00 
Measurements FM-560, FM sig. Ken. 

$595.00 
We stock good used equipment from Collins, 
Orake Heath ahd other manufaclurers. Hurtdreds 
of te;! items also available. Call for specific re- 
quirements, or write for free catalq. 

DAMES COMMUNICATION SYSTEMS 
201-998-4256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 

- - -- 
Al l  rqrriprncnl solrl chrcked and realigned 

i 

RECEIVER MODULE KIT 

Use this modille a c  Ihp he,rrl of ynur homebrew 
receiver or Irnnsl:~lver Ynur dcr~ct ~onverslon 
recelver can have excellent Senslllvlty and sllll relect 
strong signals Module operates lrom 9 lo I 5  volts 
w~th low idle current dram Up to 1 wall output 
drlves your speaker or headphones Use w~th your 
VFO or bulld one lrom our k11 

Recelvsr module kil 39.95 ppd 
VFO module kit 29.95 ppd 

speclly 80 or 40 meters with order 

ORDER FROM 

DIRECT CONVERSION TECHNIOUE 
3132 North Lowell Avenue 

Chicago, lllinois 60641 

ifi Specialize 
I N  IRON POWDER AND FERRITE MATERIALS 

SHIELDED COIL FORMS SHIELDING BEADS 
FERRITE RODS TOROIDAL CORES 

FREETECHDATAFLYER b,geStock Balun K i h  
ON FERROMAGNETIC MATERIALS 

FAST, DEPENDABLE SERVICE SINCE 7963 
12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 

b 

PCP TYPEmF1 
)m mu car uu la plulrrlral loam mrcrtr Ra 

IIC~IINI ~WISRUCIIOI IRTICLL~ sllnt r*o trrln, 

WtW I118 rlOClSS 1lllS INN O l t l C l l ~  f M  l#l fWII0 flU, ' "Ir10,l c1flIc",s on P#orOcn,P11! 

#IN IOORIO~I~ IIIIIIILS IIOUIIIO ant: SIIYI~III wann. 
nIn1oPI~.l 1101111' 

~ ~ 4 1 1 ~ 1 4 0 1 1 0 ~  cu,n,urm~! 

PIWIII CIKWI nrrcrs 00. 
r 0. MI IIY 
111111. l r  
I%nl 

S l l l l  MClICE . 6,"<.$ 4. e 6.. . . $5 I9 fl..,. .# 15, 

uio racnact ... . 4 , m . ,  .s-, y:,.. $695 v - * t w  
1 l l C I  PACIICt ... 1,3I.L ... I-, 11: .... 1195 

CO.rt11I IISRKllIlt I I C L n I 8  

h # 



TRANSISTORS, LEDS, etc. 
2N2222 NPN (Plastic .lo) . I5  
2N2907 PNP .15 
2N3906 PNP .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
T I  PI 25 PNP Darlington .35 
LED Green, Red, Clear .15 
D.L.747 7 seg 518" high corn-anode 1.95 
XAN72 7 seg corn-anode 1.50 
FND 359 Red 7 seg corn-cathode 1.25 

DIODESIZENERS 
IN914 1 OOv 10mA .05 
1 N4005 600v 1 A .08 
IN4007 lOOOv 1 A .15 
1 N4148 7 5v 1OmA .05 
1 N753A 6 . 2 ~  z .25 
1 N758A 1 Ov z .25 
1 N759A 12v z .25 
1 N4733 5.lv z .25 
1 N5243 13v z .25 
1 N5244B 14v z .25 
1 N5245B 15v z .25 

SOCKETSIBRIDGES 
8-pin pcb .25 ww .45 

14-pin pcb .25 ww .40 
16-pin pcb .25 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb .45 ww 1.25 
24-pin pcb .35 ww 1.10 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .45 

1.20 2 Amp Bridge 100-prv 

25 Amp Bridge 200-prv 1.95 

C MOS 
4000 .15 
4001 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 .95 
4009 .30 
401 0 .45 
401 1 .20 
401 2 .20 
401 3 .40 
401 4 1.10 
401 5 .95 
401 6 .35 
401 7 1.10 
401 8 1.10 
401 9 .60 
4020 .85 
4021 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
4041 .69 
4042 .95 
4043 .95 
4044 .95 
4046 1.75 
4049 .70 
4050 .50 
4066 .95 
4069 .40 
4071 .35 
4081 .70 
4082 .45 

9000 SERIES 

7400 .15 
7401 .15 
7402 .20 
7403 .20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
741 0 .10 
741 1 .25 
741 2 .30 
7413 .45 
741 4 1.10 
741 6 .25 
741 7 .40 
7420 .15 
7426 .30 
7427 .45 
7430 .15 
7432 .30 
7437 .35 
7438 .35 
7440 .25 
744 1 1.15 
7442 .45 
7443 .85 
7444 .45 
7445 .65 
7446 .95 
7447 .95 
7448 .70 
74 50 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

7473 .25 
7474 .35 
7475 -35 
7476 -30 
7480 .55 
7481 .75 
7483 .95 
7485 .95 
7486 .30 
7489 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .40 
7494 1.25 
7495 .60 
7496 .80 
74100 1.85 
74107 .35 
741 21 .35 
741 22 .55 
741 23 .55 
741 25 .45 
74126 .35 
74132 1.35 
74141 1.00 
741 50 .85 
741 51 .75 
741 53 .95 
74154 1.05 
741 56 .95 
741 57 .65 
74161 .85 
74163 .95 
741 64 .60 
74165 1.50 
74166 1.35 
741 75 .80 

LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 

LM340K24 .95 
LM373 2.95 
LM380 .95 
LM709 (8.14 PIN) .25 
LM711 .45 

- T T L -  
74176 1.25 
74 1 80 .85 
74181 2.25 
74182 .95 
74190 1.75 
74191 1.35 
74192 1.65 
74193 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
751 10 .35 
75491 .50 
75492 .50 

74H00 .25 
74H01 .25 
74H04 .25 
74H05 .25 
74H08 .35 
74H10 .35 
74Hl l  .25 
74H15 .30 
74 H 20 .30 
74H21 .25 
74H22 .40 
74H30 .25 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .25 

LINEARS, REGULATORS, 
LM723 .50 
LM725 1.75 
LM739 1.50 
LM741 (8.14) .25 

LM320T15 1.65 
LM339 .95 
7805 (340T5) .95 
LM340T12 1 .OO 
LM340T15 1 .OO 
LM340T18 1 .OO 

MM5316 3.50 
2102-1 1..75 
2102L-1 1.95 
TR 160281 

TMS 601 1 6.95 
8080AD 1 5.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
2107B-4 4.95 

9301 -85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 -- 

LM340T24 .95 
LM340K12 2.1 5 
LM340K15 1.25 
LM340K18 1.25 

7889 Clairernont Mesa Boulevard, San Diego, California 921 11 
(7 14) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 5% 
$100-$300 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $301 -$I000 15% 

All IC's PrimeIGuaranteed. All orders shipped same day received. $1000 - Up 20% 

24 Hour Toll Free Phone 1-806854-221 1 Mastercharge / BankAmerieard / AE 

LM301 .25 
LM308 (M~n i )  .75 
LM309H .65 
LM309K (340K-51 .85 
LM31O 1.1 5 
LM311 D (M~n i )  .75 
LM318 (Mini) .65 

MEMORY CLOCKS 
748188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 

74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74L00 .35 
741102 .35 
74 LO3 .30 
74 LO4 .35 
74L10 .35 
74 L20 .35 
74 L30 .4 5 
74L47 1.95 
74L51 .4 5 
74L55 .65 
74 L72 .4 5 
74 L73 .40 
74L74 .4 5 
74L75 .55 
74 L93 .55 
74L123 .55 

74SOO .55 
74S02 .55 
74803 .30 
74804 .35 
74805 .35 
74808 .35 
74S10 .35 
74Sll .35 
74820 .35 
74840 .25 
74850 .25 
74851 .4 5 
74864 .25 
74874 .40 
7481 12 .90 
7481 14 1.30 

etc. 
LM320K5 (7905) 1.65 
LM320K12 1.65 
LM320T5 1.65 
LM320T12 1.65 

' 

INTEGRATED C I R C U I T S  UNLIMITED 

8266 .35 
MCT2 .95 

748133 .45 
74S140 .75 
748151 .35 
7481 53 .35 
7481 57 .80 
748 1 58 .35 
7481 94 1.05 
74S257 181 23) .25 

74LSOO .35 
74 LSO 1 .35 
74 LS02 .35 
74 LS04 .35 
74 LS05 .4 5 
74 LS08 .35 
74LS09 .35 
74LS10 .35 
74LSll .35 
74LS20 .35 
74 LS2 1 .25 
74 LS22 .25 
74LS32 .40 
74 LS37 .35 
74LS40 .45 
74LS42 1.10 
74LS51 .50 
74LS74 .65 
74LS86 .65 
74LS90 .95 
74LS93 .95 
74 LS107 .85 
74LS123 1.00 
74LS151 .95 
74LS153 1.20 
74 LS 1 57 .85 
74LS164 1.90 
74 LS367 .85 
74 LS368 .85 

- 8038 3.95 
LM201 .75 



I and HF too.. . 
SATELLITE / 

I HEADQUARTERS / I 
See Erickson 
for all your 

I needs! I I 
WN9A NF, WBSJKT, 
WBSVIK serving you 

with. .  . 
Ameco ASP Atlas 
Belden Bird CDE 

CES* Coll ins Cushcraft 
Dentron Drake HAL  
Hy-Gain Icom KLM 
Kenwood Larsen MFJ 
Midland Mosley NPC 

Newtronics Nye 
Regency Shure Swan 
Standard TPL Tempo 

I Hours: 9:30-9 Mon. & Thurs, 
9:30-5:30 Tues, Wed. & Fri. 

9-3 Sat. 
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nothing There's I 
like it 

RADIO A M A T f U R  Jib k 
ca oo 

Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has over 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
w i t h  a lmos t  3 0 0 , 0 0 0  ca l l s ,  
names and addresses of ama, 
teurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your lavorite electron- 
ics dealer or direct from the pub- 
lisher. All direct orders add 51.50 for 
shipping. Illinois residents add 5% 
Sales Tax. 

