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Heathkitmservice is at the other end. 

Heathkit Service Techs know t 
you can count on them for answers on any 
Heathkit HAM gear. Most problems can be 
solved right over the phone. Those that re- 
quire hands-on service 
one of the 55 Heathkit 
throughout the U.S. or sent in to the hed111- 

kit factory. Either way, you'll find reliable, 
experienced people who know what they're 
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Heath Company, Dept. 122-590, Benton Harbor, MI 49022 
Heathkit Products are also sold at Heathkit Electronic Centers 
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NEW! 
MFJ INTRODUCES THE 

GRAlWMRSTER 
MEMORY KEYERS 

A t  $139.95 this MFJ-484 GRANDMASTER 
memory keyer gives you more features per dollar than any other 

memory keyer available - and Here's Why . . . 
WEIGHT COMTRM TO PENETRATE MESSAGE BUTTONS SELECT DESIRED 25 CHARACTER MESSAGES. 
ORM. PULL TO COMBINE MEMORI 
A ANOB FOR I. 2, OR 3 

RESETS MEMORY IN 

CHARACTER MESSAGES. 
USE TO BEGINNING. 

* 

MEMORY SELECT: POSI. 
TlONS 1. 2, 3 ARE EACH 

w E E D ~ 8 T O  SPLIT INTO MEMORY SEC. 
50 WPM. PULL TO TlONS A, B. C, 0 (UP TO 
RECURD. TWELVE 25 CHARACTER 

MESSAGES). SWITCH COM. 
BlNES A AND 8. POSITION 
K GIVES YOU 100. 75. 50. 

LEOS (4) SHOW WHICH TONE CONTROL. VOLUME /CON- OELAY REPEAT CMITROL LEO INDICATES OR 25 CHARACTERS BY 
MEMORY IS IN USE AND WLL TO TUNE. TROL. POWER (0 TO 2 MINUTES). PULL OELAY REPEAT PRESSING BUTTONS A. 8. 
WHEN IT ENDS. ONOFF. FOR AUTO REPEAT. MODE. C. OR 0. 

NOW YOU C A I  CALL W, SEN0 YOUR OW. h~tmnlly I n M  or make changes in any control. 8 to 50 WPM. 
NAME, ETC.. ALL AUTOMATICALLY. playing message by simply sending. Continue WYM cmbd lets you adjust dot.dasb 

A d  MFJ offers you the MFJ-484 by touching another button. space ratio: makes your signal distinctive to 
Grandmaster memwy keyer with this much Mtrnofy metS to beginning with button, or penetrate ORM. 
flexability at this price. by tapping paddle when playing. Touching Tom c o t n l .  Room filling volume. Builtin 

Up e hrrlrr 25 character messages plus message button restarts message. speaker. 
a 100. 75. 50. M 25 character message LEOS show which 25 character memory is Tune (uiwlw keys transmitter lor tuning. 
(4096 bits total). in use and when it ends. Ultn nY1W s I M  slits keying: grid block. 

A swllch m m Y m  25 character messages BulH-In memofy swer. Uses 9 volt battery, cathode, sol~d state transmitters ( -  300 V, 
for up to three 50 character messages. no dram when power IS on. Saves messages 10 ma. max.. + 300 V, 100 ma. max.). 

To d, pull out the speed control, touch in memory when power loss occurs or when CMOS ICs, MOS memories. Use 110 VAC or 
a message button and send. TO p l rwck ,  transporting keyer. Ultfa compact, 8 x 2 ~ 6  12 to 15 VDC. Automatically switches to ex. 
push in the speed control, select your mes. inches. ternal batteries when AC, power is lost. 
sage and touch the button. That's all there PLUS A MFJ DELUXE FULL FEATURE KEYER. OPTIONAL SWEEZE KEY 
is to it! bmbk opEmlbn with squeeze key. Dot-dash lor all memory keyers. 

Ytu can nprt any message continuously insert~on. Dot and dash paddles have 
and even leave a pause between repeats (up Dtdash mamarbs, self-completing doh and fully adjustable tension and 

ten. If no answer. 11 repeats CO again. To cept when recording). 

4 m  
to 2 minutes). Exampb: Call CO. Pause. L i s  dashes, lamproof spacing, instant start (ex. spacing for the exact "feel" you Ilke. Heavy 

base with non.slip rubber feet eliminates 
answer simply start sending. LED indicates A l l  conlmlr are on front panel: speed. "walking". $29.95 plus $2.00 for sh~pp~ng 
Delay Repeat Mode. weight, tone, volume. Smooth linear speed and handling. 

TW MFJJ82 FEATURES FOUR 25 OR A 50 AND TWO 25 CHARACTER THIS MFJ-481 GIVES YOU TWO 50 CHARACTER MESSAGES. 

Spcd, vdume, wclpM. MESSAGES. 

tom cotmls Rsprtfunclm 
Comblm memerv s'l*nEh 
Repest, tune functions $g9g5Gd63~ Tune Buitt.in ."c, memofy saver 
Bullt.in memory saver 

Similar to MFJ.484 but with 1024 bits of memory, less delay repeat. Similar to MFJ.482 but with two 50 character messages, less weight 
single memoly operating LEO. Weight and tone controls adjustable from controls. Internal tone control. Volume control is adjustable from rear 

Order any product from MFJ and try it. If not delighted, return within 30 days for a prompt refund (less shipping). 
Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
For technlcal Intorrnatlon. orderlrepalr statue. In Mleslsslppi. outside continental USA. call 6 0 1 - 3 2 3 - 5 8 8 9 .  

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On lm P. 0. BOX 494 - 
MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MIssIssIPP139vj2 

2 november 1979 M o r e  Deta i ls? C H E C K - O F F  P a g e  118 



NOV magazine 

contents 

12 broadband fet amplifier design 
Alex J. Butwasser, NGDC 

20 Hallicrafters story 
William I. Orr, WGSAI 

26 phase-locked up-converter 
Raymond C. Petit, W7GHM 

34 wideband feedback amplifiers 
Ulrich L. Rohde, DJ2LR 

38 GaAs fet preamplifiers fdr vhf 
Shigeru Sando, JH1 BRY 

48 high-frequency diversity reception 
John J. Nagle, K4KJ 

56 measuring receiver dynamic range 
Sidney V. Kaiser, WBGCTW 

62 440-MHz bandpass filter 
James L. Blanton, WA8YBT 

68 what is your real standing 
wave ratio? 
John Battle. N40E 

4 a second look 74 ham noteb 
118 advertisers index 6 letters 
99 flea market 8 presstop 

109 ham mart 118 reader serv 

november 1979 



As I was tuning around 40-meters one evening earlier this fall, I overheard a contact between two 
old-time Amateurs who obviously felt that Amateur Radio just isn't as exciting, inviting, and mysteri- 
ous to today's youth as it had been to them when they first got started back in the 1920s and 1930s. 
But just as the old timer of today would like to return to the homebuilt receivers and transmitters of 
his youth, the old timer of 1930 probably wished to return to the days of his beloved spark transmitter 
and galena detector - and the old timer of 2001 will no doubt reminisce about the "good ole days of 
1979." The cast of characters is different, but the basic argument never changes: "Modern teciinol- 
ogy is ruining Amateur Radio." That kind of thinking is as old fashioned and out of place as a-m on 
20 meters; if anything, Amateur Radio offers more opportunities now than ever before, and the num- 
ber and variety of those opportunities increases with each major advance in technology. 

As just one example, consider the opportunities available through satellite communications. 
Rather than wishing for a return to the "good old days," we should appreciate the possibilities of 
intercontinental communications when we want it, rather than at the whim of the ionosphere. The 
Radio Amateur's traditional communications expertise, inquisitiveness, patience, and resourceful- 
ness must again come to the fore in the exciting field of satellite communications. 

Many old timers also worry that fewer and fewer amateurs now build their own equipment. 
Although the homebuilt receivers and transmitters of yesteryear have given way to vastly superior 
(and less expensive) commercial equipment, today's Radio Amateur is still building some of his own 
gear - speech processors, automatic SWR meters, digital dials, memory keyers - so~histicated 
accessories that weren't available ten years ago at any price! 

There are even those who complain that the thrill of working DX is gone - anybody with enough 
money and a big antenna can work all the DX he wants. That's always been true, so I guess what 
they're really saying is that DX is no longer the private province of a small, select group. With the 
proliferation of high-performance transceivers and high-gain antennas, the competition for rare DX is 
probably more intensive now than ever before. If that's not challenge enough, there's always the 
world of QRPp, now growing by leaps and bounds as experienced kilowatt-wielders leave their high- 
power linears to marshal four or five watts to chase DX around the world. 

Modern solid-state technology and manufacturing techniques have provided us with equipment 
which has fostered the Amateur spirit - perfecting the art of getting the message through in spite of 
conditions or power limitations. Rather than making more "appliance" operators, high quality com- 
mercial amateur equipment offers new challenges and opportunities for fun and training to help 
Radio Amateurs better serve the public interest. The sophisticated equipment now available also 
gives us all the ability, and indeed, the responsibility, to truly communicate with our fellow Radio 
Amateurs. And if that still isn't exciting, or challenging, or rewarding, or as new and vital as today, 
then I don't know what is. 

Jim Fisk, W1HR 
editor-in-chief 
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Pomr to the moMk operators! This one is brand new, and but it can be reprogrammed to any split of your choice. The 
it carries a powerhouse punch wherever you're gdng. dualWO'sandsingletuningknobprovideyouwithsmooth, 
ICOM unveils a full 25 watts of mobile power with the easy tuning in 15KHz or 5KHz steps. 
introduction of the new K-25% When you want in- 
creased mobile QSO range, ICOM delivers; and nobody Ihe use of new low-noise, dynamic range junction FITS (for 
doa It better. the RF amplifier and the first mixer) and helical cavity filten 

(for the antenna and RF circuits) provides excellent sensitiv- 
The microprocessor controlled K-PSSA is a deceivingly ity and intermodulation distortion characteristics. A pair of 
compact unit which packs more big, mullifeature flexibility high quality monolithic crystal filte nand ceramic filtersfacili- 
than any other lCOM mobile to date. This one offers a 5 tates interference free reception reliability. 
channel memory, complete with memory xan, adjustable 
scanning speed, and auto-stop. The 5 channels can easily The rtewK-255A% power isselectable P5W high or 1W low, 
be written from any inband frequencies; and the scan yet It draws only 5.5 amps when transmitting in the h i i  
function can be programmed to  scan all 5 or only 2, stop power mode. A directty amplffied VCO output, without the 
ping on any signal. use of multiplien or mixers, and a power module in the PA 

unit produce a very clean transmitted signal, with low 
Uke the other new ICOM tranxeivers, the IC-P55A comes spurious radiation. When you're in an RF trap, Me K-255A 
with 2 WO's built-in at no extra cost The radio is pro- can get out the signal. To give your mst?iie FM operatior6 
grammed to  come up to  power operating at 600Khz splits, big features with a power punch, give younelfthe K-15- 
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bfquad band-reject filter 
Dear HR: 

The article on the biquad bandpass 
filter for CW in the June, 1979, ham 
radio (page 70) is very interesting; the 
biquad active filter is a very versatile 
circuit. With little modification it can 
be made into a highpass, lowpass, 
bandpass (as in the article) or band 
reject Inotch) filter. The latter may be 
of great interest to CW fans who 
want to try to remove interference 
near a rare DX signal. The only modi- 
fications needed are a 1.5k resistor 
from the input to the second op-amp 
inverting input (pin 2) a 1.5k resistor 
from the input to the third op-amp in- 
verting input (pin 2) and R1 and R2 
must be the same value. This gives an 
out-of-band gain of 1. To vary the Q 
of the filter, both R1 and R2 must be 
adjusted. Note that R3 still sets the 
filter's center frequency. The only 
problem I've noticed in this circuit is 
that if R3 is too low, the circuit will 
oscillate. 

The depth of the notch depends 
upon how well resistors R1 and R2 
and the 1.5k resistors are matched. 
There is probably no point in being 
too fussy about this since most audio 
amplifiers generate some harmonic 
distortion, so no matter how deep the 
notch is, some of the harmonics will 
still come through. Using 10 per cent 
resistors for R1 and R2 I routinely 
get rejection notches of about 25 dB; 
3 dB bandwidths can be less than 
50 Hz. 

Dwight Sipler, KB3EH 
Pittsburgh, Pennsylvania 
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ents 
electronic paddle 
Dear HR: 

The "Simple Paddle for Electronic 
Keyers" in April, 1978, ham radio 
proved to be a very timely article. One 
small point may help someone else 
building the paddle. I t  was a little 

NUT 
\ ,WIRE 

SOLOER CONNECTOR 

difficult starting the nut on the screw 
inside the plug shell. However, if 
you solder the nut on a spade lug, the 
job becomes a snap. 

Edward Chromczak, WBZMGY 
Somerset, New Jersey 

anodizing aluminum 
Dear HR: 

The article on anodizing aluminum 
in the January, 1979, issue offers 
some interesting material. I t  also 
proffers some remarks which I feel 
need some clarification. The state- 
ment is made early in the article that 
the natural surface of aluminum 
breaks down, causing it to be unsuit- 
able for applications where a long- 
term, stable surface is needed. 

In contrast to this, let me quote a 
statement by the American Society 
for Metals:" "Aluminum, a member 
of Group Ill of the periodic table, is 
stable in air because of the presence 
of an extremely thin, but remarkably 
tight and adherent, transparent oxide 
film. Growth of this natural oxide film 
on aluminum is self-limiting." The 
two points of view seem to be widely 
divergent, to say the least. 

Other statements in the article refer 

'Aluminum, volume 1, page 22, American Society 
for Metals. 

to ". . . an otherwise easily corrodible 
metal." Now, all metals are corrodi- 
ble; in fact, stainless steel depends on 
a somewhat similar oxide film mecha- 
nism to achieve its corrosion resis- 
tance. Look around and you'll see 
bare aluminum performing in such 
long-term applications as electric 
transmission lines, culverts, and 
many others. In most instances the 
metal chosen for these applications 
was aluminum because of its ability 
to resist corrosion. 

The photo on page 64 has a cap- 
tion which speaks of ". . . a carbon 
speck or other alloying constituent." 
Granted that the cause of such an 
anomaly is difficult to ascertain since 
only the void exists, usually at the 
time of discovery. But a carbon-alloy- 
ing constituent it is not .  Over 
seventy-five commercial alloys are 
presently available in  the United 
States, and carbon is not recognized 
as an alloying agent in one of them. 

