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he 2K Classic represents the culmination of fifteen years experience in developing, Features: 
manufacturing and improving the 2K series. It remains as always a "workhorse", T~~ d E a 3 - 5 00 z 
engineered and built to  loaf along at full legal power for days or weeks without rest. A grounded grid 
look inside shows why1 No expense has been spared to make the 2K a truly "Classic" PI-L plate clrcult with silver plated Amateur amplifier. Heavy duty, top quality components along with its rugged 
construction assures you of trouble free operation. The 2K Classic offers engineering tank 
and features second to  none. It will put your signal on theairwith greaterstrength and Resonant pl Input clrcult 

clarity than you ever dreamed possible. The 2K Classic operates on all amateur bands, Max~mum legal input on all modes 
80 through 15 meters (export models include 10 meters). Prlce $1 195.00 - - - - - - --.- - 7-- - - - ---------- 

.a,, """;-5 ... Another fine member of the famous Henry Radlo famlly of superlor 
ampllflen. And we're stlll convlnced that It's the world's (Inert Ilnear In 

Its class. The 1KD-5 was deslgned for the amateur who wants the quallty and dependablllty of the 
2KD-5 and 2K-4, who may prefer the smaller slze. Ilghter welght and lower prlce and who wlll mettle 
for a IIttIe less power. But make no mlstake, the 1KD-5 Is no slouch. Its 1200 watt PEP Input (700 
watt PEP nomlnal output) along wlth Its superb operatlng characterlstlcs wlll still punch out clean 
powerful slgnals ... slgnals you'll be proud of. Compare Its speclflcatlons, Its features and Its line 
components and we're sure you wlll agree that the 1KD-5 Is a superb value at only $695. 

, F - We have been suggestlng that you look lnrlde any ampllfler belore you 
// / '- -c' buy It. We hope that you wlll. If you "llft the Ild" on a 2KD-5 you wlll see 

only the hlghest quallty, heavy duty components and careful workmanshlp ... attrlbutes that 
promlme a long 111. of contlnous operatlon In any mode at full legal power. The 2KD-5 Is a 2000 watt 
PEP input (1200 watt PEP nomlnal output) RF Ilnear ampllfler, coverlng the 80,40,20, and 15 meter 
amateur bands. It operates wlth two Elmac 3-5002 glass envelope trlodes and a PI-L plate clrcult 
wlth a rotary dlver plated tank coll. Price $945. 

And don't forget the rest of the Henry famlly of amateur ampllflen ... the Tempo 2002 hlgh powor 
VHF ampllfler and the broad Ilne of top quallty solld state ampllflen. Henry Radlo a lw  onen the 
3K-A and 4K-Ultra superb hlgh power H.F. ampllflers and a broad llne of commercial FCC type 
accepted ampllflen for two way FM communlcatlons coverlng the range to 500 MHz. 
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7 A/,/O,~,/C~'/~ ' //. * ; A brand new "super*' linear ... the 3K Classic! Designed for the most critical * fl\ 
Amateur Radio operator ... the individual who wants and appreciates owning %< *, * the finest. Available in spring 1981. I ( ( I I + 4 - . _ 

+ A -  * a +  ~ + + - b . . t +  * + + * + a + + + * + + + * + - * . +  < 
4 - , 1980 we "I1 OCCL'PY 

llo~e a ~ ~ ~ ~ ~ a i r e r s  oolldtf1q r ~ ~ ~ m b e '  wi th a new 

.,,I ; ; : ~ ~ ~ ~ r  sod 2050 S Bundy D r .  Los An eles. CA 90025 
931 N Eucl~d, Anahelm, Ci 9280, 

" -r,pml ,prf i  8 

Butler. M~ssourl 64730 
TOU FREE ORDER NUMBER: l8OOl421-6631 
For all stales except Ca l~ lo fn la  
Caltl res~denls please call collect on our regular numbers 



The DS2000 KSR is the lowest 
priced R l l Y  terminal available 
with these advanced features: 
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UD Your Power With MFJ Speech Processors 

MFJ-525 R F  Speech Processor gives you 
up to 4 times more rrvcJra<qe SSR l)o~%~er on all 
hands. I'on~erful. narurul .so~ordin,q speecli 
punches thmugh QRM and DX piles ups. A 
true RF processor, rhe 525 works wir/r any 
rig. clny mic. No internal connections 
needed. ' h o  color VU meter aids in setting 
clipping. Full controls: clipping level, out- 
put level, On-Of1713ypass switch. LED indi- 
cator. Shielded cahle with PTT line, 4-pin 
mic. jack & plug, KFI pmtected. 12-18 VDC 

o r  1 IOVAC with optional AC adapter7.S7.95 
+$2). 6 x 2 ~ 6 "  

Super  Logarithmic Speech Processors: 
MFJ LSP-520nX I1 gives up to 4 0 0 9  more 
RFpower. Plug\ between mic. and transmit- 
ter. Thrc,e ncri~~c~,filter.s concentrate p w e r  to 
slice through QRM; .TO dR dynamic range 
1C amp., Y V h:~ttery required. 4 x 2 ~ 6 "  beige 
& walnut grain cah. 1,SP-526HX, $49.95 
+$4, similar. in metal cah. 2 x 3 ~ 4 "  

MFJ Dummy Loads - Air or Oil Cooled 
- n u G m  MFJ-262 400 I!' PI.,[, L'SWK under I .?:I to 30 MHz; 

I n n  .. - L 1.5:1 to 300 MHL. 7M"h x 6X"diam. $495, New MFJ '*l)ry9* Loads. Air cooled 50 
I I_ I MFJ-260 ohtn notr-indrccri~u re.si.rror.s in perforated 

, .d 
MFJ-250 $2gg5s) metal housings; rated full load for 30 $26g' seconds. de -n ing  curves to 5 min. inc. Low 

MFJ-250 1 k\V load with oil only Yi29.95! VSWR: MFJ-260 (300W) I .  I: I to 30 MHz. 
Rtrred I kW CIV or 2 kW PEP jbr 10 tnitr.. I .S: I to 160 hlHz; 21/2~2'hx7": MFJ-262 
half ratings for 20 rnin., cont. at 200 W CW, ( I  kW) 1.5: 1 to 30 MHz. 3x3~13"  

MFJ Deluxe Phone Patches 
Crisp, clear, hum-free audio with VOX or 
PTI'. VI '  meter to monitor line level and 

MFJ-624 adjust null dcpth. Full controls: separate 

$59?5& tr:~nsmit ;ind receive gain contmls, null 
control. function switch. Jacks for in. out. 
spe;lker & mic.: terminals for phone lines. 

MFJ-624 Telepatch 11 hyhrid phone patch Beige & walnut grain cab. 8x2~6" .  MFJ- 
with unmatched ptiormance and quality. 620, $49.95+$4, similar, less meter. 6 ~ 2 x 6 "  

Low Cost MFJ Accessories From Just $19.95! 

MFJ-10.WUX Receiver Preselector hosrr 
10-30 M H z  .\i,qtrtrls 3-5 "S' ' rorirs. Dual-gate 
MOSFET 4;1s 20-25 dB gain. noise figure 
less than 2.5 dB. BeigeJWalnut. 4 x 2 ~ 6 "  
MFJ-4OT Q R P  C W  h n s m i t t e r  works the 
world with 5 tc~crrrs orr JOM: no tuning: 3 
crystal sockets. or VFO input; protected 
transistor output; pi net; I2VDC: 2x3~4" .  
MFJ-40V Q R P  VFO; direct dial 7-7.2 
MHz; less than 100 H7. driftlhr after wamlup; 

clean 4 V peak-to-peak output flat to 2 dB; 
I2VDC: metal cab. matches JOT. 
CPO-555 Code Oscillator: crisp clear sound 
frr)~n built-in speiker; enough vol. for class 
use: tone control; 9 V hattery. 2x3~4" .  
TK-555, $1.95. optional key. 
MFJ-ZOOHX Frequency Standard: gated 
for ea\! 11). mirrkers every lo(). SO, and 25 
kHz into VHF; 9 V hattery. 293x4". 

NEW 12/24 Hour Iligital ClocWlD Timer 
Switch fmnl 12 hr. to GMT. to "vxnntls" 
readout. ID timer or elapsed timer. WWV 
sync. solid-state, blue 0.6'' digits. reg. alarm 
+indicators. l I0 VAC. (10 Hz. 6~2x3".  
MFJ-941C "Versa f i n e r  11" matches 
dipoles, vees. randoms. verticals. mohile 
whips, beams: 160- IOM: SWR + dual range 
wattmeter (300 & 30 watts); 6-position 
antenna sw.; huilt-in balun; Xx2xh"; mobile 
mtg. brkt $3. 

I1lF.1-408 "Deluxe Electronic Keyer 11": 
Cltrris 8044 IC Xeyar c-/rip; speed rtrc7rc,r to 50  
WPivl: dot-dash memories; RF proof: sends 
iamhic, automatic. semi-auto, o r  manual: 
weight. s p e d ,  vol.. tone controls: speaker; 
solid-state keying: grid block. cathtxle. 
solid..state trinsmitten (-3(H)V. 10 mA 
max. +300V. I00 niA niax); 6-9  VDC o r  
l I0 VAC with optional AC adapter ($7.95 
+$2): Xx3xh". 

Handy helpers from the 
world's leading manufacturer of 

amateur radio accessories 

MFJ RF 
Noise Bridge 
MFJ-202 $Hgs) 

Maximize your antenna performance. 
Measure resonant frequency. radiation re- 
sistance. reactance, learn how to get 
minimum SWR. Great for experiments, 
tests in tuned circuits (measure inductance, 
RF impedance & more). Series bridge, 
r 1.50 pf. 2.50 ohms. 1-100 MHz. Includes 
range extender for measurements heyond 
scale readings. 9 VDC 2 x 3 ~ 4 " .  

Multi-Sensor 
SWRlWattmeters 

h1F.I-825 1)eluxe Power Sentry accepts 
an! i \enson; operates 3 rigs: peak o r  avg. 
fonvardlreflected power in 2 ranges; SWR 
I :  l 106: 1 .9  VDCor  110 VAC with optional 
AC adapter (S7.95 +$2); 6?hx534x5%"; 
includes one sensor of your choice. 
MFJ-820 Power Sentry accepts one sen- 
sor: avg. forwardlret'. power in 2 ranges; 
SWR I:1 to 6:l :  37/~"~5-%~4'/2"; includes 
one sensor of your choice. 
MFJ-830 H F  Sensor, I .R-30 MHz. 2001 
2000W fwd. 201200W ref. MFJ-831 VHF 
Sensor. 50-175 MHz, ZO/ZOOW fwd & ref. 
MFJ-832 Q R P  H F  Sensor, I .X-30 MHz, 
2170W fwd Xc ref. MFJ-833 Hi-Pwr VHF 
Sensor. like #X3 1 hut 20()/2OWW fwd. 

For tech info.  order or repalr status or calls 
o u t s ~ d e  cont~nental U S and ~ n s ~ d e  MISS.. 
call 601-323-5869 

All XIFJ products unmnditimally guaranteed 
for one year ( r\ir.pt a\ nolrcl ) 
Products nrdered from 51FJ are retumahle 
within 20 days for full refund 1k55 shipping) 
Add shipping 8i handling charges in arnn~nts 
shown in pa ren thm 
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The year 1981 is a year of great change and opportunity here at ham radio. We start off by welcom- 
ing as new readers the many thousands of subscribers to ham radio's former sister magazine, Ham 
Radio Horimns. These readers will be receiving ham radio each month on an issue-for-issue basis for 
the balance of their subscriptions (and, we hope, for many years after that). If you are one of our 
loyal supporters who took both magazines, then your ham radio subscription will be extended on the 
same issue-for-issue basis. 

What are our plans for the combined magazine? Alf Wilson, WGNIF, our editor, will be explaining 
on page 6 in greater detail, but basically we intend to devote a major segment of each issue to keep- 
ing ham radio the pre-eminent technical publication in the Amateur field. At the same time, we plan 
to offer an interesting variety of new features derived from successful ideas that first appeared in 
Ham Radio Horizons - plus a few that are new to both publications. All of this material will be 
carefully chosen to make ham radio the most interesting and useful Amateur Radio magazine, both 
for the technically involved reader and the active but less technically oriented Amateur. 

It all adds up to a big challenge for Alf and his staff, but he is well geared up for this project and I'm 
sure you're going to be seeing some of the best issues of ham radio that we've ever put out. Your 
comments will be of great value to us during this period of change. Don't hesitate to let us know your 
likes and dislikes, and also any other suggestions you may have. 

Many folks have been wondering why we stopped HRH, at a time when it was getting better and 
better with each issue and was showing such great promise. It wasn't an easy decision to make, 
especially in view of the fact that our readership kept growing stronger every month after our redirec- 
tion of the magazine early last year. Our weakness was in the advertising column. As the newest of 
the major Amateur monthlies, Horizons never really got its share of the Amateur Radio advertising 
action. A new advertising sales team, which took over here last summer and had great luck in making 
ham radio grow, could not - despite their extensive efforts - keep the outlook for Horizons from 
deteriorating. 

The answer soon became obvious. With the combination of our two magazines, ham radio now 
has the largest circulation of any of the independent Amateur magazines, and our new economics of 
operation allow us to give the advertiser a value unmatched anywhere else. 

Everyone should benefit, because a strong magazine means a better magazine. Suddenly 
everyone here in the ham radio organization can double his efforts toward our one magazine. 

This issue represents just the beginning of our new direction. It will take a few issues to really get 
the new format in place. We have a lot of good ideas, and by the time spring rolls around you'll be 
seeing the most interesting and best balanced magazine that has ever been offered to the Radio 
Amateur. 

Skip Tenney, W1NLB 

4 january 1981 
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bservation 
& Opinion 

As the new editor of ham radio, I've seen a number of changes occur in this organization. Some of 
these changes reflect difficult choices and decisions, but all of them have been made with the con- 
tinued welfare of ham radio and its readers in mind. 

The structure of the Ham Radio Publishing Group has changed. One of the best Amateur maga- 
zines in the world, Ham Radio Horizons, has been discontinued. The decision to drop Horizons was 
made with great reluctance. However, business is business, and Horizons just didn't pull its weight in 
advertising revenue, although the magazine flourished in the Amateur community. It provided many 
newcomers with down-to-earth information on operating techniques, easy-to-build construction 
projects, and an opportunity to get the feel of what Amateur Radio is all about. 

ham radio, on the other hand, provides advanced Amateurs with the latest state-of-the-art devel- 
opments in technology. It will continue to do so. So we have a dilemma: How do we keep Horizons 
readers interested in our product without turning off the old guard ham radio reader? It's a real 
challenge - one that is rare in the technical-publications business. 

Our decision has been to expand ham radio, still retaining the best in communications technology 
but also including material for readers who have enjoyed Ham Radio Horizons. 

In this issue you'll find two features that were standbys in Horkons: Bill Orr's "Ham Radio Tech- 
niques" and "DX Forecaster." The latter is a two-page summary of what's happening for the month 
in the DX world, including a propagation chart based on scientific observations. Bill Orr's column, 
which explores Amateur Radio from top to bottom, will be welcomed by every active Amateur, old 
and new. 

Also in this issue are some subtle changes in magazine graphics. Our graphics designer, Bill 
Scarborough, has instituted some interesting methods of portraying the editorial material so that it's 
easier to read and much more pleasing to the eye. We think you'll like it. 

Here's a brief description of the other new features you'll find in future issues of the new ham 
radio. "Questions and Answers" was extremely popular in Ham Radio Horizons. We plan to continue 
this feature. We also plan to include our "Owner's Survey," which is compiled from reader 
responses to questions about popular pieces of ham gear. This is probably one of the most unbiased 
reviews ever published in an Amateur Radio magazine. It's the kind of report that will never be 
prepared by a laboratory or in a manufacturer's test facility - it tells it like it is: no holds barred. 

The DXer is very much a part of Amateur Radio. This fellow is unique. He will do just about 
anything to work a new country. In Ham Radio Horizons, Bob Locher, WSKNI, wrote.on the trials 
and tribulations of the DX operator in his series, "DXer's Diary." Bob's easy-going literary style was 
much appreciated by Horizons readers. In a future issue of ham radio, we'll publish another of Bob's 
articles on DXing. We'd like to hear from readers as to how they like this feature. If the response is 
positive, we'll continue "DXer's Diary"; if not, we'll drop it. Let us know what you think. It's your 
magazine. We'll do our best to publish articles that appeal to the most readers. 

We're trying to provide the best balance of articles ever published in an Amateur Radio magazine. 
Let us know your desires and needs. We welcome all suggestions. 

Alf Wilson, W6NIF 
Editor 

6 january 1981 



MORE KEYER FEATURES 
FOR LESS COST 

4EA Invites You to Compare the AEA Kqer Fkaturc 
to Other Por eyers on the Market. 

MorseMaticN Keyer Trainer Morse Trait Keyer Morse Key6 
'ORTANT KEYER AND/OR AEA 
TRAINER FEATURES MT-1 

speea nange (WPM) 1-99 
Memory Capacity (Total Characi 500 - - 
Message Partltlonlng Soft - 
Automat~c Contest Serial Numb Yes - 
Selectable Dot and Dash Memc , Yes Yes - 
Independent Dot 8 Dash (Full) We~ghtlng Yes Yes 
Cal~brated Speed, 1 WPM Resolut~on Yes Yes 
Calibrated Beacon Mode Yes 
Repeat Message Mode Yes 
Front Panel Varlable Monltor Frt Yes 
Message Resume After Paddle Yes 
Semi-Automat~c (Bug) Mode Yes Yes 
Real-Time Memory L Yes ' - 
Automat~c Word Spac Yes - 
Instant Start From MI Yes - 
Message Ed~tlng Yes 
Automat~c Stepped Vanable Sp No No No 
2 Presettable Speeds, Instant R No No No 
Automat~c Tra~ner Speed l n c ~  Yes Yes Yes - 
Flve Letter or Rando Yes Yes 
Test Mode Wlth Ansv Yes Yes 
Random Practlce Mc Yes Yes 
Standard Letters. Nu, I u l~c tua t~~n  Yes Yes 
All Morse Characters Yes Yes 
Advertised Price $199.95 $99.95 $129.95 : l9.50/ $22 

39.50 

OPTIONS: our keyers (except the MT-1) will operate with any popular 
MT-1 P (portable version of MT-1 ) with ile lever or lamblc squeeze paddle and will key any type of 

batteries, charger, earphone lern amateur transmitter w~th no external circuitry requ~red. AEA 

ME-1 2000 character plug-in memory 2rs are as easy to operate as a four functlon calculator. The 

expansion for MM-1 
al AEA computers are all pre-programmed for the featr--- 
1 above. Each AEA product IS fully RF protected and recel 

AC-1 600 Ma. 12 Volt wall a( plete elevated temperature burn-in and test befor 
MM-1 wlth ME-1 he factory. 

AG2 350 Ma. 12 Volt wall audptur IUI 

all AEA keyer and trainer products friend how he likes his AEA keyer compared to anytt 

except MM-1 w/ ME-1 1e has ever tried, then JUDGE FOR YOURSELF. See 
teyer and trainer family at your favorite dealer. 

DC-1 Cigarette lighter cord for all AEi 
and trainers except MT-1 P , . .,., nced Electronic Applications, Inc., PO. Box 2160, 
~ctory cor Lynnwood, WA 98036. Call 206/775-73 
1 to KT-1 
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The Majority Leader 
In the  race of popular demand for quality in fully 
synthesized, multifeature hand held transceiv- 
ere. the  Santec HT-1200 emerges aa the com- 
mandlng front runner. More than just handy. the  
Santec stands on a solid platform of big rig fea- 
t u r e ~  which fully utilize the very latefit micro- 
processor technologies. 

When you choose Santec, you op t  for 4 modes of 
automatic scan and search of 10 memories and 
the  whole band. When you choose Santec, you 
op t  for selectable output power of 3.6W or  l.OW, 
with only a 6ma drain for the  optional continu- 
ous display of the bright LED readout. When you 
chooee Santec, you op t  for variable w a n  steps in 
any multiples of SkHz. And when you chooae 
Santec, you opt  for a band range that  covers 
most Army MARS. Navy MARS, and CAP fre- 
quencies and the eaae of enterlng all frequencies 
from the  integrated keyboard. Assuredly. when 
you chooee Santec, you opt  for the  majority 
leader which hands over features hand over flst. 

SUGGESTED RRAK PRICE: $379.00 
Check t h e  prlce et your Aulhorlzed h t e c  Iknler today! 

[CHECK HOW THEY STAND ON THE ISSUES:-, 
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HAM RADIO HORIZONS ceased publication with the December, 1980, issue. Though Ham 
Radio Horizons had succeeded in building a loyal and ever-increasing following of-a- 
teur Radio readers, it had not achieved sufficient popularity with advertisers to put 
it into a very solid financial position. That, coupled with Horizons' pulling of some 
ad revenue from its parent publication, Ham Radio, and the current spottiness of the 
Amateur Radio marketplace, led to the deGi- concentrate both editorial and market- 
ine efforts of the staff on the older. more successful and better known magazine. " 

Ham Radio Horizons Subscribers will receive Ham Radio on an issue for issue basis; 
the 25 ver cent or so who now receive both ~ublicationswill have their Ham Radio sub- 
scriptibns extended proportionally. ~ d d i n ~ '  the unduplicated Horizons subscribers to 
Ham Radio will increase that magazine's subscriber list to more than 75,000. As a re- - sult, Radio advertisers will, for the moment, be getting the best bargain in the 
Amateur~aaioie ld . 

Thou h The Shutdown after four years of publication is a disappointment to both Ham 
Radio HErizons' staff and its many loyal readers, it provides the necessary resourcK 
to ensure that Ham Radio will maintain its well entrenched position as Amateur Radio's 
top technical puiiication. In addition, Ham Radio's ,editorial coverage will be broaden- 
ed somewhat by adding to it some of the more x a r  features for Ham Radio Horizons. 

SIGNIFICANT IMPLICATIONS FOR AMATEUR RADIO can be inferred from Ronald Reagan's 
smashing victory in the presidential elections. The effects will be felt almost en- 
tirely through the FCC, which Waslrington observers feel will retreat sharply from the 
recent liberal philosophy under Chairman Ferris that led to directions blurring the 
distinctions between Amateur Radio and CB. 

The Transition Won't Occur quickly, however; Dick Wiley was FCC Chairman for almost 
a year after Jimmy Carter won the presidency in 1976, while the new president tended 
first to higher priority changes in the Washington hierarchy. During the interim pe~iod. 
expect the Commission to move very slowly, avoiding any appearance of "making waves. 

Though This May Mean Delays in implementing some needed rule making and even access 
to the new 10.1 MHz band, the more conservative Reagan administration is expected to 
return Amateur Radio's direction to more traditional paths than it has recently been on. 

220 MHZ IS AGAIN BEING EYED by other services. according to current rumors from Wash- -- - 
ington. Users of the inland waterways system are reported to be looking at 220-225 MHz 
to relieve the conaestion they're ~resentlv exveriencina on the 160-MHz marine band. 
possibly at the suggestion of* somebne within the FCC! 

' '  

Placing Inland Waterways Communications on 220-225 MHz came up earlier this yeartin 
FCC General Docket 80-1. an NPRM that was issued in response to the waterwavs users 
request for more 150-170 MHz channels, suggesting 216-220 or 806-890 MHz fo; alterna- 
tives. The problem with that NPRM came in its summary, which cited 216-223 MFz ihstead 
of 216-220 Wiz for expansion. After discussing the discrepancy with Amateur Radio rep- 
resentatives (and a storm of protests from 220 users), the FCC did issue a correction, 
but there was then and certainly is now some suspicion that inclusion of the 220 MHz 
Amateur band in the FCC's proposal was more a trial balloon than an error. 

The'ARRL Is Well Aware of this new threat, and is planning a determined campaign to 
quash it. Still another threat is brought out in the December, 1980, issue of Po ular 

to the FCC for new frequencies in either the 27 or 220-225 MHz band! 
-I%- Llectronics, in an erticle on cordless phones which says that manufacturers are oo ing 

A PROBE INTO AMATEUR LICENSING IMPROPRIETIES dating back to 1976, when the August 15 
issue o t e In Lana o 1s tar ran a ong article headlined "FBI PROBES HAM RADIO SCAN- 
DAL." i: f:na-:ead. I: a November 6 release. the Private Radio Bureau 
chief ordered 13 Amateurs, 10 of them from Indianapolis or vicinity, to show cause why 
their station licenses should not be revoked, and suspended their operators licenses. 
Another, whose license is up for renewal, is under review. 

All Of The 14 Are Alleged to have "fraudulently obtained or attempted to obtain new 
or upgraded Amateur licenses without examination" or "actively participated to fraudu- 
lently obtain or attempt to obtain new or upgraded Amateur licenses without examination" 
by the Commission in PR Dockets 80-668 through 80-682. 

PLAIN LANGUAGE AMATEUR RULES GOT the Commissioners' nod recently along with some 
nice comments about both the Amateur Service and the staff's work on the rewrite job. 
The proposed new Part 97 has four parts: Part A, The Amateur Radio Service; Part B, 
The Radio Amateur Civil Emergency Service; Part C, The Amateur Satellite Service; and 
Part D, Technical Standards common to all three services. 

Three Important Changes are in the proposed new rules. One: All previous log keep- 
ing requirements are deleted. Two: The Communications Act Section 303 requirement that 
an Amateur make his station available to the Commission for inspection will now be in- 
corporated in the new Part 97. Three: Every Amateur would be required to keep a copy 
of Part 97 in his station. 
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A fresh idea! 
Our new crop of tone equipment is the freshest thing growing 
in the encodcr/decoder field today. All tones arc instantly 
programmable by setting a dip switch; no  counter is required. 
Frequency accuracy is an astonishing + . I Hz over all ternper- 
atrlre extremes. Multiple tone frequency operation is a <nap 
since the dip switch may he remotcd. Our SS-31 cncodc only 
niodel is programmed for all 32 C'TCSS tones or  all test tones, 
touch-tones and burst-tones. a, 
And, of course, there'$ no d 
need to mention our 
1 day delivery and 
1 year warranty. 

TS-32 Encoder-Decoder 
S i x :  1.25" x 1.0" u .40" 
High-pay< tone filter included that rnay he nluted 
klect\ all new RS-220-A \pcc~f ica t~on\  
Acailahle in all 32 FIA 5tandard C'TCSS tone< 

SS-32 Encoder 
Size: .9" u 1.2" 1 .40" 
Available uith either Cirnup A or <iroup B tone< 

Frequencies Available: 
Group A 

I 18.8 21% 
94.8 / . A  123.0 3%. 
97.4  % I %  127.3 3A 

131.8 3H 
103.5 1A 136.5 4% 
107.2 IR 141.3 4A 
110.9 2% 146.2 4H 
114.8 ?A 151.4 5% 

Frequency accuracy. ~t . l HI niauirnum - 40°C' lo  t 85°C 
I-rcquencie< to  250 111 available on <pecial order 
C'ontinuou\ torie 

Frequency accuracy, + 1 H7 maximum - 40°C t o  + 85°C 
Tone length approximately 300rns. hlay he lengthened, 
shortened or  eliminated hv changing value of resistor 

Group R 

Wired and te<ted: TS-32 $59.95. SS-32 S29.95 w V M '  . .-. a k - COMMUNICATIONS SPECIALISTS 
420 \\ ejt Tat t :\\crluc. Orangc, C ril~lorlila 93667 
( 8 0 0 )  X54-0547/ C'al~fornia: (714) 008-3021 

l3 l lKST-~~ONE~S:  
1600 I850 21 50 2400 
I h 0  1900 2200 2450 
1700 1950 2250 2500 
1750 2000 2300 2550 
1800 2100 2350 

TEST-TONES: 
600 

1000 
1500 
2 175 
2805 

1'01IC'H-T0NI.S: 

697 1209 
770 1336 
852 1477 
941 1633 



modular linear amplifier 
for the highmf requency 

Amateur bands 

Genesis of an 
8877 amplifier - 

an example of Amateur 
craftsmanship 

Many articles have been published on linear- 
amplifier construction. The reason is that an rf linear 
amplifier is one relatively simple, technical project the 
average Amateur can build that can rival the best 
commercial units on the market. i he amplifier des- 
cribed here was inspired by the excellent series on 
amplifier design by Bill Orr, WGSAI,' combined with 
my desire to try some new ideas. The results of the 
proiprt are illustrated and discussed below. 

The amplifier was built for a friend, Steve, K8EJ, 
who wdnted a "clean" amplifier built around the 
Eimac 8877 ceramic metal triode. Steve supplied all 

financial backing in return for a design that provided 
excellent performance and maintenance as well as 
reliability. These objectives have been met. I hope 
that the results of this project will encourage others. 

1 preliminary building tips 
After designing and building several different am- 

plifiers, I've come to some basic conclusions and rec- 
ommendations which I feel are worth consideration. 
First of all, build the amplifiei right the first time! If 
you compromise anywhere, you'll not be happy with 
the product in the long run. Granted, it will cost more 
money and take more time and effort, but you'll be 
more gratified with the final results. For example, 
buy a commercial cabinet. Spend $35.00 each for 
nice meters with lighting kits. Buy a good, heavy fila- 
ment transformer and quality pushbutton switches. 
Use Teflon wire and plenty of cable ties to bundle the 
cable harnesses. 

Most important, plan your design. This is extreme- 
ly important. (I spent time on this project drawing cir- 
cuits, laying out the front panel, rear panel, and 
chassis.) Build the amplifier in your mind before you 
drill the first hole. Also, modularize the design and 
test as many of the modules as possible as they're 
constructed. Take the time to learn how the unit 
wcr-ks. Study the technical details, and enjoy the 
project as a creation to be proud of, developed by 
your own nands. 

By Jerry Pittenger, KBRA, 2165 Sumac Loop 
South, Columbus, Ohio 43229 
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Amplifier bottom view. The modulariza- 
tion is evident here. Refer to fig. 3 for 
identification of each module. 

circuit design 
This amplifier (fig. 1A) is designed around the 

popular Eimac 8877 high-mu power triode. The 8877 
was selected for its low drive requirements (that is, 
50 watts drive for 2 kW PEP), its compactness, and 
the clean operating characteristics* exhibited by the 
tube. 

Tuned input network. Component values are: 

band CT (pF1 LT (pH) 

80 860 3.23 
40 445 1.67 
20 225 0 84 
15 150 0.56 
10 112 0.42 

band core wire size turns 

80 T50-2 22 20 
40 T50-2 18 14 
20 T50-6 18 10 
15 T50-6 16 8 
10 T50-6 16 6 

The amplifier uses a tuned input, which is ganged 
to the main band switch, and an effective ALC circuit 
(fig. 1B) to prevent overdriving the tube. The ALC 
level is adjustable from the front panel. Drive condi- 
tions can also be monitored by a pair of LEDs located 
on the front panel lower left corner. One LED is green 
and begins to flash with approxiately 50 mA of grid 
current. The other LED, red, begins to flash at 
approximately 150 mA grid current; thus, the LEDs 
provide a convenient way to monitor instantaneous 
grid current, which cannot be accomplished with 
metering circuits because of the slow response of 
meter movements. 

- 
Lead filtering. All leads entering and 
leaving the amplifier rf deck are filtered 
using a pi-section network. Leads in- 
clude 110 Vac coming to the amplifier, 
and 110 Vac returning to the power sup- 
ply; a high-voltage metering line, a B- 
lead, and a chassis ground lead. , 

The amplifier also has a very effective grid-trip cir- 
cuit, which snaps the amplifier out of the transmit 
line should the grid current exceed 200 mA. This fea- 
ture protects the tube if the antenna is disconnected 
or if the tube should flash over for any reason. The 
grid trip circuit is reset for normal operation by push- 
ing the GRID TRIP RESET button on the lower front 
panel. 

The amplifier uses a vacuum relay on the output 
because of its quiet operating characteristics, com- 
pactness, and power-handling capability. Also, vacu- 
um variable capacitors are used for both tune and 
loading controls in a pi-L output matching network. 

Included also is a built-in rf wattmeter and a time- 
delay circuit, which keeps the blower on for about 
two minutes after the amplifier is turned off to ensure 

'Refer to Eimac Bulletin 3950, which is the technical data sheet for the 8877 cooling. 
13~x1500~7).  The amplifier shown in the photos was built in a 
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MY 500 150 I -  5 0 0  I50  1: 
HEPI70 RED HEPI70 $ G R E E N  

C1 
C2 
CTILT 
cabinet 
chimney 
Counter 

dl.l* 

370.pF. 15.kv Jannlngs vacuum rariabla 
1OOO.nF. 3-kV Jenninos vacuvm var8sble - . - v  . 
lunsd input network' 
mtraFabIne.. 10" x 17" x 14"(25.4 x 43.2 x 35.6cmJ 
Etmsc SK2216 

Bauman TC3.S 
10-meter, 114.mch (6.5-mmJ rtlrsr.pialsd copper tubtng 1 
34" diam.terflv. turns lnppsdon third turn. 
1580 m l s r ,  1N.mch (6.5 mm) r~lr.r.plalsd copper tubing 
3 118' (10.6 cm) dlamsl., ntnstean turns tapped - one 
turn, 15 met.,$; lwa turns, 20 melsrr; lwelra turns. 40 
meters; nlnslaen luml,  80 melen. 
10-meter L-cog1 No. 14 (1.6 mmJ wire - firs lurnr. 3I4.mch 
(19-mmJdiams1er 
loroid 21T200.6 corer No. 14 (1.6 mml Tellon sleeved wire. 
serenleen turns tspped - one lurn. 15 meters; three 
rums. 20 meters; nine lurnr. 40 meters; rerentsen lurns. 
80 meters. 
Simpson "Wids VUE" 3 1lZ.inch (8.9.cmi 1.54 mods! 1327 
includinp 01253 m ~ u n t i n p  bezel and 01185 ~llumination 
';a ",. 
Simpran "Wids VUE" 3 tl2.inch (8.9.emi ZW-PA model 
1327 inoiudlng 01253 mounttng bemi and 01165 ~llumina. 
lion kit 
Wattmeter (sae fig. 51. 

fig. 1. Schematic of the modularized linear 

l o o ,  l o o ,  lsi 1 1 . V  X l k V  

three 150.ohm. 2.wall carbon rar<rlorr in parallel shunted 
across one turn 013/8 #nch(9.5-mmJ~lste strap 
NPN - 2N3054 
110 lurns NO. 22 (0.6-mmJ enameled, on 112.,nch (12.7.mmJ 
diameter nylon rod( -28 iiH) 
twelve lvrns No. 16 11.3.mmJ anamaled, 318-inch (9.5.mmJ 
d1aml)Br 
200 turns No. 24 (0.5.mm) enamsled. 718 inch (22-mm) 
dlameternylon rod(-  180,~HJ 
twelve turns No. 14 (1.6.mm) sname1.d. 38-inch (9.5.mmJ 
dlematar .. -~ 

I -mu.  0.3A rlchoks 
4pdl Patlsr 1 B,uml!eld KHU17D11. I 4  Vdc cod 
KA 110G Poltar b BtumIiaMdpdt. 24 Vdc cod 
PB2 Jannlngs vacuum relay 
I w ~ . p ~ l e ,  S I X - ~ O S I ~ ~ O ~ .  60. #ndsr ing Csnlralab 2045 
one-pols lhrss.poJilion, Canlrwlab2003 
radio &itch modal 86. 1wo.oole. r i r . po r i l i an ,  60' 
inde;ing with sleeve bearings 
A ~ ~ O W  Hart momentary pushbutton rwrtch actuator 
AHB3502, sonlscl blockAH83500.30. Ienrs AH83500.84 
see text ~ r ~ ~ b s l , t ~ I e  Eimsc SK2210 

amplifier rf deck (A). 

E X C C ~ !  as ~ndlcated. declmal 
'Only one network shown lor vaiue~ of capactlance are In m c r o  1 4 ,  
C I ~ ~ I I ~ .  see tabieon pago 13 lor farads l , ,F);  olhsrr arc in plcolar 
CTILT ".I".J. ads (OF), raslrlances srs !n ohms. M i C A  t 2 6 Y  

k = 1,000 M = 1,000,000 P 

fig. 1. Automatic level control schematic (B). 
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L E A D  SOCKET 

F l L I E R l N G  R I2 ASSEMBLY 

MODULE 

REGULATED 
POWER SUPPLY 
MODULE 

6 R I D  

CURRENT c , R ~ ~ ~ ~  
L E O ,  

143cnl 

BOTTOM V I E W  T O P  V I E W  

14" 
1 3 3  6rmJ 

. 1 
I 1 7  4 

I . I ~ r n 1  

fig. 2. Modular component layout. 

modularized fashion. Fig. 2 shows the location of 
each module below and above the amplifier chassis. 
The major modules are discussed. 

amplifier control circuit 
The control circuit (fig. 3) provides the power con- 

trol for operation of the amplifier. Ac power is received 
from theamplifier power supply in this design. Actu- 
ating the POWER ON button on the front panel turns 
on the blower, the tube filaments, and initiates a 
three-minute warm-up sequence for the 8877. Time 
delay is accomplished using an Amperite time delay 
tube, which provides a reliable timing circuit. The 
Amperite delay tube has a normally open set of con- 

+*-,,- *( Ph 

Amplifier top view. All metering circuits 
are isolated from the rf section using a 
subpanel. The subpanel is used to mount 
the bandswitch and the two vacuum 
variables. 

tacts, which close after the designed period of time 
after 110 Vac has been applied to the delay-tube coil. 
The POWER ON button also activates the 26 Vdc reg- 
ulated power supply to light the meters and POWER 
ON front panel push button. Note that the amplifier 
can't be keyed up until the required warm up time 
has elapsed (S2B). When three minutes have 
elapsed, the READY LED, located at the bottom ten- 

ter on the amplifier front panel, lights. The HlGH 
VOLTAGE front-panel pushbutton can then be 
pressed, which results in 110 Vac applied to the 
power supply to actuate the step start relays, which 
turns on the high voltage. Note that activating the 
HlGH VOLTAGE switch before the READY light comes 
on results in no action. 

The 26-Vdc power supply uses an LM317 voltage 
regulator chip, which is readily available. A regulated 
supply was used to avoid having the pilot lights and 
meter lights dim when the amplifier is keyed up. 

input network 
The amplifier input network is designed for a Q= 1 

and is enclosed in a self-contained shielded module. 
The design departs somewhat from conventional de- 
signs in that toroids are used instead of slug-tuned 
coils. Initially, there had been concern that the ferrite 
cores would saturate at the given drive powers, but 
this proved not to be a problem. I've used this same 
module in two other amplifiers with great success. 
The advantages are obvious. The toroids are com- 
pact and can be suspended right into the network 
bandswitch for easy mounting. 

The rf enters and leaves the input network through 
BNC connectors. Since the nominal input impedance 



P O W E R  
P l L D T  

Excepl a s  ~ndlrafed, decjmal 
IdlUeS 01 Eap.Tl,.nr. are In m,cro 
laradr (,IF). Dtharr .re tn ptcolar 
ads 1pF1 8Crrrlanrss arc 8" vhmr 
I = f.OW Ad = I.OOO.OW 

Sl,S2 Arrow Hart pushbullon llghtad swltch actuator AH 83504 
81  Dayton lCl8O blower conlact bhch IH.835W.30 lens. AH 83500.72 two con- 
CAI-4 Motof~la MDA970-2 or equlralanl tact blocks rt&h.d tor twopoI~A,B sec1Ions 
LED5 Redllohl~emlttlng dloda 5V, 154 11 5V. 15A SIanco, m433 
RFCt, twelr. turns No. 14 (1.6-mm) en.rne1.d YI.lnch (9.5.mm) 12 24V, 2 1  SI~nrorPmSI2 

RFC2 dlarneler TDl.TDZ Amprdl. llm.d.1,~ tube 115NOl80(1bO s.eonds) 

fig. 3. Amplifier control circuit. 

of the 8877 is approximately 60 ohms, the module 
can be tested separately by connecting it in series 
with a 50-ohm dummy load. Initially, I used plenty of 
inductance on each core, then removed one turn at a 
time to obtain a flat SWR across each band with the 
fixed micas used. The input network is connected to 
the main bandswitch using a bead chain sprocket." 

grid-trip circuit 
The grid-trip circuit automatically causes the am- 

plifier to drop out of the rf line when the grid current 
reaches a specific level. It's a great feature and oper- 
ates as follows. 

Grid current is drawn through the 12-ohm, 2-watt 
resistor, R1, developing a voltage drop across the re- 
sistor, which turns on transistor switch 01  (fig. 1). 
The amount of grid current drawn through R 1  to turn 
on 01 is determined by the voltage divider created by 
trim pot R2. When 01  turns on, current is drawn 
through the grid-trip relay coil, RY1, which actuates 
the relay. Three sets of relay contact on RY1 are 
used. One set sends 26 Vdc to the pilot light on the 
GRID TRIP RESET normally closed momentary switch 
located on the front panel, which indicates that the 
grid trip has been actuated. A second set of contacts 
(normally closed) break the VOX line, resulting in am- 
plifier standby mode. The third set of contacts pro- 
vide a path to ground for RY1, so it remains closed. 
The GRID TRIP RESET switch deactivates RY1, which 
puts the amplifier back into the ready mode. Of 
course, you should check loading conditions to 

'Available from Small Parts, Inc., 6901 N.E. Third Avenue. Miami, Florida 
33128. Ask for their catalog. They have a wealth of hard-to-find parts avail- 
able in small quantities. 

determine the problem that resulted in the excessive 
grid current. 

peak LED grid 
current indicators 

The peak grid current indicators operate on the 
same principle as the grid trip reset circuit discussed 
previously. The voltage generated across R 1 turns on 
transistors Q2 and 03, which operates the red and 
green LEDs respectively. Voltage dividers R3 and R4 
provide a way to adjust the grid current levels at 
which the LEDs turn on. I recommend that the LEDs 
be turned on at approximately 150 mA (red) and 50 
mA (green) respectively. In proper operation, the 
drive power should be controlled using the ALC ad- 
justment to allow the green LED to just start flashing 
on voice peaks. Any flashing of the red LED indicates 
either excessive drive power or improper loading- 
control adjustment in the pi-L circuit. 

lead filtering 
All control cables between the amplifier rf deck 

and the power supply are filtered before entering or 
leaving the rf deck. This will minimize any rf leakage, 
which might cause RFI. The filters are mounted on a 
separate module and use a pi-network section. Make 
the leads from each pi section as short as possible to 
the rear-panel connector. 

operating bias circuit 
Operating bias is generated using a high-power 

2N3055 NPN transistor (04) which, with the 1-watt 
zener, acts as a high-power zener (see fig. 1). This 
circuit includes readily available components and 
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provides an easy way to adjust the bias voltage mere- 
ly by changing the 1-watt zener between the collec- 
tor and base of 04. The bias should be adjusted to 
give approximately 180 mA idle current for the plate 
voltage used. 

blower delay circuit 
When the amplifier is turned off, the blower re- 

mains on for about two minutes. This is accom- 
plished with an Amperite three-minute time delay 
relay (TD1). The Amperite time delay operates by 
heating a resistive coil, which acts as a filament, to 
heat a thin strip of metal, causing it to bend, thus 
closing two relay contacts. I found that the three- 
minute Amperite unit required about two minutes to 
cool after the power had been removed to the point 
that the relay contacts open. This delay keeps the 
blower on after the amplifier is turned off. Note that 
SIB turns on the blower immediately with the fil- 
aments. 

inlout relay sequencing 
When keyed up, the amplifier closes both an input 

open-frame relay and an output vacuum relay. The 
relays must be sequenced to ensure that the output 
vacuum relay is closed before any drive power reach- 
ing the tube. Should the output relay close second, 

R Y 2  
l S E E  

Ercep1.s 1ndh.l.d. 6CIm. l  

VOX L I N E  

VOX L I N E  
IN. O U T  

PILOT 
L I G H T  
1 5 2  
n v  O N ]  

R Y 3  
( S E E  F IG I1  

R l t  KA11W PbBdpdt.24 V d c c d l  
RVJ RB2 Jennlngs vacuum nlay 

fig. 4. Amplifier relay sequencing schematic. 

pi-L matching network 
The pi-L network was selected because of its im- 

proved harmonic attenuation characteristics over a 
regular pi-network. The inductance values depend 
on the tube plate impedance, which is based on the 
operating conditions of the tube and the selected 
network Q. The plate impedance is determined by: 

the amplifier would be placed in operation for a short where I = plate impedance (ohms) 
period without a proper 50-ohm load. This condition Vp = plate voltage (volts) 
could be harmful to the 8877 tube. Fig. 4 illustrates 

Ip = plate current (amperes) 
the timing circuit that accomplishes proper relay 
sequencing. Capacitor C1 deteimines the length of Given the plate impedance, I, component values in 
delay on the input relay. Usually the delay can be the pi-L network are available for a Q of 12 from 
detected by your ear. tables published in the literature.2 

I recommend that the L coil be shielded from the pi 
coil for most efficient operation. Therefore, a toroid 
coil was used for the L section in this amplifier. A to- 
roid has the inherent advantage of being self-shield- 
ing. The toroid L coil also has the advantages of 
compactness. The pi-coil is wound from 114-inch 
(6.4 mm) diameter soft copper tubing that has been 
silver plated. * 

Taps on the coils always seem to be a troublesome 
detail for many builders. A way I've found to be suc- 
cessful in determining tank-circuit inductance is this: 

Amplifier rear view. The holes in the rear 
panel ere for air intake to the blower. The 
10-pin Cinch Jones connector is for the 
control cable running to the high-voltage 
power supply. Rf input is through the 
BNC connector, and the rf output is 
through the type N connector. The high- 
voltage connector is a Millen 37001. The 
phono plug provides ALC to the exciter. 
The two-pin Cinch Jones connector is 
the VOX line to control keying up the 
amplifier in transmit mode. 

1. Mount the coils into the amplifier but disconnect 
the tube end of the coil network and the plate and 
load vacuum-tuning capacitors. 

2. Obtain a high-tolerance mica capacitor (selected 
for its low-inductance properties). Connect one lead 
to the tube-end of the network. With a very short 
piece of wire, connect the other lead to the coil turn 
at which the inductance is to be determined. 

'Custom-made coils may be obtained at nominal charge. Send a SASE for 
details to the author. 



3. Use a grid dip meter to determine network reso- 
nant frequency. 

4. Determine the coil-tap inductance from: 

where L = inductance ( p H )  
f = frequency (kilohertz) 
C = capacitance (pF) 

5. Set taps according to inductance values for the 
circuit Q selected ( Q= 12 is recommended). 

Remember that these data provide approximate in- 
ductance values, since the leads to the bandswitch 
will also affect inductance. I've found that slightly 
less inductance from the values determined by the 
procedureaboveshould be used for 10and 15meters. 

cooling 
I have only one recommendation concerning am- 

plifier cooling, and that is use plenty of it! Excessive 
heat will destroy a vacuum tube in short order. Refer 
to Bill Orr's comments1 for a discussion of a repre- 
sentative air-cooling system for the 8877 tube. 