RAOlO AMATEUR 

Lake Bluff. 111. 60004 

&PARTWENT DWELLERS' WEATHERPROOF 

C0mpl.t. as shown to%.# I.nglh I O 2 l l  wlln 901, 01 52 ohm 
RG58U ro.8 .n l  P L 2 5 9  conncrlo, HI.L~P.CI molded vrso- 
n.nt tr.p. 1wt 3 0. I . 5 Ionp) YO" ,"It tun. $0 d..l..d 
bsnd I., .xc.llenl rrport.l Elcel lonl  10, ALL world - r l r  
rrcalrer. mnd am.leu. tr.n.mltlar. For NOVlCE AND ALL 
CLASS AMATEURS1 NO EXTRA TUNERS OR GADGETS 
NEEDED1 Ellmlnalcs 9 s.o.,.~. an8cnn.s -0ln e s c e l l a n l  
P.. lorm.nr. .u.,.nlL.a C." be "..d .. ,"".,,.* Y N O  
HAYWIRE HOUSE APPEARANCE! EASY INSTALLATIONI 
80-40-20-15-10 meter b.nl. Complete 
40-20-15-$0 m d a r  bands 54-ll ant 
20-15-10 me,.? band. 2.-ll ant 

BankAmerlc.rd- - - M..lev Chnro. - - - Pb 308-236-533 

12 B u t t o n  T o u c h  T o n e  E n c o d e r .  90 day 
g u a r a n t e e  $14.00 
P l a s t t c  M o u n t l n g  B o x  f o r  ITT.  S / C .  WECO. 
or A C p a d s .  B l a c k .  G r a y .  or B e l g e  14.75 
C o m p l e t e  S y s t e m  w l t h  c a b l e  ( b a t t e r y  n o t  
~ n c l u d e d )  $24.95 
C o m p l e t e  S y s t e m  a s  a b o v e  b u t  w l t h  
s p e a k e r ,  a r n p l ~ f ~ e r .  a n d  b a t t e r y  $39.95 
T r a n s m a t t e r  k e y t n g  corcuo t  1100 m a  max) 
with d e l a y  d r o p  o u t  f e a t u r e  a n s t a l l e d  on 
e a c h  s y s t e m  $7 50 

sss ==s *-d YVF -> &/& 
- 4 -  

F l o r ~ d a  Res!denls add 4% Sales Tar Orders under 
$20, add 51 00 for shlpplng and hand l~ng 

TELEPHONE EQUIPMENT COMPANY 
Po11 Omre Box 596, Lrrrburq. Florida 32748 

1904) 7 2 8  2 7 3 0  

N E W  E L E C T R O N I C  PARTS 
IC'S -TRANSISTORS-PROTOBOARDS - RESISTORS 
CAPACITORS - DIODES - SWITCHES - CONNECTORS 
VOLTAGE REGULATORS - CABINETS - HEAT SINMS 
FUSES L MUCH MORE--STAMP BRINGS CATALOG 

SPECI A 1.S 

1 ,o, N tmrn$om $ 1  m o t w  ~ n o v r c v  ~ L ~ w o ~ ~  'oos' 

More Details? CHECK-OFF Page 142 



with Hfe of over 5,000! 80V Vceo. Outper- 
forms MJ3001. 

BULLET hrr !hn ONLY C<r<rlolrlrlv Elsclrenr 

':" 4 ,111111 LEU ~ I ~ ~ D U I  

~dlu$wl, le T a m  & Duratlan on Chime 
AMIPM ~ncllcalol 
~ , ~ ~ ~ ~ ~ r ~ . d  lwll,l~lnq l ~ n d ~ ~ ~ r n  Y S ~ I  LEDS 
1\11 CMOS conllrucl%on 

' 3 .  . / / , , , \ / / I  ,/ ....,. ,,1 ,1,11..1.' 

We designed t h i s  to be a SUPER CLOCK 
with ALL the features you wsnt.QualiW 
double sided PC boards make assembly 
emy. Mobile I lZVOCI or home I lZVACl 

More Details? CHECK-OFF Page 142 january 1978 139 



ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 O R ~ A N D O  H 

..... Have you been thinking about a wonderful Florida vacation 
such as Disney World, Cypress Gardens, Sea World, the famous 
West coast beaches, and many of our other near by attractions 
..... NOW, think about combining that vacation with one of the 
greatest Ham fest.. .. . . .. . 

RLANDO'S 

, to places 
East and r 

I -J 

0 
0 
Z 
a HAMCATION '78' C 

and the 
Z FLORIDA STATE A R R L 

P 

0 5 
k D 

4 

CONVENTION 
0 
a AT THE SHERATON'S TWIN TOWERS HOTEL & CONVENTION CENTER, ON S-435 0 

33 
z 

NEAR THE CROSSROADS O F  THE FLORIDA TURNPIKE AND 1-4 INTERCHANGE. r 
? L 
4 L 
a 0 
0 0 
w 
I- FEBRUARY 17:18-19. 1978 % 
Z 

r 

4! DOORS OPEN ... ....* 6PM FRI. the 17th (Swapfest area only), 
f e 

!- Y 

4 7AM SAT.the 18th, 8AM SUN. the 19th. z! 
5 *\ ?& . p 
9 P* ,@ ADMISSION, $3 Advance, $4 At the door. C4'*/~ OD -J 

S Z +ow Ladies FREE, Children 14 and under FREE!!! 0%4,,S4~ o a r 

4 THOSE A D M I T T E D  FREE MUST BE I N  T H E  COMPANY O F  A REGISTERED T ICKET HOLDER A T  T H E  DOOR. 

MANY DOOR AWARDS 
CO 
rn 
Z GIGANTIC SWAPFEST AREA 

25,000 SQ.FT. O F  AIR CONDITIONED INDOOR COMFORT. 