On page 66, the author says: "The 
cathode must be constructed of 
lead." Cathode materials may be of 
aluminum, stainless steel, or lead. 
Some precautions must be considered 
in the way of cathode placement, but 
there's a choice of materials to use. 

Furthermore, I could not reconcile 
the current density quoted with that 
,employed by cokmercial anodizers in 
this country. Most H2S04 (sulfuric 
acid) anodizing in the U.S. is done at 
12 amperes per square foot. Small 
pieces may be calculated at 0.0833 
amperes per square inch but in either 
case keep in mind that both sides of 
the piece are treated at the same 
time. Thus one square foot of sheet 
metal will represent two square feet 
of anodizing surface when calculating 
current density. 

Even thickness should be con- 
sidered, since it's easy to see that a 
panel 6 x 12 x 1/16 inch thick will 
have 2.25 square inches of surface 
area exposed to the bath along the 
edges alone. Total surface area then is 

(Continued on page 81) 
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The TR-76T0and TR-7625 are Kenwood'spopularsynthesized 2-meter FMmobiletrans- 
ceivers. Combined with the RM-76 Micro~rocessor Control Unit, several memow and 
scanning capabilities are provided. 

TR-7600/TR-7625 FEATURES: - 

One memory channel 
Mode switch for simplex or repeater operation 
Repeater mode shifts the transmit frequency 
+ 600 kHz or - 600 kHz or to the memory 

Full 5.kHz coverage from 144 000 to 

Adaptable to any one MARS simplex or 
repeater channel between 143.7 and 148 3 
( w ~ t h  modificat~on kit) 

ADDED FEATURES WITH RM-76: 

Automatic memory scan 
Aulomatic scan up the band in 5.kHz steps, 
with selectable upper and lower lrequency 
limits. 
Manual scan up or down the band in s~ngle or 

- - --- ---,=- - .. . . , - . - .~ -... .- . - 

The TR-2400 synthesized 2-meter hand-held 
transceiver features a large LCD frequency 
readout. 10 memories, scanning, and much 
more. 

TR-2400 
FEATURES: 

Large, illumtnated LC0 
digital frequency readout 
Readable in direct sun- 
light, and a lamp switch 
makes i t  readable in the 
dark. Shows receive and ST-1 
transmit frequencies and 
memory channels, and indicates "ON AIR", memory 
recall, battery status, and lamp switch on. 
10 memories, with battery backup. 

Automatic memory scan, for "busy" or "open" 
channels 
Mode switch lor simplex. + 600 kH2 
transmlt reoeater offset, and memow- 
freouencv i ' ' ~  0")  transmit reoeale;oflset 
 momentary sw~tch 
Bu~lt- in 16-button Touch-Tone generator 
Keyboard selectron of 5-kHz channels from 
144 00 to 147 995 MHz 

TOP CONTROLS 

The KPS-7 is a matching AC power supply 
for the TR-7600 and TR-7625. Output is 
13.8 VDC at 7 A ICS (50% duty cycle). 

fast continuous 5-kHz steps 
-+ 1 MHz transm~tter offset as well as + 600 
kHz and memory offset for repeater operat~on 
MARS operat~on on 143 95 MHz s~mplex 
Versattle d ~ g ~ t a l  display of transm~t and 
recelve frequencies. and operating funct~ons 

Upidown manual scan and repeater or simplex operation 
from 143.900 to 148 495 MHz in single or last  continuous 
5.kHz steps. 
Two lock switches to  prevent accidental frequency change 
and acc~dental transmission 
Subtone swltch (subtone module not Kenwood supplied) 
More than 1.5 W RF output 
High-impact plastic case and zinc die-cast frame. 
BNC antenna connector. 
Standard accessories included with the TR-2400 are a flextble 
rubberized antenna with BNC connector, ni-cad battery pack. 
and AC charger 

OPTIONAL ACCESSORIES: 
Attractive leather case 
Model ST-1 base stand, wh~ch  provides 15-hour quick charge. 
t r~ckle charge, and base-station operation w ~ t h  m~crophone 
connector and ~mpedance-convers~on clrcuit lor uslng 
MC-30s m~crophone 
Model BC-5 OC qu~ck charger 

T R I O - K E N W O O D  C O M M U N I C A T I O N S  INC. 
11 11 WEST WALNUT COMPTON CA 90220 



A DEADLOCK ON CONFERENCE CHAIRMAN selection marred the opening of the World Admini- . strative Radio Conference September 24th; the conflict was between the nonaligned and 
developed nations, with some opinion that the orchestration was developed at the non- 
aligned summit meeting in Havana. A compromise chairman from Argentina was finally 
selected on the 27th, putting the conference almost a week behind schedule. If the 
opening deadlock is any indication, WARC 79 could be an extremely difficult, drawn-out, 
and frustrating exercise. 

Amateur Radio's Outlook from the WARC isn't too promising, according to an A.D. Little 
study just completed for the Senate Committee on Science, Commerce, and Transportation. 
Proposed increases in Amateur HF allocations will probably be defeated, Little said, 
because of low demand for new frequencies outside the United States and the desire to pro- 
tect fixed services already in the desired slots. Though Canada, Japan, the United King- 
dom, Brazil, India, plus possibly some of Western Europe should support an increase, most 
of the rest of the world will not. 

3.5-3.9 MHz Also Has Problems, with the U.S. proposal to increase the Amateur exclu- 
sive allocation opposed by some Region 2 neighbors as well as the rest of the world. 

New 10, 18, 25 MHz Amateur bands don't appear to have enough support to be sustained, 
either. Despite firm support from New Zealand. Australia, and Japan, opposition from 
most of the rest of the world will prevail. 

Exclusive 7.10-7.25 MHz Amateur allocations in Regions 1 and 3 as well as Region 2 
are a distinct possibility. A close vote is expected, with both developing nations and 
the free world supporting the argument for non-interference and standardization. Oppo- 
sition is expected from the USSR and her satellites, much of Western Europe, and Chlna. 

No Other Amateur Radio problem areas were cited in the report, indicating that the 
14, 21, and 28 MHz HF bands as well as the VHFIUHF spectrum do not appear seriously 
threatened. 

DESIGN OF THE AMSAT PHASE 111 SATELLITE'S two-meter omnidirectional antenna is com- 
plete and the patterns have been run. The wiring harness which interconnects the modules 
in the spacecraft hss been installed in the spacecraft structure. The flight connectors 
are now being assembled onto the harness. The auxiliary battery unit is complete, and 
the Integrated Housekeeping Unit (IHU) computer design has been debugged and completed. 

The Russians Ma Launch one or two new Amateur Radio satellites before the end of the 
the year, with tra:smitting downlink frequencies between 29.3 and 29.5 MHz. according 
to unsubstantiated reports reaching AMSAT. No real verification is available, and so 
we'll simply have to wait to see what happens. 

THE "IONOSPHERIC HOLE" had a relatively minor and short-lived effect on HF propaga- 
tion, according to a review of the more than 100 reports already received from partici- 
pating Amateurs. The giant Atlas Centaur rocket went up at 05282 September 20th, and 
its launch had no apparent effect on the signals from either the 3.6- or 7.1-MHz bea- 
cons. The 14.1-MHz signal dipped several dB for most observers, starting just after 
launch, and some also noted rapid flutter just after the exhaust-induced disturbance 
began. Unfortunately, an equipment failure took the 14.1 beacon off the air from 0536 
to 0542, but no other beacon problems occurred and all stayed on until dawn. 

The 21.2-MHz Beacon signal also showed a noticeable drop to observers monitoring 
that frequency. At press time there had been no reports on 28 MHz, but one northerly 
observer reports hearing the 50.1-MHz beacon, weak and watery, for two short periods 
between 0536 and 0538 - coincidental with the final rocket b u m .  All propagation 
effects seem to have ended by 05502, 22 minutes after launch. 

Anal sis Of The Report sheets by Boston and Stanford Universities and the USAF Geo- physics? Laboratory should be a lengthy process, but a detailed report will be forth- . . 
coming. 

KILLER HURRICANE DAVID emphatically proved Amateur Radio's value for disaster service, 
as the slow-moving but violent storm trailed death and destruction through the Caribbean 
islands into the southeastern U.S. Active nets on 80 through 15 meters handled a wide 
range of traffic as David made its way west and north, leaving many communities and 
some entire islands devastated and cut off from the world. 

The One Negative Note in an otherwise outstanding,,Amateur Radio perf;ormance was the 
too frequent presence of jammers. including several carrier throwers, the usual too- 
vocal critics, at least one apparent drunk, and - unbelievably - a station in the mid- 
central U.S. who actually retransmitted music several times1 Fortunately the net was 
able to function reasonably well despite these irrational activities, but it would be 
nice, as one net operator suggested, if each of these misguided souls were given the 
opportunity to observe the next major hurricane while sitting on a small Caribbean island 
with only a low-power 20-meter transceiver for companyl 

THE NATIONAL TELECOMMUNICATIONS CONFERENCE, sponsored by the IEEE, will be held on 
November 27th, at the Shoreham ericana Hotel in Washington, D.C. Guest speaker will be 
Ulrich Rohde, DJZLR, discussing Recent Developments in Shortwave Communications Receiver 
Circuits." 



The follcwing are excerpts from unsolicited letters and registration cards "This must be the greatest. I've spent enough money 
received from owners of the new TEN-TEC OMNl transceiver. onfinal tubes to almost payfor this." -KA4BIH 

"This transceiver was recommended to me bv old 
"I sold a Yaesu to buy this ond om very impressed" 

"Myf irst  QSO with OMNI-A wos LAlSV on CW and 
second was EABSK on SSB." 

"Excellent rig. just w odvettised." 

"Very pleased with performance. QSKfeature 
very slick. " 
"This is my 5th TEN-TEC transceiver in less thon 2 
yeors. I loved them all ond still have 3." 
"Through the yeors I have had complete Drake 
and Coiiins stations. I Med a 544 Digital and liked 
it the best so decided to purchase the 546 
OMNI-D Digital." 

-- WBOELM 

- WBOVCA 

"Your OMNI is the best rig I have had in 20 years 
of homing." 

"As a owner of Collins rig. your OMNI-D is the best." 

"I already have on OMNI-A. 544 and a TRITON W. 
You moy ask why I own so mony TEN-TEC rigs. 
In case there is a great RF fomine. I want to 
be ready!" 

"You guys really know how to turn on an old timer!" 
"Best operating & most conveniences of any 
tmnsceiver I've ever used." 

" I  like CW. Compared OMNI  against IC701 (rcvr) 
and OMNl  won hands down. XYL WD6GSB really 
enjoys rig on SSB. Finds rig is very stable and 
digital readout occurnte." 

"Hove checked it out on both modesjrom "top band" 
(160) all the woy to 29 MHz. Terrific!!!!" 

"Works well. parts layout and design much bener for 
ony possible servicing thon other ham gear. The 
Japanese hybrid sets can't compare to TEN-TEC 
for audio. Audio reports excellent without special 
speech processors, etc.. to distort the signal." 
"I have been using the S-Line over 15 yrs and 
never thought onything could outperform it. I got the 
biggest surprise and THRILLED with this 0,MNI-D 
eom though I hove been a horn since 1936. 

time hams (Xtras) whom I have known for 40 yrs. 
Has excellent break-in." 

"Best pockoge job I've ever seen! First licensed 6AAV 
in 1926. Now in opemtior+a sweetheart!" 
"Fmm a 32V2ISX115 to an OMNI is o big step!" 

"Receiver prominent-transmitter l i k e w i e  
working comfortabl+pleasing design." 

"First new rig for me in 10 yeors but seems 
to be very good." 
"The best transceiver I ever used or owned." 
"I wouldn't s~uap my OMNIfor anything on the 
market. regardless of price." - WDOHTE 

OMNI/SERIES B FEATURES 
All solid-state: 160-10 meters: Broadband design: Standard &Pole 
2.4 kHz Cystal  Ladder I-F Filter + Optional 1.8 kHz SSB Filter & 
0.5 kHz 8-Pole CW Filter; 3-Bandwidth Active Audio Filter; Choice 
of readout - O M N l ~ A  (anal3  dial). OMNI-D (digital); Built-in VOX 
and PTT. Selectable Break-in. Dual-Range Receiver Offset Tuning. 
Wide Overload Capabilities. Phone Patch Interface Jacks; Adjusta- 
ble ALC: Adjustable Sidetone: Exceptional Sensitivity: 200 Watts 
INPUT; 100% Duty Cycle. Front Panel Microphone and Key Jacks: 
Zero-Beat Switch: "S"/SWR Meter: Dual Speakers; Plug-In Circuit 
Boards: Complete Shielding; Easier-to-use size: 5'Y"h x 14'a"w x 
14"d; Full Options: Modcl 645 Keyer $8.5. Model 243 Remote VFO 
$139: Model 252MO rnatch~ng AC power supply $139; Model 248 
Noise Blanker $4'). Model 217 500 Hz 8-Pole C stal Ladder CW Filter 
$55; Model 218 1.8 kHz 8-Pole Crystal Ladder SSB Filter $55. 

Model 545 Series B OMNI-A . . . $949 
Model 546 Series B OMNI-D . . . $1119 

To add your name to the fast-growing list of OMNl owners, see your 
TEN-TEC dealer. or write for full details. 

TEN-TEC , nc. imr S E V I E R V I L L E .  , , T E N N E S S E E  , , ,,, 37862 . ,' 







how to design 
broadband jfet amplifiers 

to provide 
top performance 

from VLF 
to over 100 MHz 

A discussion of 
broadband jfet 

amplifier design, 
with special emphasis 

on IMD performance 
and matching 

Broadband rf amplifiers are becoming increasingly 
useful in hf/vhf receiving applications. A modern 
wideband upconverting high-frequency receiver, for 
example, often employs a broadband rf amplifier as 
the first active stage. The rf stage improves the 
receiver noise figure and reduces undesirable LO-to- 
antenna conduction. Broadband amplifiers are also 
useful in a wide variety of other Amateur applications 
ranging from antenna preamplifiers to home-con- 
structed test equipment. This article deals with some 
of the considerations involved in the design and con- 
struction of broadband jfet rf amplifiers. The circuits 
presented can be easily duplicated with readily 
obtainable components. 