Note the air duct in the photo that directs the air 
out of the top of the cabinet. The air flow is ducted to 
avoid the blower from short circuiting the hot air into 
the blower intake. The air duct is made from a 1/8- 
inch (3-mm) Neoprene sheet. The Neoprene sheet 
was first wrapped around the tube and held in place 
with a large cable tie. The seam was then stitched 
with a large needle and thread. I made a slit at the 
bottom of the neoprene tube to allow the plate strap 

R877 socket assembly. The tube socket Is a Johnson 
248 submounted 1/2 inch (12.7 mm) below the chas- 
sis. Grid clips were made from a stiff copper stock 
end were silver plated. (An Eimac socket assembly, 
SK-2210, can be purchased directly from Eimac.) 
The Eimac Technical Data Sheet for the SK-2200 and 
SK-2210 air system gives detailed mounting infor- 
mation. If only the grid clips are needed, order 
Eimac part 149-842. 
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fig. 5. Rf wattmeter schematic. 

to exit. The blower air intake is through the back 
panel. 

meters 
The meters in this amplifier are 1.5-ampere for 

plate current and 200 microampere for the multi- 
meter. A microammeter was selected for the multi- 
meter because of sensitivity requirements of the 
built-in rf wattmeter. The plate-current meter was 
used as purchased. However, the 200 pA multimeter 
required work relabeling the scale. The 0-200 pA 
scale was used for grid current. All other lettering 
was made with dry transfers available from most 
electronic suppliers. Note that any labeling that 
comes on a meter scale can usually be removed with 
a pencil eraser and a little determination. The addi- 
tional scale for rf power was added to the meter 
using a set of dry transfers contained in a kit." 

rf wattmeter 
The rf wattmeter (fig. 5) is taken directly from the 

Drake L4B. Any of the popular wattmeter designs 
will work well. An rf wattmeter was selected over a 
relative output meter to eliminate the sensitivity con- 
trol, which must be adjusted at different frequencies. 

concluding remarks 
Results from using this amplifier have been gratify- 

ing. The amplifier loafs at 1 kW dc input. It should 
give many years of trouble-free service. The project 
has resulted in a piece of equipment that is of better 
quality than most commercial amplifiers on the mar- 
ket and can be built at a competitive price. 
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1. William I. Orr, WGSAI. "Design Considerations for Linear Amplifiers," 
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elliptic Iowpass filters 
for 

transistor amplifiers 

Advances in 
computer-aided filter design 

provide increased exactness 
and number of designs 

for Amateur use 

The typical solid-state rf amplifier usually re- 
quires lowpass filtering to attenuate harmonics to an 
acceptable level. A selection of eleven Chebyshev 
lowpass filters was recently published for the 160-10- 
meter Amateur bands, but because of the relatively 
gradual rise in attenuation, the second harmonic was 
attenuated only 27-40 dB.1 For those desiring greater 
attenuation at the second-harmonic frequency, the 
elliptic filter may be preferred, because its two reso- 
nant circuits can be tuned very closely to the second 
and third harmonics of the transmitter fundamental 

output frequency. This technique was first used in 
1967 in the design and construction of a 10-meter 
harmonic TVI filter.2 

background 
In his March, 1974, ham radio article, G. Kent 

Shubert, WABJYK, improved on the harmonic filter- 
ing application and presented six elliptic designs of 
seven elements, which required only standard-value 
capacitors.3 Shubert designed one filter for each 
band using the well-known and frequently refer- 
enced elliptic tables of Saal and Zverev.4.5 Because 
the normalized filter design data in these references 
was available only for the commonly published 
eleven values of reflection coefficient, Shubert was 
restricted in his design selections. To minimize the 
effect of this restriction, the exactness of the designs 
was compromised slightly to make all the capacitor 
values come out as standard values, thus simplifying 
filter construction. 

Recently it has become possible to calculate the 
component values of elliptic filters for any desired re- 
flection coefficient using a small computer such as 
the Radio Shack TRS-80.6 Thus it's no longer neces- 
sary to restrict the elliptic designs to only the pub- 
lished normalized data. Because of this advancement 
in computer programming, it's now possible to make 

By Ed Wetherhold, WBNQN, Honeywell, 
Defense Electronics Division, Signal Analysis 
Center, Box 391, Annapolis, Maryland 21404 
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significant improvements on Shubert's designs. This 
article demonstrates how these advancements in 
computer-aided filter design can be used to increase 
both the exactness and number of elliptic lowpass fit- 
ter designs for Amateur Radio applications. 

filter designs 
Table 1 lists thirty-one 50-ohm elliptic lowpass fil- 

ter designs that have the unusual feature in which 
the three shunt capacitors (C1, C3 and C5) are all of 
the standard 5 per cent value. These designs were 
especially selected for transmitter output filtering in 
the six Amateur radio-frequency bands of 160 
through 10 meters. Only those designs having reflec- 
tion coefficients less than 13 per cent (VSWR = 1.3 
and Ap = 0.074 d B )  were selected to minimize the 
maximum VSWR and to make the designs less sensi- 
tive to component-value variation. Fig. 1 shows the 
filter schematic diagram; fig. 2 shows the attenua- 
tion response. 

The first four columns of table 1 list the filter de- 
sign identification number and the frequencies (in 
MHz) at the Ap, 3-dB and A, attenuation levels. The 
significance of the frequency/attenuation para- 
meters is illustrated in fig. 2. Column five lists the 
minimum value of the stopband attenuation, A,, in 
dB. The remaining columns list the reflection coeffi- 
cient, component values, and the F2 and F4 frequen- 
cies of maximum attenuation. The column headings 
of the capacitor and inductor listings are associated 
with the similarly labeled components in fig. 1. 

In Shubert's designs, the values of C2 and C4 (ca- 
pacitors that resonate the inductors to F2 and F4) 
were given standard values. In table 1, however, the 
values of C2 and C4 are listed exactly as calculated 
and no attempt has been made to force these two 
values to be standard. 

Standard values for these two capacitors are un- 
necessary, because these two circuits should be indi- 
vidually tuned to the exact design frequency either 
by using trimmer capacitors or by slightly varying the 
inductor turns. For convenience in construction, the 
standard value closest to the listed C2 and C4 capaci- 
tor values may be used if the inductor is adjusted to 
tune the circuit to the listed frequency. If this is done, 
the resulting attenuation will differ only slightly from 
the exact design value. 

For example, in filter design 4, if the nonstandard 
C4 value (375 pF) is replaced by either standard 
values of 360 pF or 390 pF, and if L4 is adjusted to 
resonate at 4.04 MHz, the new attenuation response 
between 2-4 MHz will differ by only + 0.5 dB, respec- 
tively from the exact design response. 

A similar procedure may be used for C2 and L2. 
This characteristic of the elliptic filter demonstrates 

the importance of accurately tuning the resonant cir- 
cuits to the listed frequencies. In comparison, the ex- 
act values of C and L of the resonant circuit are less 
important. This tuning may be made with a cali- 
brated grid-dip meter. 

computer-calculated designs 
The computer-calculated filter designs of table 1 

have several advantages over the manually calcu- 
lated designs.3 The main advantage in using a com- 
puter to perform the design calculations is that sever- 
al designs can be easily obtained for each band, so 
that one can choose a design that may be optimum 
for a particular application; or perhaps some capaci- 
tor values will be more convenient to obtain than 
others. The minimum stopband attenuation, A,, will 
usually be higher in the computer-designed filters 
than in those manually calculated. For example, five 
of Shubert's designs3 have A, values of 41 dB or less. 
In comparison, the computer-designed filters have A, 
values between 47-63 dB. The computer-designed 
filters have a maximum passband ripple amplitude, 
Ape of 0.074 dB, which corresponds to a maximum 
VSWR of 1.3. In comparison, all of Shubert's designs 
had Ap values of 0.1 dB or more, implying higher 
VSWRs. 

To demonstrate the application of the tabulated 
data in constructing an actual filter, design 18 was 
assembled and its insertion loss was measured with a 
spectrum analyzer. Fig. 3 shows the assembled filter 
with the inductor specifications. A plot of the inser- 
tion loss is shown in fig. 4. 

L2=0.67SrH, T44.10. 13.1urns No. 22 
ladlull lurns 10 nlOn*leaI 43.3 MHz) 

L4=0562, ,H.  144.10. 12-luml No. 22 

fig. 3. Photograph and inductor specifications of filter 
constructed from design 18 (FA = 14.9 MHz). 
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table 1. Elliptic lowpass filters selected for Amateur transmitter output filtering, 160 through 10 meters. 
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fig. 4. Measured insertion loss of elliptic filter con- 
structed from design 18. 

The plotted response shows that the circuit of 
L4C4 was accurately tuned to the design frequency 
of 28.1 MHz, but the L2C2 circuit resonance was 
slightly in error. The effect of this mistuning was not 
significant (only a 2-dB lower-than-normal level of A, 
at 33 MHz), so no attempt was made to adjust the 
circuit to the correct frequency. This design was in- 
tended for a 20-meter filter application, and the at- 
tenuation at the second and third harmonics is 
greater than 50 and 60 dB respectively. The Micro- 
metals T44-10 toroidal cores were on hand, and to 
expedite construction they were used; if the filter is 
to be used in filtering transmitter outputs greater 
than a few watts, however, the larger T80 cores used 
by Shubert are recommended. 

construction notes 

The filter was assembled in a 1.578 by 3.5 by 1.547 
inch (40 by 89 by 39 mm) Hudson tinned steel box 12 
(HU-6570-1.547ST). The center partition and the 
Buttono-mica capacitor (C = 330 pF) are recom- 
mended if maximum stopband attenuation is re- 
quired above 50 MHz. If the filter cutoff frequency is 
less than about 10 MHz, the center partition probably 
can be omitted. The capacitor voltage ratings should 
be 500 V or greater, and the capacitors can be either 
polystyrene or mica. See references 7,8, and 9 for in- 
formation regarding the winding and application of 
toroidal inductors. References 10 and 11 give two 
distributors of the Micrometal cores. 

or Zverev to calculate independently the component 
values of filter design 16. This is possible only be- 
cause design 16 has a reflection coefficient of 8.03 
per cent, which is almost identical with the 8 per cent 
standard published value. Also, the A, value for 
design 16 is 61.7 dB, which is practically identical to 
the published value of 61.6 dB. Therefore, if the pub- 
lished normalized data for an elliptic design of C0508, 
0 = 2 5  (see page 78 of Saal's book) is used, an inde- 
pendent calculation using the F- Ap cutoff frequen- 
cy of design 16 (8.28 MHz) should give the same 
component values listed in table 1. 

The published normalized values of Saal for C1, 
C3, and C5 for A, = 61.6 dB and for an 8 per cent re- 
flection coefficient are: 0.8574 F, 1.612 F, and 0.7790 
F. Capacitor scaling factor, C, = I / ( R w )  = 
1/(50*2~*8.28*106)  = 384.4.10-12. Calculating the 
filter component values for C1, 3, and 5: Cl =C, 
(0.8174) = 330 pF, C3 = C,( l .612)  = 620 pF, and 
C5 = C,(O. 7790) = 300 pF. 

These independently calculated values are identi- 
cal to the computer-calculated values, and the validity 
of the computer program used to generate table 1 is 
therefore confirmed. In a similar way, the other com- 
ponent values of design 16 may be confirmed. 

I gratefully acknowledge the assistance of the fol- 
lowing: Philip Geffe of Lynch Communications Sys- 
tems for providing the computer program needed to 
calculate the elliptic normalized values, Roosevelt 
Townsend of Honeywell for his assistance in modify- 
ing the computer program to generate table 1, 
Charles Miller of Honeywell for his assistance in plot- 
ting the filter insertion loss, and Joseph Gutowski of 
EWC and Rex Cox of Honeywell for their review of 
the manuscript. 
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detect quasars at distances of more than 10 billion light-years. 
Although neutrino communications is now in a primitive state, as 
radio was in Hertz's time, who can foresee what its capabilities may 
be 100 years from now? 
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in expanding the widely used text, Contemporary Astronomy, into 
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communications 

A discussion 
of the use 
of neutrinos 
for interstellar communications 
and the search 
for extraterrestrial 
intelligence 

Though no interstellar communication is going to 
be quick, it is obviously better to send messages that 
travel at the highest possible velocity, all other things 
being equal. This usually leads to the conclusion that 
we should communicate with radio or other electro- 
magnetic waves, but one nuclear particle - the neu- 
trino - travels at the speed of light, and the possibili- 
ties of using neutrinos as the vehicle for interstellar 
communication should be carefully explored. 

It turns out that neutrinos have many advantages 
for this purpose, along with their major difficulties, 
and we think that investigation of neutrino communi- 
cations should not be ignored. We note that we are 
here exploring possibilities whose realization would 
be in the distant future; nonetheless, since most 
other communicating civilizations would be far more 
advanced than our own, it is an interesting exercise 

By Jay M. Pasachoff and Marc L. Kutner 



to examine alternative means by which interstellar 
communication may have evolved. 

Though neutrinos are very difficult to detect, the 
scientific benefits of studying the neutrinos that 
emanate from stellar interiors or supernovae have 
made it worthwhile. Continued improvements in the 
sensitivity of neutrino detection devices can be 
expected. 

advantages of 
neutrino communications 

Much discussion of the Search for Extra-Terrestrial 
Intelligence (SETI) has been taken up with finding a 
suitable frequency for radio communications. Inter- 
esting arguments have been advanced for a wave- 
length of 21 centimeters, the water hole, and other 
wavelengths. It is hard to reason satisfactorily on this 
subject; only the detection of a signal will tell us 
whether or not we are right. Neutrino detection 
schemes, on the other hand, are broadband; that is, 
the apparatus is sensitive to neutrinos over a wide 
energy range. The fact that neutrinos pass through 
the earth would also be an advantage, because detec- 
tors would be omnidirectional. Thus, the whole sky 
can be covered by a single detector. It is perhaps 
reasonable to search for messages from extraterres- 
trial civilizations by looking for the neutrinos they are 
transmitting, and then switch to electromagnetic 
means for further conversations. 

Though the means of detecting neutrinos are now 
relatively insensitive, we must remember that we are 
in the dawn of the age of neutrino detection. It is 
only 23 years since the first antineutrinos were 
detected; on the other hand it is almost a hundred 
years since the detection of radio waves, and our 
sensitivity to them has increased manyfold. We can 
expect that-in the next decades we will be better able 
to detect neutrinos from space, both those arising 
naturally from astronomical phenomena and those 
carrying messages from extraterrestrial civilizations. 
It may well be that neutrinos are considered by extra- 
terrestrial civilizations to be a more advanced method 
of communications than radio waves. 

Neutrino beams are currently generated on earth 
by proton beams impinging on targets in large accel- 
erators. Proton beams are highly directional, and 
neutrino beams are also highly directional. The pres- 
ent neutrino beams generated at the Fermi National 
Accelerator Laboratory (Fermilab) in Batavia, Illinois, 
has a beamwidth as narrow as one-tenth of a degree. 
The beams are so narrow because of the way they 
are formed. As the incident proton beams become 
stronger in energy, the resulting neutrino beams 
become even more directional. 

The doubling in energy expected within two years 

at Fermilab, to be matched by the accelerator at the 
European Center for Nuclear Research (CERN), near 
Geneva, Switzerland, will lead to a neutrino beam 
about one-twentieth of a degree in width. This is 
twice as sharp as the beam of the Arecibo radio tele- 
scope when used at 21 centimeters. At the distance 
of the star Tau Ceti (12 light years), the neutrino 
beam will be broad enough* to irradiate all the 
planets of a system like our solar system. Since we 
have no idea where any planets might be, we would 

The tunnel that composes the "Main Ring" at Fermilab. 
The proton beam travels in an evacuated tube (inside 
square housing) around the 6 kilometer circumference 
ring 50,000 times per second being constrained to stay in 
the pipe by over one thousand magnets. On each revolu- 
tion the beam is given a 3 million electron-volt "kick" 
from a radio transmitter boosting the proton beam 

gnet coils located at inter- 

have to cover roughly this scale to be sure we are not 
missing planets, not to mention the difficulties in the 
high precision tracking that would be necessary. 

neutrinos 
In the early 1930s, Wolfgang Pauli suggested that 

a new nuclear particle might exist to explain the 

'Beamwidth 600 astronomical units (AU); the earth's orbin is two AU in 
diameter and Pluto's is about 80 AU. 



apparent lack of conservation of energy and spin in 
beta decay, a radioactive process that involves the 
emission of an electron (a beta particle). Soon Enrico 
Fermi worked out a theory for the new particle, 
which he called neutrino, Italian for "little neutral one 
(since the particle has no charge and to distinguish it 
from the neutron, which had recently been discov- 
ered). The neutrino is a particle with no charge but 
with a certain energy and a certain spin; it travels at 
the speed of light, and to do so, it must have no rest 
mass. 

\ y /  \ AIR 
\/ \ WATER 
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,LIGHT RAY 

OPTICAL SENSORS 
AN0 HlDROPXONfS 
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fig. 1. In the Deep Underwater Muon and Neutrino 
Detection system the light flash and accoustic "ping" 
resulting from a neutrino interaction with the nucleus of 
an atom would be picked up by optical sensors and 
hydrophones (underwater microphones) deployed on 
the bottom of the ocean. 

Neutrinos are the most elusive atomic particles of 
which we know. They have a very low probability of 
interacting with any other matter. On the average, in 
fact, neutrinos can penetate four light years of lead 
before being stopped. Rather than try to detect indi- 
vidual neutrinos, we normally resort to capturing a 
tiny fraction of a huge number of neutrinos. In this 
way, Frederick Reines and Clyde L. Cowan, Jr., de- 
tected antineutrinos in 1956 in the flood of particles 
coming from the Savannah River reactor. The exis- 
tence of antineutrinos shows that neutrinos too must 
exist. 

The disadvantage that neutrinos interact so weakly 
with matter is also an advantage, because this prop- 
erty allows neutrinos to escape from the center of a 
star. The nuclear fusion cycles that fuel our sun lead 
to the emission of neutrinos of relatively low energy. 
These neutrinos come straight out of the solar core, 
reaching the radius of the earth's orbit in 8 minutes, 

thus providing us with our only direct link to the solar 
core. 

Raymond Davis, Jr., of the Brookhaven National 
Laboratory, has set up a 400,000-liter tank of per- 
chloroethylene (a type of cleaning fluid, C2CI4) to 
capture solar neutrinos. His tank is located deep 
underground in a gold mine at Lead, South Dakota, 
where it is shielded by earth and rock from other par- 
ticles that would cause reactions in his material. He is 
now detecting 1.8 ( f 0.4) Solar Neutrino Units 
(SNUsI* of neutrinos. This amounts to about one 
interaction every six days. 

Davis's results are lower by a factor of almost three 
than the best current predictions of the solar neutrino 
outflow, but within about twice the error (standard 
deviation) in the theoretical predictions, which give 
4.7 ( +  1.4) SNU. Gallium is more sensitive to lower- 
energy neutrinos than chlorine, and Davis is planning 
an experiment using gallium; a Soviet group is also 
planning a gallium experiment. 

Still higher-energy neutrinos should be emitted in 
supernova explosions. Such neutrinos might be de- 
tected by an apparatus being considered in Project 
DUMAND (Deep Underwater Muon and Neutrino 
Detection). One plan involves setting up acoustic or 
optical detectors over an area of several square kilo- 
meters on the floor of the Pacific Ocean near Hawaii 
to detect the Cerenkov radiation emitted when neu- 
trinos interact with nucleons in the water. (Cerenkov 
radiation is emitted when a particle enters a medium 
traveling faster than the speed of light in that 
medium and is somewhat analogous to a sonic 
boom. 

A Very Big Accelerator (VBA) is under discussion 
as a possible international project on a large scale. 
This accelerator would generate a proton beam of 10 
times higher energy than the new Fermilab and CERN 
beams. If directed at our solar system from Tau Ceti, 
this beam would encompass the planets out to 
Neptune. 

neutrino generator 
and detection 

Presently the proton beam generated at Fermilab 
in the 2 kilometer-diameter ring has energies of 400 
billion electron volts. Neutrinos are produced in 
pulses of 10 billion per pulse with pulses occurring 
every eight seconds. The proton beam impinges on a 
target, resulting in muons, particles of mass inter- 
mediate between electrons and protons. The muons 
travel in a forward direction and their decay products 
include neutrinos. This forward beam travels through 
a "filter" of 1 kilometer of earth, which excludes all 

*One SNU corresponds to captures per chbrine atom per day, or one 
capture per day among a trillion, trillion, trillion atoms. 
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the particles except neutrinos. To detect the neu- 
trinos, a bubble chamber or an apparatus containing 
approximately 1000 tons of steel is used. Even that 
much steel produces only about 1 interaction per 
pulse. A person can (and often does) stand in the 
neutrino beam without any effect on either the per- 
son or the beam. 

As the proton beam is brought to higher energies, 
the number of protons per pulse goes up proportion- 
ally to the energy. Thus the particle flow (or flux) at a 
given distance from the ring goes up with two factors 
of energy from the increase in the number of protons 
and, thus, neutrinos per pulse. This means that the 
particle flux goes up with the cube of the energy. For 
a given neutrino beam, the number of interactions in 
the target is also roughly proportional to the energy. 
Thus for a one-trillion-electron-volt proton beam, we 
have calculated that about 50 trillion, trillion kilo- 
grams (5 x 1025 kilograms or ten times the mass of 
the earth) of material would have to be located at the 
distance of Tau Cetito obtain one interaction per day 
with a neutrino from earth. This is about the rate of 
Davis's solar neutrino experiment. We are currently 
comparing prospective fluxes wi th the natural 
neutrino background. 

With the technology we expect to have within a 
few years, we would need ten times the mass of the 
earth as detector material. However, we must 

MUON AND 

3 0 0  M E T E R  NEUTRINO 
VACUUM TUBE 

remember that the neutrino pulses are on only about 
0.00025 per cent of the time. If this percentage can 
be raised to even one per cent, and the proton beam 
energy can be brought up by another factor of 10, 
then the detector mass required is less than one mil- 
lionth the mass of the earth to detect one neutrino 
event per day. This is equivalent to a cubic volume of 
100 kilometers on a side, not too different from the 
scale of detectors being proposed for Project 
DUMAND. 

We must also allow for further technological devel- 
opment. Already a detection scheme has been sug- 
gested that detects muons simultaneously with the 
Cerenkov radiation. Detecting muons can be achieved 
by a smaller apparatus. Even though a large detector 
mass may be required for interaction, the active part 
(or electronic equipment) involved could be much 
smaller. 

Some investigation of neutrino communications 
has been underway for sending a neutrino signal 
through the earth to nuclear submarines on the other 
side of the earth, but this will require the reduction of 
the detection apparatus from a cube 100 kilometers 
on a side to the size of a submarine. 

present data 
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Though solar neutrino schemes involve much 
lower energies than Project DUMAND methods, solar 
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fig. 2. A neutrino "communications system." A guidance system to steer the beam is not shown but prob- 
ably would employ magnetic deflection of the proton beam. 
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neutrinos represent our longest string of data on 
interstellar neutrinos. We have examined the Davis 
records for any sign of obvious messages, and have 
found none. It seems reasonable that any civilization 
that chooses to generate strong neutrino beams and 
point them at a given star would also calculate the 
appropriate number of neutrinos that inhabitants 
associated with the star would need to detect the 
incoming signal. Davis's data involve runs of a month 
or a few months, with interactions occurring once 
per day. There is no reason to believe that a neutrino 
signal need be any shorter in duration than months, 
nor indeed to be even that short. It seems worthwhile 
to continue collecting data on a regular basis to have 
long enough data runs to properly search for an 
extraterrestrial signal. 

conclusions 
Current plans for neutrino generation, coupled 

with prospective abilities for neutrino detection, are 
beginning to make feasible neutrino messages we 
might send to be detected at the distances of nearby 
stars. Though neutrino beams are expensive to gen- 
erate, this disadvantage may be outweighed by such 
advantages as very narrow focusing of the transmit- 
ted neutrino beam, and the ability to receive simul- 
taneously from the whole sky over a broad range of 
neutrino energies. 

On earth, neutrino communications have lagged 
radio communications by about 100 years, during 
which time our ability to send and receive radio sig- 
nals has increased dramatically. We can hope for 
similar improvements in neutrino communications in 
the next decades. 

Technologically, the transmission of strong modu- 
lated neutrino signals would be a sure sign of an ad- 
vanced civilization, and we should be looking for 
such a signal. Since our transmission of a neutrino 
signal would involve finding a way of making the 
neutrino beam track the stars to a high degree of 
accuracy, the transmission of neutrino signals from 
earth seems farther in the future. 

It may be that neutrino communications is best 
suited for finding another civilization, after which dia- 
logue could be carried out by electromagnetic 
means. In any case, if our reasoning of the advan- 
tages of neutrino communications is correct, then 
much of the information now crisscrossing the gal- 
axy could be in this mode. 

glossary 
Muon: 
A particle with a mass between that of an electron and a proton. It has a 
negative charge and a mean lifetime of 2.2 x second. 
Neutrino: 
Either of two massless. electrically neutral, stable particles. One is named 
"electron's neutrino"; the other "muon's neutrino." 

ham radio 



r~ Whole New Breed Of Radio 
lnnovattve des~gn. Advanced technology. Digital key-touch 
tunlng. The ICF-2001. It's a whole new breed of radio. A 
rece~vei that supplants the convent~onal multi-band concept. 
receiving a w~de amplitude-modulated frequency range- 
shortwave, mediumwave and most longwave broadcasts. Plus 
FM. SSB and CW. Even more important. the 2001 replaces the 
ordinary tuntng knob and dial wtth a direct-access tuning 
keyboard and a Liquid Crystal Dtsplay (LCD) for digital 
frequency readout. Which make the unit as easy to use as a 
pocket calculator. Instant, direct-access tuning modes and six 
memory-station presets assure maximum ease of use. And the 
quartz-crystal, frequency-synthes~zed circuitry behind them 
assures outstanding reception. Reception of local broadcasts 
andsxciting news, music, sports, entertainment and 
Information from around the world. You'll get the inside, local 
news stories from foreign countries ... exclusive coverage of 
world sports events ... plus everything from informal "ham" to 
marine communications. All at your fingertips. 
Key-Touch lbning 
To tune a statlon manually, you slmply punch In the statlon 
frequency numerals on the d~rect-access, d~g~tal  tunlng 
keyboard Press the "Execute" key and the command IS 

entered, the statlon IS recelved and LCD readout conflrms 
tunlng If you punch In an Incorrect frequency by mtstake, the 
ICF-2001 tells you to "Try Agaln' by flashtng those words 
on the dlsplay The Instant, flngertlp tunlng prov~des total 
accuracy and convenlence And the LCD dlgttal frequency 
dlsplay conftrms the exact, dr~ft-free signal receptlon 
Automatic Scanning 
In auto-scan mode, the tuner can be set for continuous 
scanning of a glven frequency range, which you set by means 
of upper and lower limit keys designated "L," and "L,." You 
may want to scan an entlre frequency range. For instance, the 
76 to 108 MHz FM spectrum. If you want scanning to stop at 
any strong signal-one that reads "4" or "5" on the LED signal- 
strength indicator- switch on "Scan Auto Stop." For contlnuous 
scanning, leave the switch off, and just press the "Start/StopW 
key to ltsten to a statton or resume scanntng. 
Manual lbning 
L~ke the auto-scanning mode, manual tuning is useful for 
qulck signal searching when you don't know particular station 
frequencies w~toin a given range. You simply press the "Up" or 
"Down" key, and the tuner does the searching for you. And if 
you press the "Fast" key at the same time, the scanning rate 
increases for especially rapid station location. When you hear 
a broadcast you want to receive, just release the keys for 
instant receptlon, presssing the "Up" or "Down" key again if 
necessary for exact tunlng. 
Memory Presets 
After you've tuned a statlon uslng punch-~n, key-touch tunlng 
or e~ther scannlng mode you can enter ~t In the 2001's 
memory for Instant one-touch preset receptton Whtch means 
no retunlng hard-to-f~nd fore~gn broadcasts Plus Instant 
access to your favor~te local stat~ons for music and news SIX 
preset buttons allow up to SIX stations-~n any wave range-to 
be memor~zed And there's LCD dtg~tal readout of the memory 
buttons betng used on each band What's more the upper 
and lower llmlt keys can be used as memory presets when 
they're not be~ng used for scannlng, allowlng a total of e~ght 
frequenc~es to be memor~zed for Instant one-touch receptlon 

The 200l8<d~rect-access tuning and outstand~ng reception 
quality are made possible by the unit's all-band quartz-crystal, 
PLL frequency synthesis. Instead of the conventional analog 
tuning system, with its variable tuning capacitor, the 2001 
incorporates an LSI and a quartz-crystal reference oscillator. 
Which means that the local-oscillator frequencies used in 
superheterodyning are locked to the "synthesized" quartz 
reference frequencies. The result is the utmost in tunlng 
stability, without a trace of tuning drift. In addition, dual- 
conversion superheterodyning for AM assures exceptronally 
clean, clear reception across the entlre 150-to-29,999kHz 
spectrum. 

Features 
FMIAMISSBICWIWI~~ spectrum coverage 
Dual-conversion superheterodyne circuitry of AM assures 
high sens~tiv~ty and interference rejection 
Quartz-crystal, phase-locked-loop frequency synthesis for a 
bands assures the utmost tuning stabil~ty. without a trace of 
tuning drift 
Direct-access, digital tuning keyboard and LCD digital 
frequency readout for quick, key-touch station 
selection-maximum accuracy and ease of use 
Manual tuning and automatic scanning for effortless signal 
searching, easy DXing 
6-station presets, plus 2 auxiliary presets, for instant 
reception of memorized stations on any band-plus LCD 
memory indication. 
5-step LED signal-strength indicator 
LocallNormal/DX sensitivity selector for AM 
SSBICW compensator for low-distortton receptlon 
Telescopic antenna, plus external antenna Included 
4" speaker for full, rich sound 
Slide-bar bass and treble controls 
Sleep timer-with LCD readout-can be set In 10-minute 
increments for up to 90 mlnutes .of play before automatic 
radio shut-off 

PHONE: (312) 848-6777 
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pulse-position control 
of the 

CDE Tailtwister rotor 
Many Amateurs worry or become frustrated when 
they put up a large antenna array and then notice 
how unevenly the system moves when turned by one 
of the commercially available rotors. Large moments 
of inertia build up in long-boom hf Yagis or large 
multi-antenna vhf arrays used in EME communica- 
tions. These antennas must be rotated at a slower 
rate than that which most commercial rotors provide. 
To relieve this frustration, a method is described for 
incremental pulse-position modulation of a Cornell- 
Dubilier Tailtwister rotor. 

background 
I became aware of the large moments of inertia 

that build up in an antenna system when I began the 
design of my 160-element collinear array for 144 MHz 
EME (or moonbounce, as others call it). This array 
has a 33-foot (10-meter) boom of 3-inch (7.6-cml OD 
aluminum tubing that supports four 24-foot (7.3- 
meter) secondary booms of 1-114 inch (3.2 cm) alu- 
minum tubing. Eight Cushcraft DX-120 collinear an- 
tennas are mounted on the secondary booms. The 
antenna array, excluding the elevation mount, 
weighs about 125 pounds (56.7 kg). 

I could picture in my mind (as well as on paper) the 
jerking and twisting that would occur if this array 
were rotated by a conventional rotor. I'd planned to 
use a CDE Tailtwister. 

Other complications arise when one wants only to 
move the array a few degrees in azimuth. A I-degree 
change for an array with a 33-foot (10-meter) boom is 
only about 3.6 inches (9 cm) of arc movement at the 
end of the boom. The rotor doesn't need to be acti- 
vated very long to give this change. Also, every time 
you push a control switch, the rotor tries to turn the 
array at full speed: quite an acceleration for a long- 
boom, large-mass array. We must also allow for ar- 
ray coastdown before releasing the brake switch, 
which complicates matters further. 

theory 
Could I add speed control to the motor used in the 

Tailtwister rotor? This question turned out to be easi- 
er asked than answered, as the motor is an induction 
type. It starts to lose torque quickly if its applied volt- 
age is reduced. This problem rules out the use of Var- 
iacs and typical triac motor speed controls. After 

much meditation, I decided to take a different ap- 
proach. Why not try to pulse-position modulate the 
rotor motor? I reasoned that if I could pulse the 
motor with full voltage, I could make it turn only a 
few revolutions and have practically full torque avail- 
able. The rotor gearing would reduce these revolu- 
tions to a small incremental step in actual rotor posi- 
tion. Two major benefits arise: 

1. The small incremental steps can be only parts of a 
degree, so that positioning the antenna to a particu- 
lar azimuth setting would be no problem at all. 

2. The slow motion of the long boom never allows 
any appreciable velocity buildup, so no moment-of- 
inertia problem occurs. 

Now all I had to do was develop some hardware to 
do what all these words are saying, which turned out 
to be the least difficult part of this project. The pulse- 
control unit, as I call it, is surprisingly simple. A block 
diagram of the result is shown in fig. 1. 

Basically two items were needed. The first was an 
electronic switch that could be opened and closed 
for small periods of time to apply power to the rotor 
motor. The motor would have full voltage applied to 
it during each pulse. Second, a pulse generator was 
needed to send constant-width pulses at a variable 
rate to the electronic switch. By adjusting the pulse 
width, I could vary the number of revolutions that the 
motor would turn for a given load, thus varying the 
incremental movement of the rotor. Also, the pulse 
rate could be adjusted to vary the number of incre- 
mental steps that occurred each second or, in other 
words, vary the rotor speed. 

the circuit 
The schematic of the pulse-control unit, integrated 

with the circuit of a CDE Tailtwister rotor, appears in 
fig. 2. All control-unit parts are numbered starting 
with X20 so they won't be confused with those that 
are part of the Tailtwister rotor. 

Power supply. Parts CR20, C20, C21, and VR20 

By Watson R. Gabriel, Jr., WB4EXW, 5936 
Timberwood Trail, Kernersville, North Carolina 
27284 

30 january 1981 





Close-up of the pulse-control unit showing parts place- 
ment. Unit is mounted on the underside of the Tail- 
twister control box chassis above the power trans- 
former, as shown. Note that VR20 leans slightly to 
clear the bottom cover when installed. 

It's possible to allow IC20 output to provide the 
control signal to the electronic switch. But if you in- 
vestigate the inner workings of an NE-555 used in the 
astable mode, you'll find that the duty cycle also var- 
ies as the frequency of oscillation is changed. I 
wanted constant-width pulses applied to the elec- 
tronic switch, so that the incremental movement of 
the rotor could be controlled. Thus, IC21, another 
NE-555, was added as a monostable multivibrator. 

Each time IC20 output (pin 3) goes low, it triggers 
IC21. IC21 output (pin 3) then goes high and turns on 
the electronic switch. 1C21 pin 3 stays high for a peri- 
od determined by R23 and C23. The output pulse 
width is determined by: 

T = 1.1 RC (1) 
where T = Output pulse width (seconds) 

R = R23 resistance (ohms) 
C = C23 capacitance (farads) 

Realize that the tolerances of C23 and R23 may make 
eq. 1 seem invalid; actually, the formula is quite 
accurate. 

Pulse-width calculations. The pulse width in my 
unit is about 24 milliseconds. The 0.1-pF cap I used 
for C23 supposedly had a tolerance of f 10 per cent. 
Using eq. 1, I should be using a 200k resistor for R23. 
However, I ended up with a 68k to obtain the 24-milli- 
second pulse width. (The capacitor was way out of 
tolerance or incorrectly labeled.) Rough measure- 
ments indicate that this pulse width gives an incre- 
mental rotor travel of about 0.1 degree for my anten- 
na system. By varying the R23 value, you can change 

define a regulated 12 Vdc power supply for the PCU. the pulse width to suit your needs. 
Resistor ~ 2 0  decreases the 26 Vac from the rotor Electronic switch. The last part of the pulse control 
power transformer somewhat, so that the rectified 
input voltage to VR20 will be below its 35-volt maxi- 
mum. Do nQt omit R20. You may notice that the ac 
input leads to the power supply section seem to be 
hooked up backward. The lead from R20 (PWR) con- 
nects to terminal 1 of the eight-terminal output con- 
nector of the rotor control box. It is grounded to the 
chassis. The pulser unit common lead is connected 
to terminal 2. These power leads must be wired in 
this manner to provide proper phasing to the elec- 
tronic switch. 

Pulse-rate generator. The pulse rate generator is 
made from IC20, an NE-555 timer wired as an astable 
multivibrator. Resistors R21, R22, and capacitor C22 
determine the frequency of oscillation of IC20. R21 is 
a I-meg pot, which can be a panel-mount type for 
varying the pulse rate. Or it could be a trimpot 
mounted on the PC wiring board for those who like 
set-it-and-forget-it controls. The minimum pulse rate 
was set to about 0.5 Hz. 
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Overall view of the PCU and regulator module installed 
in the control box. The smaller board next to the PCU is 
the regulator module. Also shown is the external rate- 
adjustment pot mounted on the rear panel. Azimuth- 
indicating meter in this control box has been modified to 
a digital readout for improved accuracy. 



unit to be described is the electronic switch. A triac, 
020, gave simple, full-wave ac control to the rotor 
motor. Output pin 3 of IC21 going high will turn on 
the triac. The triac will pass current to the motor so 
long as it has gate drive. When gate drive is re- 
moved, the triac will turn off the next time that the ac 
current through it passes through zero. The suppres- 
sion network, made up of R25 and C25, which is 
across the main terminals of the triac, was added to 
prevent triac false triggering. In some cases, where a 
triac is used to control an inductive load, there's 
enough phase difference between the voltage and 
current waveforms to cause the triac to retrigger 
when the gate drive is removed. Later I found that 
the suppression network was not needed in this ap- 
plication, but I left it in the circuit as a precaution. 

I also found that I didn't need additional circuitry to 
make the triac switch at the zero points of the ac 
voltage waveform. No radio frequency interference 
has been noted. 

printed wiring board 
A full-size layout of a printed wiring board for the 

pulse control unit is shown in fig. 3. It's designed to 
mount on two 8-32 by 1/2-inch (M4 by 12.5 mm) 
threaded spacers that are screwed down onto the ex- 
isting mounting bolts for the power transformer in 
the Tailtwister control box (see photo). Solder pads 
are provided for external connections. Don't forget 
to install the three jumpers on the printed wiring 
board. 

The two NE-555 timers mount in one 16-pin 1C 
socket. Both are oriented in the same direction as 
shown in the parts layout (fig.4). The heatsink used 
for the triac is a Thermalloy 61078. A similar heatsink 
can be made from a piece of scrap aluminum. If a 
substitute is made for the 2N6071 triac, be sure that it 
has the same pinout and triggering characteristics. 

Notice that the voltage regulator must be tilted 
somewhat to clear the bottom cover of the rotor con- 
trol box. It does not require a heatsink. Resistors R22 
and R25 mount vertically. C22 is a small dipped tan- 
talum capacitor, and C23 should be a Mylar capacitor 
for stability. 

The pulse-rate generator control pot can be a 
printed wiring board type such as a CTS X201 or can 
be a panel-mount pot as shown in the photo. If an 
external pot is used, wire it so that clockwise rotation 
of the shaft decreases the total resistance. Then the 
pulse frequency and rotor speed will increase with 
clockwise rotation. 

installation 
Only five wires must be soldered to the printed wir- 

ing board (three if you mount R21 on the board) for 

W B 4 E X W  PCU 

fig. 3. Full-size printed wiring board layout for the 
pulse-control unit. Wire side is shown. 
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flg. 4. Parts placement for the pulse-control unit. 
IC20 and IC21 mount in a single 16-pin dual inline 
socket. R22 and R25 mount vertically. Do not omit 
the three jumpers (labeled J1, 52, 53). A trlmpot 
can be used for R21, or leads can be extended to a 
panel-mounted pot. 



external connections. Solder two wires, preferably 
color-coded, to the pads marked PWR and COM. 
Make sure the wires are long enough to reach to the 
rotor control box eight-terminal connector block. Sol- 
der another wire, that will reach to the CW and CCW 
control switches, to the pad marked OUT. The last 
two wires are for the external pulse-rate adjust pot; 
their length depends on where the pot is mounted. 

Before permanently mounting the pulse-control 
unit, you must make two minor wiring changes in the 
Tailtwister control box. You must first remove the 
existing wire that connects terminal 2 of the eight- 
terminal connector block to the common terminals of 
the CW (S4) and CCW (S5) control switches. Leave 
the jumper that connects the common terminals of 
S4 and S5 together in place. 

Next unsolder the wire from terminal 2 of the con- 
nector whose opposite end is soldered to point 1 of 
the MeterILED printed wiring board. Connect the end 
of this wire that was on terminal 2 to the common 
terminal of either S4 or S5. This wiring change 
avoids a triac gating problem due to the LED indicator 
circuitry. The LEDs will still be functional but in a 
slightly different manner, as discussed later. 

Mount the printed wiring board on its spacers over 
the power transformer. Solder the PWR wire to ter- 
minal 1 and the COM wire to terminal 2 of the eight- 
terminal block. Connect the OUT wire to the com- 
mon terminal of either the S4 or S5 control switch. 
The last two wires connect to the pulse-rate adjust 
potentiometer. This completes the hookup of the 
unit. 

checkout 
Check all wiring against fig. 2 and the instructions 

in the previous section to uncover any possible wir- 
ing errors. Next, set the rotor-control box on its side 
so you have access to both pulse-control unit and 
eight-terminal connector. Set the pulse-rate adjust 
pot to mid position. 

Turn on the control-box power switch. This should 
cause the meter to indicate existing rotor position 
and become illuminated. Connect the common probe 
of an ac voltmeter to terminal 1 of the eight-terminal 
connector, and connect the input probe to terminal 
2. Press the BRAKE RELEASE switch on the control 
box. This should cause the brake to release; about 26 
Vac will be indicated on the voltmeter. The green 
LED that normally indicates brake release should 
light, but it should flash on and off. (It will flash at the 
pulse rate set by R21.1 The brake solenoid now is re- 
ceiving full power, but the LED flashes so you can set 
the desired pulse rate before applying pulsed power 
to the rotor motor. Vary the pulse rate adjust pot to 
see that the LED flashes from about 0.5 Hz to full on. 

If this checks out, proceed to the next step. 
Leave the common voltmeter probe connected to 

terminal 1 and connect the input probe to terminal 6. 
Press the BRAKE RELEASE switch, then press the 
CCW control switch. Pulsed 26-Vac should show on 
the meter (the voltmeter will not actually indicate 26 
Vac because of the short pulses). Both green brake 
and red CCW LED indicators should flash with the 26- 
Vac pulses. Your antenna should rotate counter- 
clockwise at a much slower rate than before. 

Next, remove the probe from terminal 6 and con- 
nect it to terminal 5. Press the BRAKE RELEASE 
switch again, then press the CW control switch. Pulsed 
26-Vac should show on the voltmeter; the brake and 
CW LEDs should flash, and your antenna should 
slowly rotate clockwise. 

If you have problems, recheck all wiring and use 
the schematic and circuit-board description as a trou- 
bleshooting guide. When checking the operation of 
the pulse-control unit, be sure to use terminal 2 and 
the common point for voltage measurements. Also 
note that the pulse-control unit receives no power 
unless the BRAKE RELEASE switch is operated. 

This modification is made to a CDE Tailtwister 
rotor, but is also applicable to HAM-type rotors. In 
fact, I initially checked out the pulse-control unit in 
my HAM-2 rotor. All wiring changes in the rotor-con- 
trol box are the same except for the LED indicator 
wire change. Since a HAM-2 or -3 has no LED indi- 
cators, this change doesn't have to be made. 

position circuit modification 
You've probably noticed the small circuit board 

mounted next to the pulse-control unit (photo). It is a 
13-Vdc regulator module that replaces the zener di- 
ode and current-limit resistor on the Tailtwister print- 
ed wiring board. This circuit offers a more stable reg- 
ulated source for the azimuth indication circuitry. 
The schematic (fig. 5) uses a simple &volt, 3-termi- 
nal regulator. The 500-ohm trimpot allows the output 
to be adjusted to 13 volts. The filtered dc supply is 
about 30 volts and is close to the maximum input 
voltage rating of the 7808 regulator, so a 150-ohm, 
1 /2-watt resistor was added to reduce the regulator 
input voltage. An added benefit is reduced power 
dissipation. Mine was built on a small piece of perf 
board, mounted on a standoff in an existing hole in 
the control-box chassis. 

To wire the regulator module, first remove R1, the 
390-ohm, 2-watt resistor, and VR1, the 13-volt zener 
from the rotor printed wiring board. Don't use much 
heat, as the traces on the printed wiring board are 
fragile. Next, connect the module IN terminal to the 
pad left by R1 that connects to the positive lead of 
C1. Connect the OUT terminal to the pad left by R1 
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that connected to VR1 cathode. Solder the COM ter- 
minal to the pad that previously contained the VR1 
anode lead. Turn the control box on, and adjust the 
trimpot for 13 volts across terminals 3 and 7 of the 
connector block. 

conclusion 
This modification to the Tailtwister rotor system 

has made controlling my large EME array a dream. 
Variable speed control, from 360 degrees per minute 
down to much less than one degree per second, al- 
lows turning torque and positioning overshoot to be 
minimized. The system would now lend itself well to 
microprocessor control; thus, this modification 
should also be of interest to Amateur satellite users. 

My rotor-control box has also been incorporated 
into a digital readout similar to that described by 
K1 DG.l Positioning accuracy has been increased, as 
errors of 5 degrees or more existed in the indication 
circuitry alone in my control box before the digital in- 
dicator was added. Now my position accuracy seems 
to be limited mainly by a) the potentiometer linearity, 
and b) the accuracy to which I can set the antenna to 
a calibrated point. 
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Reduce QRM with improved IF selectivity 
The XF-9B crystal filter is the heart of good, modern receiver 
(and transceiver) designs. It is used between the mixer stage and 
the IC IF amplif~er stage to suppress adjacent channel in- 
terference by over 100 dBs. 
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fig. 6. Schematic of the 15volt regulator module for 
the rotor position is contained in the dashed box. 
Also shown are the connections from the module to 
the original circuit. R1 and VR1 are removed before 
connections are made. Adjust the trimpot for 13 Vdc 
acrosa terminals 3 and 7 of the control box. 
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microcomputer-based 

During the last CW contest, did you wish you had 
a memory keyer to send the contest exchange and 
ave you more time for log and dupe-sheet entry? Did 
you wish you could automatically transmit the proper 
QSO number and generate any contest exchange? 
The microcomputer-based contest keyer may be the 
answer. This fully iambic keyer has ten programma- 
ble messages, a four-digit QSO counter, and the flexi- 
bility to transmit almost any contest exchange. An 
added feature is the display of the current code 
speed setting. 

Several years ago I used tape-recorded tones to 
drive a relay and key my transmitter during a CW 
sweepstakes. Since this first attempt at automation, 
I built several memory keyers,' a TTL CW QSO num- 
ber generator, and an 8080 microprocessor keyer 
that required three circuit boards. Because of the de- 
creasing cost of microcomputer chips, I thought the 
time had arrived to design a state-of-the-art contest 
keyer. 

Several operational objectives were set for the de- 
sign. First, it should be an iambic keyer having dot 
and dash memory plus the optional forced-letter 
space of the popular WB4VVF Accu-Keyer.2 For sim- 
ple programming, the user should be able to load 
messages directly in code from the keyer paddle. 
Next, there should be several options such as auto- 
matic QSO number and RST generation. Last and 
most important, the keyer should be simple and 
natural to use but be flexible enough for any contest 
exchange. The result is the microcomputer keyer 
presented here. 

circuit description 
Keyer construction is shown in the lead photo and 

fig. 1. Instead of a large keyboard, I selected a sim- 
ple, twelve-button keypad for control. A potentiom- 
eter is included to adjust code speed and a four-digit 
LED display is included for QSO number and other 
alpha-numeric keyer messages. Simplicity results 
from using an lntel 8748 programmable microcom- 
puter. The advantage of such a device is the ability to 
perform complex tasks with minimum circuitry. Soft- 

contest keyer 
ware may be reprogrammed for other features or 
tions. The following sections describe the design, 
discuss operation, and outline software routines for 
the keyer functions. 

The keyer circuit, fig. 2, requires only seven inte- 
grated circuits and six transistors. The 8748 micro- 
computer, U1, contains 1024 bytes of electrically 
programmable read-only memory (EPROM), 64 bytes 
of random access memory (RAM), a programmable 
counter, and three &bit inputloutput ports. Since a 
complete description of the 8748 was recently pub- 
lished, it will not be repeated here. Readers should 
review the article by N6TY3 and the lntel MCS-48 
Microcomputer Users Manual.4 

The 8748 has limited RAM for this design. U2, an 
lntel 8155, is used to expand the message buffer 
area. The 8155 contains 256 bytes of RAM, three in- 
putloutput ports, and a 14-bit counter; only the RAM 
section is used. While this may seem a waste of inter- 
nal functions, the 8155 will directly interface with the 
8748's multiplexed data and address lines, DBO to 
DB7. Additional interface circuitry is not required, 
saving at least two additional chips and considerable 
wiring. 