SWAPFEST TABLES $5 PER TABLE PER DAY 
5 
Q 
I SATURDAY NIGHT BANQUET 
0 

$8 per person -Great speaker lineup. 
RESERVE BANQUET TICKETS IN ADVANCE, LIMITED QUANITY AVAILABLE. 

FOR A D V A N C E  REGISTRATION, SWAPFEST A N D  B A N Q U E T  TICKETS 
a0 
I- SEND CHECK PAYABLE TO :THE ORLANDO AMATEUR RADIO CLUB,INC. 
Z 
0 HAMCATION CHAIRMAN, WB4HAK 
!- 6 CAMELLIA DRIVE 
4 
B De BARY, FLORIDA 32713 

9 All advance ticket sales will be confirmed by return mail, Last postmark for advance sales will be Feb. 12th 1978. 

8 -- 
? FOR SHERATON TWIN TOWERS HOTEL RESERVATIONS, WRITE DIRECTLY TO: 
u 
2 The Sheraton Towers, 5780 Major Blvd. Orlando, Fla. 32805. Sing. $28, Doub. $36 per day. 
LL 

0 Call toll free 1-800-327-21 10 (except Fla. residents), Mention Hamfest Convention for special rates. 
w 
b -- 
z Sorry!!! City ordnance prohibits overnight camping (Rec. vehicles,etc.) on parking lots. 
0 
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REYCO 
"WYVS" AHTENHA COILS 

80 

.A'."--* 

'\@ TWO METERS 

Crystal Company 
Motorola HT 220 Crystals 

In Stock' 
Nov~ce Crystals I S ~ e c ~ f y  Band Only) 
In  Stock: Standard I lcom I Heathkit I 

Ken I Clegg I Regency I Wilson I VHF Eng. 
/ Drake - and others1 $4.50 C Lifetnmc 
Guarantee; indtcate rnake/model. xmit. fre 
quencv. rec. frequency. 

phy Waste Watts? SWR-IA 325.951 

n E L E C T R O N I C S  
L d 

w -  - 
SWR.1 guards against power lossl I f  you're 
not purnpnng out all the power you're 
paying for, our l i t t le SWR.1 comhinatlon 
power meter and SWR brldge wtll tell you 
50. YOU vead forward and reflected power 
simultaneously, UP t o  1000 watts RF and 
1 : l  t o  ~ n f ~ n n t v  VSWR a t  3.5 to 150 MHz. 

Got i t  all tuned up7 Keep 11 that way 
with SWR-1. You can leave !I right In vour 
anrenna circuit. 

r"."""*.l*,u*., 

THRUUNE 
WATTMETER 

MODEL PRICE 
43 $120 

Elements (Table ll 2 30  MHz 42 
Elements (Table 1) 25 1000 MHz 36 

Carrytng case for  Model 43 & 6 elements 26 
Carryanqcase for 12 elements 16 

Read RF Watts Directly. Ispecif iv Type N or SO239 connectors) 

0.45-2300 MHz. 1-10.000 watts ?5%, Low  Insertion VSWR - 1.05. 
Unequalled economy and f lexibi l i ty: Buy only the elementis) coverlng 
Your present frequency and power needs, add extra ranges later 11 your 
requirements expand. 

DenTron Radlo has Packed all the 
features a llnear ampllfler should 
nave Into thelr new MLA-2500. 
Any Ham who works lt  can tell you 
the MLA-2500 really was bull1 to 
make amateur radlo more fun. 

ALC Clrcult t o  prevent overloading 
160 thru 10 meters 
1000 watts DC input on CW. R T T Y  or 

SSTV COntlnUoUs DUtV ..... 
Varlable forced a ~ r c o o ~ i n g  system 
Self-contained continuous duty power supPly 
Two ElMAC 8875 external anode ceramic/ 

metal trlodes Operating i n  rounded grld 
c n v c r l  MARS freouanc~es wltRout mod+ftcatlons -- - - 
50 ohm Input and'output Impedance 
R ~ o I I ? . ~ ~  R F  wr t tmr ta r  - - . . . . . . . . . . .  - ... - .-. 
117V or 234V AC 50-60 hZ 
Third order dlstortlon down at least 30 db  
Frequency ran e 

1.8MHz (1.1.f.5 3 5MHz (3.44.6 
7MHr (6.0-9.0) 141;(HZ (11.0.16.0 3 .  21MHz (16.0-22.0 28MHz (28.0- 0 0) 

40 watts drlve for 1 K1V DC Input 
Rack mountlng k l t  available 19" rack) 
Sxze: 5119' H r 14" W x 14" b Wt. 47 IbS. 

" ..--.,, -TROUBLE FREE TOUCH-T 
POSlllVf TOUCH IKEVSOEPRESSIOMOBlLE*)IANOHELO 
O ~ S K  MOUNT NO POTTEO PARTSISERVICEABLEI 
h3lL SPtC COMPONENTS NO RFI SELF CONTAINEO 
X T A L  CONTROLLED LEVEL AOJUSTABLE FROM FRONT 

P., Rnd 

"I... ............... ,_._ . -, .............. l" .... -, ..... 
..... ." .-..--. .. .-_, ",  . . . .  . . - . -  ..-.-*._. ......--. ..... - ... ................... ,._ -.. . ,., "11. .,...... ̂ . 1..-. ... -1. ........................ .._.. ........... <,  .. -.. . _. .... 