Other than to provide selectivity, a broadband rf 
amplifier must do everything that a narrowband 
amplifier does. Thus gain, noise figure, stability, and 
most other parameters must be comparable. There 
is, however, a major additional requirement. Since 
the broadband amplifier responds to signals over a 
very wide bandwidth, it is important that the ampli- 
fier have exceptionally high resistance to overload 
and intermodulation distortion (IMD). 

With respect to overload, there are potentially 
many more signals over the larger bandwidth (in 
comparison with a narrowband amplifier) that might 
drive the amplifier into its gain compression (over- 
load) region. With respect to IMD, there are many 
more combinations of frequencies at which these 
strong signals can cause the amplifier to produce 
intermodulation products that could interfere with 

By Alex Burwasser, NGDC, 5022 Artesian 
Street, San Diego, California 921 17 
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signals we are trying to receive. The intermodulation 
problem is compounded by the fact that unlike the 
narrowband amplifier, which is vulnerable only to 
odd-order IMD, both odd- and even-order IMD can 
produce interfering intermodulation products in the 
broadband amplifier. The narrowband amplifier is 
relatively immune to second-order IMD because its 
bandwidth is much less than an octave. Within this 
sub-octave bandwidth, there is no combination of 
frequencies at which in-band signals can produce 
second-order intermodulation products that also fall 
in-band (that is, second-order intermodulation prod- 
ucts that are capable of interfering with in-band sig- 
nals we might be trying to receiveI.l.2 

Thus, in broadband receivers, it is very important 
to employ rf amplifiers that have extremely high 
resistance to both odd- and even-order IMD. These 
same considerations also apply to mixers. 

broadband jfet amplifier 
When considering an active device to be employed 

as a broadband amplifier, you must look for certain 
qualities. High transconductance is desirable. Input, 
output, and feedback capacitances should be low. 
The device should exhibit good noise performance 
and high signal handling capability. 

High-quality jfets satisfy all of these requirements 
(with the exception of low feedback capacitance) 

fig. 1. Schematic diagram of the simplified grounded-gate 
jfet amplifier. 

reasonably well. By operating a jfet in the grounded- 
gate configuration, you can effectively reduce its 
otherwise high feedback capacitance to a very low 
level. Earlier, I mentioned that one of the desirable 
features of rf amplifiers in receivers is reverse isola- 
tion, or more specifically, the amplifier's ability to 
attenuate LO energy from the mixer to the antenna. 
The grounded-gatelbaselgrid configuration yields 
the best reverse isolation of any of the three possible 
amplifier configurations. 

A simplified circuit of a grounded-gate jfet ampli- 
fier is shown in fig. 1. You can gain some insight into 
the operation of this circuit by applying some funda- 
mental (and somewhat simplified) relationships. A 
more general and rigorous presentation of these rela- 
tionships may be found in reference 3. The first rela- 

tionship defines the input impedance of the amplifier. 
Disregarding the imaginary (reactive) component, 
the approximate input impedance is given by the 
expression: 

where Rin is the real component of the input impe- 
dance and G ,  is the device transconductance. A 
grounded-gate jfet with a transconductance of 
10,000 micromhos, for example, would have an ap- 
proximate input impedance of 100 ohms. 

The second relationship defines the voltage gain of 
the amplifier. This relationship is: 

where A, is the voltage gain 

G ,  is the device transconductance 

RL is the load resistance 

Rearranging eq. 1 to solve for G ,  produces: 

and substituting this expression of Gm into eq. 2 pro- 
duces: 

That is, the approximate voltage gain is simply the 
ratio of the load resistance to the device input 
impedance. 

Referring back to fig. 1, observe that the driving 
source, the jfet, and the load are all in series. Disre- 
garding the input and output capacitances for the 
moment, it is evident then that the current gain, Ai, 
of this amplifier must be equal to unity because the 
current in a series circuit is everywhere the same. 
Power gain, Ap, is given by the expression 

Since Ai equals unity in a grounded-gate jfet ampli- 
fier, then 

In other words, the power gain equals the voltage 
gain. 

It would seem then that to obtain high power gain 
out of this amplifier, all that is necessary is to make 
RL large. This is true up to a point, but even if you 
disregard the inherent output conductance of the jfet 
(which could be represented as an equivalent con- 
ductance from the drain to the source), you would 
find that C,, (the jfet output capacitance) would 
limit the output impedance and device gain at high 
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frequencies. Assuming a constant transconductance 
over the frequency range of interest, and disregard- 
ing Gin, 

where f j dB  is the high-end frequency at which the 
amplifier gain is 3 dB down from its low frequency 
value. 

To obtain the widest bandwidth, then, eq. 7 indi- 
cates that you should employ a jfet with a very low 
output capacitance driving a low value of RL. YOU 
can arbitrarily select a low value for RL, but to main- 
tain high power gain, eq. 4 says that you will need a 
low value of R,, (the jfet input impedance). How- 
ever, since R,, = 1 / G ,  from eq. l ,  this is actually 
just another way of saying that you need a jfet with 
high transconductance. 

Given the above, it is evident that a useful figure of 
merit for a jfet in broadband operation is the ratio of 
device transconductance to output capacitance. A 
jfet with an exceptionally high transconductance to 
output capacitance ratio is the Siliconix U310.4 

U310s are rather expensive, but a plastic economy 
version (the J310) is also available with performance 
characteristics that are substantially the same. The 
J310 is manufactured by Siliconix and National 
Semiconductor. Siliconix also offers a matched pair 
of J310-type jfets in an epoxy package. This device is 
the E430. 

By the time this article is published, the E430, in all 
probability will have been phased out in favor of the 
U430. The U430 will employ the same chip geometry 
as the E430, but will use an &pin metal package simi- 
lar to the TO-5 package. 

The J310 is described in the Siliconix FET Data 
Boo@ as a low-noise, wide-dynamic-range device 
capable of high power gain at frequencies up to at 
least 450 MHz. The typical transconductance is listed 
at 12,000 micromhos at a drain current of 10 mA. The 
amplifiers presented in this article employ J310s and 
E430s. 

The input impedance of a J310 or E430 grounded- 
gate amplifier can be made close enough to 50 ohms 
so that a reasonable input VSWR can be achieved 
without any matching network. The signal can simply 
be capacitively coupled to the jfet source. The disad- 
vantage of this convenient technique is that the input 
impedance may not be optimum for best noise 
figure. 

As previously mentioned, the load impedance (RL) 
must be high compared with the jfet input impe- 
dance to obtain high power gain. Since the required 
value of RL is much higher than the assumed %-ohm 
load the amplifier is ultimately driving, broadband 
autotransformers can be employed to convert the 50- 

ohm load impedance to the higher level of RL 
required to achieve reasonable gain in the jfet ampli- 
fier. Fifty ohms is selected as the desired ultimate 
load impedance since this is the nominal impedance 
level of most broadband mixers that might follow the 
amplifier. 

jfet biasing 
In biasing a jfet, there are three general require- 

ments. The first is that the jfet maintain the desired 
bias current level over the anticipated temperature 
range. The second requirement is that the biasing cir- 
cuit should not be device-sensitive. That is, if you 
design an amplifier employing a J310 biased at 18 
mA of drain current, this drain current should be 
close to 18 mA for any J310. The third requirement is 
that the bias current should be insensitive to changes 
in supply voltages. 

The first requirement is not too difficult to meet. 
Even with a poor biasing circuit, the bias current will 
remain fairly constant over a reasonably wide tem- 
perature range. 

The second requirement can be relaxed somewhat 
where repeatability isn't so important. Since Ama- 
teur home projects are usually built in very small 
quantities, there is no particular problem with using 
pot or selecting resistors to achieve the desired bias 
current (especially if doing so permits the use of sim- 
pler circuitry or reduces power consumption). 

The third requirement is also easy to meet. If the 
jfet is operated from a single supply voltage (Vdd), 
the inherent constant-current characteristics of the 
jfet will automatically stabilize the bias current, pro- 
vided that the drain-to-source voltage is at least 6 
volts or so (depending upon the particular jfet). If the 
jfet is supplied by both positive and negative voltages 
(Vdd and Vss, respectively), the bias current may be 
somewhat sensitive to changes in V,,. However, the 
situations where dual supply voltages are available 
will also be the situations where these supplies are 
most likely to be regulated. 

-VII  + Vdd 

p1 
- V I s  + Vdd 

fig. 2. Diagrams of the three jfet biasing configurations with 
only the relevant dc circuitry shown. Schematic (A)  shows 
the simplest, and poorest, configuration. The circuit is very 
device-sensitive, in that it is necessary to select the bias 
resistor for the desired current. Diagram (B) illustrates the 
use of a constant-current source to bias the jfet. The best 
overall compromise is shown in IC), where a negative volt- 
age and large-value resistor act as a pseudo constant-cur- 
rent source. 
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Fig. 2 illustrates three commonly used jfet biasing 
circuits. For simplicity, only the relevant dc circuitry 
is shown. Fig. 2A shows the most commonly used 
(and poorest) jfet biasing configuration. Although its 
performance over a temperature range is adequate in 
most cases, it tends to be very device-sensitive. It is 
therefore necessary to select the resistor (or make it 
variable) to secure the desired bias current. On the 
plus side, overall power consumption is lower than 
that of the other two configurations and no negative 
supply is required. In fig. 2B, the jfet is biased by a 
constant-current source. If the constant-current 

'source (usually a bipolar transistor with a tempera- 
ture compensating diode) is temperature stable, this 
biasing scheme is nearly impervious to temperature, 
device, and supply voltage variations, and is thus an 
excellent biasing configuration. 

A compromise configuration is shown in fig. 2C. 
This circuit is very similar to that of fig. 2A except 
that the resistor is larger and is returned to a negative 
supply. The negative voltage and large resistance act 
as a pseudo constant-current source. The larger 
value of the resistor and the magnitude of Vss, the 
closer this biasing circuit comes to approximating a 
true constant-current source. If the negative voltage 
supply is available, this circuit offers the best per- 
formance for the number of components required. 
Temperature stability is very good, and the circuit is 
reasonably insensitive to device variations. As a 
brute-force test, this circuit was constructed with a 
J310 biased at a nominal current level of 18 mA using 
+ 12 volt supplies. Ten different J310s were tried in 
the circuit. The measured bias currents were all well 
within a 10 per cent window. Heating the devices for 
10 seconds by applying a 25-watt soldering iron 
of less than 10 per cent. Similarly, chilling the devices 
with an aerosol spray coolant for a period of 10 sec- 
onds also resulted in a bias current change of less 
than 10 per cent. 

Although the amplifiers described in this article all 
employ the biasing configuration of fig. 2C, substan- 
any of these bias configurations. More detailed infor- 
mation on the subject of jfet biasing can be found in 
reference (3). 

basic jfet broadband amplifier 
Fig. 3A shows a simple broadband amplifier. 

Although this circuit is presented primarily for pur- 
poses of illustration, it nonetheless has many practi- 
cal applications. The circuit is a grounded-gate jfet 
amplifier employing a single J310 biased at 18 mA of 
drain current. The output employs a peaking induc- 
tor and a 4:l bifilardwound auto-transformer (detail- 
ed winding information is presented later in this arti- 

J 3 1 0  
0 lrH --* 

SOURCE LOAD 

fig. 3. Schematic diagram of the basic broadband jfet ampli- 
fier. R1 sets I, at  18 mA. (B) shows the frequency response 
of this basic amplifier. 

cle). The peaking inductor extends the frequency 
response. Fig. 3B shows the frequency response 
when L1 is set for optimum gain flatness with respect 
to frequency. The setting of L1 is not particularly crit- 
ical, although it does substantially affect the high- 
end frequency response. Other performance charac- 
teristics are as follows: 

1 dB gain compression level + 13 dBm 
2nd-order intercept point + 28 dBm 
3rd-order intercept point + 22 dBm 
30-MHz noise figure 4.5dB , 

input 'v~wfl  1.3:l from 1.8-100 MHz 
reverse isolation 38 dB or better to 30 MHz; 

25 dB or better to 200 MHz 

The intermodulation and overload specifications 
forallamplifierspresented in this article are referenced 
to the amplifier input. The + 13 dBm specification for 
the 1 dB gain compression level, for example, is the 
input (rather than output) level at which 1 dB of gain 
compression occurs. When evaluating the intermod- 
ulation and overload performance of a device, it's 
very important to know whether the specifications 
are referenced to the input or output. Unfortunately, 
many manufacturers specify their devices without 
providing information as to whether the specification 
ferred method is to reference the specification to the 
input. 

The output referenced specification is simply the 
input referenced specification plus the device gain. 
For example, an amplifier having an input referenced 
3rd-order intercept point of +20 dBm and a gain of 
10 dB has an output referenced 3rd-order intercept 
point of + 30 dBm. 



improved jfet broadband amplifier 

Some clarification is in order concerning this low output VSWR is important, refer to the circuits of 
amplifier. First, the good input VSWR trades off fig. 6 or 7. All the other circuits in this article have a 
against optimum noise figure. With a 1:1 input VSWR high output impedance. Finally, the gain of this 

amplifier is load-sensitive; that is, if the actual value 
+ B O T H  S E C T I O N S  P A R A ~ L E ~ E D  of RL is greater than 50 ohms, amplifier gain will be 

r E 4 3 O  higher. Load impedances other than 50 ohms will 

:EM 41 - also require that the value of L1 be changed for flat- 
SOURCE 

loop"  

3 3 0  
I / 2  w 

-12 0 

2 5  5 0  75 1 0 0  

FREOUENCY - MHz 

test frequency response. If the amplifier is to be used 
only below 30 MHz, however, L1 may be omitted en- 

ID . 3 4 m A  tirely. Amplifier gain may vary somewhat depend- 
ing upon the characteristics of the particular J310 
employed. If a negative supply is not available, return 
R1 to ground (instead of - 12 volts) and select (or 

lo  - 

8 -  

6 - 
o 
5 4 -  
9 

fig. 4. Diagram of the improved broadband jfet amplifier 
with improved gain, lower noise figure, and better IMD per- 
formance. The higher transconductance from the paralleled 
fets results in a higher gain and better input noise match. 
Graph IB) shows the overall frequency response of this 
improved amplifier. 

e adjust) Rl's value for 18 mA of drain current. 