U3 is an lntel 8279 programmable keyboardldisplay 
interface.* This versatile device can drive up to 
thirty-two multiplexed 4-bit display digits and simul- 
taneously decode a 64-button keyboard. This design 
uses the interface to drive four 7-segment LED dis- 
plays for alpha-numeric messages to the user. It also 
scans the 12-button keypad, decoding the key and 
signalling Ul's IRQ (Interrupt Request) input with a 
logic 1. An internal first-in, first-out (FIFO) buffer 
stores up to eight keypresses; the user can "type 
ahead" without losing inputs. 

Display multiplexing of the common-anode 7-seg- 
ment display reduces the number of interconnect 
wires from 32 to 11. Anodes are switched by 03 to 
Q6 from U6 inverting SLO to SL3 from U3. Scan out- 

'U2, U3 functions are programmed by commands from U1; the EPROM 
within U1 contains the actual program for the entire keyer. 

By Andrew B. White, KSCW, 31 Quebec 
Road, Marlboro, New Jersey 07746 
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fig. 1. The keyer electronics are contained on one single- 
sided printed circuit board. 

puts SLO to SL3 are also used for the switch rows in 
the keypad. Segment driving is accomplished by A0 
to A2, BO to 83 from U3 through U7. Scanning is in- 
visible to the user. 

Keypad switch columns are connected to RLO, 
RL2, RL4, and RL6 of U3 for key decoding. U3 pro- 
vides debouncing and key rollover detection internal- 
ly. The keypad may be a conventional telephone type 
with separate switch contacts. 

command and control 
U1, U2, and U3 are all connected to the same &bit 

data/address bus, DBO to DB7, and the same Read 
(RD) and Write (WR) control lines. Data input or out- 
put for the microcomputer will be enabled by a logic 
0 on either U1-36 (chip select for U3) or U1-37 (chip 
select for U2). U1-35 is the Control/ Data (C/D) input 
for U3; Control mode (logic 1) is for display scanning, 
Data mode (logic 0) reads the keypad and loads the 
display. 

The keyboard/display interface requires a clock in- 
put for display multiplexing and other timing opera- 
tions. This is supplied by Ul's Address Latch Enable 
(ALE) and is equal to the crystal frequency divide by 
15. This signal eliminates a separate display oscilla- 
tor. It should also be noted that U1 contains an inter- 
nal clock oscillator circuit, requiring only an external 
crystal. 

Dual timer U4 functions as both code-speed oscil- 
lator and sidetone generator. The code-speed sec- 
tion, U4A, is enabled by a logic 0 on U1-34. The 
same enable signal energizes clock indicator CR1 to 
indicate that the code clock is on. Code speed out- 
put, U4-5, is connected to Ul's internal &bit coun- 
ter. The microcomputer will set the length of one dot 

as 100 code speed pulses during CW operations. 
U4A oscillates at 100 times dot rate and is set by R1; 
speed range may be altered from the keypad. 

Transmitter keying occurs when U1-33 is logic 0 
(U5-10 at logic 1). The Q1, 02 circuit is used with 
grid-block keying on my transmitter. Key-up voltage 
at the TX line is about - 30 Vdc. Key-down voltage is 
close to ground. Other keying methods will require 
changing the Q1, Q2 circuit. 

The microcomputer interrogates the key dot and 
dash paddle switches through 1/0 ports at U1-27 and 
U1-28. Internal pull-up resistors allow direct key con- 
nection. 

U1 will automatically reset to program start when 
turned on. A manual reset push button, S1, is includ- 
ed for convenience. CR3 and CR4 are program status 
indicators and are described later. 

Sidetone oscillator U4B is optional. The speaker 
may be any small unit with &ohm impedance or 
higher. CR2 indicates key down and should be re- 
tained; a keyer option function allows holding key 
down for tuning. 

software routines 
Microcomputer hardware is useless without a pro- 

gram to make it "come alive". Software routines are 
described, but the detailed program is too long to in- 
clude here. A complete program listing is available 
from the author. t 

A flowchart of the main software polling loop ap- 
pears in fig. 3. At power on or RESET, the keyer sta- 
tus flags are initialized and -HI- appears on the 4-digit 
display. The program enters a loop that continually 
checks the key paddle switches and'keypad switch 
status, waiting for some request. Any switch closure 
will enable a branch to a routine that will generate the 
proper message or code element. 

For example, assume the dot paddle switch is 
closed. The microcomputer turns on the transmitter 
for one dot period. It also checks the dash paddle 
switch and sets the dash memory flag if the dash 
switch was closed before the dot was completed. If 
so, a dash will begin after the dot space. Holding 
either dot or dash paddle closed will generate succes- 
sive dots or dashes with proper spacing. 

If no key paddle switches are closed, the micro- 
computer checks the letter space option. If enabled, 
no paddle inputs are processed for two dot periods, 
corresponding to one letter space interval. Key pad- 
dles are still tested during this interval. If either is 
closed during the interval, the proper flag is set and 
the appropriate dot or dash is sent after interval com- 

tA  copy may be obtained from the author for $3.00, which covers repro- 
duction and postage costs. 



fig. 2. The keyer schematic. The four-digit LED display module may be replaced with four individual seven-segment common-anode digits. 



pletion." If no requests are pending, the program 
returns to the main polling loop and waits for the 
next input. 

Pressing one of the keyboard switches calls a key- 
pad processing routine. This routine decodes the 
keypad and executes one of several routines shown , 
in the flow chart of fig. 4. 

S T A R T  
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SHOW 
M E S S A G E  

function keys 
To set various keyer options, the keypad F (FUNC- 

"The microcomputer is able to do several things seemingly at once due to 
execution speed and internal IC circuitry. 

NO 
C 

TION) key is pressed, followed by 0 through 9 for the 
selected option. Pressing F will display -F- with the 
third digit blank to indicate an option number must 
be entered next. Entering the option will fill in the 
display and execute the function. 

Table 1 summarizes function-key options. The 
first four, F-0 through F-3, will display, increment, 
decrement, or load a four-digit QSO counter. If QSO 
count load is selected, the number keys are used to 
enter an initial count. Once this initial count is en- 
tered, pressing the F or L (load) key will load it into 
memory as the current QSO count. 

I 

table 1. Function key options are activated by first enter- 
ing F on the keypad, then the option number. Function F- 
9may be terminated by pressing any key or key lever. 

keypad entry description 

F-0 display QSO total 
F-1 increment and display QSO total 
F-2 decrement and display QSO total 
F-3 load the QSO total 
F-4 toggle forced letter space option 
F-5 toggle 3-digit QSO number option 
F-6 toggle -HI-IOSO-total display option 
F-7 display code speed in wpm 
F-8 toggle code speed range 
F-9 tune transmitter (key-down hold) 

Y E S  . 

Y E S  

Y E S  

fig. 3. A flow chart for the microcomputer keyer pro- 
gram. The keyer is fully iambic and has an optional 
forced letter space. 
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fig. 5. Printed circuit board pattern for the keyer shown from the foil side. 

Options F-4, F-5, and F-6 select various keyer op- 
erating modes. Letter space option F-4 will force a 
letter space if neither dot nor dash is closed upon 
completion of a code element. Front panel indicator 
CR4 will light if this function is enabled. Option F-5 
determines if QSO numbers should always be trans- 
mitted as three digits or if the leading zeros in the 
number should be suppressed. Option F-6 allows dis- 
play of QSO total instead of -HI- during the input 
waiting period. Default values at turn-on are: Letter 
space enabled, suppress leading zeros, display -HI-. 

Current code speed in words per minute is dis- 
played by the F-7 option. Since the microcomputer is 
continuously measuring speed, speed control R1 can 
be adjusted through digital readout. Pressing any key 
or paddle lever will exit this function. 

Option F-8 selects speed range, either 16-60 wpm 
or 5-30 wpm. Default value is 16-60 wpm. Option F-9 
will key down the transmitter for tuning purposes; 
key up occurs on pressing any key or the paddle. 
Transmit indicator CR2 will be on and -F9- displayed 
during key down. 

loading messages 

To load one of the message buffers, the L key is 
pressed, fdlowed by a selected message number of 0 
through 9. Entering only L will display -L- with a 
blank third digit prompting the user for a message 
number. Entering the number will fill in the display 
such as -L5- for message number five. 

Once the load identification is complete, the man- 
ually sent code is stored in memory until either F or L 
is pressed to terminate the message. The number of 
memory bytes per message is displayed during mes- 
sage entry. Message buffers 0 through 9 are contigu- 
ous in U2 so that individual messages can be up to 25 
bytes long without interfering with the next higher 
message number. 

Twenty-five bytes can store 100 dots, dashes, or 
spaces, but this is not a limit. Because the keyer 
allows variable message length, one long message 
containing over 1000 dots, dashes, or spaces is pos- 
sible; this is an average of 200 letters at three dots or 
dashes per letter. 
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In addition to manually entered code, several spe- 
cial functions can be loaded into a message. Table 2 
gives the function options and a specific display for 
user confirmation. CR3 will be on during message 
loading. 

table 2. Message loading options are activated by a 
single keypad entry. These options insert special func- 
tions into the message during message loading. 

keypad display description 

0 -CO- send QSO total 
1 -C1- increment and send QSO total 
2 -59- send 5NN or 5 (keypad) 9 
3 -IP- send keypad numbers 
4 -SP- insert a letter space 

5 - 8 ignored; reserved future use 
9 -00- restart message loading 

LorF terminate a message load 

special message options 
During playback, option 0 transmits the current 

QSO total as two to four numbers depending on lead- 
ing-zero suppression previously set by F-5. Option 1 
first increments the QSO total then sends the 
number. 

Option 2 transmits an RST in one of two formats. If 
a key has been typed during message playback but 
before this option is encountered, that keypad num- 
ber is sent as the middle digit (signal strength) in the 
RST. If no keypad number has been pressed, 5NN is 
transmitted. 

Option 3 allows transmitting a number directly 
from the keypad. The keypad FlFO buffer is checked 
when this option is encountered. If any keypad num- 
bers are stored (maximum of 81, they are sent, the 
FlFO empties, and message playback resumes. 

Option 4 simply inserts one letter space each time 
it is entered. Option 9 allows the user to restart load- 
ing in case of error. Options 5 through 8 are currently 
ignored, reserved for future additions. 

These options allow almost any contest message 
to be loaded. For example, 599001 can be loaded by 
typing 2, then 1. Keypad 2 calls for the 5NN; keypad 
1 calls for the QSO total (incremented from zero, no 
suppression of leading zeros). NR 100 IL is loaded by 
manually keying NR, pressing 1 on the keypad, 
pressing 4 twice for two letter spaces, then keying IL 
manually. 

During message loading, a routine measures the 
time between manually keyed dots and dashes. It 
corrects most spacing errors. No more than one 
word space interval will be automatically stored in 
memory. The user can stop loading without filling 
the memory with spaces. No word space is automati- 

cally inserted after loading options. Inserting spaces 
(option 4) permits storage of perfect Morse code. 

message playback for transmission 
A stored message is played back by simply press- 

ing the appropriate keypad number. If message num- 
ber seven is selected, the display shows -P7-. If one 
of the QSO number options is encountered in a mes- 
sage, the current or incremented QSO count is dis- 
played. The keyer returns to the main polling loop 
when a message is complete and displays -HI- or the 
current QSO count (if F-6 is set). 

Manually sent code can be inserted at any time 
during a message playback. When a paddle switch is 
closed, the keyer stops and waits for a word space 
interval. If the paddle switch is still closed, manual 
code transmission begins. When manual code 
ceases, the stored message playback continues. 
Message playback can be halted at any time by 
pressing the RESET button or briefly tapping the dot 
or dash levers. 

A common method of storing Morse code in a digi- 
tal memory is to use a length equivalent to each ele- 
ment. A Morse dot would appear in memory as bi- 
nary 010. A Morse dash would be binary 01 110. This 
keyer uses two bits for each element: A letter space 
is binary 00, a dot is binary 01, a dash is binary 10. Bi- 
nary 11 is used as an option indicator for one of the 
message options. This assignment allows four code 
elements per memory byte. 

construction 
The circuit may be built on the PC pattern of figs. 

5 and 6 or with wire-wrap techniques. Sockets are 
suggested for either case to avoid IC damage. Space 
has been provided on the PC layout for diode rectifi- 
ers and a filter capacitor. A three-terminal voltage 
regulator should be used with an output rating of + 5 
Vdc at 0.5 amperes. Mount it on the cabinet for heat 
sinking. 

Several 0.1 pF disc capacitors are used on the PC 
board to bypass the + 5 volt line at each IC and re- 
duce logic switching noise. A wire-wrap version 
should have these capacitors installed first with mini- 
mum lead length. 

The finished keyer can be mounted in a commer- 
cia1 case or a homemade one such as in the title 
photo. Some users may want to separate the keypad 
to move the main keyer circuitry off the desk. In 
either configuration, be certain to rf bypass all leads 
into or out of the keyer cabinet. 

Locating components isn't difficult.* Most of the 

'Drilled and etched PC boards and some parts are available from RADIO- 
KIT, Box 411, Greenville, N. H. 03048. 



fig. 6. Component layout for the keyer shown from the component side of the board. Pads are provided for several 0.1 pF 

computer hobbyist advertisers carry the lntel compo- 
nents. The four-digit LED display is a National Semi- 
conductor NBS7882, but four separate seven-seg- 
ment, common-anode displays may be substituted in 
place of that unit. 

The 8748-8 is a lower-speed version that can use a 
3.58 MHz color TV crystal; the program listing in- 
cludes modification for this option. Either crystal 
should be series-resonant with series impedance less 
than 75 ohms for 6.144 MHz; less than 180 ohms for 
3.58 MHz. 

The 8748 is supplied unprogrammed. You must lo- 
cate a nearby programming facility with an lntel com- 
patible EPROM programmer. EPROM programming of 
the 8748 requires more care than a conventional hob- 
by computer PROM burner. lntel supplies all informa- 
tion on EPROM programming in reference 4. 

In addition, errors are never made in transmitting the 
QSO number or other parts of the contest exchange. 

My objective in writing this article is not only to 
describe a powerful, inexpensive contest keyer, but 
also to start people thinking about new applications 
for microcomputers in Amateur Radio. I'd be inter- 
ested in your ideas for using this new technology. 
Microprocessors and computers are already appear- 
ing in common ham equipment. Several manufactur- 
ers sell combination RTTY and Morse keyboards and 
displays based on microprocessors. 

Perhaps a future version of the contest keyer will 
be able to scan the band, copy a call, check the dupe 
list, and make a contest contact automatically. While 
that operation may be feasible, I don't believe it's de- 
sirable. After all, what would remain for the contest 
operator to do? 
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analog-to-digital 
display converter 
for the visually handicapped 

The circuit described in  this article was designed 
for a visually impaired Amateur to replace his analog 
panel meter with a large digital display. A variation of 
the circuit can be used to drive a tactile decimal read- 
out for the blind. This is the primary use of this cir- 
cuit, but with a little ingenuity it can be adapted to 
convert any analog device (such as the frequency- 
readout dial on Amateur gear) to a digital display. For 
instance, it could be used as an azimuthal readout for 
an antenna rotor, calibrated directly in degrees of 
bearing. If so desired, using a thermistor, it could 
monitor the temperature of a final amplifier or linear 
amplifier tube compartment, crystal oven, or any- 
thing where temperature is critical. 

theory of operation 
All analog meters are designed with a specific in- 

ternal resistance and are constructed to display a par- 
ticular current as "full scale." It is easy to calculate 
the voltage necessary to produce a full-scale reading, 
using Ohm's Law, E = IR.  Thus a 100-ohm, 1-mA 

A ! m a  IOO OHMS 
READS l ~ ~ ~ V  9 9 9 . 9 0 0  TOTAL 

o 11 
fig. 1. Example using a meter that reeds 1 mA full 
scale. To obtain a full-scale reading of 500 mA with 
this meter, a 0.2-ohm resistor is connected across 
the meter, which has an internal resistance of 100 
ohms. Eq. I explains how to do it. 

500mA - 

T i  ImA. I 0 0  OHMS 

READS 5 0 0 m A  

fig. 2. Another example showing 
how to obtain a full-scale range of 
1kV using a voltage divider, with 
the meter supplying part of the re- 
sistance. 

full-scale meter requires 100 ohms x 0.001 
ampere = 0.1 volt for full scale; a 1000-ohm, 100- 
micro-ampere full-scale meter requires 1000 ohms x 
0.0001 ampere = 0.1 volt, and so on. 

To obtain a higher full-scale range for a meter, 
construct a divider network or shunt network into 
which the meter is connected. Thus, to obtain a full- 
scale reading of 500 mA, using a 100 ohm11 mA full- 
scale meter, calculate the resistance, to be placed in 
series with the current through the meter, that will 
develop a voltage drop of 0.1 volt (the full-scale volt- 
age of the meter) at 500 mA. Using Ohm's Law 
again, R = E / I  = 0.1 V /0 .5A  = 0.2ohm. (See the 
circuit in fig. 1.) Likewise, to obtain a full-scale range 
of 1000 volts, construct a voltage divider with the 
meter as part of the divider. Again, R = 
E/I = 1000 V/0.001A = 1 megohm. See f i g .  2. 

If we replace the meter in fig. 2 with a 100-ohm re- 
sistor, we can measure the voltage produced across 
the 100-ohm resistor and construct our voltmeter so 
that 0.1 volt reads 1000. That's basically what we're 
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doing with this converter circuit, using a special 
analog-to-digital voltmeter. 

It's beyond the scope of this article to go into the 
various methods to convert an analog signal to a digi- 
tal output. Numerous texts are available covering the 
subject. Some of the best are the Motorola publica- 
tions listed at the end of this article. 

device selection 
This circuit uses the Motorola MC14433 3-112 digit 

A I D  converter. The MC14433 is a low-power linear 
and digital CMOS monolithic dual-slope A I D  convert- 
er packaged in a 24-pin IC. It provides an accuracy of 
+ 0.05 per cent of reading plus-or-minus one count 
and provides up to twenty-five conversions per sec- 
ond. The input resistance is 1000 megohms, and its 
outputs are standard B-series CMOS that will drive 
one low-power Schottky load. Power consumption is 
only 8.0 m W  typical at 5.0 Vdc. For those interested, 

the data sheet contains schematics for several volt- 
meters, including an auto-ranging multimeter with ac 
and dc full-scale ranges from 200 mV to 200 V; 2 mA 
to 2 A; and 2 k to 2 megohms. 

This circuit uses a finely adjustable reference volt- 
age for the MC14433 to force it into giving any full- 
scale reading desired (up to 1999). By switching in a 
number of reference voltages, we can obtain a meter 
with any number of full-scale ranges. 

Methods are available to allow any number of 
digits to be displayed, but this circuit is limited to dis- 
playing three and one-half digits to reduce cost and 
circuit complexity. 

circuit description 
Referring to fig. 3, the MC14433 uses two external 

resistors and two external capacitors to set its inter- 
nal clock and ramp. Since analog ground, VAG must 
be at least 2.8 volts above circuit ground, VEE, we 

8-18 
VOC 
Q 
0 

No1.r: 
I .  0nor~I.renc.pol shown for clanlg. 
2. R I  = 22K (0.2 roll r.1.) 

470K 12.0 volt ref.) 

7 8 0 5  ,. ri, 
/J, 

,5 I 5 0  T I P ,  d - 0 1 
3 

7 8 0 5  - 
23 6 L 

0 1 

0 a 

0 b 

0 c 

0 d I I I 

, I  I T  1 O e  

1-1 
1 -  - 

ANODE LEADS 

fig. 3. Schematic of the AID converter using the Motorola MC14433 to drive a MC7447 seven-segment decoder-driver for 
the LED readouts. 

1-1 
1-1 - 

1-1 
1-1 - 



use four silicon diodes between V A ~  and ground ( V E ~  
and Vss), giving a voltage droplseparation of 2.8 
volts (4 x 0.7 volt). We need either 2 or 0.2 volts for 
V R ~ ~ ,  depending on the range we must measure and 
the value we select for R1, so we use a 7805 regulator 
(5 volt) as an accurate voltage source and connect it 
through a Ik, ten-turn pot (available as surplus in 
many places) to V A ~ .  Since VAG is 2.8 volts above 
ground, we have 2.2 volts available across the pot, 
(5.OV-2.8W or 0.22 volt per turn of the ten-turn pot. 
This voltage is adjusted during calibration for new 
full-scale readings. 

The Qoutputs of the MC14433 (pins 20-23) are fed 
to a 7447 seven-segment decoder-driver for LED 
readouts or to a 7445 ten-line decoder-driver for tac- 
tile readouts. (See fig. 4.) Note that only segments b 
and c are connected to the MSD (most significant 
digit) readout, fig. 3. The digit selects (pins 16-19) 
then enables each digit in turn through Motorola 
MPS A12 NPN transistor switches. You may use as 
large a digital display as desired, as the LEDs or sole- 
noids are mounted external to the decoding and volt- 
meter circuitry for convenience. 

Constuction of the circuit is straightforward, using 
normal PC techniques.' Care must be taken to shield 

7445 

"I will supply PC boards, kits, or completed units to those submitting proof 
of visual impairment, at my cost. The number and values of scales desired. 
and the replaced meter information (resistance and full-scale current), must 
be specified when inquiring about completed units and kits. Please send a 
self-addressed stamped envelope with your inquiry - KB7JW 

MSD 

0 

0 

+ 0 

POP-UP 

the circuit and rf bypass the input and output leads, 
as the circuit can generate small amounts of rf hash 
due to its clock rate. I haven't found this to be objec- 
tionable except during very weak signal reception, so 
shielding is recommended. 

The input voltage to the 7805s can be anywhere 
from 8 to 18 Vdc. I use a rectified and filtered fila- 
ment line on my rig. You will experience less dissipa- 
tion from the 7805s if you use a voltage closer to 8 
than 18 volts. 

The finished board can be mounted anywhere in 
the rig, as long as it is shielded from rf-sensitive 
areas. If at all possible, mount the new range switch- 
es onto the existing meter range switch. It's worth 
replacing the old switch with one that will switch 
everything. 

calibration and installation 

~::p2dpL2k2Jppppp 
fig. 4. Alternative scheme using an MC7446 ten-line decoder IC for pop-up solenoids (tactile readouts). 

9 

To replace an existing panel meter, determine the 
internal resistance and full-scale current of the meter. 

1 .  As ancurately as possible measure a resistor of the 
same no'minal value as the internal resistance of the 
meter for example, 100 ohm, 1 k, and so on. 
2. Disconnect the meter from the circuit and connect 
the leads to the new resistor. If the meter is not re- 
moved from the panel, single-lug terminal strips 
mounted to the meter binding posts make excellent 
mounts for the new resistor. 
3. Now, as accurately as possible, measure the 

8 
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voltage produced across the new resistor at each set- 
ting of the meter range switch. 
4. Use eq. 1 to calculate the correct digital reading: 

Range* = digrgrtalreading (1) 

where V,,, = measured voltage (volts) 

Rrepl = meter replacement resistance 
(ohms) 

I,,,,, = meter full-scale current (amperes) 

Range* = meter full-scale range reading 

Adjust each reference potentiometer to obtain the 
correct reading at each range setting. 

Thus, using a 100-ohm resistor to replace a 1-mA 
full-scale meter, a voltage reading of 0.07 volt should 
read: 

for a full-scale range of 500 mA. Similarily, if your 
resistor is 100 ohms and replaces a 100-microampere 
meter, and your range is 500 mA full scale, 0.05 volt 
will read: 

(Leading zeros are not blanked. 
As you can see from eq. 1, the accuracy of your 

new readout will be no better than the accuracy with 
which you measure the new resistor and the voltages 
produced across it. 

conclusion 
Although intended primarily as a panel-meter re- 

placement, this circuit may find almost unlimited 
uses in the Amateur station. If you design a PC 
board, do as I did and leave at least one blank spot on 
the function switch so you can add another function 
switch for expansion as you find more and more uses 
for the circuit. I hope you find this device as useful as 
I have. 
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H A L 8 0 0  A IPRE. .  . . . . . . . ( S a m e  a s  a b o v e  b u t  w t t h  p r e a m p ) .  . . . . . . . ,539 .95  

HAL-1 GHz PRESCALER VHF & UHF INPUT .s OUT- 
PUT. DIVIDES BY 1000 OPERATES ON A SINELE 5VOLT SUPPLY 

P R E B U I L T  6 T E S T E D  579.95 

TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT COMESWITH2SIOED.PLAlkll IHRU ANDSOLDER FLOWED 
G - I 0  PC BOARD. 7-567's. 2.7402. AN0 ALL ELECTRONIC COMPONENTS BOARO MEAS- 
URES 3 -112x  5.112 INCHES. HAS 12 LINESOUT ONLY $39.95 

D E L U X E  1 2 - B U T T O N  T O U C H T O N E  E N C O D E R  K I T  UTILIZING THE NEW ICM 
7206 CHIP. PROVIDES BOTH VISUAL AN0 AUDIO INDICATIONS' COMES WITH ITS OWN 
TWO-TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2-34' '  x 3-3/4". COM. 
PLETE WlTH TOUCH.TONE PAD. BOARO. CRYSTAL. CHlP AN0 ALL NECESSARY COMPO- 
NENTS TOFINISH THE KIT P R I C E D  A T  $29.95 
FOR THOSE WHO WlSH TO MOUNT THE ENCODER IN  A HAND-HELD UNIT, THE PC BOARO 
MEASURES ONLY 9/16" x 1-314". THlS PARTIAL KIT WlTH PC BOARO. CRYSTAL. CHIP 
AND COMPONENTS P R I C E D  A T  514.95 
A C C U K E Y E R  (KIT) THlS ACCUKEYER I S  A REVISED VERSION OF THE VERY POPULAR 
WB4VVF ACCUKEYER ORIGINALLY DESCRIBE0 BY JAMES GARRETT. IN  OST MAGAZINE 
AN0 THE 1975 RADIO AMATEUR'S HANDBOOK 516.95 

A C C U K E Y E R  - M E M O R Y  O P T I O N  K I T  PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO ANY 
STANOARDACCUKEYER BOARD WITH LITTLE DIFFICULTY 518.95 

PRE-AMPLIFIER 
H A L e P A - 1 9  W I D E  B A N D  P R E - A M P L I F I E R .  2 -200  MHz  BANDWIDTH ( - 3 4 8  
POINTS). 19dBGAIN. F U L L Y  A S S E M B L E D  A N D  T E S T E D  8 . 9 5  

# CLOCK KIT - H A L  7 9  FOUR.DIQIT S P E C I A L  - $7.95. 
OPERATES ON 12-VOLT AC (NOT SUPPLIED) PROVISIONS FOR DC AND 
ALARM OPERATION 

6-DIGIT CLOCK 12/24 HOUR 
COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOAROS. 1 CLOCK CHIP. 6 
FNO COMM. CATH READOUTS. 13 TRANS . 3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH. 
BUTTON SWITCHES. POWER TRANSFORMER AND INSTRUCTIONS W N ' T  BE FOOLED BY 
PARTIAL KlTS WHERE YOlJ HAVE TO BUY EVERYTHING EXTRA P R I C E D  A T  512.95 

C L O C K  C A S E  AVAILABLE AND WlLL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR 
PRICE . . $6 50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK. 

SIX.DIQIT A L A R M  C L O C K  K I T  FOR HOME. CAMPER. RV. OR FIELD-DAY USE. OPER- 
ATES ON 12-VOLT AC OR OC. AND HAS ITS OWN 60.HZ TlME BASE ON THE BOARD. COM. 
PLETE WlTH ALL ELECTRONIC COMPONENTS AN0 TWO-PIECE. PRE-DRILLED PC BOAROS 
BOARD SIZE 4" x 3" COMPLETE WITH SPEAKER AN0 SWITCHES. IF OPERATED ON DC. 
THERE IS NOTHING MORE TO BUY P R I C E D  A T  S16.95 
'TWELVE-VOLT AC LINE CORD FOR THOSE WHO WlSH TO OPERATE THE CLOCK FROM 
110-VOLT AC 52.50 

S H I P P I N G  I N F O R M A T I O N  - ORDERS OVER S20.W WlLL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED. ON ORDERS LESS 
THAN $20 00  PLEASE INCLUDE ADDITIONAL $1.50 FOR HANDLING AND MAILING 
CHARGES SENOSASE FOR FREE FLYER 

DISTRIBUTOR FOR 
Aluma Tower AP Products 

F] (We have the new Hobby-Blox Systam) - 
'*c:a/ 

[mil - pp @ H AL-TRONIX 
"HAL" ". ','.x- P. 0. BOX 1101 

HAROLD C. NOWLAND SOUTHGATE, MICH. 48195 
W ~ Z X H  PHONE (313) 2851 782 

/ L 
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The Orlando Amateur Radio Club Inc Presents ..... 

'ORLANDO HAMCATION 81' 
And The @,,,, ARRL NATIONAL 
CONVENTION 

'MARCH 13-14-15 1981 IN ORLANDO ... 
. . . THE ACTION CENTER OF FLORIDA ... 

AT THE SHERATON TWIN TOWERS HOTEL b CONVENTION CENTER ON S435 
NEAR THE CROSSROADS OF THE FLORIDA TURNPIKE AND I4 INTERCHANGE 

Plan a Fantastic Family Vacation 
Around the Greatest Orlando Hamfest Ever ... 
... And Enjoy A Great, Wonderful 'Hamcation' 

* ARRL Forums, Meetings & Speakers - 
+ Extra Large Manufacturers Exhibit Area - 

I + Day Long Ladies Activities * Large Swapfest * Many Big Door Awards * Code Contest 
. . . More and Much, Much More 

FRIDAY, R e g i s t r a t i o n  opens 4PM. ~ w a d " k h o p  open f r o m  6 t o  9 PM. 
HoURS:SATURDAY ,ALL a reas  open 9AM t o  4PM. SUNDAY, 9AM t o  3PM. _ / ~ - W - v ~ z r - h u m s L - . ~ , - . - - - r " v r  1- . , \I v4\ 

Banquet & Show 
Held at Sea World - $16 Ea. 

Transportation From Hamfest Included 
! ! Limited Seating, Adv. Registration Suggested 

Adv. Hamcation Registrat ion (Till 2-20-81) All Amateurs, 
Non Amateurs and Students Over 14 - $4.00, At The Door - $5. 

Ladies & Children Under 14 FREE. 

A SWAP TABLES $10 ma. FOR ALL 3 DAYS. NO ONE D A Y  TABLES A 

Q - Complete Information Package on Request - 
Mail All Orders And Request To: 

HAMCATION CHAIRMAN 
P.O. Box 191, DeBary, Fla. 3271 3 

MAKt CHECKS PAYABLE TO: 
THE ORLANDO AMATEUR RADIO CLUB. INC. 

48 january 1981 More Details? CHECK-OFF Page 110 



EX-1 14-16 EXTRACTOR 

I WK-7 I COMPLETE IC INSERTER/EXTRACTOR KIT 1 $29.95 1 

1 INDlVl DUAL COMPONENTS I 

More Details? CHECK-OFF Page 110 january 1981 49 

-- 

$ 7.95 
$ 7.95 
$ 7.95 
$ 1.49 
$ 7.95 

MOS-1416 
MOS-2428 
MOS-40 
EX-1 
EX-2 

MINIMUM BILLING $25.00. ADD SHIPPING CHARGE $2.00. NEW YORK RESIDENTS ADD APPLICABLE TAX. 

14-16 PIN MOS CMOS SAFE INSERTER 
24-28 PIN MOS CMOS SAFE INSERTER 
36-40 PIN MOS CMOS SAFE INSERTER 

14-16 PIN EXTRACTOR TOOL 
24-40 PIN CMOS SAFE EXTRACTOR TOOL 



the Kenscan 74 

An inexpensive scanner 
and preset memory adapter 

for the 
Kenwood TR-7400A transceiver 

Vhf transceiver design began with single-crystal 
control, then frequency synthesizers were added to 
cover an entire band. The newest radios have preset 
frequency memories and microprocessor scanning 
control. One purpose of Amateur Radio is to improve 
the state of the art. Another is building your own cir- 
cuits. Some of us aren't designers, so I'd like to share 
this simple scanning module with those who want to 
improve the Kenwood TR-7400A transceiver. The 
module is inexpensive and has improved the opera- 
tion at my station. I call it the Kenscan 74. 

functional description 
The Kenscan 74 module can store up to sixteen 

preset frequencies. Each can be selected individually 
in the step mode or scanned in the scan mode. Scan- 
ning will stop when the receiver squelch indicates an 
active frequency or when the transmitter is keyed. 
Scan rate is nominally four per second. 

Scan is held for about seven seconds after a re- 
ceiver frequency becomes clear. This pause allows 
you to pick up the microphone and press the transmit 
button. Scanning is then stopped and normal trans- 
mitlreceive operations are possible. Scanning will re- 
main at one frequency until reset by the Kenscan 74 
module CLEAR button. Scanning will resume if the 
microphone button is untouched. 

Step mode allows single-button manual scan. Pre- 
set channels are selected in groups of 2, 4, 8, or 16 
frequencies. Either mode is especially convenient 

when operating mobile in heavy traffic or when 
changing a predetermined frequency. 

Frequencies to be preset are first selected by the 
TR-7400A controls. The Kenscan 74 module memory 
is then loaded by using a single pushbutton. Memory 
contents are made available to the TR-7400A display 
and internal PLL frequency control. Once loaded, 
each frequency setting is held in separate memory lo- 
cations and recalled with a single button. 

Kenscan 74 module circuits are placed between 
the Kenwood panel controls and internal PLL circuit. 
Conversion doesn't alter existing Kenwood circuit 
boards; module wiring isn't critical. Parts count is 
minimal: only fourteen integrated circuits and two 
transistors. Layout isn't critical. The design offers 
many advantages at little expense. 

memory and memory control 

Fig. 1 is a block diagram of the Kenscan 74 mod- 

By Kenneth R. Fletcher, WB7QYB, 4080 SW 
193rd, Aloha, Oregon 97007 

TR74OOA 
FREOUENCY 

TR7qOOA 
PLL AND 

FREOUENCY 
DISPLAY 

MANUAL MEMORY LOAD 

MANUAL STEP 
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R E L A Y  SOUELCH 

fig. 1. Kenscan 74 block diagram. 



ule. Three random access memory (RAM) ICs store 
the frequency switch settings. Each RAM is four bits 
by sixteen words; three RAMS are required to hold 
sixteen ten-bit words." 

The 74189 bipolar RAM memory IC (fig. 2) has in- 
verted outputs. An inverting buffer is placed be- 
tween RAM output and Kenwood control circuits to 
restore the original switch data. The RAMS are nor- 
mally in read mode; a frequency word is always pre- 
sent at the output, depending on the memory 
address from the counter. 

The sixteen-state address counter is set by either 
step-or scan-mode clocking. RAM addressing is thus 
one of sixteen stored frequency settings. Setting a 
particular address, then selecting a frequency and 
pressing the LOAD switch (fig. 2) will write the fre- 
quency setting into the RAM. Releasing the LOAD 
switch will set the Kenwood frequency control and 
display. 

Fig. 2 is the Kenscan 74 module schematic. U5, 
U6, and U7 are the RAMs. U8 and U9 are the CMOS 
RAM output buffers. U3 is the RAM address counter. 
U3 is CMOS, so noninverting buffer U4 is used to pro- 
vide sufficient drive for three TTL RAMs. 

The number of address states produced by U3 is 
controlled by the CHANNEL SELECT switch, S2. In 
the 2 position, reset pin 9 of U3 is connected to the 
second stage. Counter output is 0000, then 0001. On 
reaching 0010, the second-stage high state causes a 
reset to all-zero; address count is limited to two. Po- 
sitions 4 and 8 will reset on third- and fourth-stage 
high states, respectively, while the 16 positon allows 
a full count. 

013 collector on the receiver board inside the Ken- 
wood. 013 collector goes to about + 1.8 volts when 
a signal is received; to +0.1 volts with no signal. Q1 
and 02 saturate when the buffered squelch voltage is 
high. C6 is normally charged to + 5 volts through R9 
and R10 but is discharged to ground by 02 through 
R11. Voltage follower U12B couples the charge of C6 
to the AND gate formed by U11. Latch U13 is normal- 
ly high, so a low at AND gate pin 5 will cause its out- 
put pin 10 to be low. D input pin 5 of U10 is now low, 
so U10 latches and prevents scan pulses from reach- 
ing the address counter. 

When the squelch voltage input drops to +0.1 
volts, Q1 and Q2 are cut off and C6 begins charging 
through R10 and R9 to +5 volts. After seven sec- 
onds (adjustable by RlO), C6 will charge high enough 
to bring the AND gate pins 5 and 10 high. U10 pin 5 is 
now high, scan pulses from U1 are passed through 
U10, and scanning resumes. 

Latch flip-flop U13 is connected to the receive- 
transmit relay that supplies + 12 volts when the 
transmitter is keyed. Zener CR1 clamps the transmit 
level to +5.1 volts at U13 clock pin 3. U13 D input 
pin 5 is tied high. U13 will toggle on the first transmit 
key pulse and remain set; Q pin 2 will drop low and 
inhibit AND gate U11A pin 6. U10 is then latched, and 
scanning stops. 

U13 will lock up and scan until manually reset by 
the CLEAR switch. A squelch break or transmit-key 
pulse will stop scanning, but manual reset is required 
after transmitting to restore a scan. 

The voltage regulator for the module is an 
LM340T-5 rated at 1.5 amperes. An LM7805CT will 
work equally well. Both have TO-220 cases. 

mode control 
assembly 

The counter is clocked in the step mode by one- 
shot U2. U2 is triggered by STEP switch S3, and the 
counter advances once. Scan-mode clocking is con- 
trolled by U1, a 555 timer used as an astable multi- 
vibrator with a rate of 4 Hz. 

While STEPISCAN switch S1 selects the counter 
clock, U1 output must pass through latch U10, 
which will stop the scan-mode clock when U12, 01, 
and Q2 detect a receiver input from the TR-7400A 
squelch. t 

Voltage-follower U12A input pin 3 is connected to 

*Word is a term used to describe several bits in parallel for a specific data or 
value function. 

tThe CD4042 latch in U10 is not a conventional D flip-flop. Holding polarity- 
pin 6 high with clock-pin 5 high will pass any D input at pin 7 to output pin 
10. D input will be latched into the output when pin 5 goes low; output is 
held (latched) until the clock returns to a high state. 

The circuit is fairly dense so I chose wire-wrap as- 
sembly. Layout isn't critical but the module must be 
larger than 12 square inches (80 square cm). Control 
switches may be mounted off the board. I prefer rib- 
bon cable for both switch wiring and the 34 conduc- 
tors necessary to interface with the Kenwood trans- 
ceiver. Harmonica connectors, such as the 3M No. 
3414, make neat, low-profile connections for com- 
pact places such as inside the transceiver. 

Position the wire-wrap sockets and arrange con- 
nectors close to the IC locations. Wire wrapping 
should begin with all power and ground connections. 
Verify all wiring with an ohmmeter before inserting 
the ICs. It's much easier to correct wire-wrap mis- 
takes early; the deeper the wiring, the harder it is to 
trace wires. Regulator U14 can be checked for opera- 
tion at this point. 
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fig. 2. Schematic diagram of the Kenscan 74 module. U5U7 are the RAMS; U8, U9are CMOS RAM output buffers; U3 is the R A M  address counter. 



l ERCULES Solid -3 
TEN-TEC SUPER RIG IS READY. For evesy band. every band 
condltlon. Wlth the latest In solld-.tate hf technology. the lateat 
In features. To make communlcatlons easier. more rellable - 
super. 

OMNI-C 
The new model in this famous series. With new coverage and new features 
to make it better than ever' 
All 9 HF Bands. From 160 through 10 meters. including the new 10. 18 
and 24 5 MHz bands. Coverage you can live with-for years and years. 
3-Mode. 2-Range Offset Tunlng. Offwt the receiver section or the 
transmitter section or the entire transceiver' In 2 ranges: 2500 Hz or 24  
kHz. For complete flexihllity in fine tuning, a DX work, or net operations 
Seven Response Curves. Four for SSB. three for CW With new 
switching to select the standard 2.4 kHz filter, optlonal 1.8 kHz SSB filter. 
500 Hz or 250 Hz CW filters, and standard 450 and 150 Hz CW active 
audio filters Up to 16 poles of 1-1 filtenng plus audio filtenng to handle any 
situation 

Bullt-In Notch Filter and Nolse Blanker. Notch IS variable from 200 
t Ir ro 3 5 kHz wth a depth of more than 50 dB New noise blanker reduces 
Ignition and line nolse. Both standard equ~pment 
"Hang" AGC. New, smoother operation. 
Super Specs. Opt~rnlzed sensitivity -a balance between dynam~c range 
and sens~ttvlty (2 /IV on 160 to 0 3 /IV on 10 meters) Greater dynam~c 
range better than 90 dB And a PIN diode switchable 18 dB attenuator. 
200 wan5 Input on all bands' 1007, duty cycle on all bands for up to 20 
minutes 
Super Convenient. Built-In VOX with 3 up-front controls. Built-In 
control at front and rear lacks. Bull-In Zero-Beat switch puts you on exact 
frequency Built-In Adjustable Sldetone wth vanable p~tch and level 
Adjustable ALC for full control from low power to full output 2.Speed 
Break-In, fast or slow speeds to fit operating conditions. Bulk-In Speaker 
ellmlnates desk clutter Automatic Sideband Selectron -reversible 
Super Design. All Solid-State and Bmdbanded-from the plonenr. 
Ten-7ec Modular plug-~n clrcult hoards Functional Styling with convenient 
controls. full sh~eldlng, easy-to-use sue (5'b"h x 14'24"w x 14"d) 
Super Hercules Companlon. Styled to match. plus separate receiving 
antennn apab~lity. plus transceiver front panel control of linear's 
handswitchlng lone knob does tt all) 
Full Accessory Line Including filters, remote VFO, power supplies. 
kevers. microphones. speech processors. antenna tuners-all In matchlng 
color 
Model 546 OMNI-Series C . . . . S1289. 

m e n c e  SUPER RIG at your TEN-TEC dealer. or writ 

HERCULES 
Amateur Radio's first fun break-~n sohd-state kW Ilnear amptifier With the 
rellablllty you'd ex ct from the proneer In h~gh-power sol~d-state 
technoloqy- TEN-TEF 
All SolM-State. No tubes Instead. HERCULES uses huo 500wan push-pull 
sohd state ampbfier modules wth an output comb~ner Super sohd 
Broadband Dealgn. No knobs, no tunlng From the ploneer. TEN TEC For 
tat effortless chancgng of bands Super easy 
Automatlc Bandswitching when used wth OMNl (the OMNl bandnvitch 
also controls HEKCULES h a n d c h l n g  through a motor dnwn stepplng 
wtch) Super convenient 

Full Break-In. HERCULES puts the conwrsatlon back Into huh power CW 
opemhon-you can hear between wery character vou send 
Full Coverage. 160 through 15 meters plus four "AUX" poslbons for l@meter 
conversion by owner and future band addhons 
Full Gallon. 1000 watts lnput on all bands 600 watts output, typical Budt-~n 
forced-au coobng. Dnwing power 50 watts. typical Adpsiable negahwe ALC 
voltage 100% duty cyde for SSB volce modubhon 50% dutv cyde for 
CW/RTlT (keydourn hme 5 mlnutes max) Conhnuous camer operabon at 
reduced output 
Full Rotectlon. S u  LFD -us tndcaton conbnuous~ rnonttor opembng 
condbons and shut down the amphfier whenever any one exceeds sel hmrts 
(the exater automabcally bypasses the ampl~fier under amphfier shut-down for 
barefoot operaton) The sw parameters rnonrtored are l i  overdnve 2) Im 
proper control nvltch smng. 3) heat s~nk temp. 4) 5WR 5) wmoltage/wer 
cunent 6) rf output balance T w  rnaen monltor collector current. voltage, and 
fonuard/reverse power And a hlghlv effiaent autommc line voltage common 
arcult (patent appbed for) ebmlnates the need for selechng bansformer taps. 
prevents appbng too hgh a voltage to final amphfier dm-. becomes 
opemhwe under low hne condbons 
Super Power Supply. Prowides a prox~matel 45 VDC ( (1  24 amperes. 
opcmtes on 105/12'1 VAC or 210R50 VAC Ape wound transformer and 
choke reduce welyhr (50 Ibs) and stze (7Ix7'h x 1 5 % ' ~  x 13% d) .%rate 
enclosure 
Super Styllng. Desrgned to match OMNl the HERCULES has the same 
he~qht as OMNI. plus rnatchlng ball and match~ng colors The hont panel IS 

slmpbaty In ~ & l f  wth huo push-button ncltches (power and mode) plus huo 
knobs (meter and bandwtch) and a hbck out monltor panel (when unct IS 

off meters are unobmrve) Amphfier sue IS 5 ' 4  h x 16 w x 15'2 d 
Model 444. HERCULES amplWer & power supply.. . . 51575. 

'e for full detalb. S Z V I E R V I L  L E  T E N N E S S E E  31162 



2 

outputs from frequency- 
select switches scanner module input t o  PLL 

(square pins) connector P I  and display 

A3 1 
83 2 
A2 3 
82 4 
C2 5 
02 6 
A 1 7 
81 8 
C 1 9 
D 1 10 

GND 16.33 
+12V 17,34 

transmit relay 31 
Q13 collector 32 

18 A3 
19 83 
20 A2 
21 82 
22 C2 
23 D2 
24 A 1 
25 81 
26 C1 
27 D 1 

28.29.30 no connection 

5v 5v 
OK OK 
5K 5K 
CTl CTl 
CT2 CT2 

Kenwood TR-7400A modifications 
table 1. Interface connections. This portion may be the most undesirable part of 

the project but it isn't difficult. To interface the scan- 
ner module, the mating interface connectors must be 
wired inside the Kenwood transceiver in the follow- 
ing manner. 

Find the place on the TR-7400A schematic where 
the frequency programming information from the 
front-panel switches goes through a harmonica con- 
nector to two other boards. This connector is marked 
0K, 5K, 142, C2, and so on. Stopl The connector is 
not marked correctly on the schematic. Call the pin 
marked 0K as 1. There's a space and a 5K marked on 
the schematic as the next pin. The space in the plug 
should really be between two pins marked A3 and 
5V. The other plug is also misdrawn: the space 
should be moved from between CT1 and CT2 to be- 
tween E and B1. Remarking the schematic will elimi- 
nate any confusion between the physical wiring and 
the schematic. 

Next remove both top and bottom covers, then re- 
move all knobs. The MHz lever pulls straight off, 
while all others have setscrews. Remove the four 
screws holding the front panel. Pull the display mod- 
ules straight up, which will expose a board that must 
be loosened and moved aside (this board has two 
screws on each end). The frequency control connec- 
tors will now be visible. Identify each connector with 
the corrected schematic data. 

The Kenwood TR-7400A connectors should now 
be replaced with the scanner module interface con- 
nector. The square pins are mated to the frequency- 
control switches, while the plugs are inputs to the 

table 2. Troubleshooting chart. 

problem possible cause solution 

nothing works no5V Check U14 
no GND to scanner check PI-16, P1-33 
no 12 V to regulator check PI-17, PI-34 

will not load frequency pin 3 of U5, U6, U7 check 54 and wiring 
not pulled low to P5 

Display incorrect when LOAD is wiring error A1-83 check PI-1 through PI-10 
pushed broken wire check PI-18 through PI-27 

will not step U2 wired incorrectly check wiring 
S1 wired incorrectly check wiring 
S3 wired incorrectly check wiring 

will not SCAN S1 wired wrong check wiring 
S2 wired wrong check wiring 
no clock pulse check U1-3, U10-10, 

U3-15 
UlO latched push CLEAR 

will not stop at no stop signal check squelch input 
busy channel from 013 

scan rate too fast set R3 for 4-Hz rate 
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display and PLL circuitry. With the aid of table 1, re- 
connect each wire to the scanner module interface 
connector. Note that five wires marked 5V, OK, 5K, 
CT1, CT2 are jumpered inside the transceiver and do 
not go to the scanner module. 