...I... ..,. .......... ,,_... -,.-.. " ,l.d.LII, ,.I_ ........ ...-._._.. .. *. ,. .,.... *,.,-" . . . . . .  ............ 1. .......... -..* .... ". .............. ,-.." . .................................................. .............. ............. ..,... I.... .....,. 
,..,_. 

.... _.. ._. - ... ....... " " ..;.... F " I . . L -  

*- ..-,-,. 
...... _ I  I... .I.... 7.. ,.a ., ..... m,. "* .". .-.. 

'ONE ENCODER 

AC Volts: 0-3-12-60-300-1.200 15.000 Ohms per Volt). 

. * ~ ~ ~ ~ ~ ~ i  ~ ~ l ~ i ~ ~ ~ ~ ~ ~  vamS O h m :  0.20k-200k-2M n - 2 0 M  !d 
Drop Resistant (200 Ohm center scale on  low range). 

Hand Size DC Microamperes: 0.600 at 250 mV.  

TRIPLETT Model 31 0 V O - M  DC Milliamperes: 0-6-60-600 at 250 mV. - * T y p e 3  Accuracy: + 3% DC; ?.4% AC; ( fu l l  scale). 

Scale Lenath: 2-1 18". .~-  ~ - " -~ 

1. Drop-resistant, hand-size V - O M  w i t h  high-impact thermoplastic Meter: Self.shielded; diode overload protected; sprang backed jewels. 
Case: Molded, black, high impact thermoplast~c wi th slide latch 

2. 20.000 O h m  per volt DC and 5.000 O h m  per volt AC; diode cover for access t o  batteries and fuse. 2-314" w x 1-5/16'' d x 4 - 1 1 4  
ovarload protection w i t h  fused R x l  Ohms range. h. 

3. Single range switch: direct reeding AC Amp  range t o  facilitate Batteries: NEDA 15V 220 (1). 1'hV 910F (1): Complete wi th 42" 

clamp-on AC Ammeter usage. leads. alligator clips, batteries and instruction manual. Shw. Wt. 2 
RANGES Ibs. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  DC Volts: 0-3-12-60-300.1.200 (20,000 Ohms per Volt). Model 310 Cat. No. 3018 $53.00 
- - _ . - - - - - - -  I-' N a m e  Cal l  

Address Dealer Programs -1 
NOW Available I 

City Sta te  Zip- 

Order:  
I 

Master Charge I 
R a d i o  E l e c t r o n i c s  

American Express I 1 209 Mystic Avenue V i u  I 

1 Medford MA 02155 , (617) 395-8280 Cl Check  enclosed U Visa 0 Master Charge u Amer i can  Express 

- .- 
Prices FOB Medford 

I 
MA. M A  residents add 5% 1 

I FREE Gift With Cred i t  ca rd  ## 
sales tax. Minimum $3.00 
for  shipping & hsnd l iw  on  I 

1 €verb Order ! Card exp i r a t i on  date all orders. I 
H I  " 

---------------------A 
*Sample page from our very large mai l  order catalog, free for the asking! 

/We also have a dealer program n o w  available./ 



AQerTisers I/ 
check-off 

. . . for  l i terature, in a h u r r y  - we' l l  
r ush  your  n a m e  t o  t he  companies 
whose names y o u  "check-of f "  

P l a c e  your c h e c k  m a r k  in t h e  s p a c e  etween 
n a m e  a n d  n u m b e r .  Ex: Ham Radio _&34 

INDEX 

ABC 571 
AGL 558 
Aldelco 3 7  
Am Whol~sa le  

Elccl W 3  
Arncomm 5Yl 
Amldnn M15 
Allanltc Surplus €44 
Allas 198 
Afrun8cs 382 
B b K Prec 516 
Brrrchcr 629 
Budwmg 233 
B u l l ~ t  328 
c r p  022 
CIR 54R 
Cal Com 202 
Clcng 465 
Comm Center 554 
Comm Powel 3 M  
Conlrn S v e ~  330 
Cofnrn Tect! 

Group 645 
Cryslal Banking 573 
Curtls 034 
Chrsllcratl 035 
Damcr Comnr 551 
Dames 324 
Dala S l g n ~ l  - 270 
Dawr Elecl 332 
OenTron _ 259 
Dlrec! Conv TFCII ' 
Dcrc Cap 449 
Dcrke 039 
E T O '  
Elect Dnrrr. 044 
Epr8lon 046 
E r i ~ k ~ n n  047 
Excct 9 5  
Falr Radm M8 
FT Acccrrorss 646 
GLR 557 

Gtegory . 
Gull Elect 635 ~~~ 

Hal 057 
Hal Trona 254 
Ham Center 491 
H A C B  150 
Hamtmntcs 746 

I r um 065 
Inh l  Tech 351 
l n l r g  C~rcucts 518 
InsCrystal 066 

Jamer . 333 
Jan 067 
Jenrcn 293 
J o n ~ s  626 
K E~~IF~PU~PI 071 
Ke??woo() ' 
Kesler Solder ' 
Latayctle 598 
Lclrlgs 4ECI 
Lurlar 571 
Lyle 373 
MFJ 082 
M,~cltsnn ' 
Marterr 555 
NuDeld 455 
O.>k Hmtl Am Rildto 