The amplifier shown in fig. 4A is very similar to the - \ one just described, but with higher gain, a lower 
noise figure, and superior IMD performance. Fig. 46 
shows typical amplifier gain as a function of frequen- 
cy. Other performance characteristics are as follows: 

you would have "power match" and best amplifier 
gain. However, the noise figure in this case could be 
no better than 3 dB. "Noise match" (optimum drive 
source impedance for best noise figure) occurs when 
the driving impedance is considerably higher than the 
amplifier input impedance. The second point is that 
although you can specify a 50-ohm output load, the 
actual output impedance of this amplifier is much 
higher than 50 ohms (the jfet output is essentially a 
high-impedance current source). This fact is very im- 
portant if a filter must follow the amplifier. Where 

* E 4 3 0  

FROM 
5 0 R  
SOURCE 

* B O T H  
SECTIONS -12 

PARALLELED 

1 dB gain compression level + 14 dBm 
2nd-order intercept point + 38 dBm 
3rd-order intercept point + 29 dBm 
30-MHz noise figure ~ 2 . 5  dB 
input VSWR 1.8:l from 1 .B-200 MHz 
reverse isolation 36 dB or better to 30 MHz 

30 dB or better to 175 MHz 

This amplifier employs the E430 dual jfet as the 
active device, with individual sections connected 
directly in parallel (source 1 tied to source 2, gate 1 
tied to gate 2, and drain 1 tied to drain 2) to achieve 
an equivalent ultra-high transconductance jfet. The 
higher transconductance (~36,000,  micromhos) 
accounts for the higher gain of this amplifier as com- 
pared with that of fig. 3. This higher conductance 
also causes the input impedance to drop to approxi- 
mately 28 ohms, which accounts for the 1.8:l input 
VSWR. Although you no longer have an optimum 
input power match you're now much closer to an op- 
timum input noise match, which accounts for the im- 
proved noise figure. As far as improved IMD per- 
formance is concerned, the easiest way to rationalize 

LOAC 

0 25 5 0  7 5  1 0 0  

FREOUENCY - MHz 

fig. 5. Schematic of a jfet amplifier which exhibits approximately 12 dB gain, though with a narrower bandwidth. In this case, 
the bandwidth has been sacrificed to produce the higher gain. A plot of the gain vs frequency is shown in ( 6 ) .  
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that is to simply say that two devices are carrying the ifet broadband drivers 
load instead of just one (keeping in mind that you 
now effectively have two J310s in parallel). 

The same considerations with regard to load sensi- 
tivity, device variations, and output VSWR are equal- 

fig. 6. Schematic of a broadband 50-ohm driver where the 
output impedance is set to  50 ohms. I n  this case, the 220- 
ohm resistor loads the collector, leading to  the 50-ohm out- 
put through the transformer. Gain i n  this example is approx- 
imately unity. 

ly applicable to this amplifier as to the one in fig. 3. 
Again, for operation below 30 MHz, peaking inductor 
L1 may be omitted. Since the E430 gets quite warm 
with 34 mA of drain current, it would probably be a 
good idea to use a heatsink. T1 is the same 4: 1 bifilar- 
wound transformer as the one shown in fig. 3. 

higher-gain 
jfet broadband amplifier 

From eq. 4, you know that amplifier gain can be 
increased by raising the effective drain load impe- 
dance as seen by the jfet. Therefore, if you replace 
the 4:l autotransformer of fig. 4A with a 9:l auto- 
transformer, gain should increase. Eq. 7, however, 
tells you that this will also decrease the bandwidth. 
Since the amplifier of fig. 4A has a bandwidth in 
excess of 100 MHz, you probably can trade off some 
of this bandwidth for higher gain in many applica- 
tions. Fig. 5A shows the circuit for such an amplifier. 
Fig. 5B shows the gain as a function of frequency. 
As predicted, gain has increased at the expense of 
bandwidth. Other performance characteristics are as 
follows: 

1 dB gain compression level + 10 dBm 
2nd-order intercept point + 36 dBm 
3rd-order intercept point +24dBm 
30-MHz noise figure <2.5 dB 
input VSWR 1.6:l from 1.8-100 MHz 
reverse isolation 34 dB or better to 100 MHz 

Winding details of the 9: 1, autotransformer are pre- 
sented later in this article. L1 cannot be omitted from 
this circuit for high-frequency operation unless sub- 
stantial gain roll off (2-3 dB at 30 MHz) can be 
tolerated. 

There may be occasions where a better-defined 
amplifier output impedance is required. Fig. 6 illus- 
trates a broadband driver circuit designed to present 
nominal 50-ohm impedances to both the source and 
load. Since this driver produces somewhat less than 
unity gain, it is intended only to follow one of the pre- 
viously discussed amplifiers rather than to stand 
alone. The circuit is nearly identical to the "basic" 
jfet broadband amplifier of fig. 3. Notice, however, 
that the drain is ac loaded by a 220-ohm resistor to 
establish the amplifier output impedance (at the 
autotransformer output) near 50 ohms. This reduces 
the gain for two reasons. First, you have lowered the 
impedance as seen by the J310 drain by a factor of 
two, thus reducing voltage and power gain by the 
same factor. Additionally, half the output power is 
now consumed in the 220-ohm resistor. Thus, the 
power available to the load is cut by a total factor of 
4, or 6 dB. The measured gain of this amplifier is - 1 
to - 2  dB from 1.8 to 100 MHz, or 6 to 7 dB lower 
than that of the "basic" jfet broadband amplifier of 
fig. 3. Other performance characteristics are as 
follows: 

1 dB gain compression level + 13 dBm 
2nd-order intercept point + 36 dBm 
3rd-order intercept point + 24 dBm 
30-MHz noise figure 4-5 dB (estimated) 
input VSWR 1.3:1 from 1.8-100 MHz 
output VSWR 1.3:1 from 1.8-100 MHz 
reverse isolation 35 dB or better to 100 MHz 

Fig. 7 shows another broadband driver circuit 

* B O T H  
SECTIONS 

P A R A L L E L E D  

fig. 7. Schematic diagram of another broadband 50-ohm 
driver which has the input impedance matched by the 9:4 
transformer. The gain, in  this case, is 1-2 dB. 

which provides some gain rather than loss. It is very 
similar to the "improved" jfet broadband amplifier of 
fig. 4A. Again, the drain is ac loaded by a 220-ohm 
resistor to establish the amplifier output impedance. 
Also, the input signal is impedance matched to the 
jfet source through a 9:4 autotransformer. This trans- 
former is wound identically to the 9:1 autotrans- 
former employed in the "higher gain" jfet broadband 
amplifier of fig. 5A, but is turned "upside-down" to 



provide a 9:4 impedance ratio. The gain of this ampli- 
fier is 1-2 dB from 1.8-100 MHz. Other performance 
characteristics are as follows: 

1 dB gain compression level + 14 dBm 
2nd-order intercept point +30dBm 
3rd-order intercept point + 29 dBm 
%-MHz noise figure 4-5 dB (estimated) 
input VSWR 1.3:l to30 MHz 

1.8:l to 100 MHz 
output VSWR 1.3: 1 to 30 MHz 

1.6:l to 100 MHz 
reverse isolation 40 dB or better to 100 MHz 

In both driver circuits, it is important to connect 
the 220-ohm resistor as closely as possible to the jfet 
drain with very short lead lengths. If this is not done, 
oscillations may occur. 

winding the autotransformers 
The 4:1 autotransformer consists of five turns of 

bifilar-wound wire on a single-hole ferrite bead. The 
bifilar wire is made by paralleling and twisting 
together two dissimilar colored (red and green, for 
example) of strands of no. 32 AWG (0.2-mm) mag- 
net wire. This is easily done by attaching one end of 
the paralleled wires in a vice and placing the other 
end in the chuck of a portable power drill. Maintain- 
ing suitable tension on the wires, turn on the drill 
until the wires have twisted together. Four twists per 
centimeter (10 twistslinch) is suitable, but this is not 
at all critical. The only real requirement is that there 
be enough twists to prevent unraveling but not so 
many as to cause kinking. The ferrite bead is an FB 
43-801. To wind the transformer, wind the bifilar wire 
through the bead five times, keeping the winding 
tight to the core. This will result in four strands of 
bifilar wire against the outside of the bead. Cut off 
the excess wire, leaving 2-3 cm (approximately 1 
inch) or so at each end. Untwist the two ends and 
bend the green wire of either end and the red wire of 
the other end toward each other until they meet half- 
way along the outside wall of the bead, completing 
the fifth turn. Tin and twist these wires together. 
Similarly, tin the remaining red and green wire ends. 
The net result is that the red and green wires are con- 
nected series-aiding, with their junction being the 
autotransformer center tap. This 2: 1 turns ratio yields 
a 4:1 impedance ratio. Fig. 8A shows an outline 
drawing of the completed autotransformer along 
with the corresponding schematic representation. 

The 9:1 autotransformer is constructed on the 
same type of ferrite bead as the 4:1 autotransformer, 

series-aiding (see fig. 8B). If the input signal and 
ground connections are reversed, the 9:1 autotrans- 
former then becomes a 9:4 autotransformer. 

GOLD GREEN 

fig. 8. Winding information for the 4:l and 9:l transformers. 
Each transformer uses a ferrite bead, FB 43-801, as the core. 

Although the FB 43-801 beads are satisfactory in 
broadband autotransformer applications, they were 
selected primarily on the basis of their availability to 
Amateurs rather than for optimum performance. 
Two-hole balun cores seem to perform somewhat 
better. 

The FB 43-801 beads may also be used to con- 
struct the rf chokes. The 100-CIH rf chokes used in 
the broadband amplifiers may be constructed by win- 
ding nine turns of no. 28 AWG (0.3-mm) wire 
through the beads. 

measurement ~rocedures 
Swept gain, VSWR, and reverse isolation measure- 

ments were made using a Wiltron Model 640 RF anal- 
yzer. Noise-figure measurements were made using a 
calibrated temperature-limited diode-noise genera- 
tor, a 6-dB pad, a broadband Avantek amplifier, a 
Heath SB-303 receiver, and an RMS ac VTVM as 
shown in fig. 9A. The noise factor of the padlampli- 
fierlreceiver combination was first measured. The 
jfet amplifier under test was then inserted between 
the noise generator and the 6-dB pad, after which 
the overall system noise factor was measured. The 
noise factor of the jfet amplifier alone was then cal- 
culated using the well-known gain-noise factor equa- 
tion in rearranged form: 

but is wound with no. 32 AWG (0.2-mm) trifilar wire. 
F2- 1 

The trifilar wire consists of three colored strands, F] = FT-  --- 
G I  

(81 
(red, gold, and green, for example) of no. 32 AWG 
(0.2-mm) wire twisted together in the same manner where FI is the noise factor of the jfet amplifier 
as the bifilar wire. Wind five turns of the trifilar wire F2 is the noise factor of the padlampli- 
through the ferrite bead and connect the wires fierlreceiver combination 
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summary and conclusion 
NOISE 

GENERATOR 
UNDER 
T E S T  

AVANTEK s8-303 BALLANTINE 

402 RECEIVER V T V M  

SIGNAL 
GENERATOR n F ~ ~ b q y t + q ~ ]  J u N c r l o N  

SIGNAL 
GENERATOR 

fig. 9. Test setup for the noise-figure and IMD measure- 
ments. 

G I  is the power gain factor of the jfet 
amplifier 

FT is the overall system noise factor 
The noisefigure isthensimply 10 loglonoisefactor. 

Gain compression level measurements were made 
with an HP-8654B signal generator and an HP-8558B 
spectrum analyzer. Intercept point measurements 
were conducted using two HP-8645B signal genera- 
tors, a 3-dB hybrid junction, a 30-MHz lowpass filter, 
and an HP-8558B spectrum analyzer. Fig. 9B shows 
the test setup. Second-order intercept point meas- 
urements were made by first setting the signal gener- 
ator outputs to +3.5 dBm (or 0 dBm input to the 
amplifier after accounting for the 3.5-dB loss at the 
hybrid junction) at frequencies of 14 and 15 MHz. 
The difference in amplitude between the 14/15 MHz 
signal levelsand the29-MHz sum product as observed 
on the spectrum analyzer was then added to the 0 
dBm 14/15 MHz amplifier input signal level to com- 
pute the sum product second-order intercept point. 
The signal generators were then tuned to 27/30 
MHz, and the second-order intercept point was again 
calculated, this time for the 3-MHz difference prod- 
uct. The amplifier second-order intercept point (ref- 
erenced to the amplifier input) was then taken as the 
lesser of the two measurements. 

Third-order intercept measurements were accom- 
plished by again setting the signal generators to 
14/15 MHz at 0 dBm input levels to the amplifier 
under test. Third-order intermodulation products 
appeared at 13 and 16 MHz. The difference in ampli- 
tude between the 14/15 MHz signals and the greater 
of the intermodulation products was divided by two 
and added to 0 dBm to arrive at the third-order inter- 
cept point (referenced to the amplifier input). 

Broadband amplifiers for receiving applications 
require superior odd- and even-order intermodulation 
performance due to their greater bandwidths. Jfets 
make excellent low-noise broadband amplifiers in the 
high frequency and low vhf range, providing moder- 
ate gain and unsurpassed third-order intermodulation 
performance for the amount of current drawn. Sec- 
ond-order intermodulation performance is good, but 
may not be as good as that of certain bipolar transis- 
tors, particularly when these bipolar transistors are 
connected in push-pull.6 

Other devices for consideration as low-noise 
broadband high-intercept point amplifiers include the 
Siliconix VMOS~ and the Signetics DMOS fets.8 The 
VMOS fets are capable of performance superior to 
that of E430s in terms of gain, bandwidth, and 
dynamic range. To secure maximum gain and lineari- 
ty, however, it is necessary to run hundreds of milli- 
amperes of current through the device, impractical 
for most receiving applications. A test of a Siliconix 
VN33AK VMOS fet at 50 mA of drain current (in the 
device square-law region) resulted in significantly 
poorer bandwidth and dynamic range than that of an 
E430 running at 34 mA. A test of the Signetics 
SD202 DMOS fet at 20 mA of drain current resulted in 
a gain somewhat greater than that of a J310 and a 
third-order intercept point comparable to that of an 
E430. The extremely low output capacitance of the 
SD202 resulted in improved bandwidth as well. 