Once the interface connector is installed, reassem- 
bly is in the reverse order of assembly. Make certain 
that all knob indices are correct. Proceed with the 
scanner module and switch cabinet. 

final test 

Be sure that the regulator on the scanner module 
has an output of + 5 volts before any ICs are installed: - overvoltage will damage the RAMS. Eliminate any 
static electricity possibilities when handling the 
CMOS ICs or when handling the unconnected 
module. 

With all assemblies and connectors ready, connect 
the scanner module to the TR-7400A. If any prob- 
lems occur with the Kenscan 74, refer to the trouble- 
shooting chart in table 2. 

programming 
Place the CHANNEL SELECT switch in the 2 posi- 

tion and the STEPISCAN switch in STEP. Dial up the 
first frequency and press the LOAD switch. Push the 
STEP switch to change memory address. Dial the 
second frequency and push LOAD.  Set the 
STEPISCAN switch to SCAN and push CLEAR. The 
two preset frequencies should now be scanning. 
Step mode can select either frequency at a single 
touch of the STEP switch. 

The other fourteen memories can be loaded and 
accessed in the same manner. The CHANNEL SELECT 
switch will allow you to preset two, four, eight, or 
sixteen combinations. 

etched-circuit boards 

At this wiring, etched circuit boards are being de- 
signed. For further information on these boards or 
kits, send a self-addressed, stamped envelope to the 
author. If you have any problems with the circuit, 
send an SASE with a detailed description of the pro- 
blem and I'll try to help. 

Author WB7QYB has a versatile adapter with a noncritical inter- 
face. While bells and whistles have been kept to a minimum, 
enough unused IC functions are available to experiment with your 
own additions. For example, the preset input pins of U3 could be 
used with a separate switch bank to add individual selection. You 
could scan eight frequencies with the CHANNEL SELECT switch set 
at 8 then use the other eight memory locations for fixed frequen- 
cies. A bit of study of the CMOS data sheets will show how this 
could be done. It has lots of wssibilities. Editor. 

ham radio 

STOP RF 1 
You may be losing up to half the available 
output from your vertical gain antenna 
because of RF spillover. The amazing 
AEA lsopole with unique decoupling 
design, virtually eliminates RF spillover 
and can help you multiply your power 
in all directions on the horizon relative 
to ari ideal half-wave dipole, or end-fed 
nondecoupled "gain" antennas. 

CALL TODAY 

2-way Radio Service 
2508 North Atlanta Road 

Belmont Hills Center 
Smyrna, Georgia 30080 
Phone (404) 432-8006 

AEA Brings you the 
Breakthrough! 

A BETTER BALUN 
from Barker & Williamson, Inc. 

BROAD BAND BALUNS 
Power Rating 2.5 KW-5 KW PEP 
Frequency Range 3.5-30 MHz 

Types Available 
Model BC-1 
50 ohms 
balancec 

nced to 1 ohms 

Model BC-2 
50 ohms unbalanced to 200 ohms 
balanced 

Model BC-3 
50 ohms unbalanced to 300 ohms 
balanced 1 
Model BC-4 1 

50 ohms unbalanced to 600 ohms 
balanced 
See your dealer or write: 

Barker & Williamson, Inc. 
10 Canal Street 
Bristol. Pa. 19007 

More Details? CHECK-OFF Page 110 



- .- . . . parrsrttm in amateur rndin 

Autornat~c select~on of side- SP-120 external speaker. 
band mode (LSB on 40 VFO-120 remote VFO 
meters and below, and USB MB-100 mob~le mount~ng 
on 30 meters and above) SSB bracket. "Small wonder'!. . processor, REVERSE sw~tch prov~ded PS-20 base-station power 

NIW switch, IF shift, DFC option B U I I ~ - ~ n  d ~ g ~ t a l  d~splay supply for TS-130~.  
Built-~n RF attenuator. 

The compact, all sol~d-state TS-130s runs 200 W PEP1160 IF shlft (passband tun~ng) 
HF SSBlCW rnob~le or fixed W DC ~nput  on 80-15 meters * Effectwe noise blanker 
stat~on TS-130 Ser~es trans- and 160 W PEP1140 W DC on 
celver covers 3 5 to 29 7 MHz. 12 and 10 meters TS-130V OPTIONAL ACCESSORIES: 
~nc lud~ng  the three new bands runs 25 W PEP120 W DC PS-30 base-station power 

- q  . ,;,-, <',r.>,rq rc-,,-r*,t>r:-. ~nput  on all bands supply - Bullt-in speech processor YK-88C (500 Hz) and 
8 0 ~ 1 0  meters, lncludlng the Narrowlw~de f~lter select~on on YK-88CN (270 Hz) CW f~lters 
new 10. 18. and 74-MH7 both CW (500 Pz or 270 Hz) YK-88SN (1.8 kHz) narrow 
bands. Rece~ves WWV and SSB (1 8 kHz) wtth SSB filter 

opt~onal f~lters AT-130 compact antenna tuner 
(80-10 meters, ~ n c l u d ~ n g  three 
new bands). 

- 

Optional DFC-230 Digltal 
Frequency Controller 
Frc~quc~ricy control In 70-Hz 
steps w ~ t h  UPIDOWN micro- 

phone (suppl~ed w ~ t h  DFC-230) 
Four mernorles and d ~ g ~ t a l  
display (Also operates w ~ t h  
TS-120 and TS-830s ) 



TRIO-KENWOOD COMMUNICATIONS INC. 
1111 WEST WALNUT I COMPTON, CA 90220 

"Hear there and everywhere'!. . 
easy tuning, digital display 
Thf~  R-1000 1s an ama7rrigly 30 bands. each 1 MHz wlde 
easy-to-operate, hlgh- Flve-d~g~t frequency d~splay 
p~rformance, commun~cat~ons wlth 1 -kHz rclsolut~on and 
recerver. coverlng 200 kH7 to 
30 MH7 In 30 bands Th~s PLL 
synthestzed recelver features a 
drg~tal frequency display and 
an;llog dlai, plus a quartz 
dlg~tal clock and tlrner 
7 . , f ir  rr,1-1 l - 7 ~  

- Covers 200 k ~ 7  to 30 MH7 
contrr7uously 

analog d~a l  wrth preclse gear 
dlal rnechanlsrn 
Bullt-~n 12-hour quartz drgltal 
clock wrth t~mer to turn on 
radlo for scheduled llstenlng 
or control a recorder through 
remote termlnal 
Step attenuator to prevrnt 
overload 

Three IF frlters for opt~murn 
AM. SSB. CW 12-kHz and 
6-kHz (adaotable to 6-kH7 
and 2 7 - k ~ z )  for AM wlde and 
narrow. and 2 7-kHz fllter for 
h~gh-qual~t SSB (USR and 
LSB) and ZW recept~on 

Effectlve nolse blanker 

- Terrn~nal for external tape 
recorder 
Tone control 

Bu~ l t - ~n  4-lnch speaker 

Dlrnmer swllch to control 
lntenslty of S-meter and other 
panel I~ghts and d~gltal d~splay 

Wlre antenna termrnals for 
700 kHz to 2 MHz and 2 MHz 
to 30 MHz Coax termlnal for 
2 MH7 to 30 MHz 
Voltage selector for 100. 120, 
270 ,  and 240 VAC Also 
adaptable to operatp on 13.8 
VDC wlth optronal DCK-I klt 

OPTIONAL ACCESSORIES: 

HS-5 and HS-4 headphones 
DCK-1 rnod~l~cat~on k ~ t  for 
17-VDC operation 

Dieital world clock with two 
24rhour displays, quartz time base 
Thr. HC 10 dlg~lal world clock mpmory trme (OSO startrng 
w~ t l i  dual 24-hour d~splay shows t~mP), and time d~ f f e renc~  (111 
locr21 tlmc and the time ~ r i  10 hours from UTC) 
pr~proqrarnmed plus two Preprograrnrn~d time In 10 
proorarnrnable time zones c ~ t ~ r s  around the world plus 

. - two proqrarnrnat,le tlmp 7onec, 
TOMORROW and 

Tiyo 24 hour d~splays wlth 'YFSTFRDAY' ~rid~calors 
qilartr t ~me  bnsr? I?ight Mt.mor17at1on of prt>serit tlmo 
rlsplay shows local lor UTC) Can be rrcalled later, for 
hour, rnlnute, second. day Left logging purp0sc.s 
rlsplny ;bows month, date, Hlgti accuracy (210 seconds1 
worltl tlme ~n varrous cltles. mofith 

-TF--p - 
Dip meter 
performs many RF 

L; measurements 
Thr. DM-81 d ~ p  rnrtpr 1s hlghly 
accuratcl and fraturcs In addl 
tlon to thr. trad~tlonnl ~ndu~ t r ve -  

4 1 r 831.rpllnq techriic>u~!. c a p i ~ c ~ t ~ v c  
c,oopl~riq for rnp;tsurtri!j r~ietal- 
rtn(:lostltl tolls and torordnl colds 

- I. 
I.. +- 

..,&,> ,\. r " -, , - t .  <. 

hlr.;~surlng ranac2 of 700 kHz- 
250 MH7 In srivc'n bands 
Built-~n storage compartment 
for all seven colls, capacltlve 
probe, earphont., arid ground 
clrp Isad 
All solltl-state and hu~lt-tn 
hatterv 

P. * HC ?<u and FT-243 sockets 
for chpcklng crystals and 
rnarkc,r-grnr3rator funcllon <ev,8 + Anipl~turtc rnodulat~on 

- FE7 for good scnsrtrvlty 
At)sorptron frequency meter 
funct~on 
Earphon~ for monltor~ng 
Iransmltted srgnals 

- C;!pac~tnnce p r o b ~  for 
mt!asurlng resonant frequen- 
c ~ e s  wlthout removlng coll 
shtclds, and also for mrasurlng 
rpsonant frequenc~f~s of 
10rord;~l COIIS 



quick and simple 
antenna match 

A candidate for 
monoband mobile work 

One component and a length of transmission line 
will make a quick and simple antenna match. Sound 
too good to be true? The method borrows an old 
microwave technique and is limited to narrow band- 
widths. It's useful for restricted monoband opera- 
tion, especially for mobile work. 

Familiarity with the Smith chart is required.' You 
must have a good measurement of the antenna im- 
pedance at the transmitter end.2,3 The component 
value and extra line length can be found by graphic 
or numerical methods. This matching scheme is best 
explained by a quick review of certain parts of the 
Smith chart. 

intercepting the Ro circle 
A key element of the Smith chart is the resistive 

circle lying on the bisecting line and passing through 
chart center and infinite resistance. This circle is 
marked as Ro equal to Zo for a specific impedance or 
unity on a "normalized" chart." 

This simple matching method requires adding a 
line to move the measured impedance in a clockwise 
direction until the rotated impedance point intersects 
the Ro = Zo circle at either of two places. A clockwise 
rotation is marked "toward generator." Once at the 
Ro circle intersection, the new reactance may be 
read directly. 

,START 

\ 

WAVELENGTH WAVELENGTH 

fig. 1. Graphic method of finding a match. 

Matching requires adding an opposite reactance in 
series with the new end impedance. It is simply series 
resonating, so that only the resistive part remains. 
You have reached the perfect match! 

a graphical method 
Fig. 1 shows the matching scheme. Suppose you 

measure an impedance of 12917 ohms at the exist- 
ing-line transmitter end. Using a drafting compass 

'Normalized charts have all impedances divided by characteristic impe- . Anderson 0048 Lana 
dance of a line. These charts can be used with any impedance. Street, Sun Valley, California 91352 
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pivoting on chart center, draw a circle through this 
impedance point until the R o = Z o  circle is inter- 
cepted. Next, draw radial lines from chart center 
through the original impedance and each Ro circle 
intercept. Radial lines should go through the circular 
wavelength scales. 

Note the reactance component at the Ro circle in- 
tercept. In this example it's about 84.5 ohms. Calcu- 
late a capacitor and inductor value for this reactance 

4 - 8 4 . 5  

84 .5  8 4  5 

ROTA TION 

1 1 5 0  1 5 0  - - 5 0  0 

ORIGINAL ROTATED CAPACITOR FINAL 
IMPEDANCE IMPEDANCE ADDED 

fig. 2. Schematic representation of the Smith chart 

operations. 

at the original impedance-measurement frequency; 
choice of capacitor or inductor depends on the add- 
ed line length. 

Total the fractional wavelength, in a clockwise di- 
rection, from original impedance radial to each of the 
Ro circle intercept radials. Inductive-reactance side 
intercept should total 0.236 wavelength; series ca- 
pacitance is used at this intercept. Capacitive reac- 
tance intercept occurs at 0.374 wavelength, and a 
series inductor would be required here. 

The sequence of events is shown in fig. 2. Rotat- 
ing the original 12j17 ohm impedance by 0.236 
wavelength (adding a line) will make it 50+j84.5 
ohms. Adding a series capacitor of -j84.5 ohms re- 
sults in a final impedance of 50 + j O  ohms. 

The antenna hasn't changed impedance, but the 
load presented to the transmitter is now purely resis- 
tive; a better power transfer occurs. The original im- 
pedance has a 4.67:1 VSWR and may be out of the 
range of a tuner or may upset an ALC circuit. 

line lengths 
This quantity is easily determined by 

Length = k x wavelength 
x velocity of propagation/frequency (MHz) (1) 

where: K = 984 for length in feet, 
300 for length in meters 

Propagation velocity depends on the added transmis- 
sion line and would be 0.659 for common polyethyl- 
ene dielectric coaxial cable. The example in feet at 
3.9 MHz with RG-58A cable would be: 

984 X 0.236 X 0.659/3.9 
= 161.86/3.9 = 39.24 feet 

This length of line might shock 80-meter fans at to- 
day's prices. An advantage is that the added line is 
indoors; some previously used outdoor line may still 
be good. 

numerical methods 
Previously published formulas can be rearranged 

for those lacking Smith  chart^.^ Assigning Ro as the 
added line characteristic impedance and RL + j X L  as 
the original transmitter-end measurement, series 
reactance is: 

This reactance is both capacitive and inductive. It 
represents the inductive-component-side intercept 
and the added capacitor reactance. Calculation from 
the example would be: 

Line-length formula results in a phase angle, P ,  
that must be divided by 360 degrees to obtain frac- 
tional wavelength in eq. 1. 

The X term with no subscript is the value from eq. 2. 
Example calculations are: 

= tan - 1  [el = 84.89 degrees 

Dividing 84.98 by 360 gives the wavelength of 0.236, 
and eq. 1 is used for physical length. 

A rotation greater than 0.25 wavelength gives a 
negative angle for 0. Simply add 180 degrees for the 
correct angle. The reason for a negative result is that 
an arctangent result can only be within f 90 degrees. 
The negative angle represents a counterclockwise ro- 
tation. Since the Smith chart is only 180 degrees in 
circumference, adding 180 degrees to a negative re- 
sult will give a correct clockwise rotation angle. 

Suppose another measurement was 22.5950 
ohms. Numeric equations would yield X of 85.07 
ohms and 0 of - 66.92 degrees. Adding 180 degrees 
to P would give the correct 113.08 degrees or 0.314 
wavelength rotation. 

case history of 
a quick match 

A newly moved ham wanted to get on 20 meters in 
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table 1. Calculated data of the 20-meter dipole matching example. Columns marked "original" and "measured" 
are from RX noise bridge readings, others are ideal conditions. Capacitive reactance for 200 pF. Target frequency 
for optimum match was 14.15 MHz. 

F (MHz) 
original 

impedance ( VSWR 

new Z at 
12-foot 

ORIGINAL 
IMPEDANCE 

PLOT 14 4HMHz ROTATED 
IMPElUNCE 

ROTATION 
START 

ROTATION 

AT I4  15 MHz AT 14 15MHZ 

I4 OMHz 

FINAL 
IMPEDANCE 

WITH 
RDTAnON \ . 

CAPACIT[IR 
RADIAL \ 

fig. 3. Impedance plots of 20-meter dipole matching. 

a hurry with a temporary dipole. The antenna tuner 
had been mislaid and the transmitter did not seem to 
load correctly. RX noise bridge readings and calcula- 
tions showed a reasonable VSWR condition given in 
the left columns of table 1. A better match was de- 
sired at 14.15 MHz. 

Numerical calculations resulted in 61.90 ohms for 
X, 101.42 degrees or 0.282 wavelength added line. 
This translated to 181.7 pF series capacitance and 
12.92 feet (3.94 meters) of line. Smith chart plots are 
given in fig. 3 with the dash-dot line marking the 50- 
ohm intersection at 14.15 MHz. 

Two six-foot (1.83-meter) lengths of RG-58C were 
available and a junkbox search came up with two 
100-pF transmitting mica capacitors along with a 
small box having appropriate cable connectors (to 

- 55.8 
- 55.6 
- 55.5 
- 55.3 I"' 

1 
ideal new Z 

29.0- j16.1 
31.7 - 19.8 
37.7 -j3.9 
45.2 +j1.4 
60.7 +j2.4 
80.7 -j8.6 
93.7 - 130.5 
90.55i58.0 

+ X c  
VSWR 

measured 
impedance VSWR 

26.6- j22.1 2.35 
30.3- 115.3 1.88 
32.7 -j8.6 1.60 
39.7 -j3.5 1.28 
47.0 +j1.0 1.07 
62.0 +jl.O 1.24 
78.8 -19.6 1.52 
90.9- j28.7 2.07 
90.1-j56.1 2.68 

house the capacitors). HP-67 calculator work indi- 
cated this combination should do well.5The ideal ro- 
tation plus series capacitance is plotted in fig. 3; 
ideal and actual results are in table 1. Total time for 
measurement and matching took half of a Sunday 
afternoon. 

This type of match is no substitute for a good an- 
tenna tuner but shows what can be done quickly and 
with fixed components. The rotated impedance in 
fig. 3 is slightly more than 90 degrees away from the 
original. Plot points of the ideal case are on each resis- 
tive-part locus, differing only by the series reactance. 

applications 
Monoband mobile work seems the best application 

for this simple matching scheme. Restricting the fre- 
quency to phone bands permits matching to within 
2: l  VSWR. A fixed series reactance should survive vi- 
bration better than a variable tuner; it should be in a 
sturdy metallic box since both ends are above ground. 
Added cable can be tucked away in the trunk or be- 
hind seat backs. Do not put any cable under adjust- 
able seats; slashed cable is the invariable result. 

Although a simple technique, the method requires 
accurate measurement and calculation.6~~ 
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transmission-line 
circuit design 

Using distributed 
resonant circuits for 

u hflvhf transmission lines 

In part 1 of this article (ham radio, November, 
1980) 1 addressed the governing expressions for cal- 
culating resonant transmission-line parameters. 
Included were data on design relationships such as 
efficiency, coupling, and resonating capacitance. 
Programs for the Hewlett-Packard HP-67/97 calcula- 
tor were detailed using the HP-97 printer capability. 

This part of the article examines the geometry of 
the first four configurations of twelve different trans- 
mission lines in common use at 50 MHz and above 
(50 MHz is not a lower limit, however). The param- 
eters for resonant-circuit design are described for: 

1. Coaxial lines. 

2. Parallel plates. 

3. Parallel wires in air. 

4. Single wire over a plane. 

Subsequent issues of ham radio will present similar 
data on the remaining transmission-line configura- 
tions. 

line configurations, graphs, 
and calculator programs 

The critical parameters of the twelve transmission- 
line configurations previously identified in fig. 1 (ham 
radio, November, 1980) are described. Graphic solu- 
tion of characteristic impedance, Zo, as a function of 
the physical geometry of each line is given where 
practical. Also HP-67/97 calculator programs are 
provided for each line configuration, permitting rapid 
solution for the selected variables or variables. For 
most cases the programs are written to permit the re- 
verse solution to be calculated, thereby checking 
both accuracy of data entry and program. 

The programs are not optimized to minimize steps. 
In all cases the 224 steps available in the HP-67/97 
are sufficient to calculate the desired results. In some 
cases, more than one line configuration can be pro- 
grammed on a magnetic card. The final choice rests 
with each user as to exactly what line configurations 
are grouped together to satisfy design requirements. 

Following each program is a table that shows 
which registers are used in the program and what 
they contain. Tables indicating how the program is 
controlled are included and, where useful, a sample 
problem is given. References give the source data 
from which the transmission-line parameters were 
calculated. 

This is the basic transmission-line configuration 
used in resonant circuits. The governing equation for 
transmission-line parameters (reference 4) is: 

I 
where Zo = transmission line impedance (ohms) 

E, = dielectric constant (air = 1)" 
D = inside major diameter 
d = outside minor diameter 

Fig. 8 shows the graphical relationship of D / d  ver- 
sus Zo for Zo between zero and 300 ohms. These 
values were calculated for the HP-67/97 program 
shown in table 8. The storage register contents are 
in table 9; program control is in table 10. The pro- 
gram assumes that the dielectic constant, f,, is 1.0; 
that is, c, is equal to air if no value is entered. 

By H.M. Meyer, Jr., WBGGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
90274 
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parallel plates 

*/1'01 

table 9. Register contents 
for HP-67/97 program for 
calculating D / d  and 2, for 
coaxial lines. 

-1 S T 0  2 

table 10. HP-67/97 program control for calculating D / d  and 
ZOfor coaxial lines. 

enter c, press A 
calculates 2, 

enter D press ENTER ( 1 )  
enter d  press B 

calculates ~ / d  
enter Z, press C 

calculates 2, 
enter D / d  press D 

Note: If no value for r, is entered, program assumes c, = I =air .  

Table 8. HP-67/97 program for calculating D/d and Zo for 

( I / ~ l Z O  

This baseline configuration is often used with vac- 
uum tubes. It is also used as a baseline geometry in 
calculating striplines between and over a ground 
plane. It is important to note that fringe and distrib- 
uted capacitance effects, which can introduce sub- 
stantial errors, are not considered. In addition, the 
thickness of the lines is assumed to be zero. 

The governing equation (reference 4) as shown for 
this configuration is: 

coaxial lines. 

step HP-97 HP-97 
key code 

1 'LBLA 21 11 
m? fl 54 
W ST00 3 5 m  
W RTN 24 
W ' LBLB 21 12 
&% - -24 
m7 'LBL1 2101 
W ST01 3501 
@9 LOG 1632 
010 1 01 
011 3 03 
012 8 08 
013 x -35 
014 PCL0 36@ 
015 X = 0? 16-43 
016 GSB2 2302 
01 7 - -24 
018 ST02 3502 
019 RTN 24 
020 'LBLC 21 13 
IM1 35 @ 

022 'LBL4 21 04 
023 RCLQ 36@ 
024 X =  0? 16-43 
025 GSB3 2303 

125 150 175 200 225 250 275 

5 - - 

- 

' 0  25 50 75 I00 125 150 

where Zo = line impedance (ohms) 
w  = line width 
t = minimum distance between lines 

w / t > l . O  

step HP-97 HP-97 
key code 

026 x -35 
027 1 01 
028 3 03 
029 8 08 
@30 i - 24 
031 l@ 1633 
032 STOl 3501 
033 RTN 24 
034 'LBLD 21 14 
035 ST01 3501 
036 ~ ~ 0 1  22 01 
037 ,LBLP 21 03 
038 R1 -31  
039 1 01 
040 ST00 35 @ 
041 + - 24 
042 ST02 3502 
043 RIS 5 1 
044 'LBL3 21 03 
045 1 01 
046 35 @ 

047 R1 -31 
048 GT04 2204 
049 RIS 5 1 

300 
100 

50 

P 

20 

. I0 
175 

Table 11 is the program for the HP-67/97, table 12 
shows the storage registers used, and table 13 
shows program control. Fig. 9 shows the relation- 
ship of w / t  with respect to Zo. The program assumes 
E? = 1  if no value is entered. 

C l / ~ J Z O  

fig. 8. Characteristic impedance of coaxlal lines. 

* 



Table 11. HP-67/97 program for calculating Zo and w / t  for 
parallel plates. I 

f l  
STOl 
RTN 

'LBLB 
S TO2 

*LBL1 
RCLl 

X = % ?  
GSB9 

X 

3 
7 
7 
- 

lox 
S TO3 

RIS 
'LBL9 

1 
STOl 
RCL2 
GTOl 

* LB LC 

I 

- - 

- - 24 
ST03 35&3 

'LBL4 21 04 
LOG 1632 

3 M 
7 07 
7 07 
x - 35 

ST04 3504 
*LBL2 2102 
RCLl 3601 
x = n 16-43 
GSB8 2 3 @  

- - 24 
ST02 35&? 

RIS 51 
"LBL8 21 @ 

1 01 
STOl 3501 
RCL4 3604 
GT02 2202 

*LBLD 21 14 
ST03 35&3 
ST04 22 04 

RIS 51 

step HP-97 HP-97 
key code 

800 

700 - 

600 - 

500 - 

0 ' 400 - 
: 

300 - 

10 50 10 so 100 

I / !  

fig. 9. Parallel plate w / t  versua Zo. 

step HP-97 HP-97 
k @ ~  code 

- - - -- - 

table 12. Register contents 
for HP-67/97 program for 
calculating Z, and w / t  for 
parallel plates. 

ST0 2 
S T 0 3  w / t  
S T 0 4  INTERIM 

table 13. HP-67/97program control for calculating 2, and w/ t  
for parallel plates. 

enter c, press A 
calculates w / t  

enter Z, press B 
calculates Z, 

enter W l t  press C 
calculates Z, 

enter w / t  press D 

Note: If no value for c, is entered, program assumes c, = I =air.  

+ - o +  

parallel wires in air 0 _e 
d <co 

O T 

This is the classic balanced transmission line. It is 
included here for completeness. The exact equation 
(reference 4) is: 

where D = center-to-center spacing between lines 
d = outside diameter of each line 

Z o  = line impedance (ohms) 
Fig. 10 is a plot of line impedance versus ratio D / d .  

Table 14 shows the HP-67/97 program for calculat- 
ing either the Zo or D / d  values depending on the 
available data. Table 15 shows the storage register 
content used for the program; table 16 shows pro- 
gram control. 

To calculate cosh - 1  D / d ,  the following was used: 

in calculating the converse, assume cosh- = a, 
then: 
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2 0  

350 400 450 500 550 600 650 700 

5 - 

D 

9 

- 2 0  

' 0  50 100 150 2 0 0  250 300 350 

-'a 

fig. 10. Characteristic impedance of parallel lines. 

single wire over a plane rW7 

table 15. Register contents 
for HP-67/97 program for 
calculating Z, and D / d  for 
parallel lines in air. 

pzjr-1 
ST0 3 

table 16. HP-67/97 program control for calculating 2, and 
~ / d  for parallel lines in air. 

calculates D / d  
enter Z, press A 

calculates Z ,  
enter D / d  press B 

calculates Z, 
enter D 
enter d  press D 

Table 14. HP-67/97 program for calculating Zo and D/d for 

This configuration is often used for resonant cir- 
cuits to 2 GHz and as the main element of filters in 
local-oscillator chains. The governing equation (ref- 
erence 4) is: 

parallel lines in air. 

step HP-97 HP-97 
key code 

0 1  'LBLA 2111 
W ST00 3 5 0  
ax3 1 01 
W 2 02 
m 0 W 

- W - 24 
e437 ex 33 
W ST02 3502 
m!3 X* 53 
010 1 01 
011 + - 55 
012 RCL2 3602 
013 2 02 
014 x - 35 
015 - - 24 
016 ST03 3503 
01 7 RIS 51 
018 *LBLB 21 12 
019 ST03 3503 

where Zo = line impedance (ohms) 
E ,  = dielectric constant 
h = centerline height above the plane of the 

wire 
d  = wire diameter 

Fig. 11 depicts Zo versus h / d  for a nominal range of 
values. Table 17 is the HP-67/97 program for calcu- 
lating Zo or h / d  or, given h and d, calculating Zo. If E., 
is not given the program assumes 6, = 1; that is, air. 
Table 18 shows the storage registers used for the 
program; table 19 indicates program control. 

HP-97 HP-97 
key code 

- 

020 *LBL1 21 01 
021 X* 53 
022 1 01 
023 - - 45 
024 fl 54 
025 RCL3 3603 
026 + - 55 
027 L N 32 
028 1 01 
029 2 02 
030 0 O 
@31 -35 
032 ST00 35 O 
W33 RIS 51 
034 *LBLC 21 13 
035 - - 24 
W36 ST03 3503 
037 GTOl 2201 
038 RIS 51 
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In the next series, to be published in a subsequent 
issue, I shall discuss the geometry and resonant- 
circuit design of the following line configurations: 

1. Circular wire between planes. 

2. Parallel wires over a plane. 

3. Circular wire in an open trough. 

4. Parallel wires between planeslrectangular box. 

reference 
4.  Reference Data for Radio Engineers, ITT Corporation, 5th Edition, 1968 
(included in subsequent editions). 
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table 18. Register contents 
for HP-67/97 program for 
calculating Z, and h / d  for a 
wire over a plane. 

ST0 2 
ST03  INTERIM 
ST0 4 

table 19. HP-67/97 program control for calculating Z, and 
h / d  for a wire over a plane. 

enter c, press A 
calculates Z, 

enter h  press ENTER 
enter d  press B 

calculates h / d  
enter 2, press C 

calculates 2, 
enter h / d  press 0 

Note: If no value fort ,  is entered, program assumes t ,  = 1 =air. 

Table 17. HP-67/97 program for calculating Z,, and h/d for a 

I ! / ~ J Z O  

105 I20 135 150 165 180 195 200 
10 

0 5  - 

3 D 

* 

wire over a plane. 

step H P-97 HP-97 
key code 

1 'LBLA 21 11 
@ ST00 3 5 M  
a f l  54 
W ST01 3501 
W RTN 24 
W *LBLB 21 12 
@7 - - 24 
4#W 'LBL1 21 01 
Oers ST02 3502 
010 4 04 
011 X - 35 
012 LOG 1632 
013 1 01 
014 3 03 
015 8 M 
016 x -35 
017 ST03 3503 
018 *LBL2 21 02 
019 RCL1 3601 
020 X = 0? 16-43 
021 GSB9 2309 
022 - - 24 
023 ST04 35 @4 
024 RIS 5 1 
025 *LBLC 21 13 
026 ST04 3504 
027 1 01 

01 

step 
HP-97 HP-97 
key code 

028 3 03 
029 8 M 
030 - - 24 
031 ST03 3503 
032 *LBL3 21 03 
033 RCLl 3601 
034 X = 0? 16-43 
035 GSB8 2 3 M  
036 x -35 
037 1C 1633 
038 4 04 
039 - - 24 
@40 35 @ 

041 RIS 5 1 
@42 *LBLD 21 14 
043 GTOl 2201 
044 *LBL9 21 8 

1 01 045 
046 ST01 3501 
047 RCL3 3603 
048 GT02 2202 
049 *LBL8 2 1 M  
6 0  1 01 
6 1  ST01 3501 
6 2  RCL3 3603 
6 3  GT03 2203 
6 4  RIS 51 

I 0  
0 15 30 45 60  75 90 105 

!1/-,'7C 

fig. ll.Zoversus h / d  for a wire over a plane. 
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ham radio 

We are happy to introduce a new department in ham radio by 
one of the most respected and knowledgeable Amateurs in the 
world. Bill Orr started his Amateur career in 1934, when he obtained 
his first license, WZHCE. He has been a prolific contributor to the 
Amateur literature, having authored more than 100 magazine articles 
and many books. Perhaps his most famous works are The Beam 
Antenna Handbook and Radio Handbook, of which he is the 
editor. Bill's literary style is friendly and easy to read and understand. 
We hope our readers will enjoy this series of articles, which will con- 
tain technical topics of general interest to Radio Amateurs. Editor 

Happy New Year 1981! What will the 
New Year bring to Amateur Radio? 
We have the prospect of the new 10- 
MHz band in the near future and the 
probability that the 160-meter band 
will be expanded as the Loran-A 
equipment is deactivated. And, the 
sunspot cycle will continue its inex- 
orable decline. 

You probably won't notice much 
deterioration in DX conditions on the 
high-frequency bands this spring, but 
you might find that 10 meters is 
noticeably less "DX-y" this coming 
fall. And by spring, 1982, the slump in 
10-meter openings should be quite 
apparent. So enjoy 10 while you have 
the chance. Pay attention to  6 
meters, too; it might be a long time 
before 6 meters shows the long-dis- 
tance communications that seem to 
be almost a daily occurrence these 
past years. 

the popular triband 
Yagi beam 

This column discusses the triband 

Yagi beam for 20, 15, and 10 meters. 
This well-known design is used (with 
impressive results) by many DXers, 
and it's an inexpensive and effective 
antenna that's not too big. 

The modern triband Yagi was de- 
veloped from a multifrequency dipole 
invented and perfected by Howard K. 
Morgan, Superintendent of Commu- 
nications, Transcontinental and 
Western Airline, Inc. The require- 
ment of the airline (the grandfather of 
the modern TWA) was for a simple, 
multifrequency antenna that would 
provide good reception of various air- 
craft frequencies at ground commu- 
nication stations. The multifrequency 
dipole devised by Morgan was des- 
cribed in the August, 1940, issue of 
Electronics, and the original drawing 
from that article appears in fig. 1. 

The Morgan antenna consisted of a 
center-fed dipole with the end insula- 
tors replaced by parallel-tuned cir- 
cuits. Extra wire sections were added 
beyond the circuits so that the dipole 
was again resonant at a lower fre- 
quency. 

BY WILLIAM I. ORR, W6SAI 

For example, if the center dipole 
section is cut for 21.2 MHz and the 
parallel-tuned circuits (commonly 
called traps) are tuned to 21.2 MHz, 
the dipole works in a normal manner; 
the very high impedance of the reso- 
sulator. Wires that have been added 
after the traps have little, if any, 
effect on antenna operation at, or 
near, 21.2 MHz. 

If wire sections are added after the 
traps are cut to the proper length, the 
overall antenna system will resonate 
at a lower frequency, say, 14.0 MHz. 
The presence of the tuned circuits 
affects the length of the antenna, so 
resonance is obtained at 14.0 MHz 
with an overall antenna length some- 
what shorter than normal. A typical 
antenna is shown in fig. 2C. The 
traps act as electrical switches that 
are either open or closed, depending 
on the frequency of operation of the 
antenna. 

Morgan's article pointed out that 
antennas for operation on as many as 
four different frequencies had been 
built successfully. Finally, the article 
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provided detailed information con- 
cerning adjustment of the traps for 
proper antenna operation. 

resurrection of the 
multiband dipole 

Morgan's multifrequency antenna 
died a quick death. Here was the 
perfect antenna for operation on the 
various Amateur high-frequency 
bands; the traps were easy to build 

and adjust, low-impedance transmis- 
sion line was readily available, yet no- 
body carried the idea forward. With 
the coming of World War II and the 
ban on Amateur Radio, the rnulti- 
band-antenna principle fell by the 
wayside. 

It was not until after the war that 
the concept of rnultiband operation 
surfaced again, in a design by 
Chester Buchanan, W3DZZ, des- 
cribed in the December, 1950, issue 

b- - . - - - - - - - - - - - - -. - - - - - - - - - - - 
In~u/atbr 

b.. . . . - - - ---- - -. --. .. .- --.-. ..-- .-- -. .- .. ..-- --.-..- --  -. fx - - . - - - -. - . . - . - - . . . - - . . - - - -. . . . - . - - - f3 rl 
4 

b- - - . . - . - - - f* .-.------ zl 
k- fi -4 

v 
fig. 1. The original illustration in the issue of Electronics magazine depicting the trap 
dipole scheme evolved by Howard K. Morgan. The multifrequency antenna was original- 
ly designed for ground-station reception in the aeronautical service. Parallel-tuned trap 
circuits served as insulators at the resonant frequency of trap and antenna. 

of Radio and Television News. 
Buchanan described a dual-band 
beam for 10 and 20 meters using 
trapped elements. He also provided 
the first complete description of how 
the trapped antenna worked. His final 
beam design, known to many DXers 
as the "W3DZZ beam," was fully 
described in OST, for March, 1955. 

how the triband 
beam operates 

Frequency-sensitive "switches" 
are the operating secret of the tri- 
band beam. The switches consist of a 
capacitor and inductance connected 
in parallel. This is a simple parallel- 
tuned circuit, which provides a very 
high impedance across the terminals 
at the resonant frequency. 

The actual value of the impedance 
is the reactance of the coil times its 
Q, ( Q x  a). If the value of Q is high 
(Q being the electrical excellence of 
the coil), the circuit works as a high- 
impedance insulator at the circuit 
resonant frequency. 

The curve in fig. 20  shows that the 
off-frequency reactance of the circuit 
is quite small: inductive at frequen- 
cies lower than resonance and capa- 
citive at frequencies higher than 
resonance. 

When the trapis placed in an anten- 
na, the equivalent circuit of the an- 
tenna above and below resonance is 
shown in fig. 2C. 

On 15 meters the center portion of 
the antenna works as a dipole with 
trap "insulators" tuned to 15 meters. 
When the antenna is used on 20 
meters, the inductive reactance of 
the traps is quite low, and they act as 
loading coils. The wire length 
between the traps is cut so that the 
wire, plus the loading coils, is reso- 
nant at 20 meters, in conjunction with 
the center section. 

Thus, on 20 meters, the trap dipole 
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fig. 2. Operation of tuned trap for 20-15 
meter, two-band dipole antenna. A: Equiv- 
alent circuit of antenna and trap at some 
frequency above resonant frequency of 
trap. Trap "looks like" a series capaci- 
tance. B: Circuit of antenna and trap at 
some frequency below resonant frequen- 
cy trap. Trap "looks like" series induc- 
tance. C: At trap resonance, trap acts as a 
very high-impedance - the equivalent of 
an insulator. Examples given are for a trap 
tuned to 21.2 MHz (15 meters). D: Impe- 
dance chart of 15-meter trap showing 
reactance curve through the 14-28 MHz 
region. At 14 MHz the coil is the dominant 
component of the trap, and at 28.5 MHz 
the capacitor is the dominant component. 
Antenna is resonant at 14 MHz but is not 
resonant at 28.5 MHz. An extra set of traps 
is required for 10-meter operation, as 
shown in fig. 3. 

element, the inner section and inner 
traps are resonant at 10 meters, the 
middle portion of the antenna and 
associated traps are resonant at 15 
meters, and the whole antenna 
assembly is resonant at 20 meters 
(fig. 3). 

trap performance 
The trap is the heart of the triband 

antenna. A good trap will have 
reasonably high Q and must be 
waterproof. Many Amateurs make 
their own traps for triband dipoles1 
from an airwound inductance and a 
transmitting-type ceramic capacitor. 
The trap is placed in a waterproof 
housing. 

Commercially made traps for tri- 
band beams are more sophisticated 
and are designed for mass produc- 
tion. The two traps in one section of 
an element may be combined into 
one structure, as shown in fig. 4. 
This arrangement provides a compact 
and rugged assembly. 

No reliable information exists, as 
far as I know, as to the actual gain of 
a triband beam compared to a full- 
size antenna. Admittedly, the perfect 
trap has not yet been built, so some 
power is lost in each trap. In addition, 
on the two lowest bands, the antenna 
elements are not full size, so addition- 
al power is lost because of the re- 
duced element length. This power is 
lost in the trap, which acts as a load- 
ing coil. 

On the whole, the tribander design 
is good. The triband Yagi beams on 
the market work, and work well, 
judging from the number of DXers 
who use them and the robust signals 
they put out. 

triband-beam bandwidth 
One specification in which the tri- 

band beam suffers is bandwidth. On 
is considerably shorter than normal 10 meters, where the inner set of 
due to a portion of the antenna being traps act as insulators, the bandwidth 
duplicated by the series inductance of of the triband Yagi compares favora- 
the traps - the antenna is nonreso- bly with that of a conventional 10- 
nant on 10 meters unless extra traps meter Yagi beam. On 15 and 20 
are added. meters, operational bandwidth is 

To put it all together, in a triband somewhat restricted, because a por- 

tion of the element on each band is 
made up of the trap (or traps) for the 
higher-frequency band. 

Then, too, some triband beams are 
built on shorter-than-normal booms 
to conserve space. This compromise 
further reduces operating bandwidth 
(and gain) - especially on 20 meters. 

A set of representative SWR curves 
for a triband Yagi and a full size 20- 
meter Yagi is shown in fig. 5. Both 
beams are built on 20-foot (6-meter) 
booms. Observe that the 20-meter 
bandwidth of the tribander suffers in 
comparison with the full-size 20- 
meter beam, but bandwidth improves 
on 15 meters, and is equal for both 
antenna designs on 10 meters. This is 
of little consequence to the Amateur 
having a tube-type final-amplifier 
stage with an adjustable output net- 
work, but it poses a problem to those 
who have a solid-state output stage 
that requires an antenna with a low 
standing wave ratio. 

One way around this problem is to 
build an SWR "flattener" that will re- 
duce the SWR on the line at the 
transmitter end of the line (fig. 6). 
This simple matching network is 
placed between the coaxial line to the 
antenna and the station SWR meter. 
The capacitors and number of coil 
turns are adjusted for lowest SWR on 
the operating band. It can be easily 
adjusted for near-zero SWR at any 
point in the 10, 15, or 20-meter bands 
by tuning the controls for minimum 
SWR as observed on the meter. The 
settings can be logged for future use. 

is a triband Yagi 
beam practical? 

Based on personal observations 
over the years, the answer to this 
question is yes. If you have a well- 
made tribander, you have the tremen- 
dous advantage of three-band opera- 
tion with one relatively small antenna. 
I've used a triband Yagi for years, al- 
ternating with a full-size 20-meter 
beam, on occasion. As far as working 
DX goes, I can do equally well with 
either antenna, and I notice no differ- 
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ence between the three-band design 
and the single-band beam. 

Common sense and measurements 
made on the triband Yagi tell me that 
it isn't as efficient as the full-size 
beam. The bandwidth is somewhat 
restricted, and the front-to-back ratio 
isn't quite up to snuff, particularly on 
15 and 10 meters. But these com- 
plaints fade away when I consider the 
convenience of working three bands, 
and the fact that I can compete in DX 
work and get reports that are just 
about equal to those of others in the 
area. 
Tests. Before I installed the tri- 
bander, I wouldn't have believed this, 
as I took the traps into the company 
laboratory and measured the Q on a 
precision meter. A trap that I made 
out of the best materials available 
(air-wound, silver-plated, copper coil 
and a transmitting-type ceramic 
capacitor) provided a Q of over 300 at 
30 MHz. 

The Q of the commercial trap, 
measured at 30 MHz, was only about 
180. This so discouraged me that the 
triband beam sat in my garage in the 
original box for about a year. Finally, 
deciding to see for myself how the 
antenna performed, the 20-meter 
Yagi came down, and the tribander 
went up in its place. Despite my mis- 
givings, the triband worked, and 
worked well. 

Some of my engineering colleagues 
sniffed in disdain at my unscientific 
test and were unmoved when I beat 
them out in a DX pileup. "Pure 
luck," was their conclusion. 

Well, I don't know about that. 
Luck and operating skill surely are 
factors to be reckoned with. But if 
the antenna doesn't work, all the luck 
and operating skill in the world are to 
no avail. 
Power transfer. It's true that some 
transmitting power is lost in the traps. 
I have a telescoping tower and can 
reach the traps in my antenna from slightly warm to the touch. Obvious- 
the garage roof when the tower is re- ly, some rf power is being converted 
tracted. Running a kilowatt input for to heat in the traps. Other hams (hav- 
lominutes, key down (when the band ing more ego than common sense) 
is dead!) results in the traps being have attempted running excess 

power to a trap Yagi beam and have 
damaged the traps. 

In conclusion, then, a good trap 
Yagi beam is an acceptable compro- 
mise for the Amateur who wants 

table 1. Data for the G3LDO wire-beam antenna. All dimensions are in  inches and are 
for insulated wire; multiply by 1.04 for uninsulated wire. Dimension C is approximate. 

driven 
band reflector element A B C D 

20 452 41 7 245 263 180 33 
15 302 279 1 54 1 66 113 22 
10 225 208 114 1 22 85 15 

2 6 ' 4 "  1 8 M )  

I N S U L A T O R  

A = 1 6 ' 4 "  1 5 M I  ANY L E N G T H  
a = 1' 9 - 1 / 2 "  f 5 4 . 6 c m J  
C  = 2 '  1 0 - 1 / 2 "  1 8 7  6 c m l  

fig. 3. A triband element for 20, 15, and 10-meters. Dimensions are given for no. 16 
(1.3mm) antenna wire size (not critical). Each trap is resonated t o  the design frequen- 
cy before it is installed i n  the antenna. Length of each trap is about 2 inches (51 mml.  
Small ceramic or mica capacitors, rated at 3 kV, are used, which should have zero 
temperature coefficient. 

C Y L I N D R I C A L  P L A S T I C  
C A P A C I T O R  R A I N  CAP 

f ig. 4. Typical trap construction. A: 
Single trap composed of inductor con- 
nected in parallel w i th  cylindrical ca- 
pacitor. The capacitor serves as an 
outer shield for the inductor and pro- 

I N S U L A T E D  
vides capacitance between cylinder 

C O I L  F O R M  and coil. End of assembly is sealed 
E L E M E N T  against weather w i th  a plastic rain cap. 
P L A S T I C  R A I N  C A P  P L A S T I C  B:  Dual, two-band trap composed of 

R A I N  CAP 
t w o  coi ls mounted w i th in  a single 
cylindrical capacitor. Number of turns 
on coils and placement within cylinder 
determines effective capacitance. Ends 
of assembly are sealed w i th  plastic rain 
caps. Connection between coils and 
cylinder is made at center junction of 
inductors. 
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three-band operation. If a solid-state 
transmitter is used, an SWR "flat- 
tener" will prove helpful in making 
the transmitter perform at top effi- 
ciency. 

- 

the G3LDO wire 
While on the subject of Yagi anten- 

nas, the interesting design by G3LDO 
is worth considering.2 Experiments 

2.6 

2.0 

g 1.6 

IN/OUT IN/OUT 

fig. 6. Simple SWR "flattener" for coaxi- 
al Ilne. Capacitors are single-spaced re- 
ceiving types for powers to 260 watts. 
Mica compression units can be used 
for low power. inductor consists of 15 
turns. 1-inch (26.4mm) diameter and 2 
inches (5lmm) long. Tap to coil is 
through a ceramic, single-pole rotary 
switch, such as Centralab 2601 (two to 
six positions. nonshortlng). The coil is 
tapped about every other turn. Wire tap 
can easily be soldered to coil by depres- 
sing turn on either side of tap with 
screwdriver to allow tap wire to pass 
around a turn of the coil (coil may be a 
B&W mlnlductor or equivalent). Net- 
work is symmstrlcal; either terminal 
may be used for Input or output. 

* 

r 
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fig. 5. SWR bandwidth curve of typical 
triband Yagi beam is quite sharp on 20 
meters. approaching 2 at band edges. 
A three-element, full-size Yagi exhibits 
a more moderate SWR curve for the 
same frequency span. On 15 meters, 
trlbander bandwidth is somewhat im- 
proved and is essentially equal to full- 
size Yagi on the 10-meter band. 

were run on 144 MHz with wire 
beams, and G3LDO came up with the 
interesting observation that the reso- 
nant length of a wire element de- 
pended upon the insulation on the 
wire. Uninsulated copper wire and 
enamel-coated copper wire provided 
I ,  normal" dimensions, whereas insu- 
lated copper wire (hookup wire) had 
a velocity factor of about 0.965. The 
insulation on the tested wire was PVC 
(polyvinyl chloride). 