S r s  213 
Op!<rlrclronrcs 352 
Orlando Hanlcar!on ' 
Palnn>ar 093 
P.,llrldqc 439 
Pip" 481 
Prlrlled Csrcuatr €d8 
RF Pclwer Labs 602 
Callbnok I W  
Radm World ' 
Ramscy 442 
Rcqrnrv I02 
Roc-kw?ll Coll4nr 2% 
RolwIe Scllwarlz M6 
Rorr Din 501 
5 5 1  375 
s.,vov 105 
S<.curalron 461 
Scncore 6 9  

Si , t~ t rum Comm 336 
Spectrum In1 108 
Swan 111 

. . 
Telrex 377 
Ten Tec 114 
TCB Ex 116 
Tul lr  321 
VHF Eng 121 
Vnltev lnr lru 583 

Wrr lcun? 
Werlern Elect M9 
Wt18Irhousc 378 
W8lsun Elect 123 
Yacau 127 

'Please contact lh l r  advertiser doreclly 

Limit 15 inquiries per requesr 

January 1978 
Please use before February 28, 1978 

Teat a l l  and mall l o  

H A M  RADIO MAGAZINE  - "check a l l  
Grasnvllls. N. H. 03048 

N A M E  

CALL . . . . . . . . 

S T R E R  

STATE.. . . . . . . . . . . . . . . . . .Z IP  
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BEGIN WlTH THE BEST 
As you develop your skills, in- 

crease your participation in Ham 
Radio activities, and add hard. 
ware for ever-increasing flexibil- 
i ty of operations, you'll come to  
know ICOM. Just ask any old 
Ham. ICOM is  the quality name in  
VHFIUHF Amateur Radio equip- 
ment because i t  is  simply the 
best. ICOM is the l ine you'll want 
to  move up t o  for unequaled 
quality and features. 

eveloped a new 
piece of hardware for your IC-211 
and lC.245, the "AGL  SCANNER 
11." It will allow you to  use your 
transceiver to  scan all 4 MHz in 5- 
kHz steps as the digital display in 
the radio tells you what frequen- 
cy you are listening to. The "AGL 
SCANNER 11" can be mounted in- 
side or outside of your unit and 
has adjustable scan rate. 

Don't delay in  moving up. BEGIN 
WITH THE BEST: ICOM and AGL. 
"AGL SCANNER 11". . . . . . $29.95 
B o t h  t h e  IC.211 and lC.245 a r e  a v a ~ l a b l e  

w l t h  S C A N N E R  i n s t a l l e d .  Call or w r i t e  f o r  
o u r  q u o t e .  

As Always - please include pro01 of 
Amateur License for purchases of 
transmitters, t ransce~vers,  and 
amplitiers. 

CALL US TODAY 
,.....,. ..,, r) TOLL FREE AT - 1-800-527.7418 m] 

CALL 214.241-6414 (in Texas) 
LARRY WASWWH ART K9TRG GORDON NSAU 
MIKE WASUOB MIKE WBSACM 
TOM KSTM BOB WSXC 

We service and repair ell malor lines 01 
Amateur Radio equipment. 

(AGL Electronics) 
3068 FOREST LANE, SUITE 309 

DALLAS, TEXAS 75234 

ABC Communlcal~ons 114 
AGL Eleclron~cr 142 
Aldelco 1 18 
Arrmtrut Wholesale Electronbcr 88 89 
A r n ~ o m m  I 8  
Amdon  A s ~ o c ~ a l n  136 
Alla#tl,r Surplus Sales 128 
Allas Radio 109 
Al roncr  I12 
Benchcl Inc 112 
Rudw8g M l g  Co 122 
Bullet I39 
CFP Commun~caloons 136 
CIR lr>durlrses 92 q3 
Cal Corn Syelems Inc 128 
Clenq Eleclronocs 1 K) 
Comrmon8calconr Center 122 
Commun~cal~ons S p e c l d l l ~ l ~  112 173 
Cornmon8callonn Technology Gtaup 79 
Crvrlal Banking Selvlce I06 
Cullls E l ~ r l r o  DCVIC~. 172 
Cosl>crilft 38 39 
Dames Communca!~ons Systems 1% 
D a n l ~ s  Ted 1V) 
Oats Saqrlal Inc 125 
Davs Flecrron~cr 100 106 
D e n l w n  Radoo Company 7 
Dfrecl Conver$lon Tothnlque 136 
Dcr~ Cap €6 
D T J ~ L  CU R L 27 
f lhrl%r,rn Tcchnolog8cal Operat!ons 111 
Elcrlmnrc Dalltbulors 106 
Epr8lon Records 1 3  
Clickrun C~mmun#ca t~ons  1% 
EXLPICIICUIIS 112 
Frsr Rsdm Snles 118 
FT Acrnsrnrler 1 M  
GLB I KI 
(siller Auocmles 128 
(,<ulbou! EI~rtrunacs 93 
(,t.w Elecla<,n~cs 170 
G16.qory Eleclronrcr H I  
G##ll  Eler!rcm#cs 111 
H.ll C-,nlmun$cal#ans Corp I?! 
Hai T~unlx 135 
Ham Radio Center I 1  
Ham Radio r 