Both VMOS and DMOS fets characterized for rf 
applications are still rather expensive, but both tech- 
nologies are rapidly advancing in terms of perform- 
ance and man, facturability. As a result, prices are 
certain 'to come down while performance improves 
(some Siliconix VMOS fets characterized for switch- 
ing applications already seil for under one dollar in 
large quantities). In the months ahead, we undoubt- 
edly can look forward to exciting developments in 
both of these expanding technologies. 
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the Hallicrafters story 

A fascinating account 
of one of Amateur 

Radio's great names. 
How it grew, 

what it produced, 
and its demise in 

today's Amateur market. 
But is 

Hallicrafters really dead? 
Of course not 

prologue 
The unmarked car pulled up in front of the small 
factory. It was a sultry, humid day in Chicago in 
August of 1941. The driver got out of the vehicle and 
strode purposefully into the office of the little com- 
pany. He displayed his credentials and, after a short 
pause, was ushered into the office of the president. 

The president, young Bill Halligan (WSWZE, now 
WSAC), greeted his visitor and quickly found what 
was wanted. 

"Mr. Halligan," the visitor said in self-assured 
voice, "we need an HT-4 transmitter." 

Bill Halligan shook his head. "I'm sorry, we 
haven't one in the place. And we don't even have 
one in production now." 

The visitor looked around the office and glanced 

out the door to the small production line. 
"How about a used one, or one that you keep for 

I test purposes?" 
"None available at all, sorry." 
The visitor leaned forward across Bill's desk. "Do 

any of your dealers have one? I mean anywhere in 
the U.S.? How about sending some telegrams?" 

Bill Halligan produced a wad of letters and tele- 
grams from his desk. "It's the other way around," he 
replied. "They're all cleaned out and are asking for 
more HT-4 transmitters." 

"YOU don't seem to understand," said the visitor. 
"This is important and urgent. We must have a trans- 
mitter. At once. It is of the highest priority!" 

Bill sighed. "Well, how about my HT-4 transmit- 
ter? It's at home in my shack . . ." 

The transmitter was immediately brought to the 
factory, an old red brick building on Indiana Avenue. 
That weekend Bill and an engineer went over the 
HT-4, checking it out, and on Sunday an Army 
bomber roared away from Chicago Municipal airport 
with W9WZE's supreme sacrifice aboard - his own 
personal HT-4 transmitter. Not 'even the persistent, 
close-lipped visitor knew of its ultimate destination, 
but it was bound for a rendezvous with history (see 
epilogue). 

Bill Halligan received an early start in the world of 
wireless. As a high-school student before World War 
I, his homemade spark transmitter cut a broad swath 
in the 200-meter band, causing great anguish to the 
Navy radio operators in the Boston area. And after 
marine and Navy radio work in the Great War, he 
immediately went into radio as a profession in the 
BostonINew York area. But by 1931 he was a manu- 
facturer's agent in Chicago, just in time for the 
depths of the depression. It was a challenging time 
for an energetic fellow who wanted to build high- 
quality ham equipment - something he'd never 
done but always wanted to do. Perhaps now was the 
time. What did he have to lose? 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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Schematic of the Super-skyrider, the first Hallicrafters short-wave superheterodyne receiver. 

"l've just the name for you," said Lloyd Back, 
Bill's good friend in a local advertising agency. "Why 
don't you call your new company The Hallicrafters? I 
got the idea from an outfit called the Roycrafters, a 
printing company in New York that produces fine 
printing under the leadership of Elbert Hubbard. 
You'll be the artisans of the new science of radio 
communications. How do you like that?" 

the coveted RCA license 
The whole idea caught fire like wet leaves. It was 

1933, and hams were broke too. No one seemed 
interested in the simple Sky Rider receiver that Bill 
had designed. Another serious problem was also at 
hand: The little company was unable to secure a 
license to manufacture sets under patents held by 
the Radio Corporation of America. RCA was virtually 
a patent pool, holding patents on almost every basic 
radio circuit that existed. True, a licensing system 
existed for those well-heeled outfits that could pay 
the price. But it was too high for Hallicrafters. The 
company went into low gear, and Bill Halligan had to 
go to Silver-Marshall Company - a licensed compet- 
itor - to produce sets of his own design. 

It was a tough road. Bill would take a briefcase full 
of wiring diagrams, drawings, and photographs to 
ham dealers and secure orders for nonexistant 
receivers. When he had 50 or 100 orders, he'd depos- 
it the orders with Silver-Marshall and the sets would 
be produced - for cash only. 

"l've got to get an RCA license of my own," Bill 
told his wife. He knew that security and a future 
depended upon an RCA license. And he was going to 
get one. 

harsh days in Chicago 
Difficult days were ahead for Bill Halligan. He final- 

ly heard of a new, ultra-modern radio factory in 

Marion, Indiana, which was closing for lack of busi- 
ness. It had an RCA license! Hurrying to Marion, he 
sold the Hallicrafters' idea to the owner. Shortly 
thereafter the Hallicrafters' name appeared above the 
factory entrance. But the two partners lacked the 
money to produce anything, and the grim specter of 
bankruptcy loomed on the horizon. Both partners 
were deep in debt. Bill now had the RCA license, but 
he could do nothing with it! 

By one of those fascinating turns of fate, Bill Hali- 
gan chanced to meet Ray Durst. Ray was the credit 
manager for the Ecophone Company in Chicago, 
which has a large account with the plant in Marion. 
Ray felt that if he could collect the debt Marion owed 
to Ecophone, he might not be fired by that company. 

Bill and Ray got together to see if they could solve 
their immediate problems. The upshot of these dis- 
cussions was that Bill and his partner agreed to dis- 

The Hallicrafters HT-4 transmitter. 
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HALLICRAFTERS BC-610 Xmtr 
450 WATTS C.W. 

325 WATTS PHONE 

now available to the amateur! 

NET PRICE complete 5500.00 

Thic high-power rran\rnirtrr, fariled 1~1r 
i t \  pcrlctrmanrc in the SCR-209 n~tthilr 
radiab 5tatit1n. i s  rt.acIy now fnlr J'011. 
Intlutlrc a l l  regular fcaturr$ 01 thc 
laniiliar HT.-IE . . . plus ha~rlc-t<,rtc~tl 
in~pr<~\~enicnt~ that niaku i t  hrttcr than 
c\cr.  l:urni\hcrl coniplrte u i t l i  ~pcrcli 
aniplilier, tuhec. 3 svrr 01 coilr (1.5 16, 

18 nir.). and simple mrxlification inrtrtlc. 
timr fnr operatinn on lo mererc. Like 
new - uzcd ~ m l ?  sligtirlv. I:<III! 
ci~arantccd. 

The BC-610 was a three-stage transmitter using plug-in 
coils. Tube line up was: 6V6 crystal oscillator. parallel 807s 
buffer, and 250TH final amplifier. The modulator used p-p 
100THs. A separate speech amplifier and antenna tuner 
were a part of the transmitter package. Pre-war ham price 
was about $750. Post-war surplus price was $500. The 
BC-610 was a popular ham transmitter up to 1948 when it 
was killed off because of excessive TVI. Tuning units and 
coils for this famous transmitter are occasionally found on 
the surplus market today. 

solve their contract. Bill and Ray then went to  
Chicago. There Bill met Clem Wade, the inventor of 
the Eskimo Pie ice cream stick and sole owner of the 
Ecophone Company's equally frozen assets. Would it 
be possible that some kind of agreement could be 
reached whereby Bill could make use of the facilities 
at Ecophone? Perhaps some kind of cross-licensing? 

Yes, it was possible. After a tangle of lawsuits with 
creditors, contracts, licensing agreements, incorpor- 

ations, and expensive paperwork, Bill Halligan and 
Ray Durst emerged with a company. Now, perhaps, 
the Hallicrafters dream would come true. 

before Pearl Harbor 
Hallicrafters was in business. I t  made radio 

receivers and phonograph combinations for Cape- 
hart, Magnavox, and other Chicago radio compan- 
ies. And it wasn't long before handmade Hallicrafters 
shortwave receivers were being made. At  long last, 
Bill Halligan had his factory and was in the ham radio 
business. 

Hallicrafters entered the ham market like a rocket. 
The Super Sky Rider receiver was announced in early 
1935. Modern marketing techniques and joint adver- 
tising with distributors was tried - a new approach 
to  the staid market of Amateur Radio. Bill Halligan's 
earlier work as a manufacturer's agent began to pay 
off. Within months Hallicrafters was a household 
word in Amateur Radio. Hallicrafters fielded a whole 
series of radio receivers and probably had more 
models on the market than all the other receiver 
manufacturers combined. Yearly model changes 
were made, high-style cabinets and attractive panels 
were used, and the massive volume of receiver pro- 
duction held the costs low - a Hallicrafters receiver 
existed for every purse." 

the Hallicrafters 
HT-4 transmitter 

"Why not build a modern ham transmitter," Bill 
Halligan asked himself one day. With the aid of Bob 
Samuelson, the design for a powerful ham transmit- 
ter was drawn up - target price: less.than $800.00. 

Bill Halligan and wife. Katie, with the very first model Sky 
Rider receiver of long ago. Receiver was a trf job, soon to  be 
supplanted by the Super Skyrider, a superheterodyne. 
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Bill hoped that the Radio Amateur, now accustomed 
to buying a receiver rather than building it himself, 
to buying a receiver rather than building it himself, 
might be ready for a factory-assembled rig. 

The ham transmitter of 1938 was a sight to  behold. 
The ham kilowatt then was a massive and awesome 
contrivance that towered in one or more relay racks 
to a height of six or seven feet - and with all the 
mobility of a grand piano. 

Early Hallicrafters television receivers are a collector's item 
now. This model had a push-button tuner that included N 
channel 1, now the Amateur 6-meter band. 

Starting with a typical high-power transmitter 
design, Bob Samuelson and his engineers spent 
months over wiring diagrams and layouts, reducing 
the design to a height of 37 inches and decreasing 
the conventional seven power supplies to three. 
Complex switching circuits were simplified. Plug-in 
tuning assemblies were designed. The heavy steel 
relay rack construction was scrapped for a light steel 
frame usina the "stressed skin" techniaue develo~ed 
for airplane fuselages. Transmitter weight was 
reduced from over a ton to about 500 pounds! 

The final design was a 450-watt phone and CW 
transmitter that contained no aluminum. It was made 
of automobile sheet steel, and, with the exception of 
the heavy transformers, it was easy and inexpensive 
to produce. 

mass production - 
a real problem 

Bill Halligan had no way of knowing that a war was 
about to  start and that his HT-4 transmitter would be 
a mainstay for World War II communications. After 
all, he had built only twenty of them by the fall of 
1940. He was soon to be surprised. Suppose Ameri- 

'I still have my Hallicrefters SmR, purchased with paper-rwte money in 
the 1940s. Wwldn't sell it for any price. Editor. W6NIF 

ca got into the war? Would anyone be interested in 
the HT47 Could production be stepped up to the 
unheard-of rate of one a day? What if someone 
wanted more? 

Less than a year later these questions became real 
when a delegation of French and British purchasing 
commissioners ordered more transmitters than Bill 
Halligan had built in the eight years his company had 
been in existence. Deliveries were a matter of life and 
death. And how about SX-28 receivers? Did he need 
money? Would cash in advance help speed things 
up? The heat was on. I t  was quite a shock to realize 
that Hallicrafters had a sold-out factory. Now, 
instead of selling people on the idea of buying Halli- 
crafters radio equipment, Bill had to sell other people 
on making them! 

Hallicrafters was well on the road by the time of 
Pearl Harbor. Production was the all- absorb,,.^ pas- 
sion. The factory was geared to  devise faster, more 
efficient assembly techniques. Three shifts were 
started, and by the fall of 1941, a steady stream of 
radio equipment was being shipped to the British 
(who had taken over the French commitments). On 
the morning of December 7,1941, Colonel George H. 
Sparhawk of the Army Air Force telephoned Bill Hal- 
ligan and told him that the Armed Forces were com- 
mandeering the British transmitters and that they 
were to  be packed and out of Chicago by air that very 
night. 

the war years 
the SCR-299 is born 

Hitter's stunning victories in Poland, France, and 
the low countries revealed his secret weapons: 
speed, fluidity of attack, and instantaneous commu- 

Radio 'equipment installed in the famous SCR-299 or 
SCR-399 communication truck. At the right is the BC-810 
transmitter and antenna tuner. At rear is the operating desk 
with two BC-342 short-wave receivers, speech amplifier, 
and control panel for the transmitter. In the foreground are 
the chests that contained extra transmission coils, tuning 
boxes, and spare parts. 
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up for communications with distant areas. This 
enhanced the value of the SCR-299 where mobility 
was limited. 

the Sebold incident 

Hallicrafters won five Army-Navy E awards during World 
War II for excellence in production. This photo shows 
BC-610 transmitters in final inspection before they were 
mounted in the communications vans in the background. 

nications. The U.S. military service saw the need for 
a mobile radio station capable of communications 
over a wide range of frequencies, even while en route 
over rough terrain. The rough design for such a com- 
munications center was worked out at Fort Mon- 
mouth, New Jersey, under the direction of Colonel 
Roger B. Colton. Known as the SCR-299, the system 
consisted of a 1 %-ton panel body truck with four- 
wheel drive coupled to a heavy-duty, two-wheel trail- 
er. In the truck body was a complete short wave 
receivers (BC-342s). In the trailer was a gasoline-driv- 
en generator that was used to  supply power for the 
mobile station. A rugged whip antenna was mounted 
onto the truck. 

After long deliberation and tests, the ham-type 
HT-4 transmitter was selected for the SCR-299 com- 
munications truck. It was chosen because of its sim- 
plicity, small size, light weight, and ruggedness. And 
it had good, clear audio. Special military tuning units 
and handles were added to ensure quick and easy 
equipment removal from the truck. With some other 
minor changes, the ham rig was just right for military 
service. 

the SCR-299 in 
military service 

Production was now rolling. The SCR-299 was in 
service on every Allied battlefront from Alaska to 
China. SCR-299s were airlifted to Guadalcanal, 
North Africa, and Sicily. Among the first units to roll 
ashore at  Normandy on invasion day was the 
SCR-299. Each SCR-299 carried a mile of telephone 
cable on a drum, permitting telephone lines to be set 

Finally, there was the celebrated case in which a 
German-American citizen, William Sebold, helped 
the FBI to apprehend a ring of Nazi spies. Sebold had 
returned to Germany to visit his family in 1939. 
Through coercion and intimidation, Sebold was 
forced to go through the great spy school in Ham- 
burg. When he left Germany in 1940, Sebold had 
instructions and authority to establish a short wave 
radio station in the United States for direct communi- 
cations to Hamburg. 