Based on this information, G3LDO 
built a test beam on 2 meters, and 
then a larger model for 10 meters 
(fig. 7 ) .  He found that bending the 
elements back in the plane of the 
antenna caused an increase in the 
resonant frequency of the bent ele- 
ment and also resulted in a drop in 
gain. The solution was to fold the 
elements back in umbrella fashion, 
with the ends of the elements form- 
ing guys for the bamboo or fiberglass 
support structure. Dimensions for the 
beam are given in table 1. The per- 
formance of this simple and inexpen- 
sive wire beam was equal in every 
way to a standard equivalent design 
using full-size elements. This looks 
like a good antenna design for the 
ham who has a problem locating 
aluminum tubing. 

a TVI filter for 
the 6-meter operator 

Do you have a problem with 6- 
meter operation? It's a tough deal, 
what with TV channel 2 only a few 
megahertz away. Filters that can pro- 
tect channels 2 and 3 (and provide at- 
tenuation of TV garbage in the 6- 
meter receiver) are hard to find. 

My attention has just been directed 
to a new filter that will be of interest 
to all &meter operators. It is the 
Unadilla/Reyco Interfilter, specifically 
designed for 6 meters. It's rated for 
full Amateur power over the range 
50-52 MHz and provides over 63 dB 
attenuation at TV channel 3. (Attenu- 
ation at channel 2 is somewhat less.) 
For full information on this interesting 
filter, write UnadillaIReyco, 6743 
Kinne St., East Syracuse, New York 
13057. 

references 

1. Design and construction of trap antennas is 
covered in detail in Simple Low-cost Wire Antennas, 
by the author of this column. Available from Ham 
Radio's Bookstore for $6.95. 
2. This material is abstracted from Radio Communi- 
cations, a publication of the Radio Society of Great 
Britain, 35 Doughty Street, London WClN 2AE, 
England. 

ham radio 

X INSULATOR 
Z =  NYLON CORD 

OR1 VEN 
ELEMENT REFLECTOR 

PLAN V I E W  

FlaER SUPPORTS 

GENERAL CONSTRUCTION DETAILS 
W I T H  DIMENSION REFERENCES 

fig. 7. The G3LDO wire beam antenna for 10. 15. or 20 meters. Framework consists 
only of vertical mast and four bamboo or glass fiber support rods. Antenna is fed with 
coaxial line at midsection of driven element. Dimensions are given in table 1. 
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::MORY - 
Descr ip t i on  

"08 1K x 8 Eprom 
"16/2516 2K x 8 sv s i n g l e  supply 
14/91 14 1K x 4 S t a t i c  

1127 4K x 1 Dynamic Ram 
17/41 16 16K x 1 Dynamic Ram 

"32-6 32K €prom 

MRF472 
P r i c e  - 12.5 VDC, 27 MHZ 

$ 5.00 4 wat ts  output ,  10 dB ga in  

P.U.'s, Etc. 

6 9 0 0 ~  M i  croprocessor 9.99 
6882 1 P P I A  6.99 
336845~ CRT Contro l  l e r  25 .OO 
;;6850P AC l A  4.99 
;;6852P SSDA 5 .OO 
,108- I M i  crop rocessor 5.00 
N80A M i  crop rocessor 5 .OO 
NO A Microprocessor 10.99 
110 Microprocessor 8 99 
NOA P I0 9-99 
33 0 S 10/0 22.50 
10 S I O / I  22.50 
"2 8 B i t  input /output  p a r t  3.99 
"I Communication In te r face  6.99 
RI 6 0 2 / ~ ~  5- 10 13 UART 6.99 
HS 1000NL Four B i t  Microprocessor 4-99 
' 1 4828 PS AT  5 .99 
5 7  DMA Contro l  l e r  8.99 
141 64 x 4 FIFO 3 .OO 
fl5316/~3817 Clock w i t h  alarm 5.99 
v41 60.00 
R 48 8 B i t  Microcomputer w i t h  

programmable/erasable EPROM 60.00 
33 1408L/6 6 B i t  D/A 3.25 
NM2502 9.99 
NM260 1 9.99 

9.99 $1.69 each 
5 .OO 
2.99 C A R B I D E  C i r c u i t  Board D r i l l  B i t s  
5 .OO f o r  PCB Boards 

39.95 $ mix f o r  $5.00 

RYSTAL F l LTE RS 
nco 001-19880 Same as 2194F 
N.7 MHz narrow band 
dB bandwidth l5KHz min, 

1) dB bandwidth 60 KHz min. 
II dB bandwidth 150 KHz min. 
l l t imate 50 dB i n s e r t i o n  loss 1 dB max. 
i ipple 1 dB max. C t .  Oi-/-5 p f  3600 Ohms . . 

$3.99 each 

?IF454 Same as ~RF458 12.5 VDC, 3-30 MHz 
117.95 each 80 Watts output ,  12 dB gain 

NO ORDERS UNDER $10 

More Details? CHECK- OFF Page 110 

MU RATA CE RAM l C F l LTE RS 
SFD 4550 455 KHz $2.00 
SFB 455D 455 KHz 1.60 
CFM 455E 455 KHz 5.50 
SFE 10.7 MA 10.7 MHz 2 99 

ATLAS CRYSTAL F l LTE RS FOR ATLAS 
HAM GEAR 

5.52 - 2.7/8 
5.595 - 2.7/8/U 
5.645 - 2.7/8 
5.595 - .500/4/CW YOUR CHOICE 
5.595 - 2.7 USB $12.99 each 
5.595 - 2.7/8/L 
5.595 - 2.7 LSB 
2.0 - USB/CW 

J3 10 N-CHANNEL J - FET 450 MHz 
Good f o r  VHF/UHF Amp l i f i e r ,  
O s c i l l a t o r  and Mixers. 3/$1 .OO 

AMPHENOL COAX RELAY 
26 VDC C o i l  SPDT #360-11892-13 
100 w a t t s  Good up t o  18 Ghz 
$19.99 each 

78M05 Same as 7805 but on ly  3 Amp d 
$ VDC 4 9 ~  each o r  10/$3 .OO 

NEW TRANSFORMERS 
F-18x 6.3 V C T  @ 6Amps $6.99 eat 

F-46X 24V @ lAmp 5.99 
~ 4 1 X  25.2VCT @ 2Amps 6.99 
P-8380 IOVCT @ 3Amps 7 099 
P-8604 2OVCT @ lAmp 4.99 
P-8130 1 2 . 6 ~ ~ ~  @ 2Amps 4.99 
K-32B 28vCT Q 100 MA 4.99 
€30554 Dual 1 7 V  @ lAmp ea. 6.99 

E IMAC F INGER STOCK #Y-302 
36 in. long x & in .  $4.99 each 
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1857JAN $ 2.50 
'949 3.60 
'947 15.00 
!950 4.60 
:375 8.00 
1553 1.57 
1818 5.00 
1866 1 .OO 
1866JAN 2.50 
1866JANTX 4.00 
925 10.00 
948 2.00 
950 25 .OO 
95 9 3 .oo 
960 J ANTX 10.00 

+Q7 2 1.60 
A27 1 . I 0  
1142 9 7 .OO 
m.8 7 7 I .OO 

NE555V TIMERS 
39e each o r  10/$3.00 

NEW DUAL COLON LED 
69e each o r  
10/$5 .OO 

HEPI70 1 O O O P I V  
2.5 Amps 2 5 ~  each o r  

ORDERING INSTRUCTIONS 
Check, money order ,  o r  c r e d i t  cards 

welcome. (Master Charge and V I S A  only) 
No personal checks o r  c e r t i f i e d  personal 
checks f o r  f o re ign  countrys accepted. 
Money order  o r  cashiers check i n  U.S. 
funds only .  L e t t e r s  o f  c r e d i t  are not 
acceptable. 

Minimum shipping by UPS i s  $2-35 w i t h  
insurance. Please a l l ow  ex t ra  shipping 
charges f o r  heavy o r  long items. 

A l l  p a r t s  returned due t o  customer e r r o l  
w i l l  be subject  t o  a 15% restock charge. 

I f  we are out  o f  an i tem ordered, we 
w i l l  t r y  t o  replace i t  w i t h  an equal o r  
b e t t e r  p a r t  unless you spec i f y  not  to ,  
o r  we w i  I 1  back order  the i tern, o r  refund 
your money. 

P R I C E S  ARE SUBJECT TO CHANGE WITHOUT 
~ ~ 9 5  9 2.00 l00/$15.00 NOTICE. Pr ices  superseade a l l  p rev ious ly  
1197 6 15 .OO publ ished. Some items o f f e r e d  are 
1 0  70 8.00 HIGH VOLTAGE CAPS l i m i t e d  t o  small q u a n t i t i e s  and are 
107 I 15.00 420 MFD @ 400 VDC O R  subject  t o  p r i o r  sa le.  
108 4.00 600 MFD @ 400 VDC We now have a t o l l  f r ee  number bu t  

$6.99 each we ask tha t  i t  be used f o r  charqe orders 
only .  I f  you have any quest ions please 

NEW ROTRON BISCUIT FANS use our o ther  number. We are open from 
Model BT2AI 115 VAC 8:00 a.m. - 5:00 p.m. Monday th ru  Saturday, 
$12.99 each Gur to1 l f r e e  number for orders only 

i s  800-528-3611. 
TORI N TA700 FANS NEW 
Model A30340 JUMBO LED'S MEDIUM LED'S 
230 VAC @ .78 Amps Red 8/$1 .OO Red 6/$1 .OO 
W i l l  a l so  work on 115 VAC Clear  6/$1.00 G reen 6/$1 .OO 
$29.99 each Yel low 

Green 
DOOR KNOB CAPS Amber 

470 p f  @ I S  KV $3 -99 each 
Dual 5 0 0 p f @  15 KV 5.99each 
680 p f  @ 6 KV 3.99 each 
800 p f  @ 15 KV 3.99 each 
1000 p f  @ 20 KV 5.00 each 
2700 p f  @ 40 KV 5.99 each 

NEW GE OPT0 COUPLERS 4N26 
6 9 ~  each o r  10/$5.00 

M I C R O - M I N I  WATCH CRYSTALS 
32.768 Hz $3.00 each 

NEW 2" ROUND SPEAKERS 
110 8 4 14.00 NEW & USED BCD SWITCHES 100 Ohm c o i l  99e each 
11095 1 1  .OO 3 sw i tch  w i t h  end p l a t e s  
11096 20.00 $8.99 New $6.95 Used PLASTIC TO-3 SOCKETS 4/$1 .OO 

NO ORDERS UNDER $10 

More Details? CHECK-OFF Page 110 january 1981 75 



FORECASTER 

Band-by-band summary 
Six meters will open occasionally for 
F2 long skip propagation with hops 
1,000-2,500 miles long and with many 
hops usable. The openings will follow 
the sun during the day and early 
evening. 

Introducing Garth Stonehocker, K0RYW, who will present a series 
of columns on propagation and DX forecasting. Garth is a physicist 
and electronics engineer with extensive experience in propagation 
forecasting. He was associated with the Central Radio Propagation 
Laboratory and also did short-term radio propagation forecasting for 
the North Atlantic Warning Service in Boulder, Colorado. 
First licensed in 1950 as W4RCF, then as W7ROY, Garth has been a 
member of several DXpeditions in conjunction with propagation 
forecast studies. Among them were an expedition to Antarctica 
(KC4USK) in 1956-58 and to the Cook Islands (KH6MG/ZK1) in 
1958. Garth is a DXer and enjoys recording DX signals from beacons 
for propagation studies. Editor 

New DXers 

Ten and Fifteen meters will have 
openings similar to 6 meters, but 
more often and longer. Worldwide 
DX is usual from after sunrise until 
well after sunset during peirods of 27- 
day solar flux maxima. Short skip of 
1,200 miles maximum distance is also 
possible and will also be following the 
sun across the earth. 

Twenty meters will be open most all 
days and nights to some area of the 
globe, with long skip and plenty of 
short skip with similar distances and 
number of hops as the 15, 10, and 6 
meter bands. This is the workhorse of 
the bands. Tall towers and high 
beams or quads are a natural for long 

radio wave penetrates to be "reflect- skip for this band. 

Are you a new ham who has come 
onto the thrill of your first DX with 
that new rig for Christmas, or an old 
one that has taken time out from 
years of rag chewing for a renewed 
go at DX chasing? If either, you may 
be interested in some propagation 
fundamentals and a look at which fre- 
quencies to use for putting the signal 
where you want it. To get your signal 
there the loudest of the bunch and to 
receive his probably weaker signal 
(other countries usually have lower 
power limits) is the goal. This can be 
done by fine-tuning your system for 
the particular location of the DX of 
your interest. That is, the antenna 
and ionosphere can be coupled to- 
gether to increase the chance of their 
hearing you, and you hearing them, 

ed." Your antenna system needs to 
feed the maximum power at the cor- 
rect vertical take-off angle to be maxi- 
mum at the correct distance away 
and the correct azimuth for the cor- 
rect direction (great circle bearing, 
usually). This is the best coupling to 
the ionosphere. The distances men- 
tioned in the band-by-band summary 
show how the frequency penetration 
into the ionosphere varies the signal 
distance from band to band. A differ- 
ent antenna should be used for best 
results in short skip and in long skip; a 
high take-off angle for short skip and 
a lower angle for long skip. Articles 
on antennas often mention the take- 
off angles, or you can consult the 
antenna handbooks. 

January is very similar to Decem- 
ber in propagation effects. The iono- 

Forty and Eighty meters will be the 
most usable night-hour bands for DX. 
Most areasof the world can be worked 
between darkness until just before 
sunrise. Hops shorten on these bands 
to about 2,000 miles for 40 and 1,500 
miles for 80 meters, but the number 
of hops can increase, since signal 
absorption in the ionospheric D 
region is low during the night. The 
path direction follows the darkness 
across the earth, similar to the higher 
bands following the sun. Daytime 
short skip can be used during the day 
and night, particularly if low-height 
horizontal antennas (high take-off 
angle) are used. Vertical antennas 
over good ground systems give the 
lowest take-off angles for long skip 
on these bands. 

by thesignal going to the right azi- sphere is a balanced energy system One-Sixty meters will be about like 
muth and out to the right distance. that changes slowly in its seasonal eighty meters and provide good stuff 

The height of "reflection" in the change from month to month. There for the enthusiastic DXer who can 
ionosphere depends on the frequency is an intense but short meteor shower come up with low-take-off angle an- 
band used. The angle of incidence in- over a few hours sometime between tennas with good efficiency at the 
to the ionospneric layer also affects January 2nd through 4th. It is known long wavelength of this band. 
what depth in the ionosphere the as the Quadrantid shower. ham radio 
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impedance, the SWR will be 2: l .  This 
is the key to a simple way to check 

I 

rd 
tebook 

how accurate is that 
SWR meter? 

A friend recently contracted a radio 
operator's most dreaded ailment: re- 
flectophobia, the unwarranted fear of 
reflected waves on a transmission 
line. Fortunately, this was not a ter- 
minal case. I still remember the early 
morning phone call and the troubled 
voice saying, "Something is wrong 
with my antenna. The SWR won't go 
below 1.8." To make a long story as 
short as possible, there was nothing 
wrong with the antenna. The SWR 

meter he was using wouldn't read be- 
low 1.8. This made me think about 
SWR meters and their accuracy. Is 
there a way to check the accuracy of 
an SWR meter without using expen- 
sive or complicated test equipment? 
There is. 

Basic transmission line theory tells 
us the SWR on the line will be the 
ratio of the load resistance to the line 
impedance.' If the load resistance 
equals the line impedance, the SWR 
will be 1 :I. However, if the load resis- 
tance is either double or half the line 

1 

SWR 
METER 

TRANSMITTER 

DUMMY 

fig. 1 

the accuracy of an SWR meter. While 
it would be possible to use a 100-ohm 
resistor as a dummy load and meas- 
ure the SWR, this method has several 
limitations. If the resistor has a 10 per 
cent tolerance, its resistance could be 
anywhere between 90 and 110 ohms; 
and it might not provide an SWR of 
2: 1. Additionally, carbon composition 
resistors can't dissipate more than a 
few watts, and anything but a QRP rig 
would overheat the 100-ohm dummy 
load. Using a wirewound resistor to 
increase the amount of power the 
dummy load can handle won't work 
because at higher frequencies the in- 
ductance of the wire in the resistor 
will have enough inductive reactance 
that the SWR won't be 2:1. Instead of 
using a 100-ohm dummy load with a 
50-ohm transmission line to obtain an 
SWR of 2:1, we can use a 25-ohm 
dummy load and obtain the same 
results. 

But where can I get a 25-ohm 
dummy load? It's easy. Just connect 
two 50-ohm dummy loads in parallel. 
Several commercially available 
dummy loads consist of a 50-ohm 
noninductive resistor in a bucket of 
transformer oil. The resistor itself can 
dissipate some power and the oil ab- 
sorbs the heat, effectively increasing 
the amount of power the dummy load 
can safely handle. 

Basic theory tells us the total resis- 
tance of two resistors in parallel2 is 

R = R1 R2 . In this case, both 
A1 + R2 

resistors are 50 ohms; thus R =25 

ohms. Since SWR = * then 
Z load ' 

= 2 .1 .  The easiest way to con- 
25 

nect two dummy loads in parallel is to 
use a coaxial T fitting (Amphenol 83- 
I T  or equivalent) with short patch 
cords as shown in fig. 1. With two 
dummy loads in parallel, the load will 
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be 25 ohms and the S W R  will be 2:l. 
If you are using a bidirectional watt- 
meter, the reflected power should be 
11.11 per cent of the forward power. 
That's really all there is to it. This 
method of checking the accuracy of 
the meter can be used for hf, vhf, 
QRP, or even CB. In fact, any fre- 
quency and power level within the 
meter's capabilities can be used. 

Now for the bad news. If your me- 
ter doesn't indicate an S W R  of 2:l 
when connected between a 50-ohm 
transmitter and a 25-ohm load, there 
might not be much you can do about 
it. Many lower priced S W R  meters 
don't have any internal adjustments 
for calibration. Check the schematic 
for your meter to see whether it has a 
calibration adjustment. Even if your 
meter doesn't have a calibration ad- 
justment, at least you'll know wheth- 
er it reads high or low. 

references 
1 .  Understanding Amateur Radio, AR R L, 1977, 
page 96. 
2. Understanding Amateur Radio, ARRL, 1977, 
page 9. 

John W. Frank, WBSTQG 

Drake R-4C receiver 
audio improvement 

In the December, 1977, issue of 
ham radio, the article. "Present-Day 
Receivers - Some Problems and 
Cures" suggests a 0.0015-pF capaci- 
tor be placed across R83 to correct a 
phase error in the Drake R-4C re- 
ceiver. 

I made this change and noted an 
improvement in audio quality. How- 
ever, I also found another problem. 
With a headset connected to the ear- 
phone jack and the receiver in a 
standby position, an annoying shot- 
gun noise was heard while transmit- 
ting. This noise was not noticed 
when the earphones were removed 
and the speaker alone was working. 

A quick check of the R-4C circuit 

aligning Yagi beam ball or ground-assembly methods are 
used. The scheme shown in fig. 2 is 

elements effective in providing a neat installa- 
Assembling beam elements so that tion in a few minutes, and doesn't re- 

they are both in line with each other quire any special tools other than a 
and parallel to the ground can be a small level. 
frustrating experience when the eye- Roy Lehner, WA2SON 

fig. 2 

indicated that a 0.01-pF bypass ca- 
pacitor was connected from the 
speaker terminal to ground. This ef- 
fectively bypassed any rf picked up 
by the speaker leads. However, when 
the headset is plugged in, this bypass 
capacitor is disconnected from the 
circuit. The addition of a 0.01-pF ca- 
pacitor from earphone jack to ground 
bypassed any rf picked up by the 
headset leads, and the problem was 
solved. Another solution is to remove 
the present 0.01-pF capacitor and re- 
connect it so it appears across both 
the earphone and speaker leads to 
the output transformer. 

Bernard White, W3CVS 

75s-3 alignment 
During a recent rf circuit alignment 

procedure on my ~ol l ins  75s-3 re- 
ceiver, I found a slight alteration that 
proved to be very beneficial to the re- 
ception of 10-meter signals. The mod- 
ified procedure has been repeated a 
number of times with equal results. 

The rf alignment procedure in the 
instruction manual is followed from 
steps a through f .  After step f, re- 
peak the OSC, RF, and ANT slug ad- 
justments on the moveable platform; 
only a minor readjustment will be 
necessary. Once this is accom- 
plished, continue with steps g 
through o. Then recheck the RF and 
ANT trimmer capacitor adjustments 
at 3.7 MHz. Again, a slight readjust- 
ment will suffice. 

The foregoing should result in a 
marked improvement in the reception 
of 10-meter signals. 

Paul K. Pagel, NlFB 
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FOX TANGO FILTERS 

Whether your SSB r ~ g  1s old or new. 
there IS no easler or essent~ally less 
expenslve way lo s~gnlllcantly up - 
grade 11s performance than by Improv- 

Ing 11s IF passband l~llerlng FOX-TANGO l~lters are made 01 spec~ally- 
treated h1gh.0 quartz crystals. alfordlng excellent shape laclors and 
ull~rnale relectlon exceeding 80 dB They are custom made lor drop-ln 
~nslallatlon, malchlng perfectly. both physically and electron~cally Our 
01ode Swllchlng Boards make poss~ble (now or ln the lulure) the addl- 
tlon of a var~ely 01 sw~tch-selectable llllers allordlng superlor var~able 
bandw~dth w~lhoul the need to buy an expenslve new model I1 you 
want the best lor less. you II buy FOX-TANGO Just tell us the band- 
w~dth(s) deslred lor your make and model 

S~ngle- f~ l ter  type $12 Alrrnall pos tpa~d  wor ldw~de 
Dual-l~lter type $21 Alrrnall pos tpa~d  wor ldw~de 

r l o ! ~ a d  rer)aenlr aaa 4 %  ( u ~ s c  td. I (FOREIGN ADD $5 per l~llerl 

Dealer lnqulrles Welcomed 

MEMORY KEYER 
BREAKTHROUGH 1 

The re1 
has 35 
design' 
I IlVl l lur 
and au 

narkable AEA Morsematic memory keyer 
fantastic features including two AEA 
ed microcomputers, up to 2,000 character 
y, automatic serial number, beacon mode, 
tomatic morse trainer mode. 
ORDER NOW TOLL FREE 800.527-341E 

' -L Electronics 
29 N. Central Expressway. 
sllas. Texas 75243. (214) 699-I( 

WORLDS F I ~ S T  
1800 CHANNEL FULLY SYNTHEiCZED 

COMPACT VHF FM MO 

FACT 
PRlCt 

'ORY Dl 
: $1 

IRECT 
25.00 

This prtce In  U.S. only 

FULL BAND COVERAGE 
141.000-149.995 MHZ 
5 KHz Steps by digital 
switches. 

SLIM SIZE AND LIGHT- 
WEIGHT. 
5'/4"(H) x 2%" (W) x ?''(Dl 
7.1 oz with NiCd Battery Pa 

C O M M E R C I A L  B A N D  TYPE (151-159 M H z )  I S  ALSO 
A V A I L A B L E .  

W C R E D I T  C A R D S l M O N E Y  O R D E R  O R  A N Y  C O M M E R C I A L  
G U A R A N T E E D  CHECK ... U.P.S. C O D  
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S-180 '825'' 

- 
+sotron Antennas 

THE ULTlMA TE space savers..  . 

Designed Hear on 
and 7245 kHz 

proved by a1 
WMEJA 365PM MOT 

80 W o t m  40 Water8 
4 %  11. 31 Inches 
8 Ibs. Weight 4 Ibs. 
110 kHz' Bandwidth 250 kHz' 
50n coax Feed 50n coax 
$59.95 Price 549.95 
'Llmlts fw 2: 1 Swd; center lrequency adjustable 
lsolron mmnnrs nesd no radials or matching devices. Fead 
w~th son coax. For ~ndwr or outdoor mounting. Excellsnl tor 
all amateur uses. 

BILALCOMPANY ig37 
(303) 687-3219 

STAR ROUTE FLORISSANT, CO. 80816 

ELECTRONIC 
TECHNICIAN 

If you'd like to switch from soldering iron 
to typewriter and have a good command 
of the English language, tell us all about 
yourself, including past education and 
experience. 
Location, Western Mass., with nation- 
ally-known manufacturer. Position in- 
volves preparation of data sheets, engi- 
neering bulletins, technical manuals, 
etc. 

Box 0 

H A M  RADIO MAGAZINE 
Greenville, NH 03048 

We Are An Equal Opportun~ty Employer 
m/f 

Gold 
S*er 
Nickel 

The plated quartz crystal used in communication 
equipment permits closer calibration and temperature 

tolerances. We use gold, silver or nickel for plattng 
crystals. Selection of the metal for your crystal 

depends on the required parameters. 

lnternational crystals are designed and manufactured 
to operate under all types of field conditions. For 

example, crystals must function properly over a wide 
range of temperatures.. . in equipment from a fixed 
locatton or mobile installations subjected to rough 

treatment. Conditions such as these are created by our 
research and development program. We will be 

pleased to quote details and prices on special crystals 
to meet almost any specifications. 

Orders may be placed by Phone: 405/236-3741 
TELEX: 747-147 Cable: lncrystal TWX: 

910-831-3177 Mail: International Crystal Mfg. Co., 
Inc., 10 North Lee, Oklahoma City, Oklahoma 73102. 
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H a t r y  Electronics 1 
I 5 0 0  L e d y a r d  S t .  ( S o u t h )  H a r t l o r d .  C t .  0 6 1 1 4  

203-527-1881 1 
I TEN-TEC DELTA 580 ( TEN-TEC ARGONAUT (515) I 

MHz) Low nolse double conversion desl 
on all bands 100% duty cycle Oflsel I 
Butlt In VOX and PTT 

$849.00 011 tor quote $429 .OO 011 tor quote 

The JR. MONITOR 
OenTron s MT 3000~TM does 

The JR MONITORTM has It all more than tune coax random 

wrapped up In one neat pq~k.  
age All metal cablnet 5% w 
X 2%" h X 6"d Thlnk ol the ual In llne lorward and rellected watl meters provlde conlln- 

lrom 160 through 1Ometers wlth power handllng capablllly In 
excess 013 kW PEP 

I $79.50 Call tor quote I $399.50 Call tor quote I 

I 
The BIG D U M M Y  AT l K  
A lull 1 kW dummy load the 81 
bmmyTM olters a tlal SWR, lu! 1200 watt SSB power 
lrequency coverage lrom 1 8-300 handllng apablllty (DC 
MHz and h~gh grade ~ndustr~al l npu l  l o  a m p l ~ l l e r )  
coot~n 011 lurnlshed wlth the Malches v~rtual ly any 
u n ~ l  ?he DenTran 819 Dummy IS leed lane SWRlRelat~ve 
bull1 10 last I! comes lully forward power meler IS 
assembled and warranl~ed lncluded lor tune ups 

w~lhout a watl meter Continuous tunlng lrom 1 8 to 30 MHz I 
$39.50 011 tor quote 

L- ' 1 $1 49.50 call for quote 

rn SHIPPING F . O . B .  H A R T F O R D  m 

Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

ILLUSTRATION BALUN 

MONARCH 
T WEM/4KWP 

By the only test that means anything . . .  11 on the air comparison..  this array con- 

ILLUSTRATION TRAP 

. tinues to outperform all competition.. 
and has for two decades. Here's why F~~ technical data and prices on corn- 

Telrex uses a unique trap design plete Telrex line, write for Catalog PL 7 . . .  
employing 20 HiQ 7500V ceramic con- 
densers per antenna. Telrex uses 3 opti- 
mum-spaced, optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-band performance. A . . . . . P L  .. MI;. ,y\l.o,.l: U S *  

CB Standard 

Amateur Bands 

Communication 

Mar ineVHF 
Micro processor 
crystals 

send ?(r forour latest catalog. 
wrlte or phone for more deralls. 

Jan crystals 
PO. BOX 06017 
Ft. Myers, Florlda 33906 
all phones (813) 936-2397 

I 
A 

CADDELL COIL Cow. 
I$v . * ( '  V O U , ~ W C V  I' I I . IJC~. 11, I I .1'4r.,\ 

COILS FOR HOMEBUILT 
Sardlne Sender 80 Meter ORP R I ~  

OSTOc1'79.p 15 . . . . . . . . . . . . . . . . .  $8.50 
ORP Transmatch-25 Wan Max 

ARRL Handbook p 350 . . . . . . . . . . . . . . . . . . .  7.00 
Tuna Tin 2-WAS 40 Meter Transmlner 

. . . . . . . . . . . . . . . . . . . . .  OST May '76. p 21 4.75 
M in~  M~ser's Dream Receiver-OSTSep '76. p. 21 . . 13.25 
20 Meter Olrect Converston Recsiver 

OSTApr '78, p 12 s . . . . . . . . . . . . . .  7.00 
Ampl~l~er for H W - ~ O R P T ~ ~ ~ & W ~ ~  

OSTApr'79.p 18 . . . . . . . . . . . . . . . . . . . . . .  13.30 
. . . . . . . . . . . . .  Harmon~c Filter (lor abova) per band 4.50 

. . . .  Low Frequency Transmitter - S9 Sep '79, p. 23 9.00 
Pr~ces include postage. 

BALUNS 
Get POWER into your antenna See ARRL Handbook p. 585 or 
19-9or 6-20. 

. . . .  . . . .  1KW.4.l Impedance $12 00 2KW-4:l 14.50 
. . . . . . . . . . . . .  1KW-6:l. 9 1, or 1 1 (pick one) 13.50 
. . . . . . . . . . . . . .  2KW-6:1,9 t .  or 1.1 (plck one) 16.00 

. . . . . . . . . .  100W-4:t. 6.1. 9 : l .  or 1 1 (p~ckone) 8 00 
Many other interesting coil klts In w r  new list 5C. You 

musl send a stamped envslope lo receive our coil kl l  llst 

Yw'l l  haw more lun and excltemenf on 2 msfer FM with the 
AZDEN PCS 2000 because ol 11s popular, stale-of-the-arl con- 
venlence leatures such as m~cro-computer conlrolled lull 
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flea wt market 
RATES Noncommercial ads 106 per 

word; commercial ads 606 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad (subject to our editing). Repeat inser- 
tions of hamfest ads pay the non-commer- 
cia1 rate. 

COPY No special layout or arrange 
ments available. Material should be type- 
written or clearly printed ( n o t  all c a p i t a l s )  
and must include f u l l  name and address. 
We reserve the right to reject unsuitable 
copy. Ham Radio cannot check each 
a d v e r t i s e r  and thus cannot be held respon- 
sible f o r  claims made. Liability for correct- 
ness of material limited to corrected ad in 
n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, G r e e n v i l l e ,  N. H. 03048. 

HELP! A Baptlst church affi i~ated youth summer camp 
needs Ham h e l ~ .  2 Meter and HF radios are uraentlv 
needed to provide emergency communications from an 
Aooalachian mountain site to the nearest ohone. which 
IS five mlles away Donated equipment IS tax deductible 
Contact Richard Ba~ley, Amity, PA 15311 (412) 225-1265 

THE SUPERMARKET OF ELECTRONICS - thousands 
of items for sale or trade each month. Free classified ad 
with subscription. Only $5.00 to Nuts & Volts, P.O. Box 
I 1  1 I-F. Piacentia. California 92670. 

FOR SALE: TRS-80 expanston tnterphase 32K ram, 
$450.00, disc drive, $350.00, phonemate 800AC with 
remote, $225.00, Kenwood TR.9000 all-mode transceiver 
5215.00, Mirage B-108 2 meter amp., 590.00, ADC audio 
equalizer $40.00. Mitchell Rakoff, 64.33 98th St., Rego 
Park, NY 11374. (212) 830-0097. 

MANUALS for most ham gear 193711970. Send 254 for 
"Manual Catalog." H.I.. Inc.. Box H864, Council Bluffs, 
Iowa 51502. 

DIRECT CONVERSION VFO KITS. Write Direct Conver- 
sion Technique. Box 1001, Dept. JFM. 535 No. Michigan 
Avenue, Chicago, lL60611. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria Ham Radlo Holland 
F. Bastl MRL Ectronlcs 
Hauptplatz5 Pornbus 88 
A.2700 Wlener Neuslsdt NL-Z2M b l f t  
A ~ s t r l e  Holland 
Ham Radio Beigtum 
Staraohouas Ham Radlo Italy 
Br~~seise~teen~eg 416 G Vulpettl 
8.9218 Gent 
Beiglum 

P 0. BOX 37 
I-22353 Canlu 

Ham Radio Canada 
Itsly 

Box 400, Goderich 
Ontario. Canada N7A 4C7 Ham Radto Swttzeriand 
Ham Radio Europe Karln 
BOX 444 Postfach 2454 
S194M Upplands Vasby ~ : ~ ~ : ~ ~ ~ ~ h  
Sweden 
Ham Radio Frsoce 
SM Electr~nlc Ham Radlo UK 
20 blr, Avsdes Clarions ~ ~ d 7 ~ ~ ~ 3 ~ ~ ~ & 2  
F-88MX)Auxerre 
France England 
Ham RadioGermany 
Karin Ueber 
Postfsch 2454 

Holland Radlo 
143Greenway 

0.7850 Lwrrach Grwnslde, Johsnnesburp 
West Germany Republic of South Afrlcs 

QSL'S: No stock designs! Your art or ours; photos. 
originals, 504 for samples & details (refundable). Certi- 
f ied Communications, 4138 So. Ferris, Fremont. 
Michigan 49412. - 
WANTED: One Heathkit SB.104A VFO with manual. Must 
be in good condition. Clifton Branham, W4KLX P.O. Box 
68, Matewan, WV 25678. 

NEED HELP for your Novice or General ticket? Recorded 
audio.visual theory instruction. No electronic back- 
ground required. Free information. Amateur License. 
P.O. Box6015, Norfolk, VA 23508. - 
COLLINS ROUND KWM.PA, mint, late complete CP-1 
crystal pack. S16F-2 round. mint $1500. 3128-4 round, 
mint $175. 30L.1 round $550. Kenwood TS-900, VFO-900, 
two PS-900 absolutely mint $650. FOB WAGNWP, 52632 
RD 426, Oakhurst, CA 93644. 

ANTIQUE (PRE.1950) TELEVISION SETS WANTED. Will 
pay top dollar for unusual or pre-WWII sets, Arnold 
Chase, 9 Rushleigh Road. West Hartford, Connecticut 
061 17 (203) 521.5280. - 
COLLINS. GR, HP, Tek gear, etc. Large list of wholesale 
bargains. SASE please! Ted. WZKUW, 10 Schuyler 
Avenue, No. Arlington, New Jersey 07032. - 
WANTED: Early Hallicrafter receivers, transmitter, 
accessories, parts, manuals for my collection. Special 
interest in silver colored panel receivers and ones with 
"airplane" dials. Also need "ultra Skyrider" SX-10, 
"Skyrider Commercial" SX-12 and others. Chuck Dachis, 
WDBEOG, 4500 Russell, Austin, TX 78745. 

AMATEUR RADIO PROFILES. The most meaningful 
equipment review publication to hit the Amateur ranks in 
years. No commgrcial advertisers, thus no obligation to 
the manufacturers. We tell it like it is, good and bad, in 
plain, easy to understand, language by Amateur enthusi- 
asts who have used, tested, and compared. "Is the TR-7 
that good?", "What $500 transceiver is giving the 51000 
units a run for their money?; 'Need a tri-bander?", 
Study the "Battleof the Amps". Get the true story before 
you buy or trade. Check the "Dream System", best dollar 
value, good, better, best systems by performance versus 
cost. Know what to expect, both negatively and positive- 
ly, from that gear you're planning to buy, before you 
buy!! - thus no surprizes; you know what you're buying 
because you read A.R.P. 513.00 Yearly - Multi issues. 
A.R.P., P.O. Box 164, Catauta, Georgia 31804. 

ICOM, KENWOOD, OWNERS - Separate, Very Informa- 
tive Newsletters. Details S.A.S.E. U.I.R.C., 606H, Brack 
Road, Fort Pierce, FL 33450. 

QSL'S WITH CLASS! Unbeatable quality, reasonable 
price. Samples: 504 refundable. QSLs Unlimited, 1472 
S.W. 13th St., Boca Raton, FL33432. 

CB TO 10.METER CONVERSIONS. SSBIAMICW. Let a 
specialist convert your rig, or buy one complete. Write 
Conversion ~n~ineer ing.-Box 183. sandwich, Massa- 
chusetts 02563. 

MAKE HAM RADIO FUN! Supplement your learning pro- 
grams with a motivational hypnosis cassette. Tape 13, 
Learning the Code; Tape 14, Breaking the Speed Barrier; 
Tape #7, Electronics Theory. Free catalog. For tapes 
send $10.95 to John Wolf Hypnos~s Center, P.O. Box 497, 
Hayden, Idaho 83835. - 
QSLs SECOND TO NONE. Same day service. Samples 50 
cents. Include your call for free decal. Ray, K7HLR. Box 
331. Clearfield, UT 84015. 

SUPER QRP wlth Direct Conversion's 5 watt transmitter 
kits. Write Direct Conversion Technique. Box 1001. Dept. 
JFM, 535 No. Michigan Avenue, Chicago, lL60611. - 
"CADILLAC of QSL'S - FAST 100 - $9.95 - Our 
Design. Send $1.00 for Samples-Refundable. MAC'S 
SHACK, P.O. Box 43175, Seven Points, Texas 75143. 

HAMS FOR CHRIST - Reach other Hams with a Gospel 
Tract sure to please. Clyde Stanfield. WAGHEG, 1570 N. 
Aibright, Upland, CA 91786. 

QSL ECONOMY 1000 $12.00 S.A.S.E. for samples. W4TG 
Drawer F, Gray. Georgia 31032. 

DISTINCTIVE QSL's - Largest selection, lowest prices. 
top quality photo and completely customized cards. 
Make your QSL's truly unique at the same cost as a Stan- 
dard card, and get a better return rate! Free samples, cat- 
alogue. Stamps appreciated. Stu Goodman, K2RPZ 
Print, P.O. Box 412, Rocky Point, NY 11778 (516) 
744-6260. - 
FREE SAMPLE Ham Radio Insider Newsletter! Send 
large S.A.S.E.. W5YI, Box 110101.H, Dallas, Texas 75207. 

MAGAZINE SAMPLES! For a free list of over 135 maga- 
zinesofferinga sample copy, send a stamped, addressed 
envelope to: Publisher's Exchange. P.O. Box 1368, Dept. 
26A, Plainfield, NJ 07061. 

'POT L RESIS. 'HEAT S I N K  
' 1 0 0 0 ~ F 8 3 5 ~ ~ ~  *D IODES 

81.75 E A .  3 F O R  1 5 . 0 0  

.95 UG306 53.75 UG276 

s d ! 9  
BNC-F/CABLE BNC-M/CABLE B N C - ~ / L H F - M  B N C - W W F - F  
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I CALL ] 
1 TOLL I 

For the best deal on 
*AEA*Al l lance*Ameco*Apple*ASP 
-Avant i *Be lden*Bencher*Bi rd*COE 
*CES*Communicat ions Spec ia l is ts  
*Collins*Cushcralt* Daiwa-DenTron 
*Drake*Hustler*Hy-Gain*Icom*IRL*KLM 
*Kenwood*Larsen*Macrotronics*MFJ 
*Midland* Mini-Products*Mirage*Mosley 
~NPC*Newtronics*Nye*Panasonic 
*Palomar Engineers*Regency*Robot 
*Shure*Standard*Swan*Tempo 
*Ten-Tec*Transcorn*Yaesu 

INEW YEARI 
I SPECIALS! I 

ICOM IC-255A ........ $329 
TEMPO S-1 .............. $239 

with touchtone .... $269 
MIRAGE 8-108 10-80 W 

2-meter amplifier with 
built-in pre-amp $159 

K E N W O O D  TR-7800,  
TR-9000 and TR-2400 
all now in stock ... call 
today for our GREAT 
Erickson prices! 

APPLE: Disk Based Sys- 
tem; Apple II or Apple II 
Plus with 48k RAM in- 
stalled, Disk II with 
controller, RF Modu- 
lator. Includes NEW 
DOS 3.3 .... only $1799 

A p p l e  p r i c e s  include p r e p a i d  s h i p p i n g  
within c o n t i n e n t a l  U.S.A. 

I CALL TOLL FREE 
(outslde llllnolr only) 

I H'OURS: 9:365:30 Mon.. Tues.. Wed. 6 Frl. I 

HAM RADIO REPAIR - Professlonsl lab, perwnsl ser- 
vice. "Grld" Gridley. W4GJO. April thru October. Rt. 2. 
Box 1380. Rlslng Fawn. Georgia 30738. (404) 657-7841. 
November thru March: 212 Martin Drlve. Brooksville, 
Florlda 33512. (904) 7992769. 

TEMPO VHF-1.PLUS. 2 meter FM, 32W. remote scan. 
Like new. $250 prepald. Allen Kirchner. WA4ZKW. 158 
University Pky.. Alken. S.C. 29801.8036487535. 

LINEAR AMPLIFIER PLAN BOOK 11, 13 plans. 1.8 l o  400 
MHz, 15 to 1000 watts, 92 pages, $11.95, CB modification 
kits, crystals, descramblers, other tltles, electronic flea 
market and more in our catalog. $1.00 refundable. A.P. 
Systems, P.O. Box 283HR, Newport, R.I.02840. 

- 

BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and recondltloned amateur radio equipment. Call 
for best deals. We buy Collins. Drake. Swan, etc. Ass* 
ciated Radlo. 8012 Conser. Overland Park, KS 88204. 
(913) 381.5900. 

6800 MORSE CODE PROQRAM, decodes codes into 
ASCII. 114 K memory, relocatable, documented, auto 
speed, adaptable, 0 to 100 wpm. $10.00. Frank Lyman, 12 
Reservoir St.. Cambrldge, MA 02138. - 
CWlSSB FILTERS: IC audlo install In any radio, sharp 
CW. stagger tuned SSB - $15. $32. SASE info: WBCBR, 
80 W. Mennonlte, Aurora, OH 44202. - 
BEAT THE HlOH COST OF POSTAOEI A new stateel& 
OSL Bureau to be startlng up. Send a card for 4C Instead 
of 1W. Info - wrlte P.O. Box 85. Sextonville, WI 53584. 

MOTOROLA RADIOS WANTED: I need mlcors, motrecs. 
mocom 70'9, H.T.'s, and bases . . . anything Motorola 
newer than 12 years. I pay all shlpplng. Len Rusnak. 
WA3TJO301-441.1221. 

CENTURY 21 DIQITAL. Perfect, 11 months. $320. 
HW2038.A wllh micoder. Perfect, 1 year. $200. Selling to 
buy Argonaut. Scott, WBlGNX, RDWt, Box 18. Oakfleld, 
ME 04763. 

RTW FOR SALE: Model 28KSR. M28 stand-alone TD. 
M28 recelvaonly typlng reperf. M28 keyboard typing 
reperf. M28 trlple TD. M28 under-dome typlng reperf, 
M28 motorized paper winder, answerback, auto CR-LF 
klt for M28 printers. Model 33 and 35 machlnes. Gears, 
gearshifts, parts and supplles for all Teletype machines. 
Send SASE for list and prices. Lawrence R. Pfleger, 
K9WJB. 2MW)S. 14th Street. St. Cloud, MN 58301. - 
WANTED: Somaone to repalr my SBE.36. Phone: (305) 
5466012. Louls Albizatl. 8312 S.E. Skylark Ave.. Hoeb 
sound. FL33455. - 
WANTED: Motorola micor base stations. UWi-420 MHz. 
AK7B. 4 Ajax PI.. Berkeley, CA94708. 

YAESU Y01W monltor scope with manual and origlnel 
carton, $145. Comdel RF speech processor, connects 
betwaen mike and rlg. $85. John Skublck. KBJS. 791-106 
Ave.. Naples. FL 33940. - 
FREE HAMICOMPUTER NEWSLETTER: Send self- 
addressed stamped envelope for your copy. W5YI; P.O. 
Box Y10tOt; Dallas, Texas 75207. - 
SELL 5000 NEW TUBES at 51.00 each. boxed, many 
oldles back l o  the 1930's Wanted to buy mschlnlst tools 
from ret~red machinists WSQJT. 4215 Damood Dr.. El 

500 OSL's, $10. Catalogue. 743 Haward, St. Lwls. MO 
63130. - 
VERY In.trr.~bt.lngl Next 8 Issues $2. Ham Trader 
"Yellow Sheets". POB356. Wheaton. IL80187. - 
DX, YOU BET1 THE DX BULLETIN - Beat weekly DX info 
in the world. For FREE samole coov. send buslness.size 
SASE ti: The DX Bulletin, vdhon Avenue. Vernon, 
Connecticut 06066. - 
STOP LOOKINO for a good deal on amateur radlo equip 
men1 - you've found It here - at your amateur radlo 

I 
headquarters in the heart of the Midwest. Now more 
than ever where you buy Is as Important as whet you buy. 
We are factory-aulhorlzed dealers for Kenwood, Drake. 
Yaesu, Collins. Wllson. Ten.Tec, ICOM. DenTron. MFJ. 
Tempo, Regency. Hy-Galn. Mosley. Alpha. CushCraft. 
Swan and many more. Wrlte or call us today for our low 
quote and try our personal and friendly Hoosler Service. 
HOOSIER ELECTRONICS, P.O. Box 2001, Terre Haute, 
Indiana 47802. (812) 2381458. - , UWRADE SUCCESSFULLY! Pass FCC Examsl TRS-0 
owners, I'll show you howl KE7C, H.2885 Busby Road, 
Oak Harbor. WA 90277. SASE please. 

CB TO 10 METER PROFESSIONALS! Your rlg or buy 
ours - AMISSBICW. Certlfied Communications, 4138 
So. Ferrls. Fremont. Mlchigan 49412; (616)924-4561. 

MODEL 6154 TERMALINEtW 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTlON 

m u I z r n  DISTRIM~TOI 

I\nkb6krl 
a s s o c i a t e s  

115 B E L L A R M I N E  
ROCHESTER.  MI 48063 

CALL TOLL FREE 

800-521-2333 
I N  M I C H I G A N  313 - 375-0420 

MILSPECS - POLYETHYLENE 
w n .  RG213 noncontamlnating 

m. f 2Wft. RGll lU 75ohms 2Wft. 
tWf t .  RG821U 93ohms 1Wft.  

LOW LOSS FOAM 
2WR. RG8U 97% shleld. white 
1Wft. RGBU 80% shleld 
17tItt. RGltU 
1Wft. RG58U 95% shleld 
l l t I f t .  RG%NU stranded 1 le f t .  
1Wft. Rotorcable 2.18ga,622ga 1Wft. 
S h l ~ ~ i n o  $2.50 flrst 100 ft., S1.50ea.add'l. 100 ft. 

f 
. .  - 

BELDEN SPECIAL * 
2WR. RG8U 80% shleld 24tIR. 

CONNECTORS f 
S pa, 10115.89 SO-ZSB lOltS.89W. 

p u s M n 8 W  39ena. Dbow 11.79~. 
UB-17501178 W#( 10111.79 UHF T(M358) 12.5, 

Shlpplng - Idd 10%. MMmum 11.50. f 

NOT A 
SUBSCRIBER? 

DO IT TODAY! 
use the handy card betwwn 

pages I 04 & I 05. 