Comrnuncalaons Bookrtarc 87 110 122 124 138 
Hdn~frcln8c~ Inc 143 
Hrn l l l  Cr~rnpony 44 45 
Ht.,yl>!\ M l q  Co I22 
Hrrlw Raclso Stores Cnvcr It 
I C O ~  5 
Intrx Tech 
lnlegraled Clrcullr Unllmlted 
Internnl~~mal Crvrlal 
James Eleclrorl~cs 
JrnCcyslale 
Jenscn lc~<,lr b Alloys 
Jones Martin P b A u o c  
K E~I!P~P(Ic<'I 1 M  
Tv,o Kenworrl Communrcal~ons Inc 8 9 72 13 
Krnler S,,td~r 33 
K1.1115 Radln Inc HH 
Latdvcltr Radln Electroncs 1112 
Lo rq  s Elpct~<,ntcr 
1un.r Elci lrun8c~ 
Lyll. P l<r l , ,~ t l  
MFJ Erltpri>r~ses 
Mddsr,n Elerlronmc Supply 
M n ~ ~ e r ?  C~m~mt,o~calonns 
NuOa,., Elr.rlr"nlcr 
Cldh ti111 Academy Amalettv Radm Smsmn 
O l r l r r l ~ c l r c ~ n ~ ~ s  
Orldncl, Hdn>~at#on 
Pdl<in,ar E,lq,l?(.ers 
Pdrlrldqe lHRI Elcclron~cs 
PlPll L< lm l~ l l l l , l ca l l ~ "~  
P88nlrrl C#rcu#lr P l < x h ~ c l  
RF POWC~ L d b ~  
Radtr, Anuleur Callbook 
Radm World 
Ran>rf,v Ele~lronacs 
H,I"PI~V Elecf#on~cI 
R,,~kwrll Inlonalnonal Collcns Groups 
RC)SS Dlslllbllllng Company 
b5T ElecTron8r.r 
S.8vov t lectrvn~cr 
S,.~,,r,lrnn 
Srzl~d Slare Tlme 
51,.1~c E I e c l r ~ n ~ s  
Sirrcfron8cs 
Strarlrunl Cnmmclncallonr 
Sor l l r l lm InlernalloMl 
Swdn Elcclrnn~cr 
TPl Co,ll","n,cal,on* 
Trlephnne Eqcn~pmenl Co 
Teller Labs 
TI." TPC 
Tn Ex Towar Corp 
Thrlrr Rvd80 Elcc!rnnncs 
VHF Enn8ncrr~no 08" of Brwvnlan 

W r r l r o m  101 
Wrr!crr> Eleclronrs 1% 
G R Wt>#relwuse b Co 1 34 
Wllron Eleclran~cr 115 
Yet,su Elcclron8cr Carp Cover I l l  

More Details? CHECK-OFF Page 142 



More Sens i t ive ,  More S e l e c t i v e ,  Eas ie r  to Build, Srnoller Than E v e r  B e f o r e !  

CHECK THESE FEATURES- * Lowcr ryrtrrn cost t i~on ever before 

*Better selectivity, 70-80 dbodjacent channel, over 103 dB with crystol fi lter option 
*Six chonnelr at  no extm cost 
# 6 0  dB image rejection 
#Latest design -new wry-trwind high Q coils, capartmentized shielding 
#Eary to build, test circuits on b a r d  ollow tune up with only r i g  gen 8 vtvm 

PI6 Wired $21.95 
Miniature model for 
tight spaces -on ly  
1/2 x 2-3/8 inches 

m20dB q i n  l Coven ony 4 MHz bond i n  mnge 
RANGE 

P8--0 20-83 MHz 
P8-H I 83-190 MHz 
P8-220 220-230 MHz 

V H F  M O D E L  ~ 7 0  569.95 PI6 Wired Give exacl bond 
4 . . - 
l Available for 2M, 6M. IOM, p9 s12.95 

220 MHz, or c m ' l  bonds Wired s24.95 
* -. . . .-- 

l Sensitivity 0.4uV for 20 dB 
Op,ioool C r / ~ t ~ l  ~ i l t ~ ~   it $10 Deluxe model for ~ P P -  * . 

.. Chonnel Cvrtolr 55.95 eo licationr where space - * . :, 4 
. . - .  permits. 

l 1-1/2 x 3 inches Covers any 4 M H z  
mnoe l Ideol for OSCAR Diode 

U H F  M O D E L  R90  189.95, protection l Connectors 20 dB goin 

W For any 2 MHz rewen t  of the MODEL - RANGE 
380-520 MHz mnge 
Senritivity 0.8uV P9-LO 26-88 MHz 

Op t i om l  cryst01 f i l ter k i t  $10 P9-HI 88-172 MHz 
Channel cryrtolr $5.95 m P9-220 172-230 MHz 

PI4  Wired Give specific bond 

These new CONVERTER KlTS 
P 15  K I T  118.95 
P35  Wired 134.95 

&& Coven any 6 MHz bond i let you receive OSCAR signals and other exciting t i ' -  bond i n  mn* of 380-520 

VHF & UHF activity on your present HF receiver. MHz 
20 dB rp in  

either one 

ONLY 534.95 
including crystol 

More Details? CHECK-OFF Page 142 

MODEL RF RANGE (MHZ) IF RANGE 
MODEL RF RANGE (MHz) IF RANGE 

C432-2 432-434 28-30 200 M W  EXCITER MODULE KlTS 
C50 50-52 28-30 C432-5 435-437 28-30 T40 Eleven Channel Exciter Ki t  for 2M or 6M 
C144 144-146 28-30 C432-9 439.25 (ATV) 61.25 band.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139.95 
C145 145-147 28-30 Speciol Other rf 8 i-f mnger are 
C146 146-148 28-30 ovailoble on special request T20 Trlpler lDrhrer Module  Klt, 150 m W  
C220 p/o 220-230 28-30 ------------------------------- 2 M  Input. 200 m W  450 M H z  output  $19.95 
Special Other rf 8 i - f  mnges are An extruded oluninum case is awi lob le  

ovailoble on special request . - 
for vhf and uhf converten at 112.95, 
including connecton and hordvmre. 