Upon arriving in New York, Sebold went straight 
to the FBI, which helped him establish a secret sta- 
tion on Long Island, equipped with a Hallicrafters 
HT-4 transmitter. He did a fine job of putting careful- 
ly doctored misinformation into the hands of the spy 
chiefs at Hamburg. 

after the war 
By 1946 the war was over, and Hallicrafters turned 

to  the future. The Hallicrafters transmitter (known by 
the military label BC-610, part of SCR-299) was being 
released on the surplus market for as little as $500, 
complete with tubes, antenna tuner, and speech 
amplifier - only slightly more than the manufac- 
turing cost. As far as Hallicrafters was concerned, 
there was no ham future in the HT-4 design. 

To get peacetime production rolling, Bill Halligan 
brought out the S-38 and S-40 receivers (revamped 

Always on the go1 The SCR-399 communications truck was 
used to negotiate the surrender of Rommel, the "Desert 
Fox." in north Africa. The SCR-399 was present at the D-day 
invasion of Europe and accompanied General McArthur 
during his historic conquest of Leyte Island in the Philip- 
pines. Gasoline-powered generator is in trailer. Truck was 
supplied with three whip antennas for transmitting and 
receiving while in motion. 

versions of pre-war models) and started to plan 
ahead. By late 1946 he proudly announced the 
SX-42, an advanced superheterodyne receiver that 
tuned from 540 kHz to 110 MHz in six bands. 
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The famous Hallicrafters SX-28 receiver. Over 50.OM) were 
produced for the Allied Forces. High styling and good per- 
formance made the receiver a favorite among pre-war Ama- 
teurs. Receiver incorporated two rf stages and tuned up to 
43 MHz. In 1946 it was replaced by the SX-42. 

A simple television receiver was also in the works. 
Hallicrafters had heard about single sideband trans- 
mission. Yes, the future looked bright indeed in 1947 
as Hallicrafters settled down to profitable, post-war 
production of modern radio equipment. They had the 
know-how. 

More than fifty thousand SX-28 receivers had been 
built, and more than eighteen thousand SCR-299 
(BC-610) transmitters had been built, as well as near- 
ly ten thousand S-29 receivers. And now single side- 
band, television, and high-fidelity fm  lay ahead, as 
well as CB radio on the distant horizon. The world 
looked good to Bill Halligan in 1947. He had really 
arrived in style! 

The problem was conversion from a war-time to a 
peace-time industry. Hallicrafters was spread over 
fourteen plants, some as small as a garage. The first 
matter of business was to consolidate operations. A 
new facility was built, and two other locations were 
retained for growth. 

Returning GIs remembered the name Hallicrafters. 
The company decided that, in addition to building 
ham gear, they would expand into the entertainment 
field. Television receivers, hi-fi equipment, and the 
Lowery organ were built by Hallicrafters. The com- 
pany continued to build military electronic gear, par- 
ticularly counter-measure equipment. 

But all was not smooth sailing. The home radio 
and television marketwas cutthroat. By 1956 Bill Hal- 
ligan was fed up. He couldn't compete and retain the 
high standards he'd set for Hallicrafters. The crisis of 
this uncomfortable situation was reached in the fall 
of 1957, when Bill Halligan sold out to the Penn- 
Texas Company. While Bill gave up ownership of 
Hallicrafters, he still retained management. This 
operation was even less satisfactory, and late the fol- 

lowing year Bill bought the company back from 
Penn-Texas. Management of Halli.crafters was 
turned over to Bill's son, Bob Halligan. Bill remained 
chairman of the board. 

epilogue 
Over the years, Hallicrafters contributed many 

firsts to the electronics industry and to Amateur 
Radio. Some of these were the first use of silk- 
screened panels in place of expensive engraving, the 
use of smooth paint in place of black-crackle paint, 
the calibrated S meter, the dual-diversity receiver, 
the automatic noise limiter, the temperature-com- 
pensated, high-frequency oscillator, the battery- 
portable, all-wave receiver, the dual AVC system, the 
bridge-T notch filter, and commercial production of 
an electronic keyer. 

W9AC is still active on the air, mostly on 7 and 14 
MHz CW. On occasion Bill can be found on 20 meter 
SSB. During the summer months he's on the air from 
W4AK in Florida. 

Keep your ears open for this pioneering Amateur! 
Bill's interest in Amateur Radio is as keen as ever. 
Even though he's not manufacturing ham radio 
equipment, he can still use it along with the best of 
today's operators. 

In 1950, J. Edgar Hoover of the FBI told Bill Halli- 
gan that the HT-4 transmitter Bill had sold to the FBI 
agent in August, 1941, had been flown to Pearl Har- 

Large numbers of the Hallicrafters 5-36 IBC-78781 receiver 
were sold during wartime. Tuning range was from 27 MHz 
to 140 MHz. which included vhf communications ranges 
of Allied, German, and Japanese ground and air forces. 
Receiver worked on both a-m end fm. 

bor and that it had been installed in the hills above 
Honolulu. It was the only active communications link 
to the mainland during the Japanese attack, because 
saboteurs had cut telephone lines in Honolulu. The 
old W9WZE transmitter served its country well dur- 
ing those painful hours of need. 

ham radio 
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phaselocked up-converter 

Last of 
a three-part series 

on a frequency synthesized 
local-oscillator system 

for the 
hig h-f requency 

Amateur bands 

In  the first article of this series, I described the 
basic VCO synthesizer, or "first loop," which covers 
100-1600 kHz in 10-Hz steps.' Part 2 covered the 
phaselocked 9-MHz BFO system.2 This article 
describes the phase locked up-converter, which 
translates the 100-1600-kHz output of the first loop to 
the LO frequencies required for each of the Amateur 
bands between 160 and 10 meters.* 

For coverage of the high-frequency Amateur 
bands in 500-kHz segments, the VFO signal must be 
translated to a higher frequency for each band with- 
out degrading the phase noise performance. The 
output frequency is the sum of the first loop1 output 
frequency and that of a stabilized crystal oscillator. 
This frequency plan is shown in table 1. Fig. 1 is a 
block diagram of the up-converter. The output loop 
works by first mixing the VCO signal with that of the 
crystal oscillator (XO) then phase comparing the 
1100-1600-kHz result with the first loop output to 
produce the VCO control voltage. The presteering 
system ensures that the loop acquires lock and 
remains locked despite large temporary differences 
between the VCO and XO frequencies caused by 
bandswitching or sudden large frequency changes. 
Crystal-oscillator frequency accuracy is guaranteed 
by a simple divide-by-n loop, with the phase detector 
operating at 50 kHz. 

Crystal-oscillator section (fig. 21. Each 500-kHz 
band segment is selected by activating a crystal oscil- 
lator operating at a frequency 1100 kHz lower than 
the bottom end of the required LO frequency range. 
The collectors and the control voltage inputs of the 
nine oscillators are connected in parallel. The band- 
switch, S1, applies base bias voltage to the selected 
oscillator, leaving the others cut off. Common-base 

"Parts kits and circuit boards will be available from the author if there is suf- By Raymond C. Petit, W7GHM, Post Office 
ficient interest. Send a self-addressed, stamped envelope for information. BOX 51, Oak Harbor, Washington 98277 
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fig. 1. Up-converter block diagram. 

buffer Q2 provides about 50 dB isolation between the sisted loop could lock for each bandswitch setting 
rf output and the inputs to U2. The additional isola- and first-loop output frequency. 
tion provided by U2 and the PNP differential pair, Assume the first loop has an output of exactly 
03-04, effectively eliminates reverse signal-flow 1500 kHz and the bandswitch is set for 40 meters. 
from the ECL and TTL circuits they drive. Then the output of the down-mixer can be exactly 

Phaselock section (fig. 3). The ECL output of the 
crystal oscillator section is divided to 100 kHz by 8-bit 
programmable binary counter U6-U8. The diode 
matrix controlled by S1 sets the division ratio; the 
desired division ratio plus the binary number preset 
by the diode matrix must always equal 256. Because 
the phase detector requires symmetrical square- 
wave inputs for best performance, the 100-kHz out- 
puts of the counter and reference divider U3 are first 
divided by two in U5. The combination of very low 
VCO gain in the crystal oscillators and the high refer- 
ence frequency used in the phase detector make it 
possible to suppress reference-frequency modulation 
of the VCOs by more than 100 dB. 

Output loop (fig. 41. With care and good layout, the 
loop of fig. 4 will suppress the reference-frequency 
sidebands by at least 100 dB and reproduce the 
superb phase-noise performance of the first loop 
within about 6 dB. 

Accompanying these advantages are some special 
problems. The capture range of the loop is about 250 
kHz, and there are two frequencies where the unas- 

1500 kHz when output oscillator 0 7  ,is set for 16.4 
MHz (desired frequency) or 13.4 MHz (image). The 
phase detector alone produces a maximum of about 
f 100 millivolts. This is good for only about f 200 
kHz of VCO tuning range. Because the i-f port of the 
double-balanced mixer is dc isolated, a presteering 
voltage can be added to the phase-detector output 
voltage to put the output oscillator frequency within 
correct locking-frequency capture range. 

table 1. Frequency relationships for the frequency synthesized LO 
system. 

crystal-oscillator system output frequency 
frequency frequency i f  band covered 

(MHz)  (MHz)  (MHz)  (MHz)  

9.4 \ 10.5-1 1 .O - 9 1.5- 2.0 
11.4 12.5-13.0 - 9 3.5- 4.0 

16.0-16.5 - 9 7.0- 7.5 
23.0-23.5 - 9 -  14.0-14.5 
12.0-12.5 + 9 - 21 .O-21.5 
19.0-19.5 + 9 28.0-28.5 
19.5-20.0 + 9 28.5-29.0 
20.0-20.5 + 9 29.0-29.5 
20.5-21.5 + 9 29.5-30.0 
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fig. 2. Crystal-oscillator section schematic. 

Presteering system (fig. 5). Two conditions must 
be met to guarantee correct lock. The first is that 
output oscillator 07 frequency must be greater than 
that of the crystal oscillator. Call this condition B. 
This ensures that the system will not lock onto the 
image frequency. The second condition is that the 
difference between the two frequencies must be less 
than the 3-MHz cutoff of the lowpass filter following 
the mixer (condition A). A phase-frequency discrimi- 
nator can take over at this point and bring output 
oscillator Q7 frequency to within capture range. 

The presteering system is basically a crude down- 
mixing loop (such as the output loop), except that it 
can detect when either - or both - of the above 
conditions are not being met, and will steer the out- 
put frequency in the proper direction until these con- 
ditions are met. U9-U12 test for condition 6. The 
4044 phase-frequency detector doesn't work reliably 
aboveafew MHz, so both inputs must first be divided 
by ten. Condition A is tested by the lowpass filter, ac 
peak detector, time-delay filter, and U17. If both con- 

ditions are met, the down-mixed signal from U16 and 
the first-loop signal through U20 are passed to U19 
by instruction decoder U18. Phase-frequency dis- 
criminator U19 and amplifier U21 bring the system 
into lock at exactly the correct frequency. 

If condition A is not met and condition B is met, 
the output oscillator frequency is more than 3 MHz 
above that of the crystal oscillator. U18 interrupts the 
normal signal flow and places U20 output on the R 
input of U19, causing U21 to pump down the pre- 
steering-voltage U17 signals. 

If condition B is not met, regardless of condition 
A, the output oscillator frequency will be below that 
of the crystal oscillator. Thus U18 interrupts the sig- 
nal from the downmixer while leaving the first-loop 
signal intact. This action causes the presteering out- 
put to pump up. Since, in this case, the output-oscil- 
lator frequency is below that of the crystal oscillator, 
these signals must pass through zerobeat in the 
downmixer before correct lock is possible. 

But a zerobeat condition will give no ac signal for 
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fig. 3. Phaselock section 
schematic. 
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F E R R I T E  READ I 1  I RxlOoF 

the peak detector. This action would give a false Crystal oscillator. Set bandswitch S1 to 160 
alarm on condition A, except that the time-delay fil- meters. The dc voltage at the base of 0-1 (the 9.4- 
ter at U17 input keeps the input high until the beat MHz oscillator) should be about 6 volts. Check for 
returns. (Without this provision, the presteering sys- the 9.4-MHz signal with a scope or counter con- 
tem goes into a "dither" condition, which holds the nected to the collector. With a potentiometer, vary 
Output oscillator frequency close to that Of the the control voltage to check that it oscillates over the 
tal oscillator.) entire range and that it is exactly 9.4000 000 at some 

T 4 - I  BROADBAND R F  TRANSFORMER, MINI - C I R C U I T S  
L A B  

SRL-I DOUBLE-BALANCED M I X E R .  M I N I - C I R C U I T S  4 

XN INTERNATIONAL CRYSTAL COMMERCIAL STANDARD.  

? T T T  

test procedures setting near midrange. Check the ECL and TTL out- 
puts for the 9.4-MHz signal. Repeat this procedure 

For simplicity it's desirable to check out each sec- for each oscillator. 
tion before connecting them. Sections already 

8 

checked out can be used as test generators for suc- Crystal phaselock section. Connect the oscillator 
cessive sections. ECL output to the clock input of the programmable 

Z O p F  CALIBRATION LOAD DIODES AN7 S I L I C O N  TYPE m 
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divider, and make the connections to S1. Connect a 
counter to the collector of 05. For each setting of the 
bandswitch, it should be possible to adjust the con- 
trol voltage (as before) so that the counter reads 
exactly 100 kHz. This checks the diode matrix and 
programmable counter. Connect a 1-MHz frequency 
standard to the reference input. U3 pin 12 should 
show 100 kHz. U4 pin 12 should be exactly 50 kHz, 
and U4 pin 13 should be very close to 50 kHz. 