CONNECTOR 
111 OUE (no 11 alwle C S ~ ~ R W  h.. so.. 
90239 socket MldW lnlo glass lllbd W t K  
W r  lo  =cap1 scax R 254 u l u p  on t..dlan. 
D l U C . 0  keep350.. l l l l ~ n p l  dry I n n l r w I ~ ~ .  
ciudea Guaranlm At your Oemlsra or On 
po.1p.n romLunlon ln.",.lo?,s1 3Yp 

BUDW lG MFG. CO. rn BOX 828. mmnr. CA 820(L5 
Ca Re8 edd6% Sslea Tax 
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HAM- 
808 N. Main 

Evansville, IN 47710 

TEN-TEC 

546C Omni D/Series C $1000.00 
546 Omni D/Series B 800.00 
580 Delta 750.00 
570 Century 21 310.00 
515 Argonaut 375.00 
280 Power Supply 130.00 
255 Power Supply/Spkr. 145.00 
444 Hercules Amp. 1350.00 

SANTEC HT 1200 $325.00 r 
CUBIC (Swan) 

103 Astro $1 180.00 
lO2BXA Astro 985.00 
150A Astro 775.00 
100MXA 500.00 
PSUGA Power Supply 170.00 
PSU5B Power Supply 155.00 
l5OOZA Amp. 525.00 

Writs or call Dan, N9APA 
81 2-422-0231 

MON-FRI SAM-6PM SAT SAM JPM 

TRANSMl?TER TECHNICIANS - Volce of Amerlca has 
overseas poslllons available at supervisory and oper. 
atlng levels for experienced transmltter technicians. 
Dutles ~nclude operation and maintenance of hlgh power 
VOA transmitters and related tacillties. Applicants must 
have 3 to 5 years "hands.onW experience In technlcal 
operalion of broadcast. TV or military flxed.station 
transmitters. Musl be avallable on a worldwide basis to 
serve In VOA's radio relay station system. U.S. citizen- 
ship required. Starting salary commensurate wlth quali- 
flcatlons, plus housing and overseas allowances. Full 
federal frlnge benefits apply. Ouallfled candldales 
should send standard Federal aDDllcallon form SF.171 to 
International Comrnun~cal~on ~ g e n c ~ .  MGTIPDE. 1776 
Pennsylvania Ave.. Wash~ngton. D C. 20547. An Equal 
Opportunity Employer. - 
OSLs 6 RUBBER STAMPS - Top Quallty! Slate Outline. 
Stralght Key Cards and Other Designs1 Report, Call and 
Address Stamps - Morel Card Samples 6 Slamp Into - 
500. Ebbert Graphics 5H. Box 70. Westervllle. Ohio 
43081. - 
ATLAS D W C  and 350XL Dlgltal DlallFrequency Count- 
ers. $175.00 plus $3.00 UPS. AFCI Stop VFO drlft. See 
June 79 HR. $65.00 plus $3.00 UPS. Mical Devices. P. 0. 
Box 343. Vista. CA 92083. - 
SELL: TS120S. mint, $575; HQ.17OAC.VHF. manual 
$180; MFJ-752 Superfilter, $55; Drake SSR.1. $180: Viking 
Adventurer. VF-1 VFO. $50; Add UPS. WATZYO. 
208-2452070. 

ROHN TOWER. Buy dlrect from Worldwide dislrlbutor 
of  all Rohn products. Sample prices - 2% sectlons 
538.72 each, 450 sectlons. $06.00 each, FK-2548 fold- 
over tower wlth frelght pald $693.00, BX-40 free standing 
$218.90. Hlll Radio. Box 1405. Blwmlngton. IL 61701, 
(309) 663-2 14 1. 

KENWOOD TStOOA. 2 meter All-mode wllh factory s u b  
band modlflcatlon. All papers, acces.. boxes. $400 
prepald. Allen Kirchner. WA4ZKW. 156 Unlverslty Pky.. 
Aiken, S.C. 29801.803-6497535. 

ANTENNA TOWERS. Heavy duty. hot dipped galvanized 
steel, crank-up wlth tilt-over base. Sky Towers of Vero 
Beach. Box 8068. Vero Beach. FL 32960. 

WANTED: Cushman Communlcatlons Service Monitors, 
worklng or non-worklng unlts. Also need plug-In rnod- 
ules, manuals, parts, etc., wlll pay cash or take over pay- 
ments. Also need RF voltmeters; WB81JX, Fred L. 
Slaughter. 5844 Grlsell Road, Oregon, OH 43618. Phone 
1419i 6988597. 

~ e r n w a ~  Road. shaker Helghts, Ohlo 44120 (216) 
752.0355. 

Plus-tn. qn11d state tube reolacements ELECTRONIC BARQAINS. CLOSEOUTS. SURPLUS1 
- 3  . -- - 

Pans, equipment, stereo. ~ndustrlal, educational. Amaz. 
S-l ine p e r f o r m a n c e - s o l i d  state! ing values! Fasclnat~ng Items unavailable In stores or 

H e a t  d iss ipat ion reduced 60% catalms anvwhere Unusual FREE catalog. ETC0-012. 
~ o o d b ~ e  ha rd - to - f i nd  t ubes  BOX 762. ~ la t t sbu r~h .  NY 12901. SURPLUS WANTED. 

U n l i m i t e d  e q u i p m e n t  l i f e  DIRECT CONVERSION RECEIVER KITS. Wrlte Direct 

T U B E S T E R S  cost less t h a n  two tubes, Con~e lS l~n  Technique, BOX 1001. Dept. JFM. 535 NO. 
Michigan Avenue, Chicago. IL60811. 

a n d  are guaranteed for so long as y o u  own 
y o u r  S-l ine. ELECTRONIC COMPONENTS: Integrated Circuits, 

Linear. TTL. CMOS. Low Prices on Ca~acllors. Resistors 
SK'V'mc Write or a h o n e  for 5% carbon' Fllm Factory Fresh 114 watt $1.85 Per Hun- ---- --- . - . . - - - . - - - -  
Box 535 spea and dred. 112 Watt $1.75 Per Hundred. IC Sockets. Trim Pols 

and More. Send for FREE Catalog. Westland Electronics, 
Talmage, CA 95481 (707) 462-6882 34245 Ford Rd., Westland. MI 48185. (313) 7280650. 

ETCH IT YOURSELF PRINTED CIRCUIT KIT, PholePosl. 
I MODEL live Method - No darkroom requlred, All the suppllea 

SC 100C for making your own boards, direct from magazine artl- 
$329.95 cle In less than 2 hours. Only $24.95, S.A.S.E. for details: 

1 Excel Clrculls Co., 4412 Fernlee. Royal Oak, MI 48073. -- 

I 5-500mV across 50 ohms Operates on 12vdc @ 
% amp Price $329.95 plus shipping. 

In stock tor immediate s h i ~ ~ i n i l .  Overniilht I CorningEvents 

Covers 10010 179.999 MHz in 1 kHz steps with 
thumb-wheel dial Accuracy .00001% at all Ire- 
quencies Internal frequency modulation from 0 to 
over 100 kHz at a 1 kHz rate Spurs and noise at 
least 60dB below carrier RF output adjustable from 

I 
- 

delivery available at extra cosi. Phone: ( 2 i 2 )  
468-2720. I ILLINOI& Over the hllls and thru the woods to Wheaton 

T.V. CAMERA, Zoom Lens, 2:l Interlace Opllcal 
Vlewllnder. Ready to use on AN.  SSTV. Securlly or your 
Computer Portrait System. ~ o o d  Used Condltlon wlth all 
cables and Instructions. $150.00. Alltronlcs. 15480 Union 
Avenue. San Jose. CA 95124. (408) 371.3053. 

k o p y  RTTY, ASCII 
I and Morse 
I from the palm ' of your hand. I 

.. - - 

VANGUARD LABS 
196.23 Jamacla Ave. Hollis, NY 11423 

Have you waited to get into 
code reading until you found 
out what this latest fad was 
about? You can stop waiting, 
because it's no longer a fad. 

AmateUlS everywhere 
are tossing the gigantic 
clanking monsters of yester- 
year that once performed 
t h e  job  o f  read ing 
radioteletype. They are trad- 
ing them in for state-of-the- 
art code-reading devices 
that are incredibly small, 
noiseless if desired and in- 
finitely more versatile than 
their antique predecessors. 

Kantronics, the leader in 
code-reading development, 
has just introduced the latest 
and most-advanced break- 
through in the copying of 
Morse Code, radioteletype 
and ASCII computer langu- 
age. 

The KantrOniCS Mini- 
Reader reads all three types 
of code, displays code speed, 
keeps a 24-hour clock, acts as 
a radioteletype demodulator 
and reads all of its decoded 
information out on a travel- 
ing display of 10 easy-to-read 
characters. ~t is so compact 
that it fits in a hand-held, 
calculator-size enclosure. 

~t 5314.95, the ~ i n i - ~ e a d -  
er outperforms anything 
within another 5400 of its 
price range. 

Call or visit your Authoriz- 
ed Kantronlcs Dealer now to 
find out what the latest in 
technology has done to  
code-reading. 

Community Radlo Amateurs Harnfesl we go. For the bar- 
gains and buys and to meet all the guys, come to the 
best Winter Hamfest In the U.S.A. - January 25.1981 - 
Plan on It. - N9YL 

KZ Kantronics I 
I 

(91 3) 842-7745 
1202 E. 23rd Street 

I Lawrence, Kansas 66044 

L I I I I I I I I I I I  
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When it comes to 

RA Dl0 QSL9s.. . 

US or DX Listings 

lg8' llbooks ca 
NOW READY! 

Here t hey  are! T h e  latest edi t ions. Wor id-  
famous Radio  Ama teu r  Callbooks, t he  
most  respected a n d  comple te  IlStlng o f  
r ad io  amateurs. Lists calls, l icense classes. 
address in format ion.  Loaded  w i t h  special 
features such as cal l  changes, pref ixes o f  
t he  wor ld ,  standard t i m e  charts, wo r l d -  
w ide  QSL bureaus, a n d  more. T h e  U.S. 
E d i t i o n  features over 400,000 Ilstlngs, 
w i t h  over 100,000 changes f r o m  last 
year. T h e  Fore ign E d i t i o n  has over 
300,000 ilstlngs, over 90.000 changes. 
Place y o u r  order  f o r  t h e  n e w  1 9 8 1  Radlo  
Ama teu r  Cal lbooks, available now.  

Each Shipping Total 

USCallhook ' $17.95 $2.55 $20.50 

Foretqn 
Callbwk $16.95 $2.55 $19.50 

Order  b o t h  books  a t - t h e  same t l m e  fo r  
$37.45 i nc lud ing  shipping. 

Order  f r o m  y o u r  dealer o r  d i rec t ly  f r o m  
the  publ isher.  A l l  d i rec t  orders add  $2.55 
f o r  shipping. I l l ino is  residents add  5 %  
sales tax .  

,r(zq SPECIAL LIMITED OFFER! 
Amateur Radio 

ehk Emblem Patch 
,w~lrUU RIDKl only 52.50 postpaid 

Pegasus on blue field. red lettering. 3 " wide x 
3 "  h ~ g h  Great on jackets and caps. Sorry, no 
call letters. 

ORDER TODAY! 

RADIO AMATEUR 

Lake  B lu f f ,  i L 6 0 0 4 4 .  USA 

VIROINIA: Frostfest 81 on January 11 (8AM - 4PM) at the 
Chesterfield County Fairgrounds. Chesterfield. Vlrginia. 
Prizes, new and larger facilities, exhibits, flea market. 
auctlon, contests and much more. Admission: $3.00 at 
gate. Talk.in on 146.341.94 and 146.281.88. Richmond 
Amateur Telecommunications Society. P.O. Box 1070. 
Rlchmond. Virginla 23208. 

MICHIOAN: Oak Park Amateur Radio Club's Swap and 
Shop. Sunday. January 11.1981 at Oak Park High School. 
Oak Park Blvd.. Oak Park. Michigan. 8 AM to 3 PM. 
Admission: 52.00 with under twelve free. League table. 
door prizes. YL raffle and table. Refreahmenls. Talk-in on 
146.04164 and 146.52 simplex. For info and reservations. 
SASE to. Rob Numerick. WBBZPN, 23737 Courens. Hazel 
Park. MI 48030or(313) 3983189. 

OPERATING EVENTS 
JANUARY 17th. 19th: ORP Amateur Radio Club Intern, 
tional Inc.'s annual SSB OSO Party. Certificate awards to 
highest scorlng statlon in each state, province, or coun. 
try with more than two entries. More info: ORP ARC1 
Contest Chairman. Edwin R. Lappi. WD4LOO. 203 Lynn 
Dr.. Carrboro. NC 27510. - 
JANUARY 17th md 18th: The FordTin L luy  Club's North 
Metro Chapter's 3rd annual "Freeze Your Arctic Off" 
expedition from 20002 the 17th to 15002 the 18th. Hanb 
some certificate available. More info: Box 545, Sterling 
Heights. Michigan 48078. 

JANUARY 17th md 18th: Sponsored by West Virglnia 
State Amateur Radio Councll from 17002 the 17th to 
17002 the 18th. Single operator only. Operation may be 
on all bands and repealer contacts are allowed. More 
info: NBAH. 933 Glen Way. South Charleston, West 
Viroinia 25309. 

COPY SATELLITE PHOTOS. 

I WEATHER MAPS. PRESS! 
The  Faxs Are Clear - o n  our ful l  s u e  (18-112" 
wide) recorders Free Fax G u ~ d e  I 

I Spinner Handle Available I 

2300 MHz 
DOWN CONVERTER 

HAPPY NEW Y E A R  

from UNIVERSAL COMMUNICATIONS 

DEBORAH and STEVE (WBSKGL) 
KNOWN AS THE STOP SIGN BOARD. THIS 
2300 MHz DOWN CONVERTER KIT WORKS 
THE IMPROVED BOARD EVEN MAKES IT 
BETTER THAN BEFORE SO WHY PAY 

TWICE AS MUCH? 

K i t  supp l ied w i t h  an 8-page brochure. PC  
board, Diodes. Ch lp  Caps. Transistors, and 
ail parts t o  comple te  a work ing board ... 

$38.50 WWER 
SUPPLIES AVAIL. 

Money Order or Check. Mai l  or phone 

UNIVERSAL COMMUNICATIONS 
P.O. BOX 6302, ARLINGTON. TEX. 7601 1 

817-265-0391 

* TELESCOPING (CRANK UP) 
*GUYED (STACK-UP) 

Ir TILT-OVER MODELS 
Easy to install. Low Prices. 

Crank-ups to 100 11. 

Four Sullon 50 Ft. 
Van Mounled Cnnk-Up 

Alum. Tower 

35w 2m FM AMPLIFIER KIT MODEL 335-K 
1 IN - 35 OUT 2 IN - 30 OUT 1 IN - 15 OUT 

COR CLASS C 4 5 A AT 13 6VDC 
BNC CONNECTORS 

ASK ABOUT OUR OTHER VHF 6 UHF MODELS I COMMUNICATION CONCEPTS INC 
2848 NORTH ARAGON AVE. I 

DAYTON. OHIO 45420 1 (513) 296.1411 = I 
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NRl will train p u  at home rm--------- 1 

to be an electronics professional i g2 Kantronics ! 
in the wide world of I 

Find the Kantronics line a t  
I ' Over 35 dealerships in the I 

communications. I I and United Argentina. States, Canada, Spain I I 

k a r n  to service, repair, and 
install everything from 
microwave antennas to 

two-wav Imdios.. .from radar 
sets ;o TV transmitters. - 

other home-stud, course gives you Rch 
such complete, pmfess~on:~l t ra~ning in so many 
fields of communication. No other gives you the 
actual hencli training with kits and demonstra- 
tion units specially designed for learning. Only 
NKI Rjves you the thorough preparation and 
training you need to achieve professional com- 
petence in the wide world of communications. 

Learn at Home L LB~ CB Radio 

in Your Spare Time 
l ~ a r n  at your own piice, right In your own 

home. There's no need to quit your job or tie up your 
evenings with night c l a m .  No time or gas wasted 
traveling to xhool.. .NU1 hrings i t  all to you. You learn 
with NKI-pioneered "hite-size" lessons and proven, 
practical "power-on" training. 

Build Your Own 2-Meter, 
Digitally Synthesized VHF 

ltansceiver 
NU1 training IS "li;~nth-on" training. You gel 

honest Iwnch experience ;IS you huild and test this 

Mohile Radio 

TV Broadcasting 

AM & FM Broadcasting 

industrial-quality two-way radio and power supply. You 
reinforce theorv lesons as you induce and correct 
faulb, study individual circuits and learn how they 
interface with others. Or, at your option, you can train 
with a fully-aswmhled forty-channel mohile CR and 
base-station power supply converter. 

You also build and keep for use in your work a 
transistorized volt-ohm meter and digital CMOS fre- 
quency counter. NRI wen gives you special lessons to 
get vour h a t e u r  Licenw so you can go on the air with 
your V'HF transceiver. 

FCC License or Full Refund 
In all, you get 48 lesons, 9 special reference 

texts, and 10 training k i  ts... the training you need to 
hecome a professional. And NRI includes training for 
the required FCC radiotelephone license examination. 
You pass oryour  luition uill be cpjunliedinjull. This 
money-back agreement is valid for six months after the 
completion of your course. 

Free Catalog, 
No Salesman Will Call 

NRI's free, 100-page full-color catalog shows all 

the equipment you get, dscr~hes each lesson and kit in 
detail, tells more alnut the many specialized fields we 
train you for. I t  includes al l  facts on other interesting 
areas'like TV and audio servicing or digital computer 
electronics. Mail the coupon and see how we can make 
you a pro. I f  coupon h i  heen removed, write: NKI 
Schools, 3939 Wisconsin Ave.. Washington, D.C. 20016. 

NRI Scbools lV/Audk~Aldm Syaecm Smiing Digital Ekdronio EkeWnic I 
McCm-Hill Cmtlnuinp, ample ~ ~ ~ ~ ~ ~ i ~ ~ j ~ ~  E h W a  Tkhnolo~y k l c  Elmmnics 

Educatwn Center with CH FCC Ljcemes. A i d .  Small Engine Repair 
3939 U'n~ormn Avmue Mob~le. Mmne Ekronla Elmrial Appliance Smicinp. 

I 
I U'ah~~~ytnn. I) C. 20016 CH .wal& AUIO~OIIYP Mechanlci I 

one ampuler ~ ~ m o n l c i  lncludlng ~uto  u Condltionln~ 
M~aomrnputers 

I 
kr Condilionln~. HefrlpaIion. & 

N O W m v a L w  Weat~ng lnclud~ng Sols lkhnology I 
I #I amr courses appmnd under GI Bill. C M  fw &tails. I 
I I 

I 
S(rm 

I 
I I 
I -clt).iS"te,mp 

3 0 l l  
I 

I Wedired by the Acmdiling Cornminion dthe National Home Shldy Council I 

ALABAMA wtssoum I 
Blrmlngham - Longs 

Electronics, 
18001 633 3410 

CALIFORNIA 

Escondido - 
Radl0 west 
17141 741.2891 

santa Barbara . 
H E M E C  
18051 963.3765 

Torrance - 
Radio Klng. Inc 
121 3) 534.4456 

DELAWARE 
New castle . 

Delaware Amateur 
SUDDIV 
13021 328-7728 

Wllmlngton . 
Amateur 8 
Advanced 
communlcatlons 
I3021 478-2757 

FLORIDA 
Clearwater - Ray s 

Amateur RadlO 
18131 535.1416 

Orlando - Amateur 
Electronlc Supply 
13051 894.3238 

GEORGIA 
CoIumbus - Radio 

wnolesale 
14041 561.7000 

HAWAII 
HOnOlUlU . Honolulu 

EIeCtrOnlCS 
18081 949-5564 

Preston . ROSS 
D~SfribUtln 
12081 8 5 2 d 3 0  

ILLINOIS 
Oak Park. 

spectronlcs. Inc 
13121 848-6777 

INDIANA 
Evansville - The Ham 

Shack InC. 
18121 4220231 

KANSAS 
HlllSbOrO. Ben 

Fr2nklln 
Electronlcs 
13161 947.5751 

wlcnl ta . Amateur 
RadlO Equipment 
Company 
13161 260.9166 

KENTUCKY 
nopltlnsvllle - Cohoon 

Amateur Supplv 
15021 886-4535 

RadlO 8 
Ele~trOnlCS. Inc. 
16171 395-8280 

west Sprlngflel6. 
NOrblII s Electronif 
Inc 
(4131 733-6648 

MICHIGAN 
Durand . omar 

EleCtrOnlCS 
15171 288.2789 

Butler - Henry Radlo 
18161 679.3127 

St.  LOUIS - MldCom 
Electronlcs. Inc 
(314) 961-9990 

NEW YORK 
New York - Barry 

Electronics 
(2121 925-7000 

Orlskanv - RadlO 
World 
(3151 337.2622 

onlo 
Clnclnnatl . Oueen 

C I ~ V  Electronics. 
Inc 
15131 931-1577 

wlckllffe - Amateur 
Electronics SUDDIV 
12161 585.7388 

OKLAMOMA 

OREGON 
Albany - Oregon 

Ham Sales 
1503) 9264591 

SOUTH DAKOTA 1 
I 

watertown - 
Burghardt 
Amateur RadlO 
center 

I 
16051 886.7314 I 

TENNESSEE 
MadlSOn Amateur 

I 
RadlO SUDDlY Of 1 
N ~ ~ h ~ l l l e  InC 
161 51 868-4956 

TEXAS 
I 

nouston . MadlSOn I 
ElPCtrOnlCS SUDDIV 
17 131 658-0268 ( 

Seabrook . ~ o ~ p h ~ n  
Electronlcs 
17131 474 9212 I 

VIRGINIA 
Vienna Electronlc 

I 
Eoulpmenr Bank 1 
17031 938 3350 

WISCONSIN I 

- 
CANADA 
salnt John, NB . Ham I 

Radlo Atlantlc 
15061 652.5753 ( 

SPAIN I - 
Barcelona - 

MontytrOnlC Radlo 1 
EQulpment 
32981 32 I 

THENETHERLANDS 

ARGENTINA 
Buenos Alres . 

servlclos de 
comerclallzaclon 
SCA 
Telex - 
122034/122089 

I KZ Kantronics I 
(91 3) 842-7745 

1202 E. 23rd S t r e e t  
Lawrence. Kansas 66044 

I 
I 
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ASSOCIATED RADIO 913-381 -5900 
8012 CONSER BOX 4327 
OVERLAND PARK, KANSAS 66204 

BUY-SELL-TRADE 
I All Brands New & Reconditioned 

We Want to DEAL-Call Us-We'll Do It Your Way. 
WE'RE #I  

I NOTE: SEND $1.00 FOR OUR CURRENT CATALOG OF NEW AND RECONDITIONED EQUIPMENT 

I *ALSO WE PERIODICALLY PUBLISH A LIST OF UNSERVICED EQUIPMENT AT GREAT SAVINGS 
A BONANZA FOR THE EXPERIENCED OPERATOR 

TO OBTAIN THE NEXT UNSERVICED BARGAIN LIST SEND A SELF ADDRESSED STAMPED ENVELOPF 

HUSTLER ANTENNAS 
.. SBTV 5-Band trap vertical 10-80 m.. reg. $139.95.. $125.95 
. .  4BTV 4-Band trap vertlcal 1 0 4 0  m.. reg. $109.95..  98.96 

EM-1 Bumper mount, reg. $18.95 .................. 17.06 
MO-1 Mast. fold-over, deck mounting, reg. $22.95..  20.66 

INTIMIDATED BY 
. 

MO-2 Mast, told-over. bumper mount, reg. $22.95. .  . 20.66 MOPEE CODE? 
. Resonator. 75 meters. 400 watt. reg. $18.95. .  
. Resonator. 40 meters. 400 watt, reg. $16.95. .  
. Super resonator. 40 meters. KW, reg. $24.95..  

... Resonator. 20 meters. 400 watt. reg. $ 14.95 

... Super resonator. 20 meters. KW, reg. $21.95. 

... Resonator. 15 meters. 400 watt, reg. $10 95 
. Resonator. 10 meters. 400 watt, reg. $10.95. .  

Mobile 2 meter colinear, wfo mount, reg. $28.95. 
.. 2 meter colinear wltrunk mount, reg. $45 9 5 . .  

PALOMAR ENGINEERS 
Price Shpg. 

R-X Nose bridge ....................... $ 55.00 $2.00 
VLF Converter .................... ...... 59.95 2.00 
IK Toriod balun. 3 KW SSB. 1:l or 4 : l . .  . .  32 50 2.00 
2 K Toriod balun. 6 KW SSB. 1:1 or4:l.. . .  42.50 2.00 
I C Keyer, battery operated ............. 117.50 3.00 
Loop Antenna. plug-~n units. 160180. BCB. VLF. 47.50 2.00 
Loop Amplifier,. .............................. 67.50 2.00 
Tuner - 10-60 meters, built-in nolse bridge .... 299.95 6.50 
CW Filter. 8 pole IC.. ......................... 39.95 2.00 

ALSO IN STOCK 
Antenna Components Larsen Antennas 

Centurion International Rubber Duck Antennas 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 
All items F.0.B Ltncoln. $1.00 minimum shipping. Prices subject to change 
wllhout notlce Nebraska residents please add 3% tax 

g & C Communications 
- 

730 Cottonwood Lincoln. Nebraska 68510 

THE NEW AEA 
MODEL MT-1 
COMPUTERIZED 
MORSE TRAINER 
MAKES MORSE 
CODE EASY AND 
FUN TO LEARN. 
KT- 1 Computerized Keyer With 
All Features of Above Trainer 
is Also Available in Same 
Wckage 

Automatic Speed Increase. User May Program: Starting 
Speed, Ending Speed. Practice Duration; 5 LettercodeGroups 
or Random Space; Common or All Characters. 
Precise Speed Control 1 to 99 WPM (Tailor t o k r  Exact 
Requirements). 
24,000 Character Answer Book Available For 10 
Starting Positions. 
Random Mode For Practice (No Answers). 

CALL TODAY 

G & K Amateur Supply 
2920 East 9th Street. Des Moines, Iowa 503 16. 5 1 5-262-1 7A5 

E A ~ r i r y ~  the 
Brea t rough! 
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90 WATT AMPLIFIER: $89.95! 

SPECIAL PACKAGE DEAL FACTORY DIRECT ONLY 
That's right - 90 watts of linear power for 2 meters class ABI for FM & SSB for only $89.95. 

Also offering a 15 dB galn in-line preamp wlth Integrated TIR relay. A $29.95 value, for only 
$20.00 when purchased wlth the VJ9OL Ampllfler. 

POWER MEASUREMENT 

'ORDER TODAY TOLL FREE 
(800) 231 -9649 
PRICING OFFER EXPIRES FEBRUARY 1, 1981 6- ~~ I 

VJPOL 

Eoch VJ Product component Is hand wlred and individually tuned for maximum rellablllty 
and performance. VJ Products are guaranteed to be free of defects in parts or workmanshlp 
for I year from the date of purchase. POWER TRANSISTORS ARE EXCLUDED, BUT WARRANTED 

10 ,( FOR 90 DAYS. Visa accepted. lmmedlate shlpment guaranteed by VJ Products, Inc. 
r----""------"""----------------"-- 

,.* I Please ship: OVJOOL @ $89.95 + $2.00 shipplng I 

1 2 3 4 5 6 7 8 9 1 0  1 OVJWL & Preamp @ $109.95 + $3.50 shipping I 

POWER INPUT IN WATTS I 
I 
I 

POWER CHART 1 Name Call I 
street I 

I 
l ClW State ZIP I 
I Send Check, M/O, or Visa # Exp. Date I 
L,,-------------------------------------d 

SERVING THE ELECTRONICS INDUSTRY SINCEl965 V-J Pf~ductS. Inc. 505 E. Shaw Street. Pasadena, Texas 77506 (713) 477-(H34 

IMPROVE YOUR The 
Iambic 
Keyer 
Paddle. b 

I.calnrc\ incllldc: adic~\tahlc jcwclcd hcar- 
in?\ ("l)cltr\c" on lv)  ~ c n \ i o n  ani l  con- 
lac1 \pacing I'trlly adjuslahlc * large. \olid. 
coil1 \il\.cr conlac1 poin l \  2 '  ! Ih.  c l l ron~c  
l>l;~~'iI \lee1 h i tw re\[\ 011 non-\ lr id I'CCI 
I r l c ~ r n ~ e  guar;lnlcc ag;~in\l ~n;~nuI'acluring 
tlclc~.r\. "S1;lndard" IIIOJ~I NIIII 1e\111rcd 
el-;i\ h;~\c: S49.50; " l ) c l ~ ~ \ c "  model w i ~ h  
c l l r o l ~ ~ c  1>1:11cd h:i\c: %hC.(M). A\ai l ;~h lc  a1 
dealer\ o r  r h r o u g l ~  111c I';~clor). Scrld 
CIICCL. IIIOIIC\ order o r  tt\c h la \ lcr  C.hargc 
or VISA.  Vihroplc\ pay\ al l  \Il ipping 
c l ~ i ~ r g c \  IIIIIII lhc ~~>III~IICIII;II U.S. 

' Iclcphonr rrnl 
(207) 775-7710 <. Y 

VIBROPLE~ 
ID.(). Ho\ 7250. 476 Fore Slri.cl. 
Portland. M a i n r  041 12. 

SCANNER BEAM 

NEW M O N I T O R  A N T E N N A  
UD t o  8dB gain. 108-512 MHz 

I 

9 
$39.95 PIU; $4100 U.P.S. 

Send for  F R E E  
Catalog o f  accessories 
and publications 

Shipping w i th in  

i 48 Ident i fy  those strange sounds # 
Professional listening t ips 

Payment must 6 0  minute cassette 
accompany order $5.95 PIUS $1.00 shipping 

f D E A L E R  I N Q U I R Y  I N V I T E D  f t " . . . S E A R C H I N G  FOR THE SOUNDS O F  TOMORROW." 

b z  k=A'/5~5 f i  
Dept. Y 

BRASSTOWN, N O R T H  C A R O L I N A  28902 

More Details? CHECK-OFF Page 110 january 1981 89 



Ham Radio's guide to help you find your /ocal i 
- 

Arizona 
POWER COMMUNICATIONS 
CORPORATION 
1640 W. CAMELBACK ROAD 
PHOENIX, A285015 
602-242-6030 or 242-8990 
Arizona's # I  "Ham" Store. Kenwood, 
Yaesu, lcom and more. 

California 
C & A  ELECTRONIC ENTERPRISES 
2210 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
213-390-8003 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Connecticut's Oldest Ham Radio 
Dealer 

Florida 

AGL ELECTRONICS, INC. 
1898 DREW STREET 
CLEARWATER, FL 33515 
81 3-461 -HAMS 
West Coast's only full service 
Amateur Radio Store. 

- -  - 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

Illinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, lL 60540 
31 2-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO,lL60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri.; 
9:30-9:00 Thurs; 9:OO-3:00 Sat. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
Kenwood, Drake, lcom, Ten-Tec, 
Tempo, DenTron, Swan &Apple 
Computers. 

Massachusetts 
TEL.COM, INC. 
675 GREAT ROAD, RT. 119 
LITTLETON, MA 01460 
61 7-486-3040 
The Ham Store of New England You 
Can Rely On. 
- - 

TUFTS RADIO ELECTRONICS 
206 MYSTIC AVENUE 
MEDFORD, MA 02155 
61 7-391 -3200 
New England's friendliest ham store. 

Minnesota 
- - 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521 -4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

I Indiana 
Delaware I New Hampshire 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Icom, Ten-Tec, Swan, DenTron, 
Tempo, Yaesu, Azden, and more. 
One mile off 1-95. no sales tax. 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
812-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. We 
service what we sell. 

- . . -  . - I rn 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

90 january 1981 
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H B m Q  BALUN 
For d~poles, yagls ~nverled __-- 
vees B doublets 

-.. 
. Replaces center ~nsu~alor @ a 

Puts power ~n antenna *' 15 . Broadbanded 3-40 MHz 
*Small. I~ghtwelght and HI-0 

wealherprool Balun 
I 1 Impedance ratto 

.For IUII legal power and more 

Helps el~rn~nate TVI . W~th SO 239 conneclor 

$10.95 Tp 

H1.Q ANTENNA 
CENTER INSULATOR 

Small ruqard I I ~ ~ ~ W P I ~ ~ I  " f, ..a lh ..pro. I 

Replaces cenler ~nsulalor j Handles I U ~  legal powcr 
and more 

'- ' 55.95 Wnh SO 239 conneclur 

HI-Q ANTENNA 
END INSULATORS 

.. :. . . .  ... . . I.,nr. 

. , :,., 1. . ,... , * I .  ( ,I. I . . , . . ,  

TI , , , I .  ._ .,. I ..., , I, . 1 * ...,, nt., 

4,,,:,!, , . , ,,,,,, ,,,,,, <... g,fv,f,,, ,+a 
,,> 4 ,".,,, ,,n,.,, ,,!,a . ,,,.,,,, $7 ,, c,,.,..3, 

*.",j1r3., , , ,  ,.l,l,nll - ,,,,< . narl..r<r.nr! 
,,,,, r,,, , ,m,~,$ , v A r ~  

Mrlv hl? U S C ~  lor 
.CUV wjr r  straln ~nsulalors 
.Fnd or crn l r r  ~nsulators I O ~  

antenna5 

.WI,,D ktrnl .,a 

$4.95 Conslruclron ot anlrnna load 
~ n g  rolls or mult~band traps 

DBPOLES 
wlrn n1.o 

PRICE WITH CENTER 
YODEL BANDS LENGTH HI-0 BALUN INSULATOR 
DIpoI.. 
8 .. kll ' I d /  s * , P  I .r 4.. 

I ,  : : I  I .  t.,, , ( I .  

1 1  8 '  J 5 2 . .  - 4. 

I ,  I '  . , ' I  ! , < , I . ,  

I, I, I " , , ,  

Soyd-. ? I  '4.~ .l'"l, 

,.I, 1 . iiCl ..,"I. 

P.~.IW i , M t , ,  awoln )., a i , . , o \ r t  1 , .  , i, 11,v +, 9, 
, I . /  ., i , , , , , MI , I ,<.I . 8, 

.,<1 11,, 

( , ' I  ,< ,.I, w ,  ., 8 1. 
..111._ 

4, .a ,  

v /  , I ' 1 ,  .,,,.o ,., ., r*,. 
Dlpol. .henenen - only. same lsnckld.d h SO model. 

: ,, 'I i. :, , ,,. "', , I* r,, 

" .. *. ,.. , , , , , , I .  ,, ,,,<, ,,I 1 4 , ,  , , , , f 8 * >  C,k?,,,..>?,9 
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1 , , . ,., ,,,. ,/, , ( ,,,,,,. 1 ,,.,. I,',,. !, ,,,,,I . . I . <  , . ..,,, , ,,,,, *.. :..t,..,, .. 8 ,  ,. ,A' , ,. ,* .-..--,,,,. 
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Anknn. ra.w*.- I .  I i 4". ,\ 3. I f , ' .  r r , ( r.  ., 
.J ,  , , . ; .  : ,,., * 8 .,,, I I 1.4 
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lma teur Radio Dealer 

New Jersey 
RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's Fastest Growing 
Amateur Radlo Center. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 
Drake, Swan, DenTron, Hy-Galn, 
Cushcraft, Hustler, Larsen, Etc. 

WllTlE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 0701 1 
201 -546-3000 
Same location for 63 years. Full-line 
authorized Drake dealer. We stock 
most popular brands of Antennas and 
Towers. 

New Mexico 
PECOS VALLEY 
AMATEUR RADIO SUPPLY 
112 W. FIRST STREET 
ROSWELL, NM 88201 
505-623-7388 
Now stocking Ten-Tec, Lunar, Icom, 
Morsematic, Bencher, Tempo, 
Hy-Gain, Avanti and moreat low, 
low prices. Cali for quote. 

New York 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K21XN or Bob WA2MSH. 

Ohio 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
COLUMBUS (REYNOLDSBURG), OH 

43068 
61 4-866-4267 
Complete Amateur Radlo Sales and 
Service. All major brands - spacious 
store near 1-270. 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, CDE, Ham- " ;,. . ,  ! ' 

Keys, VHF Engineering, Antenna 
Specialists. 

n , ,  , ,,. ,..,,, ,,,..A I, 
A",*.,,.,, $ 1 .  ...I,, ... .,. ,I,. .,. 8 1.. !., . t r  . 

BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, Atlas, 
Ten-Tec, Mldland, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
51 6-293-7990 
"Ham Headquarters U S A  since 
1925. Call toll free 800-6459187. 

Gorden 
Engineering 

SPECIALTY COMMUNICATIONS .01111*1, 1. #UGLI101(.441¶l D*'*""qw'*"m'w 

2523 PEACH STREET 
ERIE, PA 16502 
81 4-4557674 
Service, Parts, 8. Experience For Your 
Atlas Radio. 

Virginia 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehouslng 
of Surplus Electronics. 

BOOK FREE FLYER 
Whether you're interested in Ama- 
teur Radio, Electronics, Radio 
Astronomy, o l d - ~ i m e  Radio, VHF, 
SSB or just novels that involve Ama- 
teur Radio - you'll find a large 
selection of these books and more! 
Vast inventory of over 200 titles. 
Send your name and address to: 

H A M  RADIO'S BOOKSTORE 
Greenville, NH 03048 

We'll send you our most current book flyer and 
add your name to our bookstore list 



1900 MHz to 2500 MHz DOWN CONVERTER 
This receiver is tunable over a range of 1900 to 2500 mc and is intended for amateur radio use. The local oscillator is voltage controlled (i.e.) making the 
i-f ranae aooroximatelv 54 to 88 mc (Channels 2 to 7). - . .  
PCBOARDWITHDATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $19.99 
PCBOARDWlTHCHlPCAPAClTORS13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $44.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $69.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY PLUSZN6603 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89.99 
PC BOARD ASSEMBLED AND TESTED.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $99.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY, POWER SUPPLY AND ANTENNA.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $159.99 
POWER SUPPLY ASSEMBLED AND TESTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.99 
YAGl ANTENNA 4' LONG APPROX. 20T0 23dB GAIN.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $59.99 
YAGl ANTENNA 4'  WITH TYPE(N, BNC, SMA Connector) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $64.99 
2300 MHz DOWN CONVERTER 

Includes converter mounted in antenna, power supply, plus90 DAY WARRANTY.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $259.99 
OPTION # I  MRF902 in front end. (7dB noise figure). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $299.99 
OPTION #2 2N6603 in front end. (5dB noise figure) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $359.99 
2300 MHz DOWN CONVERTER ONLY 

10 dB Noise Figure23 dB gain in box wlth N conn. Input F conn. Output.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $149.99 
7dB Noise Figure23dB gain in box with N conn. Input Fconn. Out ut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $169.99 
5dB Noise Figure23dBgain in boxwith SMAconn. Input Fconn. 8utb;i: : 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $189.99 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DATA IS INCLUDED WITH KITS OR MAY BE PURCHASED SEPARATELY $15.00 

Shlpplng and Handllng Cost: 
Receiver Kits add $1.50, Power Supply add $2.00, Antenna add $5.00, Option 112 add $3.00, For complete system add $7.50. 

~t INTRODUCING THE HOWARDICOLEMAN TVRO CIRCUIT BOARDS * 
( Satellite Receiver Boards ) 

................................................................................................. DUAL CONVERSION BOARD $25.00 
This board provides conversion from the 3.7-4.2 band first to 900 MHz where gain and bandpass filtering are provided and, second, to 70 MHz. 
The board contains both local oscillators, one fixed and the othervariable, and the second mixer. Construction is greatly simplified by the use 
of Hybrid IC amplifiers for the aln stages. Bare boards cost $25 and it is estimated that parts for construction will cost $270. (Note: The two 
Avantek VTO's account for $228 of this cost.) 

..................................................................................................... 47 pF CHIP CAPACITORS $6.00 
For use with dual conversion board. Consists of 6 - 47 pF. 

........................................................................................................... 70MHzIFBOARD $25.00 
This circuit provtdes about 43 dB gain with 50 ohm input and output impedance. It is desi ned to drive the HOWARDICOLEMAN TVRO De- 
modulator. The on-board band pass filter can be tuned for bandwidths between 20 and 35 h f ~ z  with a passband r~pple of less than '12 dB. Hy- 
brid ICs are used for the aain staaes. Bare boards cost $25. It is estimated that Darts for construction will cost less than $40. - 
.OIpFCHlPCAPAClTORS ..................................................................................................... $7.00 
For use with 70 MHz IF Board. Consists of 7 - .O1 pF. 

.................................................................................................... DEMODULATOR BOARD.. 40.00 
This circuit takes the 70 MHz center frequency satellite TV signals in the 10 to 200 millivolt range, detects them usin a phase locked loop, de- 
emphasizes and filters the result and amplifies the result to produce standard NTSC video. Other outputs include t i e  audio subcarrier, a DC 
voltage proportional to the strength of the 70 MHz signal, and AFC voltage centered at about 2 volts DC. The bare boards cost $40 and total 
parts cost less than $30. 
SINGLEAUDIO ............................................................................................................. $15.00 
This circuit recovers the audio signals from the 6.8 MHz frequency. The Miller 9051 coils are tuned to pass the 6.8 MHz subcarrier and the 
Miller 9052 coil tunes for recovery of the audio. 

................................................................................................................ DUAL AUDIO $25.00 
Duplicate of the s~ngle audio but also covers the 6.2 range. 

.............................................................................................................. DC CONTROL $15.00 
This circuit controls the VTO's, AFC and the S Meter. 

TERMS: 
WE REGRET WE NO LONGER ACCEPT BANK CARDS. 
PLEASE SEND POSTAL MONEY ORDER, CERTIFIED CHECK, CASHIER'S CHECK OR MONEY ORDER. 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. WE CHARGE 15% FOR RESTOCKING ON ANY ORDER. 
ALL CHECKS AND MONEY ORDERS IN US FUNDS ONLY. 
ALL ORDERS SENT FIRST CLASS OR UPS. 
ALL PARTS PRIME AND GUARANTEED. 

(602) 242-89 16 
WE WILL ACCEPT COD ORDERS FOR $25.00 OR OVER, ADD $2.50 FOR COD CHARGE. 
PLEASE INCLUDE$~ .~O MINIMUM FOR SHIPPING OR CALL FOR CHARGES. 21 1 1 w. Camelback 
WE ALSO ARE LOOKING FOR NEW AND USED TUBES, 
TEST EQUIPMENT, COMPONENTS, ETC. 
WE ALSO SWAP OR TRADE. Phoenix, Arizona 8501 5 

NEW - TOLL-FREE NO. 800-528-0180 - please, orders only! 
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I RF TRANSISTORS 

FAIRCHILD VHF AND UHF PRESCALER CHIPS 
95H90DC 350 MHz Prescaler Divide by 10111 
95H91DC 350 MHz Prescaler Divide by W6 
llC90DC 650 MHz Prescaler Divide by 10H1 
l lC9lDC 650 MHz Prescaler Divide by 9 8  
llC83DC 1 GHz Divide by 2481256 Prescaler 
11C70DC 600 MHz FliplFlop with reset 
llC58DC ECL VCM 
11C44DCIMC4044 Phase Frequency Detector 
llC24DCIMC4024 Dual TTL VCM 
11CO6DC UHF Prescaler 750 MHz D Type FllplFlop 
llC05DC 1 GHz Counter Divide by 4 
llCOlFC High Speed Dual 5 4  Input NOINOR Gate 

TRW BROADBAND AMPLIFIER MODEL CA615B 
Frequency response 40 MHz to 300 MHz 
Gain: 300 MHz l 6dB  Mln., 17.5dB Max. 

50 MHzOto - 1 dB from 300 MHz 
Voltage: 24 voils dc a1 220 ma max. $19.99 

CARBIDE - CIRCUIT BOARD DRILL BITS FOR PC BOARDS 
Size: 35,42,47,49,51,52 52.15 
Size: 53.54.55,58,57.58,59,61,63,64,65 1.85 
Size: 86 1.90 
Size: 1.25 mm, 1.45 mm 2.00 
Size: 3.20 mm 3.58 

CRYSTAL FILTERS: TYCO 001-19880 same as 2194F 
10.7 MHz Narrow Band Crystal Filter 
3 dB bandwidth 15 kHz min. 20 dB bandwidth 80 kHz min. 40 dB bandwidth 150 

kHz min. 
Uitimate50dB: Insertion loss l.OdB max. Ripple 1.0 dB max. Ct. O+1- 5 pf 3800 

ohms. $5.95 

MURATA CERAMIC FILTERS 
Models: SFD-455D 455 kHz 53.00 

SFB.455D 455 kHz 2.00 
CFM-455E 455 kHz 7.95 
SFE-10.7 10.7 MHz 5.95 

TEST EQUIPMENT - HEWLETT PACKARD - TEKTRONIX . 
Hewlett Packard: 
491C TWT Amplifier2 to4 Gc 1 watt 30dB gain 
808C 10 to 480 mc .l uv to .5 V into 50 ohms Signal Generator 
808D 10 to 420 mc .l uV to .5 V into 50 ohms Signal Generator 
812A 450 to 1230 mc .1 uV to .5 V into 50ohms Signal Generato1 
814A 900 to 2100 mc Signal Generator 
816A 1.8 to 4.2 Gc Signal Generator 
6160 1.8 to 4.2 Gc Signal Generator 
818A 3.8 to 7.2 Gc Signal Generator 
6188 3.8 to 7.2 Gc Slgnal Generator 
820A 7 to 11 Gc Signal Generator 
6238 Microwave Test Set 
626A 10 to 15 Gc Signal Generator 
695A 12.4 to 16 Gc Sweep Generator 
Alltech: 
473 225 to400 mc AMlFM Signal Generator 

- ETC. 

$1150.00 
500.00 
500.00 
750.00 
500.00 
400.00 
500.00 
400.00 
500.00 
400.00 
900.00 

2500.00 
900.00 

750.00 

Singer: 
MFWVR-4 Universal Spectrum Analyzer with 1 kHz to 27.5 mc Plug In 1200.00 

Keitek: 
XR630-100 TWTAmplifler8to 12.4 Gc 100 watts4OdB gain 9200.00 
Poland: 
2038/2436/1102A 

Calibrated Display with an SSB Anaiys~s Module and a 10 to 
40 mc Single Tone Synthesizer 1500.00 

TYPE PRICE 
2N1561 $15.00 
2N1562 15.00 
2N1692 15.00 
2N1693 15.00 
2N2632 45.00 
2N2857JAN 2.52 
2N2876 12.35 
2N2880 25.00 
2N2927 7.00 
2N2947 18.35 
2N2948 15.50 
2N2949 3.90 
2N2950 5.00 
2N3287 4.30 
2N3294 1.15 
2N3301 1 . l 4  
2N3302 1.05 
2N3304 1.48 
2N3307 12.60 
2N3309 3.90 
2N3375 9.32 
2N3553 1.57 
2N3755 7.20 
2N3818 6.00 
2N3866 1.09 
2N3866JAN 2.80 
2N38BBJANTX 4.49 
2N3924 3.34 
2N3927 12.10 
2N3950 26.86 
2N4072 1.80 
2N4135 2.00 
2N4281 14.60 
2N4427 1.20 
2N4957 3.62 
2N4958 2.02 

TYPE 
2N5590 
2N5591 
2N5637 
2N5641 
2N5642 
2N5643 
2N6545 
2N5764 
2N5842 
2N5849 
2N5862 
2N5913 
2N5922 
2N5942 
2N5944 
2N5945 
2N5946 
2N6080 
2N6081 
2N6082 
2N6083 
2 N 6 W  
2N6094 
2N6095 
2N6096 
2N8097 
2N6136 
2N6166 
2N6439 
2N64591PT9795 
2N6603 
2N8604 
A50-12 
BFRW 
BLY568C 
BLYWCF 

PRICE 
$8.15 
11.85 
22.15 
6.00 

10.05 
15.82 
12.38 
27.00 
8.78 

21.29 
51.91 
3.25 

10.00 
46.00 
8.92 

12.38 
14.69 
7.74 

10.05 
11.30 
13.23 
14.66 
7.15 

11.77 
20.77 
29.54 
20.15 
38.60 
45.77 
18.00 
12.00 
12.00 
25.00 
5.00 

25.00 
25.00 

TYPE 
MM1550 
MM1552 
MM1553 
MM1601 
MM1602121 
MM1607 
MM1661 
MM1669 
MM1943 
MM2605 
MM2608 
MM8006 
MMCM918 
MMT72 
MMT74 
MMT2657 
MRF245 
MRF247 
MRF304 
MRF420 
MRF450 
MRF450A 
MRF454 
MRF458 
MRF502 
MRF504 
MRF509 
MRF5ll 
MRF901 
MRF5177 
MRF8004 
PT4186B 
PT457 1 A 
PT4812 
PT4628 
PT4640 

PRICE 
$10.00 
50.00 
56.50 

PT8659 
PT9784 
PT9790 
SD1043 
SD1116 
SD1118 
SD1119 
TRWMR 
40281 
40282 
40290 

CHIP CAPACITORS 
1Df 2 7 ~ f  220Df 1200~f  

Wa can supply any 2.2pf i . iP f  33bf 39pf 24opf 270pf 1500'pf 1800pf 
value chip capac- 2.7pf 47pf m p f  2200pf 
ltorr you may need. 3.3pf 56pf 330pf 2700pf 

3 .9~f  8 8 ~ f  3 8 0 ~ f  3300Df 
PRICES 

1 to 10 51.49 
11-50 1 .29 
51 - 100 .89 
101 - 1,000 .69 
1,001 up .49 

I HAMLIN SOLID STATE RELAYS ATLAS CRYSTAL FILTERS FOR ATLAS HAM GEAR I 

I 120 Vac at 40 Amps. 
lnput Voltage 3 to 32 Vdc. 