*FREE 1978 CATALOG r r r r r r r r r r r ~ - ' r ~ r  
4 

onlyS9.95ea 
--- ..- 

contoin type probe, gmund clip, a 
0 1 1  componentr except plug for test equipnent. 

TE-3 R F D e t e c t o r P r n b e f ~ r ~ t v m ; ~ o o d f m m  
100 kHz to over 500 MHz 

TE-4 Direct Probe for ac/ohmr, etc. 
TE-5 DC Probe w/rer for l l meg input vtvm 
TE-6 Blocking Capacitor Pmbe for counter, 

s igml genemtor, etc. 
TE-7 Widebond Detector Probe for scopes 
TE-8 High =/Low Copocitrrnce scope <:robe 

is y w r r  for tile orking. NEW 40 page cotolog giver 
detoilr on there ond other kits, including rconner 

odopten, receiver multicouplen, NPC power rupp- 
lies, M l e c h  PA'S, CES tone pads 8 micr, Hy-Goin 
HT's 8 hf r i p ,  8 antennas. GET YOURS TODAY! 

F R E E S H I P P I N G O N L A R G E S T O C K O F  
A N T E N N A S  I 1 1 we now offer free delivev 
of curhcmft, L ~ ~ , , ,  8 ~~-%i, .  ontenml in the 
48 %totes. Populor models such or Rin90 Rongers, 
VHF 8 tribond beams, magnet mwn t  whips, hf 
verticals, rubber duckier, lightning orrertorr, 
Reyco tmpr, WZAU 8 Hy-Gain bolunr. Col l  or 
write NOW1 We'll be glad to send free cotalogr. 

RF POWER AMPLIFIER MODULES 

*NO TUN l N G ~ V S W R  PROTECTED 
* C O M P L E T E L Y  STABLE -1 5 0 M W  DRIVE 

Tm-150. 140-175 MHz. 20-25W output, wired 
and tested, simply connect your cables.. 579.95 

780-450, 430-470 MHz, 13-15W.. . . . . . 579.95 

ItSs To Order! 
* C A L L  0 R WRITE NOW FOR FREE 

C A T A L O G  O R  T O  P L A C E  ORDER1 

IN CANADA: 
Send order to COMTEC; 5605 Wertluke Ave.; 
Montreal, Que H4W 2N3 or cal l  514-482-2640. 
Add 28% to prices shown above to covercustas 

182-A Be l rnon t  Rd; Rochester.  N Y  14612  duty, mte, and fedeml tox. 
Dealer I w p i r i e  invited 

* P H O N E  7 1 6 - 6 6 3 - 9 2 5 4 .  (Answering 
service for evenine and weekends for y w r  
nnvenlence. Perxnal r w i c e  9-5 eastern.) 

card, toD, c h e c k ,  

* A d d  5 2 . 0 0  r h l p p i n g  6 h a n d l l n g .  



Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday - 

~ A N K ~ M E R I C A R D  - ~ong's Electronics leal 
MAIL ORDERS P 0 BOX 11347 BIRMINGHAM AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 



YWSU PROUDLY MNOUNCFS THE SENSATPONAL 
SMART 

NEWA FT-9OLD- Y F M S  AHFAR WITH XAFSU! 

Carrier level control Cathode current, relative 
Keyer ON-OFF and speed power output. ALC level 

Tune Switch 
VOX gain control and PTTIManual AGC Switch Calibrator and VH) tuning knob Returns transmitter to receive mode 

Transmitter activation switch Slow-fast and OFF noise blanker I Transmitter After 10 seconds of tune 
\ \ / Calibrate digital readout Plate Tuning / 

IF Rejection ~requency Control / ~requency I Band switch 
IF Pass Bandw~dth Control Frequency Recall RX 160- 1 OM Coverage 

(100 Hz to 2.4 KHz) Recall TX External Synfiesized VFO Clarifier for transmittel 

Two rugged 6146B's in the final, with negative feedback A variable IF bandwidth that 
allows 100 Hz to 2.4 KHz selectivity at the turn of a knob IF rejection tuning to notch out 
interfering signals E Optional synthesized VFO, or enlarged frequency memory bank 

Selectable AGC n Built in speech processor Built in Curtis Keyer IM Full range 
160-10M coverage R Provision for new WARC frequencies Meets Part 97.73 of FCC 
requirements. . . . at your dealers soon! 

-~ 
Design And Specifications Subject To Change Without Notice Or Obligation 

VLESU 
pmq od - &I*. ole* V The smart radio 

YAESU ELEC7"RONICS CORP.. 15954 Downey Am.. Paramount. CA 90723 (213) 6334007 
YAE!SU UECfRONICS CORP.. Eastern Service Ctr.. 613 Redno Ter., Cincinnati. OH 45215 1 A78 
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