Check the CV output with a scope. As the CV input 
of the oscillator is varied, the phaselock section CV 
output should be a very-low-frequency triangle 
waveform, which goes through zero beat as the CV 
input voltage is brought through the middle of its 
range. Now close the loop by connecting the CV ter- 
minals of the two sections and removing the potenti- 
ometer. Put the counter on the oscillator-section TTL 
output and keep the scope on the (connected) CV 
terminals. Switch through all bands and check that 
the counter reads exactly the intended frequency and 

that the control voltage quickly settles to a constant 
dc level. 

Output loop. Connect only the voltage-varying 
potentiometer to the presteering input and the coun- 
ter to the rf output. Adjust L1 to obtain a frequency 
of approximately 15 MHz when the presteering volt- 
age is 6 volts. Check for the TTL-level signal at the 
same frequency from the TTL output. Connect the 
crystal-oscillator section rf output to the downmixer 
rf port input. Thissignal level should be approximately 
200 mV rms. A 50-ohm T-pad on the oscillator output 
should be used to reduce the output to this level and 
provide a suitable termination for the mixer. 

Set the bandswitch for 40 meters. Connect a 
scope to the 3-MHz lowpass filter output, which 
drives the phase detector. Vary the presteering volt- 
age to observe the difference signal (zero to about 
3 MHz) at a level of about 100 mV rms. Connect the 
first-loop rf output to the phase detector and set 
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PIN 14 ON L S 3 0  

fig. 5. Presteering-system schematic. 

PUMP DOWN 

PUMP UP 

PUMP UP 

the first loop for 1100 kHz (all switches zero). Adjust 
the presteering voltage so that the frequency is 16 
MHz. For a small range of presteering voltage varia- 
tion, the output frequency should remain at exactly 
16 MHz. 

Presteering system. Connect everything except 
the presteering output. Keep the potentiometer on 
the output loop presteering input. As you vary the 
output oscillator frequency slightly above and below 
14.9 MHz, voltage B (U12, pin 7) should switch 
between zero and 5 volts. The output should be near 
zero volts when the output VCO is above 14.9 MHz. 

Put the counter on U16, pin 7. It should show a 
square wave at the difference frequency. As this dif- 
ferencefrequency goes above 3 MHz, approximately, 
voltage A (U17, pin 7) should jump from zero to 5 
volts. 

Now connect a voltmeter to the presteering out- 
put. When the VCO frequency is below 14.9 MHz, 
this output should increase to nearly 12 volts. When 
the VCO frequency is above 18 MHz it should drop to 
near zero volts. Remove the test instruments, con- 

nect the presteering output to the presteering input 
of the output loop, and then operate the system. 

note on phase detectors 
The phase detector in fig. 4 yields its best perform- 

ance when the two input signals are more than 30 
degrees out of phase. Phase-frequency discriminator 
U19 in the presteering system requires that the two 
signals be exactly in phase. If both are operating 
from the same set of input signals, they work against 
each other, producing chaos. This may be eliminated 
by driving U19 from a separate phase-shifted output 
of the first loop. Thus, while U19 sees a zero phase 
difference, the SLB-1 mixer sees its inputs shifted by 
at least 60 degrees, resulting in stable operation. U20 
delivers the required shifted output. 

references 
1. Raymond C. Petit, W7GHM. "Frequency Synthesized Local-Oscillator 
System for the High-Frequency Amateur Bands," ham radio, October, 
1978, pages 60-65. 
2. Raymond C. Petit, W G H M ,  "Phase-Locked 9-MHz BFO," ham radio, 
November, 1978, pages 49-51. 
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wideband amplifier summary 
A powerful tool 

for designing 
wideband amplifiers using 
transformer feedback - 

features include 
low intermod distortion 

and low noise figure 

Feedback amplifiers have been used in solid- 
state circuits for many years. Applications include 
wideband amplifiers for undersea cables, instrumen- 
tation amplifiers, and antenna amplifiers. For receiver 
front ends it's essential to combine good input impe- 
dance matching, low noise figure, sufficient gain, 
and a high intercept point. Good linearity can be 
achieved by using resistive feedback while sacrificing 
noise. A new circuit is presented combining all these 
advantages. It can be produced at very low cost. 

feedback intermod, 
and noise figure 

Bipolar transistors have a number of inherent non- 
linearities: 

1. Exponential base-emitter diode characteristics 

2. Current-dependent diffusion-layer input 
capacitance 

3. Voltage-dependent depletion-layer output 
capacitance 

The distortion is highly dependent on the gener- 
ator source impedance. If the generator source impe- 
dance is very small compared with the transistor1 
input impedance, the input voltage will be directly 
converted into an output current. This exponential 
transfer characteristic is responsible for all current 
nonlinearities. 

The only cure for this type of distortion is current 
feedback. But current feedback provides two unplea- 
sant side effects: it increases the device input and 
output impedance and therefore creates a mis- 
match. If the transistor is driven by a current-source 
generator of infinite impedance, distortion will 
depend mainly on the current-gain linearity. Since 
the output is converted into a voltage gain, voltage 
distortion will result. The only cure for voltage distor- 
tion is voltage feedback. Voltage feedback has the 
disadvantage of reducing the device input and out- 
put impedance. 

The standard technique for current feedback is to 
use an unbypassed emitter resistor. This emitter 
resistor adds a significant noise contribution to the 
circuit, which is not phase correlated to the transistor 
internal noise sources. The resulting noise figure is 
typically between 6 and 10 dB. An amplifier with 
such performance cannot be considered a low-noise 
circuit. 

Voltage feedback is accomplished by using a resis- 
tor feeding voltage from the collector to the base. 
Again we find resistive losses resulting in noise, 

By Ulrich L. Rohde, DJZLR. 52 Hillcrest Drive. 
Upper Saddle River, New Jersey 07458 
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which appears amplified as a product of the transis- 
tor gain at the output and which further reduces 
amplifier performance. Typically the noise figure of a 
wideband amplifier using this type of feedback as the 
sole source is at best 4 dB when ultra-low-noise tran- 
sistors such as the Siemens BFT66 are used. The 
noise figure of the same circuit, at the same dc oper- 
ating point without any feedback, is about 1 dB. An 
attempt should therefore be made to maintain the 1- 
dB noise figure while increasing the dynamic per- 
formance. 

The intermodulation distortion as well as the noise 
figure is dependent on the emitter current. Fig. 1 
shows the two-tone test performance for two car- 
riers of zero dBm at the input as a function of the dc 
current. It's obvious that the performance is not 
improved above 10 mA, which also indicates that the 
cutoff frequency peaks around 10-15 mA. This per- 
formance will vary from transistor to transistor. A 

fig. 1 

DC C U R R E N T  m A  DC CURRENT, m A  

fig. 1. Two-tone test results (left) for two carriers of zero 
dBm at the input of a wideband amplifier as a function of dc 
emitter current. Improvement is limited above 10 mA. 

fig. 2. Noise figure (right) of a wideband CATV transistor 
amplifier versus emitter current. The transistor is a BFT65 
used in a recent design for wideband antenna amplifiers. 

typical CATV transistor, such as the 2N5109, has a 
flat curve of constant intermodulation distortion pro- 
duced between 20 and 80 mA. 

Fig. 2 shows the noise figure of a wideband CATV 
transistor as a function of dc current. This transistor 
(a BFT65) is a recent design for wideband antenna 
amplifiers. However, similar performance can be 
achieved with the less-expensive 2N5109. It's obvi- 
ous that until the amplifier is driven to a level that the 
output voltage swing gets close to the collector dc 
voltage, the distortion and intermodulation is caused 
by the exponential transfer function. 

noiseless feed back 
If we use a feedback system as shown in fig. 3, in 

which the collector resistor is transformed back in 
series with the emitter by a transformer, the emitter 
will be grounded through a resistance depending 
upon the collector load. It's apparent that the voltage 

fig. 3. Feedback circuit in which the collector resistor is 
transformed back in series with the emitter by a trans- 
former. Transistor emitter will be grounded through a resis- 
tance depending on the collector load, thus voltage gain is 
independent of load changes. The core is a Siemens 862152- 
A0004-X001. 

gain is independent of any load changes, which 
results from the definition that the voltage gain is 
equal to the collector load resistor values divided by 
that of the unbypassed emitter resistor. Since this 
emitter resistor is derived by feedback, it adds no 
noise contribution. Therefore, this type of feedback 
is called "noiseless feedback." 

Let's assume that the transformer collector-to- 
emitter turns ratio is three to one. Then the impe- 
dance ratio is nine to one, and the 450-ohm collector 
load will result in a 50-ohm emitter-current feedback 
impedance. Ideally this impedance is resistive. If the 
transistor is operated at 20 mA, the differential out- 
put impedance from emitter to ground will be about 1 
ohm, assuming a current gain of fifty and a generator 
impedance for the transistor stage of 50 ohms. 
Therefore, we have a voltage division whereby the 
input voltage between base and ground is divided by 
forty-nine parts across the emitter impedance and 
one part across the base-emitter junction. The 
amount of current feedback is fifty and the linearity 
improvement is also roughly fifty, or 33 dB. The 
third-order intercept point, as shown previously with- 
out feedback, was about 30 dBm and has now been 
increased by 33 dB, resulting in about 63 dB. 

The power gain of this stage can be calculated 

INPUT TRANSFORMER OUTPUT TRANSFORMER 

1 4 = 1 2 = I ~ ; V 4 =  - V 3  NZ. ;V3.11 Z l ~ - 1 4 R e t V 4  

14.-13NZ;V0.V3;IO:II+13; I Z . - I 1 B  - l F I F ~  

fig. 4. Schematic diagram of a bridge-type circuit which 
adds voltage feedback in order to lower the circuit's input 
impedance. 
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3 0 0  r The circuit input impedance is: 

fig. 5. Voltage and current feedback amplifier using a 
2N5109. Shown is input impedance (ohms) as a function of 
transformer turns ratio with R,as a parameter. 

from the voltage gain, which would be ten divided by 
the impedance scaling at the output, from 450 ohms 
to 50 ohms. Therefore a voltage gain of ten divided 
by three results in a power gain of about three. This 
power gain is defined by the input and output, 
whereby the transistor input impedance has become 
fairly high in value. 

As stated earlier, the second source of distortion is 
voltage distortion. We will now apply voltage feed- 
back to decrease the input impedance to a suitable 
value, such as 50 ohms. 

voltage feedback 
using a transformer 

Fig. 3 shows a bridge circuit, which transforms the 
transmitter emitter-to-ground impedance to a value 
determined by the bridge transformer turns ratio and 
puts it in parallel between base and ground. This 
feedback reduces the output impedance and is there- 
fore counteractive to the current feedback. For 
developing the mathematical equations, RE is the 
emitter and bypassed resistor value, which has been 
obtained by using a collector transformer. The vari- 
ous feedback network voltage and currents are in- 
cluded. While the mathematical derivation of this cir- 
cuit takes a few minutes, only the results are shown. 

0 ; ; ; b ; ; d ~  

N RATIO 

fig. 6. Same amplifier as in fig. 5. Gain as a function of trans- 
former turns ratio is shown with R,as a parameter. 

and the output impedance is: 

The power gain has been determined as: 

Z L  == 500fl, from Z L  = ( V P A  T - V S A T ) ~   POUT 

test data 
Figs. 5 and 6 are the results of computer runs 

showing test data obtained with an experimental 
wideband amplifier using a 2N5109 transistor. Fig. 5 
shows input impedance (ohms) as a function of 
transformer turns ratio, N, with RE as a parameter 
(ohms). Fig. 6 shows amplifier numerical gain as a 
function of transformer turns ratio, N, again with RE 
as a parameter. To obtain a =-ohm input impedance 
with RE = 10 ohms, for example, a transformer 
turns ratio, N, of about eight is required. For 
RE = 50 ohms, the required turns ratio is about two. 

conclusion 
It's apparent that this circuit in its final form, pro- 

viding an intercept point for third-order distortion of 
more than 70 dBm, is a very powerful tool in design- 
ing new wideband amplifiers. Because of trans- 
former feedback, the noise figure is only about 2 dB. 
In a pushpull version, this circuit has shown a 
second-order intercept point of more than 120 dBm. 
These numbers appear to be much better than those 
for previously published amplifiers. 

ham radio 
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improved GaAs fet preamp 
for 144-432 MHz 

Experiments with a 
new mesfet from NEC 

featuring simplified bias 
and amplifier circuits 

Since its publication in the April, 1978, issue of 
ham radio, my article describing a 432-MHz low- 
noise preamplifier using a NE24406 GaAs fetl has 
resulted in many inquiries from readers. These inquir- 
ies have prompted some experiments with a new 
device, the NE24483 GaAs mesfet (metal semicon- 
ductor fet). The NE24483 has characteristics identical 
to those of the NE24406, but it costs less. This article 
presents the results of my experiments with the new 
device, which include 

1. bias-circuit simplifications for the 432-MHz 
preamp; 

2. applications of the NE24483 to 144-MHz ampli- 
fiers; and 

3. circuit simplifications for the 432-MHz preamp. 

simplified bias circuit 
for 432-MHz preamp 

Fig. 1 shows the preamp circuit in reference 1. 
Separate power sources are arranged for the gate cir- 
cuit (minus voltage) and the drain circuit (plus volt- 
age). (This circuit is discussed later.) When EME 

communications ( i e . ,  high-power systems) are con- 
sidered, this is the safest bias circuit for fets. How- 
ever, with GaAs fets, if the drain voltage is applied 
first, a current will flow that reaches IDss (saturation 
current when the gate voltage is zero); in some low- 
noise transistors this current may reach 100 mA. 
Therefore, it's desirable that a method be used that 
always switches on the minus voltage to the gate. 
However, it's difficult to provide such a minus 
voltage. 

Fet bias circuits. Fig. 2 shows five methods for 
supplying bias to fets.2 Each method has its advan- 
tage, and no method can be said to be the best; how- 
ever, the method easiest to use (considering compo- 
nent mounting and operation) has been employed. 

Although the method shown in A of fig. 2 is a 
bother to implement, it's a superior bias method for 
fets at extremely high frequencies, as in an 18-GHz 
amplifier. This is because, with this method, the 
source can be directly grounded, and the grounding 
inductance can be maintained smaller than with any 
other method. So this method will be significant 
when high gain at the high-frequency bands, or a 
low-noise amplifier, is desired. 