I 240 Vac at 40 Amps. 
lnput Voltage 3 to 32 Vdc. 

Your Cholce $4.99 

YOUR CHOICE $24.95 
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@) MOTOROLA Semiconductor The RF Line 

NPN SILICON RF POWER TRANSISTORS NPN SILICON RF POWER TRANSISTOR 

. . . designed for power amplif~er applications in industr~al, corn 
mercial and amateur radio equipment t o  30 MHz. 

C-- 

Specified 12.5 Volt, 30 MHz Characteristics - 

Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 

NPN SILICON RF POWER TRANSISTOR 
deslgned prlmar~ly for use In large slgnal output ampl~fler stages 

Intended for use In Cltlzen Band communlcatlons equlpment 

MRf 472 operatlng at 27 MHZ ~ l g h  breakdown voltages allow a high 
percentage of up modulation In AM clrcults 

$2 .50  Spec~f~ed 12 5 V. 27 MHz Character~st~cs - 

Power Output = 4.0 Watts 
Power Galn = 10 dB M ~ n ~ m u m  
Efficiency = 65% Typlcal 

MRF475 NPN SILICON RF POWER TRANSISTOR 

. . . deslgned primarily for use in single sideband linear amplifier 
output appl~caiions in citizens band and other communications 
equipment operating to 30 MHz. 

Character~zed for S~ngle Sideband and Large-Signal Amplifier 

Applications Utilizing Low-Level Modulation. 

Specified 13.6 V, 30 MHz Characteristics - 

Output Power = 12 W (PEP) 
M~nimum Eff~ciency = 40% (SSB) 
Output Power = 4.0 W (CWI 
Mrnlmum Eff~ciency = 50% (CW) 

$5.00 
Mrnimum Power Gain = 10 dB (PEP & CW) 

Common Collector Character~zation 

des~gned for power ampl~frer appl~cat~ons In ~ndustr~al.  
commer~cal and amateur rad~o equipment to 30 MHz 

Speclf~ed 12 5 Volt. 30 MHz Character~strcs 

Output Power - 80 Watts 
Mlnlmum Ga~n  = 12 dB 
Efflc~ency = 5W/a 

Capable of Wlthstandlng 30 1 Load VSWR @ Rated Pout and VCC 

UHF POWER AMPLIFIER MODULE 

. . . des~gned for 12.5 volt UHF power ampl~fler appllcatlons in 
~ndustr~al and commercral FM equlpment operatlng from 400 
to 512 MHz. 

Spec~f~ed 12 5 Volt, UHF Character~st~cs - 

Output Power = 13 Watts 
Mln~mum Galn = 19 4 dB 
Harmonics = 40 dB 

50 R Input/Output Impedance 

Guaranteed Stabll~ty and Ruggedness 

Galn Control Pin for Manual or Automat~c Output Level Control 

T h ~ n  F ~ l m  Hybrld Construction G~ves Cons~stent Performance 

and Rellablllty 

Tektronix Test Eaui~ment 
B Uldrbalid Hlgh  Lain P l u g  I r i  
CA Dual 1ra<e Plug I?, 
I F d i t  U l r e  OC P l v o  10 

sampling p l u g  i n 2  
Trdn~~rtor R l r e t l m e  P lug  I n  
H lgh  Gain Olfferential Cornpardtor P l u g  I n  
T e s t  ~ o a d  P lug  I n  f o r  530/54111550 Main Framer 
WIdeband Dual T race  P lug  I n  
Sampling Unlt Wlth 350P5 Rlrrtlln? 0C t o  I G H l  
AC Dlfferrntldl P lug  I n  
Dual  Trace Sampl lng OC t o  l G H 2  P l u g  I n  
Oual  Trace Sdrnpl lng OC t o  875MHL P lug  I N  
Sampling Sweep P l u g  11) 
Spectrum Ana lyzc r  I t o  36MHl P lug  I N  
iimpllflrr P lug  I" 
Sweep P l u g  In 
Uldebnlld High G d l l i  P l u g  I" 
Wldrband Hlgh  G a l n  P l v g  I n  
Dud1 Trd iP  Plug  111 
nigh Gd ln  OC Olfferentlsl Plug In 
Wldeband OC O l f f e r e n t l a l  P l v g  I n  
Fart R l r e  H l g h  Ga ln  Plug I n  
Test P lug  I n  For 58Oi58I M a l n  Framer 
Square Wave Generator . I  to IMH? 
Pr~anlyllfler 2Hz t o  4UKHZ 
AC Covoled Presmollfler 
cuvren; Probe A r n b l ~ f l e r  
Tlme Mark Generator 
Program Control U n l t  
Trigger Countdown Unlt 
Portable Oual  Trace 50MH: Scope 
Portable Dual Trace l O O M H l  Scope 
OC to 450KHZ Scope Rark Mount 
DC t o  15WI I  Scope R a r k  Mount 
OC to IIWZ Scope 

I 

OC to IOWl Scope Rack Mount 
OC t o  L O M H l  Scope Rack Mount 

Scopes with Plug-ins 

56111 OC t o  I O M H I  Scope w ~ t h  d 3576 Dua l  Trace OC t o  
8 7 5 M H I  Sdmpl~ng  P lug  I n  and a 3 T l l A  Sweep P l u g  In. Rack Mount 600 00 

'1b5 OC to IOUH? Dual Beam 5 c o p r  vlth a ? A t 3  O l f f  and a 21161 Olff. 
p lug In's 900.00 

,181 DC t o  YONHI Scope w l t h  a 82 Dual T race  High Garn Plug  I n  65U.00 

Tubes 
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electroq~cs 
MICROWAVE COMPONENTS PRD - 

UlOl 12.4 t o  18 GHz Var iab le  A t tenuator  0 t o  60dB 300.00 

4RRA ~ 1 0 1  8.2 t o  12.4 GHZ Var iab le  A t tenuator  o t o  6 0 d ~  EOO.OO ClOl Var iab le  A t tenuator  0 t o  60dB 200.00 
2416 Var iab le  A t tenuator  I 205A/36;' S l o t t e d  L i n e  w i t h  Type N Adapter 100.00 
3614-60 Var iab le  A t tenuator  0 t o  6 0 4  75.00 8 . 2  t o  12.4 GHz Var iab le  A t tenuator  0 t o  50dB 100.00 ;i:isl KU520A Var iab le  A t tenuator  18 t o  26.5 GHz 100.00 7.05 t o  10 GHz Var iab le  A t tenuator  0 t o  40dB 100.00 
4684-20C Var iab le  A t tenuator  0 t o  180dB 100.00 196C 8 . 2  t o  12.4 GHz Var iab le  A t tenuator  0 t o  45dB 100.00 
6684-20F Var iab le  A t tenuator  0 t o  180dB 100.00 gi 3.95 t o  5.85 GHz Var iab le  A t tenuator  0 t o  45dB 100.00 

Frequency Meter 5.3 t o  6.7 GHz 100.00 
140d,C,D,E F ixed  A t tenuators  25.00 
109J. I Fixed At tenuators  25.00 
WEINSCH1:L ENG. 2692 Var iab le  A t tenuator  t 3 0  t o  60dB 100.00 

General Microwave 
D i r e c t i o n a l  Coupler 2 t o  4GHz 20dB Type N 75.00 

COMPUTER I.C. SPECIALS 

MEMORY DESCRIPTION PRICE - 
Hewlett Packard 2708 IK x B EPROM s 7.99 

H487B 
2716/2516 2K x 8 EPROM 5Vo l t  S i n g l e  Supply 20.00 

100 ohms Neg Thermistor Mount (NEW) 
H487B 

150.00 2114/9114 1K x 4 S t a t i c  RAM 45011s 6.99 
100 ohms Neg Thermistor Mount (USED) 

4778 
100.00 2114L2 1K x 4 S t a t i c  RAM 250ns 8.99 

200 ohms Neg Thermistor Mount (USED) 
X487A 

100.00 2114L3 1K x 4 S t a t i c  RAM 35011s 7.99 
130 Ohms Neg. Thermistor Mount (USED) 100.00 4027 4K x 1 Dynamic RAM 3.99 

X487B 100 ohms Neg. Thermistor Mount (USED) 125.00 4060/2107 4K x 1 Dynamic RAM 3.99 
4050/9050 4K x 1 Dynamic RAM 3.99 

J468A LOO ohms Neg Thermistor Mount (USED) 150,00 2111A-2/8111 256 x 4 S t a t i c  RAM 3.99 

47BA 200 ohms Neg Thermistor Mount (USED) 150.00 ::t:t;T2 256 x 4 S t a t i c  RAM 3.99 

5382 5.85 t o  8.2 GHz Var iab le  A t tenuator  0 t o  50dB 
1K x 1 S t a t i c  RAM 55ns 4.99 

X382A 8 .2  t o  12.4 GHz Var iab le  A t tenuator  O.to 50dB 
: 6104-314104 4K x 1 S t a t i c  RAM 32011s 14.99 

7141-2 4K x 1 S t a t i c  RAM 200ns 14.99 
MCM6641L20 4K x 2 S t a t i c  RAM 200ns 14.99 
9131 1K x 1 S t a t i c  RAM 300ns 10.99 

394A 1 t o  2 GHz Var iab le  A t tenuator  6 t o  120dB 250.00 
NK292A Waveguide Adapter 65.00 
K422A 18 t o  26.5 GHz C r y s t a l  Detec to r  
8436A Bandpass F i l t e r  8 t o  12.4 GHz 

25o.00 C.P.U.'S ECT. 
75.00 

MC6800L Microprocessor 13.80 
MCMb8IIlAP 128 x 8 S t a t i c  RAM 45011s 3.99 

8439A 2 GHz Notch F i l t e r  
7 5 ,  00 MCM68A [OP 1.2'8 x 8 S t a t i c  RAM 360ns 4.99 

8471A RF Detec to r  
MCM688 IOP 128 x 8 S t a t i c  RAM 25011s 5.99 

H532A 7.05 t o  10 GHz Frequency Meter : MC6820P PI A 8.99 

G532A 3.95 t o  5.85 GHz Frequency Meter 300.00 MC6820L PI A 9.99 

J532A 5.85 t o  8 .2  GHz Frequency Meter 300.00 ~~~~~~~p PlA 8.99 
PIA 9.99 

MCM683OL7 Mi kbug 14.99 
MCb840P PTM 8.99 
MC6845P CRT C o n t r o l l e r  29.50 

809A Car r iage  w i t h  a 444A S l o t t e d  L i n e  Untuned Oetector Probe MC6845L CRT C o n t r o l l e r  33.00 
and 809B Coaxial  S l o t t e d  Sec t ion  2.6 t o  18 GHz 175.00 MC6850L ACIA 10.99 

MCb852P SSDA 5.99 
MC6852L SSDA 11.99 
MCbB54p AOLC 22.00 
MC6860CJCS 0-600 BPS Modem 29.00 

Merrimac MCb862L 2400 BPS Modem 14.99 
MK385ON-3 F8 Microprocessor 9.99 
MK3852P F8 Memory interface 16.99 

AU-25A/ 801115 Var iab le  A t tenuator  100.00 MK3852N F8 Memory interface 9.99 
AU-26A/ 801167 Var iab le  A t tenuator  100.00 MK3854N F8 D i r e c t  Memory Access 9.99 

8008- 1 Microprocessor 4.99 
8080A Microprocessor 8.99 
28OCPU Microprocessor 14.99 

Microlab/FXR 6520 P I  A 7.99 
6530 Support For 6500 s e r i e s  15.99 
2650 Microprocessor 10.99 

X638S Horn 8.2 - 12.4 GHz 60.00 TMSlOOONL Four B i t  Microprocessor 9.99 
601-818 X t o  N Adapter 8.2 - 12.4 GHz 35.00 TMS4024NC 9 x 64 D i g i t a l  Storage B u f f e r  (FIFO) 9.99 
Y6100 Coupler 75.00 TMS6011NC UART 9.99 

MC14411 B i t  Rate Generator 11.99 
AY5-4OO7D Four D i g i t  Counter lD isp lay  D r i v e r s  8.99 
AYS-'1200 Repertory D i a l l e r  
AY5-9100 

9.99 
Push But ton  Telephone O i a l l e r s  7.99 

AY5-2376 Keyboard Encoder 19.99 
AY3->I500 1 V  Game Chip 5.99 

Narda TR1402A u ART 9.99 
PR1472B UART 9.99 

4013C-lo/ 22540A O i r e c t i o n a l  Coupler 2 t o  4 GHz lOdb Type SMA 90.00 PT1482B UART 9.99 
4014-lo/  22538 D i r e c t i o n a l  Coupler 3.85 t o  8 GHz lOdB Type SMA 90.00 8257 DMA C o n t r o l l e r  9.49 
4014C-6/ 22876 D i r e c t i o n a l  Coupler 3.85 t o  8 GHz 6dB Type SMA 90.00 8251 Comnunication I n t e r f a c e  9.99 
4015C-lo/ 22539 D i r e c t i o n a l  Coupler 7.4 t o  12 GHz lOdB Type SMA 95.00 8228 System C o n t r o l l e r  B Bus D r i v e r  5.00 
4015C-301 23105 D i r e c t i o n a l  Coupler 7 t o  12.4 GHz 30dB Type SMA 95.00 8212 8 B i t  Inpu t /Outpu t  P o r t  5.00 
3044-20 D i r e c t i o n a l  Coupler 4 t o  8 GHz 20dB Type N 125.00 MC14410CP 2 of 8 Tone Encoder 9.99 
3040-20 D i r e c i t o n a l  Coupler 240 t o  500 MC 20dB Type N 125.00 MC14412 Low Speed Modem 14.99 
3043-20/ 22006 D i r e c t i o n a l  Coupler 1.7 t o  4 GHz 2OdB Type N 125.00 MC14408 B inary  t o  Phone Pulse Converter 12.99 
3003-lo/ 22011 D i r e c t i o n a l  Coupler 2 t o  4 GHz lOdB Type N 75.00 MC14409 B inary  t o  Phone Pulse Converter 12.99 
3003-30/ 22012 D i r e c t i o n a l  Coupler 2 t o  4 GHz 30dB Type N 75.00 MCl488L RS232 D r i v e r  1.00 
3043-30/ 22007 D i r e c t i o n a l  Coupler 1.7 t o  3.5 GHz 3OdB Type N 125.00 HC1489L RS232 Receiver 1.00 
22574 D i r e c t i o n a l  Coupler 2 t o  4 GHz lOd8 Type N 125.00 MC1405L A/O Converter Subsystem 9.00 
3033 Coaxial  Hybr id  2 t o  4 GHz 3dB Type N 125.00 MCl406L 6 B i t  D/A Converter 7.50 
3032 Coaxial  Hybr id  950 t o  2 GHz 3 dB Type N 125.00 MC1408/6/7/8 8 B i t  D/A Converter 4.50 
784/ 22380 Var iab le  A t tenuator  I t o  90dB 2 t o  2.5 GHz Type SMA 550.00 Mc1330P Low Level Video Detec to r  1.50 
22377 Waveguide t o  Type N Adapter 35.00 MC1349/50 Video I F  A m p l i f i e r  1.17 
720-6 Fixed A t tenuator  8.2 t o  14.4 GHz 6 dB 50.00 MC1733L LM733 OP A m p l i f i e r  2.40 
3503 Waveguide 25.00 LM565 Phase Lock Loop 2.50 
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KLM BRAND NEW 

SATELLITE RECEIVER SYSTEM 
The entertainment opportunity of a lifetime! 

Look what KLM's SKY EYE 1 offers: nearly 100 channels of the latest movies, sports, news, 
comedy, classic films, specials, religious programs and much more . . . all in clear, sharp 
studio quality picture and sound. Forget about "fringe" or no-reception areas, ghosts, 
fading, imaging and all the other problems of TV reception. KLM's SKY EYE 1 is your direct 
link to the 11 TV satellites now orbiting above the U.S. You'll experience great shows and 
the greatest picture quality you've ever seen. 
KLM's SKY EYE 1 is a complete system, featuring performance-proven "state of the art" 
electronics design and materials. All you need is a modest amount of space for the special 
parabolic antenna (its screened surface blends with the landscaping to become a discrete 
addition to your yard). Inside your home, all those channels are accessible through the 
compact SKY EYE 1 Control Center. 
With KLM's SKY EYE 1 your TV becomes a true entertainment center, bringing you an 
amazing variety of great shows - something to please every member of your family. 

KLM's SKY EYE 1 SYSTEM 
Control Center 
+ CONTINUOUS CHANNEL TUNING 
+ CONTINUOUS AUDIO TUNING 5.8 to 7.4 MHz 
+ POLARITY CONTROL CAPACITY, MOMENTARY AND LIMIT MODELS 
+ SEPARATE REGULATED POWER SUPPLIES FOR LNA AND RECEIVER 
+ STANDARD RG-59 COAX TO RECEIVER UNlT 

Receiver Unit 
+ SINGLE CONVERSION IMAGE REJECTION MIXER (greater linearity and video response than any PLL) 
+ BUILT-IN DC BLOCK 
+ MODULAR CONSTRUCTION 
+ WEATHER-PROOF ENCLOSURE 
CONTROL CENTER and RECEIVER UNIT $1 500.00 

Antenna: KLM Parabolic Dish 
+ SCREENED FOR LIGHT WEIGHT AND LOW WINDLOAD 
+ EASY AZIMUTH AND ELEVATION CHANGES 
+ MODEST BASEMOUNT REQUIREMENTS 
+ HIGH GAIN LNA (AVANTEK) 
+ MOTOR DRIVEN POLARITY CHANGES $000.00 
+ 12 FOOT OR 16 FOOT PARABOLIC DISHES 12 Foot $3000.00 

16 Foot $3500.00 
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TEST EQUIPMENT SALE 
Manufacturer 4 Model Description Price 
AIL 
124A 200 to 2500MHZ Wlde Range Power Oscillator $300.00 
390A.3 Microwave DlodeTest Set 25.00 

AILTECH 
473A Swept RF Power Source 225 to 400MHZ 5GQ.00 

ALTO 
34A1 FM TV Receiver 220MHZ 200.00 

B&K 
161 Transistor Tester 75.00 
807 Tube Tester 100.00 

BALLANTINE 
30906 AC Voltmeter 100.00 
355 Digital Voltmeter AClDC 75.00 
6130A Tlme Mark Generator 350.00 

BELL 4 HOWELL 
2970 Color Video TV Camera wlth Monitor 300.00 

BIRD 
67C RF Wattmeter 0 to 2.5KW at 30 to500MHZ 200.00 
TSllBAIAP RF Wattmeter2 to 500W at 20 to 1400MHZ 150.00 
CY-1764iUPM RF Wattmeter 

BIRTCHER 
10-AC Hybrld Parameter Plug In For Model 70 50.00 
10-C Transistor Leakage Plug In For Model 70 50.00 
10-E Test Plug In For Model 70 50.00 
70 Translstor Test Set For Above Plug Ins 175.00 

BOONTON 
63M Inductance Bridge 500.00 
71AR Capacltance Inductance Bridge 600.00 
71 D Capecltance Inductance Reference 200.00 
74CS6 Capacitance Bridge 600.00 
9lCA RF Voltmeter 300pV13V at lOHU6OOMHZ 300.00 
91 H RF Voltmeter 100pV1300V at 20HU1.2GHZ 350.00 
95AR DC MicrovoltlPicoammeter lOpVHOOOV, lpAl lA 200.00 

BOONTONIHEWLETT PACKARD 
l90A Q Meter 20 to 260MHZ 500.00 
207H Univerter 100KHZ to 55MHZ 100.00 
230A Power Amplifier 10 to 500MHZ4.5watts 500.00 
2308 Power Amplifier Later Version of 230A 900.00 
240A Sweep Generator 4.510 120MHZ 200.00 
250A R X Meter .5 to SOOMHZ 1500.00 
280A Q Meter 50KHZ to 50MHZ 500.00 
280A Q Meter 200 to 600MHZ 500.00 

CLEVITE BRUSH 
1314214-00 Log Amplifier 75.00 

COHU 
204AR Galvenometer 75.00 

CHROMALLYlMlLlTARY 
ACFUTS-20 Radlo Test Set 100.00 

DANA 
5MX,I130 Digital Voltmeter 150.00 
5740 Digltal Voltmeter 150.00 
5800 Dlgital RatiometarlMultlmeter 200.00 
DYMECIHEWLETT PACKARD 
2850A Oscillator Synchronizer 100.00 

DYNAMIC 
504 Multimeter DC Micromultirneter 100.00 

LH. LAB 
120D Pulse Generator l00HZ to2OMHZ 200.00 

E.I.P. 
lOlA Spectrum Analyzer Plug In and Power Supply 700MHZ to 15.4GHZ 1500.00 

ELECTRONIC SERVICE 
710A Crystal Impedance Meter 300.00 

EMPlRElSlNQER 
NF105 Noise & Field Intensity Meter 400.00 
TAINF105 l50KHZ to 3OMHZ Mod.Ml26 For NF105 200.00 
TXlNFlO5 14KHZ to 150KHZ Mod.Ml26 For NF105 200.00 
TlINF105 20MHZ to 2WMHZ Mod.Ml26 For NF105 200.00 
TZNF105 200MHZ to400MHZ Mod.Ml26 For NF105 200.00 
T3NF105 400MHZ to 1000MHZ Mod.Ml26 For NF105 200.00 
TAlNFlO5 150KHZto 30MHZ For NF105 200.00 
TZMM120 50MHZto 1000MHZ 200.00 
T21NF112 2000MHZ to 4000MHZ For NF112 200.00 
TYNF112 3900MHZ to 7200MHZ For NF112 200.00 

FAIRCHILD 
74.03 Tlme Base Plug In For 700 Series Scopes 150.00 
7601A Single Input Vertlcal Amplifier For 700 Series Scopes 75.00 
757 Oscilloscope 200.00 

FEL Microwave Synchronizer 300.00 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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Descrlpflon 

X Y Recorder .5mV to 10V 
Logarithmic Converter 

High Voltage Divider 
VAW Meter 
Impedance Meter Bridge 
DC Null DetectorlHigh Impedance Voltmeter 
Differential Meter 
DC Differential Voltmeter 

Microwave Power Meter 

Audio Frequency Microvolter 
Strobe 
Compensated Decade Resistor 
Capacitance Test Bridge 
Power Supply 
Power Supply 
Osclllator65 to 500MHZ 
Oscillator .5tO 5OMHZ 
Null Detector 
Unlt Oscillator 
Unlt Oscillator 
Unit Oscillator 50 to 250MHZ 
Unit Oscillator 50 to 250MHZ 
IF Amplifier 
Unlt Puise Generator 
Tune Circuit 
Power Supply 
Unlt Oscillator 50 to 500MHZ 
Noise Generator 
Noise Generator 
Pulse, Sweep, Time Delay Generator With 1391P2 Power Supply 
Comparison Bridge 
Capacitance Bridge 
Resistance Limit Bridge 
Variac 

Synchro Bridge 
Transformer 

Oscilloscope 

X Y Recorder . l  to 20V 

Barretter Matching Transformer 
Scope Camera 
Pulse Generator lOHZ to IMHZ 
Puise Generator to 100MHZ 
Attenuator Set 
Attenuator 
VTVM 1OHZ to 4MHZ 
AC Transistor Voltmeter 
V N M  
RF Millivoltmeter 
DC Null Voltmeter 
VSWR Meter 
Ratio Meter 
VHF Detector 10 to 500MHZ 
DC MicrovoltlAmmeter 
Clip On DC Ammeter 
Microwave Power Meter DC to lOGHZ lOmW 
Microwave Power Meter lOMHZ to 4OGHZ 10pW to 10mW 
Microwave Power Meter lOMHZ to40GHZ 10pW to 10mW 
Calolmetric Power Meter DC to 12.4GHZ 10W 
AC DC Converter 
Frequency Meter 
Motor 
Pulse Generator 
AC Current Amplifler 
Electromyograph Plug In 
High Gain Vertlcei Plug In For 175A Scope 
Auxiliary Plug In For 175A Scope 
Amplifier 
Power Supply 
Auxiliary Plug In 
Function Generator 
Broadband Sampling Voltmeter lOKHZ to 1.2GHZ 

Manufacturer & Model Price 
F.L. MOSLEYIHEWLETT PACKARD 
3s $225 00 
60D 100.00 

FLUKE 
80E 250.00 
102 150.00 
710A 250.00 
845AB 250.00 
853A 250.00 
871A 250.00 

GENERAL MICROWAVE 
454AR 100.00 

GENERAL RADIO 
546C 25.00 
631 D 50.00 
670F 50.00 
7408 75.00 
1203A 40.00 
12038 60.00 
12080 75.00 
1211C 100.00 
1212A 50.00 
1214AS2 50.00 
1214D 50.00 
12158 100.00 
1215C 200.00 
1216A 75.00 
12178 50.00 
1231 P3 15.00 
1269A 100.00 
1363 300.00 
1382 275.00 
13908 200.00 
1391 B 450.00 
16048 125.00 
1617A 500.00 
1652A 100.00 
WSOHM 200.00 

CiERTSCH 
SB.4C.4R 50.00 
ST-100 15.00 
HEATHKIT 
10-4560 75.00 

HEWLEll  PACKARD1F.L. MOSLEY 
2DR2 350.00 

HEWLETT PACKARD 
AC-6OK 15.00 
196A 200.00 
214A 650.00 
216A 650.00 
350D 100.00 
354A 250.00 
4M)DR 50.00 
403A 150.00 
4108 125.00 
411AR 250.00 
413AR 100.00 
4158 50.00 
41 6A 100.00 
417A 125.00 
425A 250.00 
428A 275.00 
430C 100.00 
431 B 200.00 
431 C 350.00 
434A 450.00 
457A 75.00 
500ER 100.00 
508A 25.00 
1105A 50.00 
l l l l A  75.00 
1510A 250.00 
1752A 50.00 
1780A 25.00 
2470A 100.00 
2772A 100.00 
33OlA 25. 00 
3310A 500.00 
3406A 750.00 

NEW - TOLL-FREE NO. 800-528-0180 - please, orders only! 
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Manufacturer & Modal Deacrlptlon Prlce 
HEWLEll  PACKARD 
3430A Digital Voltmeter $150.00 
3434A Comparator 250.00 
3441A Range Selector For 3439N3440A 75.00 
3442A Plug In For 3439A Automatic Range Selector & 3440A 50.00 
3443A High Gain Auto Range Plug In For 3439N3440A 200.00 
3445A AC DC Range Plug In For 3439N3440A 175.00 
3446A AC DC Remote Plug In For 3439N3440A 150.00 
3450A Dlgltal Voltmeter 750.00 
4260A Universal Bridge 900.00 
4910F Open Fault Locator 250.00 
5252A Prescaler For 5245U5246L to 350MHZ 250.00 
5280A Frequency Divider to 12.4GHZ 1000.00 
53278 Timer Counter DVM to512MHZ 1000.00 
5383A 520MHZ Frequency Counter 300.00 
5480A with a 5486A and a 5485A, Memory Display, Control, and aTwo Channel Input 3500.00 
80058 Pulse Generator 750.00 
8007A Pulse Generator 750.00 
8402A calibrator For 431A and 431 B 250.00 
8601 A GeneratorlSweeper 1200.00 
8802A Medium Galn Amplifler 100.00 
10405 Vertical Response Tester 100.00 
104078 Plug In Extender 100.00 
10411A Horizontal Gain Calibrator 100.00 
H03-353A Attenuator Set 100.00 

HlCKOK 
CA.4 Compactron Adapter For Tube Tester 150.00 
DPl00 DC Plug In 25.00 

HUOHESlCOBlLT 
TCB-4401PE-100 Die Bonder (Like New) 1000.00 

ITTISTANDARD TELEPHONES 
AND CABLES LTD. 

74834SG Distortion Measurlng Equipment 100.00 

KAY 
llOA Mega Sweep 100.00 
570A Rada Pulse Sr. 10 to BOMHZ 100.00 
990A Utilator 4.5 to 22OMHZ 100.00 

KEITHLEY 
2000 DC VTVM 50.00 
250 Static Meter 300.00 
416 Pico Ampmeter 100.00 
6OOA Electrometer 200.00 

KELTEC 
XR630-100 TWTAmplifIerBto 12.4GHZat 100W 40dB Gain 5000.00 

KROHN HlTE 
3lOABR Band Pass Filter ZOCPS to 200KC 100.00 
350A Ultra Low Frequency Rejection Filter .02HZ to 2KHZ 100.00 
360AR Rejection Filter 20CPS to 200KC 100.00 

LEEDS 6 NORTHRUP 
Spectray 90 Temp. Detector 100.00 
8888 Millivolt Potentiometer 250.00 

MEQURO 
MSG2282A Signal Generator 500.00 

MILITARY 
ANIURMW Impedance Bridge 150.00 
SG-103URM25F HF Slgnal Generator 10KHZ to 5OMHZ 250.00 
ME180BIUSM116B RF Voltmeter Multimeter 100.00 
TV-7DU Tube Tester 125.00 

MlLLlVAC 
828A RF Mlcrovoltmeter Solid State(N0 PROBE) 100.00 

NELSON ROSS 
PSA-023 Spectrum Analyzer OKC to 500KC 300.00 
PSA-034 Spectrum Analyzer 1KC to 2MHZ 300.00 

NLS 
FM-7 Frequency Counter 100.00 
MS-215 Scope 200.00 
SC-5 Prescaler 150.00 

NORTH ATLANTIC 
RB.503CIS.1177 Ratio Box 75.00 
VM.204 Phase Angle Voltmeter 100.00 

SINGER 
MF-5 Spectrum Analyzer with a UR-3 and a VR-4 lKHZ to 27.5MHZ 1200.00 

PHlLCOlSlERRA 
470A-500 High Power Slgnal Generator 200 to 500MHZ 50W 1100.00 

POLARAD 
SD.1 Multi Pulse Spectrum Analyzer 75.00 
1001 M4 Modulator 150.00 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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Manufacturer & Model 
POLARAD 
1107 
1108 
llO8M4 

Description Price 

Signal Generator 3.8 to 8.2GHZ 
Signal Generator 6.95 to 11GHZ 
Slgnai Generator 7 to 11GHZ 
Signal Generator 1.95 to 4.2GHZ 1206 

PRD 
6801x670 
RADIO OMETER COPENHAQOEN 
SMG-1 

RAMCOR 
1200 

RCA 
WV-98C 

Calorimetric Power Meter with Dry Calorimeter 8.2 to 14.4GHZ 

Stereo Generator 

Densiometer 

Senior Volt Ohmyst 

RFL 
107A Magnet Charger 

lOKC to 1100KC Crystal impedance Meter 
2.5KC to 1100KC Crystal impedance Meter 
Magnet Charger with Transformer 

ROHDE 81 SCHWARZ 
KRT 
SLRD 

SENCOR 
CA122B 

SIEMENS 
3D3325 

SPECTRA 
UBD 112' 

STODDART 
NM-1OA 
NM-40A 

TECA CORP 
CH-3 

TELE SIGNAL CORP. 
320 

Capacitance Meter 
UHF Power Slgnai Generator 275 to 2750MHZ20W 

Color Clrcult Analyzer 

Selective Voltmeter 

Photo Research Spotmeter 

RFI Meter 10 to 250KHZ 
RFI Meter 30HZ to 15KHZ 

Variable Pulse Generator 8 Chronavle Meter 

Test &Meter Unit 

Sweeper 

Wideband High Gain Plug In 
Dual Trace Plug in 
Hlgh Gain Dlfferential 
Wideband Hlgh Gain DC 
Fast Rise DC 
Four Trace 
Sampling 
Transducer &Strain Gauae 
Transistor Risetime 
Test Load 
Hlah Gain Ditferential Comoarator 
~ u i i  Trace 
Differential Comparator Amplifier 
Sampllng Unit with 350ps Rlsetime DC to lGHZ 
AC Dlfferentlal 
Differential 
Time Base Single Sweep 
Wideband DC 
Dual Trace Sampling DC to lGHZ 
Dual Trace Sampling DC to 875MHZ 
Programmable Sampling Sweep 

sampling Sweep 
Sampling Scope with Dual Trace Sampling Units(3) and Timing Unit 
Vertical Ampllfier DC to8OMHZ 
Differential Amplifier 
Dual Trace 
Oscilloscope Same as 515 15MHZ 
Oscilloscope Sameas53tA wlth DualTrace Plug In t5MHZ 
Oscilloscope Same as 535A wlth Dual Trace Plug In 15MHZ 
Oscilloscope Same as 54tA wlth Dual Trace Plug In 3OMHZ 
Amplifier 
Sweeo 
~ ~ d e i a n d  DC Plug In 
Wideband Hiah Gain 
Wideband ~ l i h  Gain 
Dual Trace 
Hlgh Gain Differential 
Fast Rise DC 
Differential 
Plug In Adapter For 5811A 8 58YA 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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Manufacturer L Model 
TEKTRONIX 
81A 
84 
107 
RM122 
123 
131 

Adapter For 5811A (L 58YA 
Test Unlt 
Square Wave Generator 
Preamplifier 
AC Coupled Preampllfier 
Current Probe Amplifler 
Control Unlt 
Trigger Countdown Unlt 
Oscllloacope 450KHZ 
Oscllloscope wlth Dual Trace Plug In 15MHZ 
Oscllloscope wlth Dual Trace Plug In 15MHZ 
Oscilloscope with Dual Trace Plug In 33MHZ 
Oscllloscope wlth Dual Trace Plug In 33MHZ 
Oscllloscope wlth Dual Trace Plug In 30MHZ 
Dual Beam Osclllosco~e wlth Dual Trace Plua In 33MHZ 
Oscllloscope lOMHZ . 
Oscilloscope lOMHZ Same as 561 
Oscllloscope lOMHZ Same as 561A 
Oscilloscope lOMHZ 
Split Screen Storage Oscilloscope 
Oscllloscope Same as 565 Dual Beam 10MHZ 
Oscilloscope wlth 81 Adapter and Dual Trace PI 
Storage Display 
Storage Display 
NC Program Verlfler 
Callbratlon Flxture 
Calibration Flxture 
Callbratlon Flxture 

TIC 
1-1 OA 
T.1OM 

DME Pulse Generator 
DME Speed lndlcator Adapter 

TERADYNE 
ACT1 Analogical Clrcult Tester wlth Boards 

TUSCAN 
HS.05 
vs-73 
THETA 
SSB-1lE 

Sweep Generator 400 to l000MHZ 
Sweep Generator 400 to 450MHZ 

System Error Bridge 

WANDEL U QOLTERMANN 
LDE2 & LDS2 Measuring Set For Group Delay Attenuatlon and Receiver and Attenuation Generator Make Offer 

WEINSCHEL ENQ. 
Altenuatlon Call brstor 
Thermlstor Mount 
Thermistor Mount 

WESTERN RESERVE 
RFI RF-204U 

WILTRON 
32113221326/3271640G50 

RFl Receiver 

Phase & Amplitude Indicator wlth Local Osclllator 
2.5 to 100MHZ. T~ma Delay Unlt. High Resolullon 
Tlme Delay Unit, Modulation Unlt 
Sweep Generator to SOOMHZ 640050 

LATE ADD ONS 
TEXTRON 
N1eO X Y Recorder 

(602) 242-3037 
(602) 242-8916 

21 1 1 W. Camelback 
Phoenix, Ailzona 85015 

All Prices Are In US Dollars. 
All Equipment Shipped Alrfreight or UPS FOB Phoenix, Arizona. 
All Equipment Working Unless Otherwise Stated. 60 Day Warranty On Ail Equipment. 
We Do Not Take P.O.'s Unless COD, or Check With Order. 
Manuals Not Included But Some In Stock At A Small Charge. 
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a Learn the truth about your 
your antenna. 

a Find its resonant fequency. . 
Adjust it to your operat- 
ing frequency quickly and 
easily. 

If there is one place in your station where 
you cannot risk uncertain results it is in 
your antenna. 

The Palomar Engineers R-X Noise Bridge 
tells you if your antenna is resonant or 
not and, i f  it is not, whether it is too long 
or too short. All this in one measurement 
reading. And it works just as well with 
ham-band-only receivers as with general 
coverage equipment because it gives 
perfect null readings even when the 
antenna is not resonant. It gives 
resistance and reactance readings on 
dipoles, inverted Vees, quads, beams. 
multiband trap dipoles and verticals. No 
station is complete without this up-to- 
date instrument. 

Why work in the dark? Your SWR meter 
or your resistance noise bridge tells only 
half the story. Get the instrument that 
really works, the Palomar Engineers R-X 
Noise Bridge. Use it to check your 
antennas from 1 to 100 MHz. And use it 
in your shack to adjust resonant frequen- 
cies of both series and parallel tuned cir- 
cuits. Works better than a dip meter and 
costs a lot less. Send for our free 
brochure. 

The price is $55.00 in the U.S. and 
Canada. Add $3.00 shippinglhandling. 
California residents add sales tax. 

I Fully guaranteed by the originator of 
the R-X Noise Bridge. ORDER YOURS 
NOW! 

DIRECTION FINDERS 

If you're serious about direction I) 
finding, you want the best, most 
dependable and proven equip- 
ment for a fast find, whether it's 
for a downed aircraft or a re- 
peater jammer. 

If your needs are in the 100-300 
MHz range, think of L-Tronics 
for ground, air, or marine DF. 
We also have equipment that gives 
dual capability, such as search & 
rescue/amateur radio, 1461220 
amateur. and airlmarine SAR. 

Our units will DF on AM, FM. 
pulsed signals and random noise. 
The meter reads left-right in the 
DF mode for fast, accurate bear- 

-Q 
ings, and left to right signal 
strength in the RECeive mode 
(120 dB total range with the sensitivity control). Its 3 dB antenna gain and .06 uV 
typical DF sensitivity allow the crystal-controlled unit to hear and positively track a 
weak signal at very long ranges. I t  has no 180' ambiguity. 

Over 3,000 of our units are in the field being used to save lives, catch jammers, find 
instrument packages, track vehicles. Prices start at under $250 for factory-built 
equipment backed by warranty. money-back guarantee, and factory service and 
assistance. Write today for a free brochure and price list. 

L-TRONICS (Attention Ham Dept.) 
5546 Cathedral Oaks Rd. 
Santa Barbara, CA 931 11 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

AMIPA,N& Since 1963 

12033 Otsego Street, North Hollywood, Calif. 91607 
(21 3) 762-24 1 8 

In Germany Eleclronlkladen. W~lhelm - Mell~es Slr 88 4930 Dctmold 18 Wesl Germany 
In Jaoan T~yomura Elecrronrcs Comwny. Ltd . 7.9  2.Chome Sota.Kanda. Ch~yoda-Ku. Tokyo. Jaoan 

CENTRAL NEW YO 

I 
Featuring Kenwood. Yaesu. Icom. Drake. Ten-Tec, Swan. Dentron. Alpha. Robot. 
MFJ, Tempo. Astron. KLM. Hy Gain. Mosley. Larsen, Cushcraft. Hustler, Mini 
Products. B~rd .  Mirage. Vibroplex. Bencher. Info-Tech, Un~versal Towers, 
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,.,..Jard $ 42.95 
Chrome $ 52.95 I 1 w Gold plated $150.00 I I 

the Full range of adjustment in 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 
Gold plated solid silver contact I AM= :%ed .cite paddles. 

Precision-machined, chrome P ~ E  plated brass frames. 

Standard model has black. 
textured finish base; deluxe 

WRITE FOR LITERATURE 

model is chrome plated. 
Heavy steel base; non-skid feet. I I 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal f i l ter i s  stan- 
dard. Use w i t h  our  CHAN- 
NELIZER o r  your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 

O handling. Quotation for overseas 
333 W. Lake Street. Dept. A postage on request. 
Chicago, Ill~nois 60606 (312) 263-1808 

AN/URM-25D portable gen- 

400 or 1000 Hz 1 Mhz call- 

CX-1363 tesl lead adapler $6. * MX-1487 ~mped- 
ence ndapter $6. SM-35 antenna stmulator $5. 
CN-223 5 1 atlenuator $5. CN-224 10 1 $6. 
MANUAL, part~al repro $10. 

I 

July 25 thru August 7,1981 
Our 22nd year 

Have trouble finding time to study for 
Upgrading? Do i t  on your vacation at the 

OAK HILL ACADEMY RADIO SESSION 
in the 

Blue Ridge Mountains of Virginia 
Two weeks of intensive Code and Theory 
Study starting at your level. 

Novice to General 
General or Technician to Advanced 
Advanced to Amateur Extra 

Expert Instructors - Friendly Surround- 
ings - Excellent Accommodations. 

Ham Lab set up for all to use. 

"A Vacation with a Purpose" 
.................................. 
C. I PETERS. K4DNJ. Director. 
Oak Hi l l  Academy Amateur Radlo Session 
Mouth o f  Wilson. Virginia 24363 

Name- Call 

Address -- 

E WITH YOUR KT.!-~ .. * 
;!*Jrj ' 

&-g l,*b T 

Handi- Tek Regulator AWS 
CONTINUOUS HAND-HELD OPERATIOH 
PROM AUTO M: OR M S E  S U P P L Y  W I T H  
NO NI-CAD D R A I N .  MODEL K - T R 2 4 0 0  
KODEL Y - P T - 2 0 7 R .  FK 11, MK I V  
MODEL T - S I M P L E  MOD FOR TEMPO 
S-1, S-2, S - 5 .  GUARANTEED. 
819.95 P P D  I N  USA. C P L  ADD $1.20 
ORDER D I R E C T  OR SEND FOR SPFCS.. ,  

HANDI-TEK 
P.O. BOX 2205,  LA PUENTE, CA 91746 

audio quality and built in TONE 
PAD INTERFACE. Priced from C$&&3 RFV'O! 
$29.95. We are the U.S. distributor for 

SYNTHESIZER KITS from 50 to MITSUBISHI 
MGF FETs. 

450 MHz. Prices start at $119.95. thealfordablf' GaAs Fets w~ththebesl 
pr~celperformance ratto available; 

NOW available in KIT FORM - VHF through 1 2 ~ ~ 2 .  

GLB Model 200 MINI-SIZER. 
1400.528.30 1400A-$39.15 

1402.550 00 1412-575.00 1403- $135.00 

Fits any HT. Only 3.5 mA current 
Quantity Shipped dtscounts from stock. available. 

draln. Kit price $159.95 Wlred 
ALSO: lOGHz GUNN Diodes. 

and tested. $239.95 IOW.IOSS PC laminales. f 
Send tor FREE 16 page catalog. assembled preamps 6 

We welcome Mastercharge or VISA From I ~~SO~J~CP 

APPLlEDlNVENTlON 
RD2 Rla. 21 

HILLSDALE. N.Y. 12529 GLB ELECTRONICS (518)325.3911 

1952 Clinton St., Buffalo, N. Y. 14206 - 
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solid state 
continuous coverage - synthesized hf system 

Cont lnwus-FqmcycyCo~~~-The  TR7 provides continuous 
coverage in receive from 1.5 to 30 MHz. Transmlt coverage is 
provided for all amateur bands from 160 through 10 meters. The 
optional AUX7 Range Program Board allows out-of-band transmit 
coverage for MARS, Embassy, Government and Commerclal 
services as well as future band expansions in the 1.8 through 30 
MHz range* The AUX7 Board also provides 0 through 1.5 MHz 
receive coverage and crystal-controlled fixedchannel operation 
for Government, Amateur or Commercial applications anywhere 
in the 1.8 to 30 MHz range. 

S y n t h e s ~ l P l O  Fnquoncy Control-A Drake exclusive: 
carefully e n g i g a  high-pe2ormance synthesizer, comblned 
with the famous Drake PTO, provides smooth, linear tuning with 
1 kHz dial and 100 Hz digital readout resolution. 500 kHz upldown 
range switching is pushbutton controlled. 

Advancad, Hlgh.Perfonnance Raceivs~Design-The recelver 
section ofThe f i a k e - ~ ~ 7  is 6 advanced, up-conversion design. 
The first intermediate frequency of 48.05 MHz places the image 
frequency well outside the receiver input passband, and provides 
for true general coverage operation without i-f gaps or 
crossovers. In addition, the receiver section features a high-level 
double balanced mixer in the front end for superior spurious and 
dynamic range performance. 

allowing the operator to move interfering signals out of the 
passband, and it is so flexible that you can even transmit on 
one sideband and listen on the other. 

Unique Independent Receiver Selectivity-Space is provided in 
the ~ ~ r f o r  up to 3optional crystal filtefs. These filters are 
selected, along with the standard 2.3 kHz filter, by front panel 
pushbutton control, independent of the mode control. This 
permits the receive response to be optimized for various 
operating conditions in any operational situation. Optional filter 
bandwidths include 6 kHz for a-m, 1.8 kHz for narrow ssb or 
RTTY, and 500 Hz and 300 Hz for cw. 

BroadMnd,Sdld-State-Desbn-100% solid state throughout. All 
circuits are broadbanded, eliminating the need for tuning 
adjustments of any kind. Merely select the correct band, dial up 
the desired frequency, and you're ready to operate. 

R m ,  Soild State Power Amplifier-The power amplifier Is 
internal'$ mo&ed,G>th nah~ng o u h a r d  subject to physlcal 
damage. A Drake designed custom heat sink makes this 
possible. The unique air ducting design of this heat sink allows 
an optional rear-mounted fan, the FA7, to provide continuous, full 
power transmit on SSTVIRTTY. The fan is not required for ssblcw 
ooeration. since normal convection cooling allows continuous 

True Passband Tuning-The TR7 employs the famous Drake full transmit in these modes. 
pasC6and tuning instead of the limited range "i-f shift" found in 
some other units. The Drake system allows the receiver Effelvs-Molm-Elan@!-The optional NB7 Noise Blanker plugs 
passband to be varied from the top edge of one sideband, into the TR7 to provide true impulse-type noise blanking 
through center, to the bottom edge of the opposite sideband. In performance. This unit is carefully designed to maximize both 
fact, the range Is even wider to accommodate RTTY. This system blanking and dynamic range in order to preserve the excellent 
greatly improves receiving performance in heavy QRM by strong-signal handling characteristics of the TR7. 

* NOTE: Transmitter coverage for MARS, Government, and future WARC bands is available only In ranges authorlzed by the FCC. Mllltary, or other 
government agency for a specific service. Proof of license for that service must be submitted to the R. L. Drake Company, including the 500 kHz 
range to be covered. Upon approval, and at the discretion of the R. L. Drake Company, a speclal range IC will be supplied for use with the Aux7 
Range Program Board. Prices quoted from the factory. Sac Operator's Manual for details. (Not available for services requiring type acceptance.) 

Spsclflcatlons, avallablllty and prices subiect to change wlthout notlcs or obllgatlon. 

540 Richard St.. Miamisburg. Ohio 45342. USA 

R. L. DRAKE COMPANY ,,: m-2421 . rh.: 

More Details? CHECK-OFF Page 110 january 1981 



Ham Radio's Bookstore 

U.S.  & FOREIGN 1 9 8 1  RADIO 
AMATEUR CALLBOOKS 
Don't be one of those who waits un t~ l  the year 1s hall over to buy a new Call- 
book, Invest in your 1981 Callbooks today and get a full year's use out of them. 
Crammed full of the latest addresses. OSL informat~on, and other vital data. 
OCB-US81 Softbound $17.95 

CB-F81 Softbound $16.95 
Early December delivery! 

BRAND NEW! STEP INTO '81 
WITH THE LATEST HANDBOOK 

AT LAST YEAR'S PRICE! 

1 9 8 1  HANDBOOK 
Now IS the time to order your copy of the 1981 ARRL "RADIO AMATEUR'S 
HANDBOOK." lnternatlonally recognized and universally consulted, every ama- 
teur should have the latest ed~tion. The new HANDBOOK covers virtually all ol 
the state-of-the-art developments in electronics theory and design. Novices will 
find it to be an ~ndispensable study guide, while the more advanced Amateur 
will enjoy building the many new projects. 
q Order AR-HB81 Softbound $10.00 
U Order AR-9981 Hardbound $15.75 

Late November delivery 

NEW! 
RADIO PROPAGATION HANDBOOK 

by Peter N. Saveskie 
Here it is! Total coverage of radio propagation in the RF spectrum from very low 
to extremely high frequencies! Ground wave, sky-wave, tropospheric media are 
thoroughly discussed, Includes data tables, worksheets, charts and tables cov- 
erlng mosl technical aspects of interest to Amateur rad~o operators. Subjects ~ n -  
clude. HF propagation prediction by computers, microwave path selection 
(theory versus practice), millimeter wave propagation. A must for every Ama- 
teur! 01980 .  499 pages. 
OT-1146 Softbound $10.95 

GUIDE TO RTTY FREQUENCIES 
by Oliver P. Ferrell 

Radioteletype to many hams and SWL's is an exotic, compl~cated form of elec- 
tronic communication. The author is a well known expert in this interesting field 
and brings to you a wealth of knowledge and practical experlence. First he 
covers the basics of RTTY identification codes and equipment. Once you've 
mastered the baslcs, he glves you a complete rundown on how to recelve and 
understand what you'll be seeing. And - there are over 60 pages of worldwide 
station listings. For your convenience, listings are made by frequency with sta- 
tion location and service. 01980 ,  96 pages. 
OGL-RF Softbound $8.95 

STUDY FOR THE NEW LICENSE EXAMINATIONS 

AMECO AMATEUR LICENSE GUIDES 
by Martin Schwartz, W20SH 

Each of these useful books contains a sample FCC-type examination, plus the 
FCC sludy questions along with easy-to-understand answers. The questians are 
grouped according to subject for easier study Novlce. Technician and Advanced 
Gu~des include special addendum coverlng latest FCC exams! Extra Class adden- 
dum will be rushed to you when released (early November). 
C116-01 Advanced Class - 64 pages. 0 1 9 8 0  - $1.75 
Ll17-01 Extra Class - 64 pages. 0 1  979 - $1.75 
Cl7-01 Novice Class License Guide - 32 pages. 0 1 9 7 9  - $1.00 
1112-01 General Class License Guide - 64 pages, 0 1 9 7 9  - $1.50 

AMATEUR RADIO THEORY COURSE 
Revised 1980! 

A complete, well explained, home study course ~n radio theory, from elementary 
electronrcs to antennas, covering the requirements for the Novice, Technician. 
and General Class Amateur License. Each of 14 lessons is followed by practice 
questions and "FCC Type" examination questions similar to those in the Novlce 
and General Class exams. A complete reprint of the FCC Amateur Radio Rules 
and Regulations is also provided. Even if you have no prior background in elec- 
tronlcs, you'll find this latest revised edit~on an excellent way to get yourself on 
the air. 320 pages. Revised 1980. 
17 102-01 Softbound $6.95 

FEDERAL FREQUENCY DIRECTORY 
edited by Robart Grove 

I t 's the only complete guide to US Government communication stations available 
today. The author spent many hours compiling this comprehensive listing. First 
of all, stations are conveniently listed by frequency. Then each station is cate- 
gorized by which agency or department it is and where it is located. About the 
only stations missing are the very top secret services. Without a doubt, this 
book IS of great interest to both SWL's and hams alike. Over 100.000 listlngs 
'B 1980 
OGE-FO Softbound $14.95 

10-METER F M  FOR THE RADIO AMATEUR 
by Dave Ingram, K4TWJ 

A new, unlque single-volume collection of 10 meter FM reference material for 
the radio amateur interested in this growing facet of Ham Radio. Features, avail- 
able equipment, propagation, mobile and fixed station operation, repeaters, 
antennas and FM theorv. Easv to read format wlth numerous l l l ~ S t r a t l 0 ~ ~ .  , , 
01980 ,  140 pages 
UT-1189 Softbound $4.95 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

Ham Radio's 
I BOOkStOre 

CALL 603-878-1441 1 
TOLL-FREE MINIMUM $10.00 ORDER PLEASE I 

C r e e n v l l l e ,  N H  03048 
I catalog w 1 Tltle I ow j price I rorAL I 
( FROM: 1 I 1 I I 
( NAME CALL 

I ADDRESS 

I CIW STATE _Z IP  

1 Check o r  M.O. Enclosed VISA u Master Charge 

1 A C C ~ .  B E X P .  Ban- 
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I 1 SHIP TO (if d i f f e r e n t  f r o m  above) 

I 

1 I I 

I 
I 

I NAME CALL PLEASE INCLUDE SUBTOTAL 
$2.55 for CALLBOOK SHIPPING I ADDRESS 

SHIPPING 

CITY S T A T E  ZIP Prices subject  t o  change w i t h o u t  notice. TOTAL 

_ 
. $2.00 

I 
I 
1 



W H Y  GET ON F A S T  S C A N  A T V ?  
Y o u  c a n  send broadcast  q u a l i t y  v i deo  o f  h o m e  movies, v i d e o  
tapes, c o m p u t e r  games, e tc ,  a t  a cos t  t h a t  i s  less t h a n  sloscan. 
Rea l l y  i m p r o v e s  p u b l i c  service c o m m u n i c a t i o n s  f o r  parades, 
RACES, CAP searches, wea the r  watch,  e tc .  
DX i s  a b o u t  t h e  same as 2 m e t e r  s imp lex  -- 15 to 100 miles. 

ALL IN ONE BOX . -- - 

TC-1 T r a n s m i t t e r l C o n v e r t e r  . . . . 
Plug in camera, ant., mic, and TV 
and you a r e  on the air. C o n t a i n s  
AC s u p p l y ,  T/R s w  4 M o d u l e s  
below . . . . . . . . . . .: . $399 ppd 

PUT YOUR OWN SYSTEM TOGETHER 
TXA5 ATV Exciter contains 
video modulator and xtal on 434 
or 439.25 mHz. All m o d u l e s  
wired and t e s t e d  . . . . . $89  ppd 

& PA5 10 Watt Linear m a t c h e s  
e x c i t e r  for aood color and s o u n d .  
TGS and all m o d u l e s  run on 
13.8 vdc. . . . . . . . . . . $79  ppd 
TVCQ Downconverter t u n e s  
420 to 450 m H z .  O u t p u t s  TV 
ch 2 or 3. C o n t a i n s  low n o s e  * MRF9OI preamp.. . . . . t 55 ppd 

THE NEW LOW COST 
AEA CONTEST 
KEYER MODEL CK-1 
WILL MAKE YOU 
MORE COMPETITIVE 
THAN EVER! 

* 129.95 
SUGGESTED AMATEUR NET 

PACKAGE SPECIAL all  FMA5 Audlo S u b c a r r i e r  a d d s  Iambic Operation From 1 to 99 wpm and C~mplete 
four modules $ 239 ppd s t a n d a r d  TV s o u n d  to t h e  

p l c t u r e  . . . . . . . . . . . . $29 ppd Weighting Control. 

SEND FOR OUR CATALOG, WE HAVE IT ALL Extreme R.F. Immunity, Will Key Any Modem m n s -  
M o d u l e s  for t h e  bu~lder, complete u n l t s  for the operator, ceiver. Operates from 12 k 3 Volts D.C 

Automatic Serial Number Generator From 01 to 9999. 
500 Character Soft Partitioned " Memory That Can Be 
Divided Into as Many as 10 Messages. 
Exclusive AEA Memory Editing Capability. 
Two Presettable Speeds With Fast Recall Plus Stepped 
Variable Speed Selection. 

a n t e n n a s ,  color c a m e r a s ,  r epea te r s ,  p r e a m p s ,  11nears .v ldeo 
~ d e r  a n d  clock, v ~ d e o  monitors, computer I n t e r f a c e ,  and 
more 19 y e a r s  ~n ATV. 
Credlt card o r d e r s  call (213) 4474565. Check, M o n e y  

Sends ! 
from ke 
Also ra 

CALL 505-623-7388 TODAY 
Pecos Valley Amateur Radio Supply 

112 WEST 1st ROSWELL, NEW MEXICO88201 

practicc 
buffer. 
ing, all I 
45.45 e . -  - 

control 
and voll 

AEAEzXx::$! 

sd and 
s, edit- 
ASCII, 
tinuous 

trans corn inc. 
1021 Touch 
Tone Decoder 

The 1021 Touch Tone 
decoder IS  deal tor 
repeater control Oeslgn 
your own or use W I I ~  
our 102 DTMF Controller 

Features + Decodes All 16 Olglts 
+ Elnary and Strobe outputs as well as 16 discreet 

OUI uts + ~V!C or 7 SOVDC operation 
+ Current consurnptlon 01 4 rnA@SVDC 
+ Measure 3 Yx1  9 ' x  4"  
s D~al~ng speed to 20 PPS 

PRICED AT $154.95 

401 Sub-Audible Tone Encoder 
For the ICOM ICZA/AT 

The model 401 teatures 
t Flts ICZAIAT and 

most olher hand 
^ held radlos 

• Cornpatlble with 
PL CG and most 

I other CTCSS 
systems 

t ~ u l l y  tuneable from 
76 0 Hz lo 251 HZ 

* Operat~ng voltage 
IS 7 l5VDC@4mA 

+ Adluslable tone 
level 0 2 VPP 

PRlCEDATS29.95 *Sma'lsize I 03 6"x 3" 

:, pitch 
ntrol. 

- 
1 1 1 1  1 .... . 5 MOD1 

KEY BOA1 
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i ~ i o  n i t  ~n l u d c d ,  

BEAT YOUR BATTERIES! 
OF <P t ,our SY-4 1 1  ' ,om.~nr  1 O V O ~  
source- Auto. T r t g c l .  1 ~ q h t  L i r c r a f t  (1 o r  28v 
S ~ S ~ P ~ ) .  H~ Powrr \ up t~ l y '  
STLUART's New BII'TIRY-BFATER provides the proper 
REGULATED voltaqv for y n u < i l g  and p lenty  of 
cur r rn f7or  CONTINUOUS FULL POWER TRANSMIT1 A l l  
day t rave l .  a11 evenynq %pT?x Net withpNO 
TO RE-CHARGC' 

.NOT a bat tery  charger but a FULL POWER SOURCE w i t h  
Fused C i r cu i t  t o  pro tect  your T igr  

*RUGGED ALUMINW CASE (except ICOM u n i t  IS built 
i n t o  IC-BP4 case for  s l i de  on/s l ide o f f  power 
supply change1 

.YOUR NiCadr RlnAIN IN PLACE (e;cept ICON) Simply 
unplug f o r  INSTI\NT POR_TABILITY 

sDtSIGNED by an engineer from NASA's Jet  Propulsion 
Laboratory wi th  components rated 50" heyond 
requirements1 

*PPC-UIRID JACK (except ICDM) and deta i led i n s t a l -  
l a t i o n  ins t ruc t ions suppl iedl 

Send check or money order. Use VISA or Master Charge 
IL residents add 5 U X  state tax plus $2.00 SLH. 
TO order or for more ~ntorrnation conlact 

1104A Ridge Ave., Lombard, IL 60148 
(31 2) 932-1 491 

Morse, Baudot and ASCII 
hys or Morse from paddle. 
~ndom CW w~th  l~sts for 
?. Meters for spef 
Message memorle 
prosigns. 110 Baud 
laud Baudot. Con1 
of speed, we~ghl 

ume. PTT. KOS co 

KB-4900 
$3'199' 

-5 F T .  power cord. VELCRO pads suppl ied t o  mount Write for information: 
anywhere! 1 CULL YEAR WARRANTI! 

-PRICE: A l l  mode l s -  ; ? s . n n  Pos t  P a i d .  Ca. 
RQS.  add 5 1 . 5 0  Tax. C.O.D. 's -  You pay 

IS ELECTRO DEVICES 
Pos taae  and C.O.D. f ees .  INCORPORATED 

-NOW AVAILABLE f o r  TFMPO 5 -1 .  5-7. S-5, I I 1 BOX 4090 KENWOOD TP-7400 ( R e t a i n s  Memory!),  and 
lC0M IC-2A,'T! 

. P H O N E :  1- :13-157-7~75 C o l l e c t  f o r  C.O.D rlTAIN VIEW. CA 
STF4V\RI f.3. bx 2335 ~ I W ,  CA. qyi)6 PHONE (415) 494 



Ask about our 5 

only one wall of drive 
10 MHz bandwidth lor CAP or MARS 
Mwts all applicable FCC spocfflcaliont 
200 mW drive model rmns oper8llng 
lcom IC-2A or Ytesu R-207~ on their 
batis -saving low-power mode 
Onb 784.95 (~99.95  for 200 mW dm 

f rom your  local  amateur r a d ~ o  dealer o r  order d l recl '  

- COMPONENTS - 
A m p h e n o l  connectors 
B L W coils, switches, antennas 
Hammond and LMB enclosures 
Jackson dials and d r i v e s  
J.W. Miller parts 
Knobs and s h a f t  couplers 
Milien c o m p o n e n t s  
M u l t r o n i c s  roller inductors 
Padders and t r i m m e r  capacltom 
Res is to rs ,  capaci tors,  inductors 
S e m i c o n d u c t o r s  
Toroids,  cores, beads, baluns 
Var iab le  capacitors: 
C a r d w e i l  - E.F. Johnson 
Hammarlund - Millen 
W i r e  and cable 

- KITS - 
Microcomputer-based Contest Keyer (hr 
1/81) partial; CMOS 2-Meter S nthesizer 
(hr 12/79) partial; 40-Meter O#P Trans- 
celver (hr 4/80) partlal or complete; 
Split-band Speech Processor (hr 9/79); 
IARU Ax and Tx (OST 4/78 & 12/78); 
W l J R  Broadband Balun (hr 4/79): R-X 
No~se Bridge (hr 2/77); Memory Accu- 
Keyer (hr 4/79) boards only. 

Catalog 25 cents 

Box 411H, Greenville, NH 03048 
(603) 878-1033 

ARLINGTON PARK EXPO CENTER 
A R L I N G T O N  H E I G H T S ,  I L L I N O I S  

S P O N S O R E D  BY WCRA 
BOX QSL WHEATON, IL 

601 87 

INFO ( G E N E R A L  WBSPWM 31 21629-3296 
C O M M E R C I A L  WB9TTE 3121766-1684 

\ 

I PRETUNED - COMPLETELY ASSEMBLED - FOR ALL MAKES h MODELS OF AMATEUR 
ONLY ONE NEAT S M A L L  ANTENNA FOR TRANSCEIVERS - TRANSMITTERS - 
U P  T O  7 BANDS! EXCELLENT FOR CON- GUARANTEED FOR 2 0 0 0  W A T T S  S S B  
GESTED HOUSING AREAS - APARTMENTS 1 0 0 0  W A T T S  CW. INPUT FOR NOVICE AND 
L IGHT - STRONG - A L M O S T  INVISIBLE! ALL CLASS AMATEURS! I 

T 
C O M P L E T E  A S  S H O W N  wt lh 90 ft. R G 5 8 U - 6 2  ohm taedllne, and P L 2 5 9  connector. Insulators. 3011. 
300 b teat dacron end supports center connastor wtlh bulh In llohtnlng arrester and statlc d h c h r g .  - 
molded' sealed weatherproof resbwnc traps l"X8"- you just swnch to band dested for excellent worldwide 
operation - transmlttlng and ;eclerlngl LowSWR over all bands - T m a s  uau* NOT NEEDED Can be used a1 
Inverted V'a - slopers - In attics, on bulldlng tops w narrow lo(. . The ONLY ANTENNA YOU WlLL EVER NEED 
FOR ALL DESIRED BANDS - W I T H  ANY TRANSCEIVER - NEW - EXCLUSIVE! N O  BALUNS NEEDED1 
80-40-20-15-10-6  meter - 2 trap--- 104 f t .  wnh  90 ft. R G 6 8 U  -Connector -Model 9 9 8 B U A . .  . $69.95 
40-20-15-10  meter --- 2 (r.ip - - - 5 4  f t .  wnh 9 0  f t .  R G 5 8 U  - connector - Model IOOIBUA . . . . $68.95 
20-15-10 meter --- 2 trap --- 2611. w n h  90 ft. R G 5 8 U  - connector - Model 1007BUA. . . . . . 1 6 7 . 9 5  
SEND FULL PRICC.FOR POSTPAID INSURED. DEL. I N  USA. (Canada b $5.00 extra for postage - clerlcal- 
customs etc.)or order urhg VISA - MASTER CHARGE - CARD - AMER. EXPRESS. Give nurnba and ex. 
date. Ph  1-308-236-5333 9 A M  - 6 P M  week days. We shlp In 2-3 days. ALL PRICES WlLL  INCREASE . . 
SAVE - ORDER NOW1 All antennas guaranteed f w  I year. 10 day money back t rb l  If returned In new condnlord 
Made In USA. FREE INFO. AVAILABLE ONLY FROM 

WESTERN ELECTRONICS Dept AR-1 Kearney. Nebraska. 88847 

* L* .. . a t l a s t . . .  
your shack organized! 

A beautiful piece of furniture - your XYL will love it! 

f 16450 S-F RADIO DESK 
Deluxe - Ready to Assemble 
D e s i g n e d  with angled rear shel f  f o r  y o u r  
v i e w i n g  c o m f o r t  a n d  e a s e  o f  opera t ion .  

FINISHES: W a l n u t  o r  T e a k  Stain. I I 1 '7..,-yT F - S P - ~ W ' W I ~ ~  Additional Intormation by-vDwp on Reauest. C' 1 
no1 Included 

v-m Checks. Money Orders. BankAmericard 
and Master Charge Accepted. 

Also Available F.O.B. Culver Clty. (In Calif. Add 6% Sales Tax.) 
.-DEALER INOUlRlES INVITED-. 

$192.50 S-fAmcrkw R d l o R m c u  
4384 KEYSTONE AVENUE CULVER CITY. CALIF. 90230 - P H O N E  1213) 837-4870 

-- 
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I New low profile design. I 

I 
Transmits perfect Morse Code Built-in 16 . 
character buffer Internal speaker and slde- 
tone * Reed relay output eliminates keying ( 
problems Al l  solid state circuits and sockets . 
for reliability Speed range 5--45 WPM Perfect . 

4 companion to our MORSE-A-WORD cw code 1 
reader. 

MORSE-A-KEYER K I T ,  model MAK-K,  Complete kit of parts & manual . . . . . $159.95 I MORSE-A-KEYER, model MAK-F ,  Factory wired & tested . . . . . . . . . . . . . . 5205.00 I 
MORSE-A-KEYER ESSENTIAL PARTS KIT ,  model EPK-K. . . . . . . . . . . . . $ 69.95 

(Essential parts kit for home-brewers consists of pc board, board parts and manual. I You supply 'ASCII keyboard. cabinet, power supply & miscellaneous parts.) 1 
Send check or money order. Use your V ISA or Mastercard. Add $5.00 shipping and 

I handling for Continental U.S. Wisconsin residents add 4% Wisconsin State Sales Tax. I 
I I 

C o r p o r a t i o n  Telephone:(414)241-8144 

I Post Office Box 513HR, Thiensville, Wisconsin 53092 1 
.-.-.-.-.-...-.-...-.-.-.-.I. 

. . 

~ u a ~ i t y  - , . , ' ,  : I , . . .. - 
600 Hz 6-Pole First - I F  Filter for Drake R-4C 
0 ~ .  l,,\r~d.~~talth low 105% ImPeuw the ?aOv$$8#14~ ~ 5 t ~ r t < v , t v  118m8natV 
t ? ? ~  1. 11111t1 /1,1(1,.?( twdl nntpr from rlqnal$ that Il.rk droul!d !h? ~wtrhuhlr  trcollct 
1 6  I III.(~I,III vltlmare IQ~IC~#(NI t n  I*IIW !hdn I40t lR Elln>mrndfc. lhn ch.lntr 
nl sttonq %lgi~rl\ o v ~ f l o a 0 ~ n g  !hr wcond mtxer, cru%#r$y ~r#lv~mc~tlulnl~un and dr5p.l 
' , t tzat ,oo Bllrlt tm vx~rtcne I ~ l r r ~  anrt ow CF M O  6 ram lhv mo,nwd ,o thr rrrr,w.* 
an<$ trlar ~n,tc hrd tu rrtatn llhorlr r a t u t u t ~ t ~ n  CF MO'G SRO W N t w  rdw 
ln l rh  knt *nth PC h r d :  -5 W 

Superior 8-Pole CW Selectivity for TR-4s 
350 14, u t  t, do. 850 H, at 60 ,I8 Cutr ORM Morc v~lrcl,n. 1n.t~ 6 w l e  CW 
liltl.r 41. TR 4Cw For al l  TR 45 S 'N l f i  WO and a U l n  Cr 35018 S l M W  
Swirrh and rnuurlltny ktt $ 1 0 0 0  

SignalIOne CX-7, CX-11 8-Pole CW Filter 
~ I I  cw ~ , ~ n d ~ , d t h ,  low I-, 350 nI tor R T T Y  cs 3 5 0 , ~  sim w 

Atlas Superior SSB Selectivity 
Uwrd<l<. nr r , , s u . ,  you, rog wtlh out 2 7 W  or 2 7 W  H, 8 w l r  clvrrsl l < l t r n  W d e r  
bdnr~w~cltt. ,ttl,clllO1 10 ot,q,nai A t lm l,lt,., N..,OIIPI hrnrlwldth 10, vodav't ORM 
C A  2 7K 8 n. CA 2 7K:8 I,.! 210 715X %OO0 CX 7 7K 8 r s c u  I<v 3 M  X L  
s150rK 
Luri,wan nrnawurr slrav rantact Ham Redto. P m t l r h  110, CH 5702. N3rd.r 
~mnz ,n Swtttrrland and Inpolmtxn Paflrch 74 49. D R070. InwI%1Ytl. W.91 
~ e , m m ~  In r r r t  of vru ~-on~.nmt 

16-Pole R-4C SSB! 
Nn.wplvq ,n 161*2Ie5ecoti,' I F  I I?,., O r ) i l m ~ , r l ~ l t d ~ ~ I l % ~ ~ l ! h .  

low LOSS Imprort, ~ r l r r t ~ ~ t v .  r..~!ucr ORM ld~lai th.1 I IX  
ancl r a n ~ r ~  w o ~ k  Mn.#mom sklrl r e l u r t ~ r ~ l ~  wrh mar l  
mum ~ ~ t r ~ t ~ q ~ b ~ t . ~ ~  shaw ~ ~ c t o .  1 3 L V ~  tnnr. 7m ti, 
at 6 dB. lrw than 7600 l l r  rt 60 dB Plugl ,IIIVCIIV 8nl0 
acr~rrutr IOCLPT 073 r ~ m  l i t  1.1 CF 2u116 1 1 1 5 M  

250 Hz and 3 kHz 8-Pole Filters 
for R-7. TR-7. R-4C 

Skrwood Enginewing Inc. 
1268 Soulh Ogden St. 
Denver. Colo. 80210 

(303) 722-2257 
Money back 11 not saltslied 

Add S3 ocr ordrr rh!r,r,!no. 
$6 oversea alr 

I n q u i r e s ~ ~ o m e  

Here is the famous Palomar Engineers 
high power tuner in  a new compact 
size. Only 5fh" x 14" x 14" yet it has 
ail the features, works from 160 
through 10 meters, and works with 
coax, single wire and balanced lines. 
And it lets you tune up without going 
on the air! 

1 WE INVESTIGATED 1 
All tuners lose some ti power. We 
checked several popular tuners to see 
where the losses are. Mostly they are in 
the inductance coil and the balun core. 

So we switched from 61 2 wire for the 
main inductor to %" copper tubing. It can 
carry ten times the ri current. 

I IMPOSSIBLE F E A T  I 
The biggest problem with tuners is get- 
ting them tuned up. With three knobs to 
tune on your transceiver and three on 
the tuner and ten seconds to do it (see 
the warning in your transceiver manual) 
that's 1 seconds per knob. 

We have a better way: a built-in 50-ohm 
noise bridge that lets you set the tuner 
controls without transmitting. And a 
switch that lets you tune your transmitter 
into a dummy load. So you can do the 
whole tuneup without going on the air. 
Saves that final: cuts ORM. 

For further details on this exciting new 
high-power low-loss, easy-to-use tuner 
send for our new brochure. Or visit your 
Palomar Engineers dealer. 

Model PT-3000, $349.50. To order send 
$10.00 shippinglhandling. Cali- 
fornia residents add sales tax. 
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AdverTisers .\/ 
check-off 

. . .  for literature. in a hurry -- we'll 
rush your name to the companies 
whose names you "check-off" 

Place  y o u r  c h e c k  m a r k  in t h e  s p a c e  
n a m e  a n d  n u m b e r  . Ex: Ham Radio /:yen 

Ace Comm . - 850 
AEA - 6?7 
Aluma - 589 
Amidon - 005 
Applied Inv . - 862 
Associated Radio - 892 
Atlantic Surplus ' 
Barker -- 015 
Barry ' 
Bauman 017 
Bencher - 629 
Bilal - 817 
Budwig 233 
Caddell Coil - 244 
Comm . Concepts - 797 
Comm . Spec . - 330 
Curtis Electro - 034 
DCO - 324 
DX Bulletin " 
Dave ' 
Drake ' 
ETCO - 856 
E . T . 0 . ' 
Encomm - 888 
Erickson Comm . ' 
Falr Radio - 048 
Fox-Tango - 657 
G b C Comm . 754 
GLB - 552 
Grove _ 848 
Hal - 057 
Hal-Tronix - 254 
H . R . B 150 
Ham Shack - 879 
Handl-Tek - 893 
Hatry - 889 
Heath -- 060 
Henry .- 062 
lcom 
Int . Crystal - 066 
Jameco .- 333 
Jan - 067 
Jensen 293 
Jones 626 
Kantronlcs 

Kenwood 
L-Tronlcs - 576 
MFJ - 082 
MHz Elec . - 415 
Madison - 431 
Microcraft - 774 
Microwave Filter - 637 
N.P.S. - 866 
NRI Schools 
Nemal ' 
OK Machine ' 
Oak Hill Academy A R.S. " 
Orlando Hamcation ' 
P.C. Elec . - 766 
Palomar Eng . " 
Callbook - 100 
Radiokit -_ . 801 
Radio Warehouse ' 
Radio World " 
Ramsey - 442 
S-F A R.S. - 640 
Semiconductors 

Surplus - 512 
Sherwood - 435 
Skytec - 704 
Spectronlcs - 191 
Spec . Int . - 108 
Stewart Quads - 890 
Telrex 
Ten-Tec ' 
Trans Com - 891 
Tropical Hamboree ' 
UNR-Rohn .- 410 
Universal Comm . _ 885 
V-J Products - 855 
Van Gorden - 737 
Vanguard Labs - 716 
Varian - M3 
Vlbroplex _- 870 
VoCom - 857 
Webster 

Assoc . -- 423 
Western Elec . 
Wheaton Hamfest ' 
Yaesu 127 

'Please contact thts advertiser directly 

Limit 15 inquiries per request . 

January. 1981 
Please  use before February 28. 1981 

Tear off and mail to 
H A M  RADIO MAGAZINE . "check of f "  
Greenville . N . H . 03048 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL . . . . . . . . . . . . . . . . . .  

STREET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STATE . . . . . . . . . . . . . . . . . . .  ZIP . . . . . . . . . . . . . . . . . . .  

110 january 1981 

DON & MIKE'S 
EQUIPMENT EXTRAVAGANZA 

. . .  . . . . . . . . .  Cubic Swan 103 : Call 
. . . . . . . . . . . . . .  Astro 150A $779.00 

. . . . . . . . . . .  Astro 100MXA 499.00 
Mirage B23 1 watt-30 watt 

amp . . . . . . . . . . . . . . . . .  89.95 
DSI 5600A wlAn tlAc . . . . . .  185.00 
Robot 800 . . . . . . . . . . . . . .  699.00 

. . .  Cushcraft A3 Tribander 169.00 
AEA Morsematic . . . . . . . .  169.00 
Bird 43, Slugs . . . . . . . . . . . . . .  Call 
CDE Ham-4 Rotor . . . . . . . .  169.00 
Ham-X . . . . . . . . . . . . . . . . .  239.00 
BT-1 HFlVHF Rotator . . . . .  79.95 
FDK Palm 2 Handie with 

B PlAC . . . . . . . . . . . . . . .  149.00 
Cetron, GE572B . . . . . . . . .  34.00 
Kenwood Service Manuals 

Stock . . . . . . . . . . . . . . .  10.00 ea . 
. . . . . . . . . . .  Telrex TB5EM 425.00 

Telrex Monobanders . . . . . . . .  Call 
Santec HT-1200 

Synthesized . . . . . . . . . .  339.00 

Order Your 
KWM380 Now! 

Old Pricing & Free Goods! 

Adel Nibbling Tool . . . . . . .  8.95 
Janel QSA5 . . . . . . . . . . . . .  41.95 

. . . . . .  Rohn Tower 2O0I0 off dealer 
25G, 45G Sections 

Belden 9405 Heavy Duty 
. . .  Rotor Cable 2#16, 6#18 3881ft 

Belden 8214 RG-8 Foam . . . .  32Clft 
Belden 9258 RG-8 Minkcoax . 19dft 

. . . . .  Alliance HD73 Rotor 109.95 
Amphenol Silverplate 

. . . . . . . . . . . . . . . . .  PL259 1 00 
ICOM 255A 2M Synthesized 319.00 

wltouch-tone mike (limited qty.) 
ICOM 260A 2M SSBIFMICW 429.00 

Late Specials: 
Kenwood TS.520SE, TS-130s . Call 
ICOM IC2ATITTPINICAD . . 229.00 
Bearcat 220-$299.00 300-399.00 

. . . . . . . . . .  Lunar 2M4-40P 109.00 

Call for TS830S, TS130S 
plus accessories 

MASTER CHARGE VISA 

All prices fob Houston except where In- 
dicated . Prices subject to change without 
notice, all items guaranteed . Some items 
subject prior sale . Send letterhead for Dealer 
price list . Texas residents add 6% tax . 
Please add postage estimate $1.00 
minimum . 

/lDOSQM 
Electronics Supply, Inc . 

1508 McKinney 
Houston, Texas 77010 

71 31658-0268 

. . . . . . . . . . . . . . . . . . . . . . .  Ace Communications Inc 80 
. . . . . . .  Advanced Electrontcs Applications 7. 55.80. 88 107 

. . . . . . . . . . . . . . . . . . . . . . .  Aluma Tower Company 86 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Amidon Associates 102 

. . . . . . . . .  . . . . . . . . . . . . . .  Applied Invention .. 104 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Associated Radio 88 
Atlantic Surplus Sales . . . . . . . . . . . . . . . . . . .  86 . . . . . . . . . . . . . . . . . . . . . . .  Barker b Williamson lnc 55 
Barry Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

. . . . . . . . . . . . . . . . .  Bauman. R.H.. Sales Company 86 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bencher. Inc 104 

Bilal Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
Budwig Mfg . Company . . . . . . . . . . . . . . . . . . . . . . . .  84 
Caddell Coil Corp . . . . . . . . . . . . . . . . . . . . . . . . .  82 
Communication Concepts. Inc . . . . . . . . . . . . .  86 
Communications Specialists . . . . . . . . . . . . . . . . . . .  10 . 11 
Curtis Electro Devices . . . . . . . . . . . . . . . . . . . . .  107 
DCO. lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
DX Bulletin . . . . . . . . . . . . . .  ... . . . . . . . . . . . . . . . .  86 
Dave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Drake . R . L .. Co . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
ETCD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Ehrhorn Technological Operations . . . . . . . .  60 
Encomm. lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Engineering Consulting Services . . . . . . . . . . . . .  104 

. . . . . . . . . . . . . . . . . . . . . .  Erickson Communications 84 
Fair Radio Sales . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Fox-TangoCorp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

. . . . . . . . . . . . . . . . . .  G b C Communications 88 
GLB Electronics . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Grove Enterprises . . . . . . . . . . . . . . . . . . . . . . . . .  89 
Hal Communications Corp . . . . . . . . . . . . . . . .  1 . 19 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hal-Tronix 47 
. . . . . . . . . . . . . . . . . . .  Ham Radio's Bookstore 91 106 

The Ham Shack . . . . . . . . . . . . . . . . . . . . . . . .  85 
Handi-Tek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Harry Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
Heath Company . . . . . . . . . . . . . . . . . . . . . . . .  103 

. . . . . . . . . . . . . . . . . . .  Henry Radio Stores Cover ll 
Icom America. lnc . . . . . . . . . . . . . . . . . . . . . .  5 
International Crystal Mfg . Co . . . . . . . . . . . . . . . . . . .  81 

. . . . . . . . . . . . . . . . . . . . . . .  Jameco Electronics 43 
. . . . . . . . . . . . . . . . . . . . . . .  Jan Crystals 82 

. . . . . . . . . . . . . . . . . . . . . . . . .  Jensen Tools. lnc 104 
Jones . Marlin P . b Assoc~ates . . . . . . . . . . . . . . . . . . .  83 
Kantronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85.87 

. . . . . . . . . . . . . .  Trio-Kenwood Communications. Inc 56 57 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L-Tronics 102 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MFJ Enterprises 2 
. . . . . . . . . .  . MHz Electronics 92. 93 94. 95 96. 97 98 99. 100 101 

. . . . . . . . . . . . . . . . . . . .  Mad~son Electronics Supply 110 112 
. . . . . . . . . . . . . . . . . . . . . . .  Mtcrocraft Corporation 109 

. . . . . . . . . . . . . . . . . . . . . . . . .  Microwave Filter. Inc 111 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N.P.S. lnc 82 

NRI Schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
Nemal Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 

. . . . . . . . . . . . . . . . . . . . . . . . .  OK Machine b Tool 49 
. . . . . . . . . .  Oak Hill Academy Amateur Radio Session 104 

Orlando Hamcation . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  P C Electron~cs 107 

Palomar Engineers . . . . . . . . . . . . . . . . . . . . . .  102 . 109 
. . . . . . . . . . . . . . . . . . . . . . .  Radio Amateur Callbook 86 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Radiokit 108 
Radio Warehouse . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
Radio World . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
Ramsey Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
S-F Amateur Radio Services . . . . . . . . . . . . . . . . . .  108 

. . . . . . . . . . . . . . . . . . . .  Semiconductors Surplus 73.74.75 
. . . . . . . . . . . . . . . . . . . .  ShewoodEngineering 109 

Skytec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Spectronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

. . . . . . . . . . . . . . . . . . . . . . .  Spectrum International 35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stewart Quads 107 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Telrex Laboratories 82 
Ten-Tec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Trans Com lnc 107 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tropical Hamboree 111 
. . . . . . . .  UNR-Rohn 109 

Universal Communicat~ons . . . . . . . . . . . . . . . . . . . . . .  86 
VJProducts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Van Gorden Engineering 91 
VanguardLabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Varian . Eimac Dlvlsion . . . . . . . . . . . . . . . . . . . . . .  Cover lV 
V~broplex Co.. lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

. .  VoCom 108 
Webster Associates . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Western Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Wheaton Hamfest . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

. . . . . . . . . . . . . . . . . . . . . . .  Yaesu Electronics Corp Cover Ill 



HAMS - call for our 
free catalog PC-80 

FULL POWER - QUALITY 

HAM ANTENNA ACCESSORIES 
at your dealer LONDON: 

VICTORIA: 
CONCEPCION: 
BUENOS AIRES: 

the Big Signal COL. ANAHUAC: 
WZAU tiELSINKl: 
Balun AUSTRIA 

FRANC 1: 
G E R M A N Y  

DEALERS - join over 400 
dealers world-wide. Call For over 20 years, the choice . us today for no-risk deal. of Hams, Armed Forces and 

HAMFEST MANAGERS - Commercial Communications - world-wide. 
UNADILLA cooperates! 
Call us. 
US - TOLL-FREE 1-800448-1666 "HEUCAN-1 OW 
NYMawaiilAlaska/Canada - 
COLLECT 1-31 5-437-3953 Indoor 
TWX - 710-541-0493 Helix 

Ask for Bonnie, or Emily. 
Afitenna 

UNADILIA / REYCO Division Microwave Filter Co., Inc., E. Syracuse, NY 13057 

- 

D'xic, RKJIO CIUO p r ( w v ~ t \  

1981 
ARRL 

FLORIDA STATE 1 
CONVENTION 

& 2 121 ANNUAL 4 TROPICAL HAMBOREE I 
Fabulous Flagler Dog Track 
MIAMI. FLORIDA 

FEBRUARY 

1981 

REGISTRATION / 
S3.00 Advnnca 
54.00 Door 

FREE PARKING ,@ 
lnclud~ng Overntghl 
Parklna for 

For furlher ~nformallon wrrle 
DAD€ RAM0 CLUB.INC. 
P 0 Box 350045. R~verslde Statton 
M~arn~.  FL 33135 

AMCOMM 01 804 1166 
Scalar 725 %77 
Telecom Trans Chile 25471 
Multi-Rad~o 773-1266 
Radlac 2-5@32-40 
Er~kotsmed~at (90) 611258 
Renox Telex 76021 
St l .  1901 5.330 40 
Will~ge\ 1042 l I 0 4 0 2  I 

the Old reliable 
WZVS Traps 

. Lo-Pass Ftlter 2000W 
Quad Parts - Baluns 1 Traps 

 insulators 
-Wire & Cable 
.Connectors 
Antenna Kits 

WANTED FOR CASH 

490.T Ant. Tunin Unit 618-T Transceiver 
(Also known as ?"I658 (Also known as MRC95 
and CU1669) ARC94 ARC102 or VClO2) 

4CX150 
4CX250 
4CX300A 
4CX350A 

4CX1000 
4CX1500 
4CX3000 4CX10,OOO 4-65 4-250 4-1000 
4CX5000 5CX1500 4-125A 4400 304TL 

Other tubes and Klystrons also wanted. 

Highest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRClOG,ARC105, ARC1 12, ARC1 14, 
ARC115, ARC116, and some aircraft units also 
required. 

DCO, INC. 
10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 
800.526-1 270 Evenings (201) 998-6475 

More Details? CHECK-OFF Page 110 january 1981 111 



ORDER Y O U K  
KWM 380 NOW! 

~IIII s i l t ~ l l l i  I .III 1 1,111 111.111.1 I~.I I , I I~II I I \  111-rI11r- 
III,II~I 1..11111 10~11111,111(111 tl1.111 1 1 1 0 .  i l l  v'rII'\ l r ~ l t l l  
h ~ ~ t t \ \ . ~ ~ o , I .  ,111~1 1111' I ' S i l l l  SI,. i~ 1111 I . \ I  ~ q i t i ~ ) ~ ~  
'l 'his is  ,I III,IIII RIIIIII ~,IIIIII .I! .I IT('IIII.III~IIIIE 
SIV~IIC\. !VIII*II \,BII t o ~ ~ s i # l r , ~  l l i t ,  1ru.1, ( I \ \ '  l i l l v r  
(Yh-t1Nl ,11111 III~I r11111to111- ILIl :.r~tll I~II 

'TS 520 SE 629.95 
M(:-Sfl hll(; ot lr  gin 
CW - 520 FILTER - 
TOTAI. 629.95 

f - - - - - . - . - f l  . >IO\li% 5 I>{! 1 0  [>I h I ll>lOL% >I() I NO1 VNIWI I 1 AN41 / 
A. 
ui 
0 

synthesized hf s 
"! 

6 
transceiving system 2 

V) 

r j l  
.L - f l  

5: 
- 

5: r I continuous coverage F - 
N - 

1 ,  continuous coverage reception no gaps -= 
n ~ o u n z  no range crystals required L 

.L 
Amateur Band transmission, including 3: I O ~ D  Meters capabtl~ty for MARS. Embassy. C 

* 
Government, and future band expansionss - 

* - PASSBANDTUNING - 
A R . I . T .  

INDEPENDENT RECEIVE 
SELECTIVITY WILL 
HANDLE WARC BAND 
EXPANSIONS 

CALL FOR QUOTE \ tiAHI) I 0  t IYI )  5 I I H P I  (1'1 

f ,u, L 1 
ETO/ALPHA SOME 
LEFT AT OLD PRICES 

L 1 f 
MEMORY 
KEYER 

do an 
tmn tmm 

-- 
, - r- 

7 -Ltz 8448 , k: z u ~ n .  
1 1  '00 \ C- 
It) . 5 IY 

5 I Cetron. CE 572 B 

m z.m 
CF 61468 

Fits K rnwood  Yacru 

BREAK- 4,Y 

$m ;: :: -'a- : -930 V H R O U G H !  - d I 1 a*&%. g :: .! 

BELDEN B Cuhlc ETCETERA Swan ltI?H\ \ $999 00 

Asrro lOOMXA 
M l r a ~ e  A23 1 wat t -M Wdtl amp 
DS1 5 W A  w /An t /A r  185 00 
Cushrralt A3 T r~band r r  169 00 I 

No d C o n l -  8 ,,., , . :: :: AWG vnmm) 
a 32emw as 2 s  R ,  6 2 2  17.301 

3 I 1 0 8  2 I8 116.301 I1 '91 
18 1 1 5  

RCB u I I Rraular 66W 6; - . 

2 O  66 AWG!mmrnl - 1 k r n w o o d  Service Manual5 
3 0  P. 2 16 1R.331 Stork 10 lK) rd 

r 6 111116.331 11 171 
Tr l r rx  TR5FU 425 On 
~ i ~ ~ ~ ~ l l ~ n  a14 HfWl \ l r ,~nc l~*# l  

2 ' s  V I h I  H(,-H I'K I 00 1 4nlcrln.1 \\ r r r .  l ib 11 

RGllu 

Bird 43. S l u ~ s  . . . . . . . . . 5tock 
CDE Ham-4 Rotor . . . . . . . . . . 169.00 
Ham-X ' . . . . . . . . 239.00 

fDK Palm 2 Handie w ~ t h  BP;AC . 149.00 

ALL BAND COVERAGE' 
60 THROUGH 10 INCLUDIN(; WARC 

ASTRO 103 . .,'.. . a , , , ,  , I . .  

9 BAND5 FULLY OPrRATING + t i  C l ' , f <  'ran$re. .I.$ 

A\trr, 150 A 779 00 

1 
I r l r ex  Uonohandrr5  Stoc k 
A ~ l r l  N8hbl1ng Tool 8 95 
Idnr l  QSA5 41 95 

Rohn Towrr  Z(T' ol f  d ra l r r  
25(, 45C Srct lon\ 

A l l ~ a n r r  HD73 Rotor 109 95 

W I  Shldd , ,, 
ad&hg:; 2 ! E  ' 0  

Rca u • ).. t 

2 6  1 k  

R91A 

S G  - - -  

-S  ALL RANDS Amphrno l  Ftlvrrplate PL259 I OCI 

4 ,,,: .,: *.,:>;,,:.,: ; ,,,, r.,,:.,. i;, I,,;,,,,) I*, w':. 
c ,.i:r,l,.Xl,n ,1,,1 I t . ,< I[ 1 , .  " I I  qi,>rw~e* ALL MODES I C O M  255A 2 M  \ v n t h r ~ < ~ f r r i  31'4 00 

/. -."- ,r, , , , I , ,  ma,,, ,.w.,,,t ",,?Tr".! L".4,.<.- -3,m. - I C O U  2M)A 2 M  SSHlF M l C W  . 429.M - +"., ,,,t, ,m,,,,r ,,,I,,,,. 1, ,mnp8 mfT", AGC DYNAMIC RANGE kenwo,,,~ r s i ~ o s ~ ~ ~ c . s s ~  Call 

GREATER THAN 100 dB Ic-OM ICZAT/TTP/NICAD 229.00 

SELECTIVITY 
' J ew- l r om IC:i?O w/AC Jmlkr* . . Call 

KEYER CK1 - 129.95 Rearcat ZM - $ 2 ~  00 300- 199.00 
16 POLE CRYSTAL ~ ~ . , c i , , a ~ ~ v ~ r r w r ~ ~ ~ ~ r \  115 
FILTER 2.7 kHz a1 - 6dR; (;U,I~~~II,*I-~I 10 t \ twh 

3.78 k H z  at - 100 dB \I.IIIo~, 2 0 5 ~  11m PI\ 
l p l l r t  I ) l o r l ~  1% l'., 

$1 395.00 SUGGESTED LIST ~ ~ , l ~ ~ , ~ ~ ,  I ,,he, ( .,II 

CALL FOR QUOTE I (;uardntred Ft.rvlt I. T r c  h *  c>n 
Breakthrough! COLLINS ~ M M - L  k\$U-1HO.\-I  1411 ( ALI ' 

/ 

71 3-658-0268 CALL FOR QUOTES 
1508 McKlNNEY 
HOUSTON, TEXAS 77010 

112 january 1981 More Details? CHECK-OFF Page 110 



WARC Bands Factory Installed! • Diode Ring Receiver Front End! 
Your FT-902DM won't be "obsoleted" when the The industry-standard dynamic range of the 
new bands. become available. FT-901 DM is now better than ever. 

() True Reading Frequency Counter! a Curtis 8044 IC Keyer! 
No need to recalibrate when changing bands or Full dot and dash memory are now provided on the 
modes. built-~n keyer. 

What's more, the FT-902DM retains these great features of the '901: 

Variable IF Bandwidth 
Built-in memory system 
Audio peak CW filter 
IF rejection tuning 
SSB. CW. AM. FM and FSK 

Digital plus analog readout 
RF speech processor 
Highly stable PLL local oscillator 
Plug-~n modular construct~on 
AC and DC operation built in 

The FT-902DM . . . designed to give you the competitive edge! 

The radio. 
YAESU ELECTRONICS CORP. 6851 Walthall Way. Paramount. CA 90723 (21 3) 633-4007 

Eastern Service Ctr., 9812 Princeton-Glendale Rd.. Cincinnati, OH 45246 (513) 874-3100 



EIMACs new high-mu triodeltavity combination. 
It takes the hassle 

out of 10 kW VHF transmitter design. 
Relax. Now EIMAC offers you And there's more. Driving requirements are 

the best triode available 
reduced; screen power supply and 

screen circuitry are eliminated; 
and a cavity that has I" and cooling requirements are 

been custom designed . . . lessened. The result is ease o f  
t 1 '  * .  maintenance and substantial 

for it. All you have to cost reduction. 
do is design them in. 

There are two E IMAC cavities 
The advantages are impressive. for your 10 kW combination, the 

CV-2240 for channels 2-6, and 
the CV-2250 for channels 7-13. 

For further information contact 
Varian, E IMAC Division, 

301 Industrial Way, San 
Carlos, California 94070, (415) 

592-1221. O r  call any of the 
more than 30 Varian Electron 

Device Group Sales Offices 
throughout the world. 

@ 
varian 

r' *? - 
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