In all methods other than A, a bypass capacitor is 
inserted in the source. Of these methods, D and E 
require only one power source. If a sudden increase 
in supply voltage occurs, series resistor Rs is con- 
nected to the source ( D  and E, fig. 2) so that a volt- 
age, E, will appear across the Rs terminals and will 
automatically suppress the voltage increase between 
drain and source: 

I where AID is the increment of drain current caused 
by a sudden increase of supply voltage 

1 Transistor protection is thus automatic. 

I Although circuit E (fig. 2) has this feature, circuit 
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E is inconvenient to implement because a minus 
power supply must be used. In general, circuit D 
should be used. 

Design. Generally, about 15 per cent of IDss is opti- 
mum as the recommended biasing point of these 
transistors for low-noise applications. Characteristics 
are shown in table 1. Table 1 shows 60 mA as a typi- 
cal value for IDss, so the bias circuit design is based 
on this value. A value of 20 milliohms is typical for 
the gm (transconductance) when VDs = 3 volts and 
ID = 10mA. 

TodetermineRSwhen ID = (0.15) (IDss) = 9 mA: 

say, in this case the voltage between drain and 
source will be somewhat lower than 3 volts, but ab- 
solutely no change will be noticed in actual use. 

Attention should be paid to the value of Rs when 
the fetgm, Vp (pinch-off voltage), or ZDss is irregular. 
Rs should be set to a value between 210 and 280 
ohms at which the drain current, ID, is the specified 
value. 

With a preamplifier employing this biasing method 
(self-bias), supplying bias will be very easy, even 
when the amplifier is mounted directly under the 
antenna. 

144-MHz band preamplifier 
employing GaAs fets 

Rs is determined as: The impedance characteristics of the NE24406 in 
the 435-MHz band were shown in reference 1. These 

RE = (6s - 1) /2O mmho 
characteristics are shown in fig. 5. 

rFoPT indicates the impedance at which the noise 

= 5.67/0.02 figure, NF, becomes minimum when the transistor 
input circuit is matched to this impedance. Theoreti- 

= 283 ohms cally, this value has the following meaning. It shows 

If a drain current, ID, of 9 mA flows when Rs = 280 what noise figure, NF, will be obtained when a cer- 

ohms, the voltage across Rs will be: tain impedance is connected externally to an element 
having an intrinsic minimum noise figure of Fo. 

Rs Is  = (280) (0.009) = 2.52 uolts (3) 

If the voltage, VDs, between drain and source is set 
to 3 volts, it will be sufficient for the bias if the power 
supply delivers VDs+ (Rs ID): 

Vm + (Rs ID) = 5.52 volts 

= 3 + [(280) (0.009)l = 5.52 volts 

The bias circuit is now complete; its design is shown 
in fig. 3. Fig. 4 shows the fet amplifier of reference 1 
in which the bias circuit has been arranged to that 
described above. 

Here, Go and Bo are the conductance and suscep- 
tance, respectively, when the noise figure is mini- 
mum. They have the following relationship: 

From eq. 4 it can be seen that the minimum noise 
figure will occur when Gs+ jBs = Zs becomes: 

Practical considerations. If a 5-volt, three-terminal When any other impedance is connected, a noise 
voltage regulator is used in the power supply, further figure is obtainable that's always worse than the case 
protection against damage is provided. Needless to where Zs = r F O P T .  

table 1. Typical electrical characteristics of the NE24406 and NE24483. Ta = Z5C (32F). 

symbol conditions min. typ. max. unit 

drain current ~ D S S  V,, = 3.0V, V,, = 0 30 60 100 mA 

pinch-off voltage Vp VDs = 3.OV, ID = 100jtA -1.5 -3.5 V 

maximum oscillation 
frequency f m ~  VDs = 3.0 V, I, = 30 mA 55 GHz 

transconductance Gm VDs = 3.0V. I, = 10mA 20 mV 

maximum available I f = 4.0GHz 
V,, = 3.0V 17 

power gain MAG f = 8.0 GHz 10 12 
lo = 30 mA 

f = 12.0GHz 9 

I f = 4.0GHz 
N F 

V,, = 3.0V 
noise figure f = 8.0GHz 

I, = 10mA 
f = 12.0 GHz 
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Now take another look at fig. 5. rFoPT is at the 
edge of the Smith chart in a position where it is a pre- 
dicted value for the 144-MHz band. In any case, a 
matching circuit for this value seems feasible. -I- 

The experimental 144-MHz GaAs fet schematic is 
shown in fig. 6. The pi network in the output is a 3- @ 
dB attenuator. (When these transistors are used in 
the 144-MHz band they may oscillate.) 

A Johanson air trimmer is in series with the input, 
A+'- 

since only 4 to 5 pF is required. An inexpensive Phil- 
ips trimmer capacitor could also be used. Fig. 7 
shows assembly and simple structural drawings of 
the preamplifier. 

Incidentally, an NFSO.7 dB and a gain222 dB 
nibre obtained with this amplifier. These component 
values are approximately the same as those of the 
430-MHz preamplifier previously described. They 
show that, at frequencies in this range, no improve- 
ment in noise figure occurs as a result of lower fre- 
quency, and the noise figure has a flat characteristic. 

BNC connectors have been used in the input and 
output, but type N connectors would probably be 
better. The preamp shown in fig. 6 employs self- 
bias. The biascircuit described previously can be used. 

further simplification 
of the 432-MHz system 

At the beginning of this article I described a simpli- 
fied method for supplying bias (fig. 4). However this 
circuit employs four expensive air trimmer caps. I've 
received some comment about the difficulty of ad- 
justing these air trimmers, so further simplification is 
in order. 

The idea was to match the input circuit using a sin- 
gle fixed capacitor for CI instead of the air trimmer 
(figs. 4 and 6). Theoretically it should be possible to 
replace the variable cap with a fixed cap of the cor- 
rect value to obtain minimum noise figure. 

Take another look at fig. 5. For minimum noise 
figure in the 430-MHz band, the impedance should 
be 50 + j400. This means that a j400 reactance should 

ORDER OF REWIRED 

BIAS POWER 

APPLICATION SUPPL r 

111 % - MINUS % 
121 Vg - PLUS Vg 

I l l  g - MINUS 

PI % - MINUS 5 

ONLY 5 PLUS POWER 
APPLIED SUPPLY DNLY 

W L Y  % MINUS POWER 
APPLIED SUPPLY ONLY 

fig. 2. Five methods for supplying bias to GaAs fets (from 
reference 2). 

be connected to the %-ohm line. Close examination 
of fig. 5 shows that an impedance of 50+ j400 is situ- 
ated on the %-ohm impedance line at a point in a 
counterclockwise direction when seen from the cen- 
ter of the Smith chart. A reactance element that 
gives a trace moving in a counterclockwise direction 
on the impedance line is a series capacitance. With 
this information, it can be seen how the GaAs fet 
preamplifier is designed. 
The j400 impedance is expressed by: 

fig. 1. The low-noise 432-MHz preamp described in refer- = j400 27rfC 
ence 1. An improved self-bias circuit has been designed 
(fig. 4). where f  = 435 MHz 

40 5 november 1979 



Therefore, it can be seen that, matching for a mini- 
mum noise figure, NF, can be accomplished by 
-employing a 0.915-pF series capacitor. 

DRAIN - SOURCE VOLTAGE . W I L L  BE 3 v o L n  

fig. 3. Self-bias circuit 
for  t h e  NE244061 

than 1 db; thus they are candidates for receiving sys- 
tems of tremendous sensitivity, but this isn't easy to 
attain. In a high-sensitivity receiving system, thought 
must be given to the system as a whole, including 
the antenna and coaxial cable. 

Noise at receiver terminals. Here the relationship 
between antenna and receiver sensitivity is discussed. 
In fig. 9, a "no-loss" bandpass filter with a band- 
width of B is assumed. A load resistor is connected 
across the output terminals, and a resistor equal to 
the filter input impedance, within the passband 
range, is connected to the filter input terminals. 

In this state, when the resistor connected to the fil- 
ter input is maintained at absolute temperature, T 
(degrees Kelvin), thermal noise will be generated by 

In practice, the circuit will be affected by the cir- 
cuit series inductance. However, since a series in- 
ductance produces a trace which moves in a clock- 
wise direction on the impedance line, the capaci- 
tance of the series capacitor must be increased to 
compensate this inductance. 

As seen from the size of the chassis used, the in- 
ductance of the capacitor leads can be estimated to 
be several tens of nH. About 1.2 pF can be consid- 
ered optimum. Therefore, it will be ideal if the air 
trimmer in the input circuit and the single-turn coil 
resonate at the desired frequency in the 432-MHz 
band and they are employed only as an infinitely 
large impedance. 

The circuit is shown in fig. 8. In this circuit the 
number of air trimmers has been reduced by one. 

INPUT 

A Cl  

INPUT 
OU TPU T 

C 3  8 
A Cl  

2 0 0 0  /' 

OU TPU T 
C 3  8 

fig. 4. GaAs fet preamp using self-bias. Reference 1 shows 
component values. 

With the method of connecting a 1.2-pF fixed capac- 
itor in series with the input, a noise figure of N F s  0 .7  
dB was obtained, as were characteristics identical to 
those of the preamplifier presented before. 

system sensitivity 
All these preamps have a noise figure, NF, less 

90. 

fig. 5. NE2440WNR24483 impedance characteristics. 

this resistor and will flow into the filter output load. 
The noise power, N, flowing into the load resistor 

is: 

= kTB (hf < < kT) 

where 
h = Planck's constant (6.62 x 10-  34joules/sec.) 
k = Boltzmann's constant (1.38 x 1023joules/deg.) 

Eq. 8 shows that the noise generated by the resistor 
is proportional to the absolute temperature. 

Accordingly, this absolute temperature is called 
the noise temperature. The magnitude of the noise 
can be expressed by the noise temperature, T; the 
noise power, N, can be expressed as N = ATB. 

In the example above, I've shown the results of 
thermal noise generated within a typical receiver 
input circuit. The resistor connected at the filter input 
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VOLTAGE REGULATOR 1 1  pI,n.,; 
C I  JOHANSON 7 2 9 5  
C 2  JOHANSON 5 2 0 2  
C3 JOHANSON 5 2 0 2  

C4 P H I L I P S  3 p F  (OR JOHlNSON 72741 
L l . L 2  51 0 5 m m l N 0  241,  8rnm15//6"1 10 

R I  I8OHMS I/4 OR I/BW 
R 2  3 3  OHMS 1/4 OR I/B W 

0 

fig. 6. GaAs fet preamp for 144 MHz using self-bias. 

represents this noise. But what about other noise, 
such as that entering the receiving antenna from 
space? 

In this case, the receiving-antenna output termi- 
nals are connected to terminals 1 and 1'  (fig. 9) 
instead of the resistor. 

Noise coming from space or artificial (manmade) 
noise will appear at the antenna output. Connect a 
noise-power meter of N watts to the bandpass-filter 
output. Determine: 

the thermal noise generated by the resistive loss of 
the transmission line, and c) the noise generated 
inside the receiver are compounded. Let's convert all 
of these noise powers to their equivalent at the 
receiver input terminals. 

Antenna noise. If the antenna noise temperature is 
assumed to be Ta, then, as described before, the 
noise power flowing into the transmission line from 
the antenna output will be kTaB. Now, if the trans- 
mission-line insertion loss (coaxial cable) is taken as 
10 logloL (dB), the antenna noise power flowing into 
the receiver input terminals will be: 

where L is the cable insertion loss. 

Transmission line noise. The transmission-line ab- 
solute temperature is assumed to be ToK, and a mat- 
ching load resistor is connected in place of the anten- 
na in fig. 10. Then a load resistance is con- 
nected, and the load resistance and transmission line 
are maintained at a temperature of ToK. 

The noise power occurring at the receiver input 
terminals will be kToB. Of this noise power, the por- 

N 
tion generated by the matching load resistor, which 

Ta = - k B (9) appears at the receiver input terminals, will be 
kToB/L. Therefore, the actual thermal noise power 

which is the antenna noise temperature. This tem- generated by the transmission line will be: 
perature is the same as that of the resistor in fig. 9, 
whose thermal noise exactly replaces the noise com- 
ing into the antenna. 

Receiving-system noise characteristics. As If the line has'no loss, L will become 1; therefore, 
shown in fig. 10, the antenna is connected to the from eq. 11, noise generated by the line will become 
receiver through a transmission line (coaxial cable). zero. This is a natural result, considering the principle 
In this case, a) the noise coming into the antenna, b) that thermal noise is produced by resistance. 

6 0 m m  

A BNC CONNECTORS E S I D E  V I E W  12 36'7 
8 3- TERMINAL REGULLITOR F BNC CONNECTOR 

VOLE FOR PLACING TRANSISTOR G PARTITION BOARD. BOTH S I D E S  PC BOARD. 
MADE OF DUPLEX GLASS-FACED EPOXY HEIGHT 1 6 m m l 0  6 2 5 7  

fig. 7. Parts layout and assembly drawings for the 144-MHz preamplifier. 
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A F I X E D  CAPACITOR.1 2 p F  C INPUT 

B IOOOpF SOLDER CAPACITORS ATTACHED D OUTPUT 
TO PdRTITION BOARD E N E Z 4 4 8 3  OR N E 2 4 4 0 6  

fig. 8. Simplified 144-MHz preamp using a fixed capacitor for the input circuit. A noise figure of 0.7 dB was obtained, as well as 
characteristics identical to those of the preamp in fig. 6. 

Receiver-generated noise. Whatever noise figure 
an amplifier has, when an attempt is made to obtain 
gain, the noise figure will always be degraded com- 
pared with the SN(Sin/Ni,& of the input signal. 

When a preamplifier having a noise figure NFl and 
gain GI is connected in front of a receiver having a 
noise figure NF2, the overall system noise figure is: 

In this case, if NFI < < NF2 and GI > >I, the 
receiver noise figure will be improved. 

As previously mentioned, noise power can be con- 
verted into temperature; this relationship is: 

Te(290) [ (NF- I)] (13) 

When considered in terms of power: 

N = kTeB (14) 

and this amount of noise power will appear at the 
receiver output. 

Over-all noise characteristics. The sum of eqs. 
10, 11, and 12 is the overall noise power at the 
receiver input terminals. When this is taken as N:  

Therefore: 

sum of a) the noise coming into the antenna, b)  the 
noise generated in the coaxial cable, and c) the noise 
generated in the receiver. So the receiving system 
should be constructed with the distribution of these 
noises in mind. 

When the receiver noise, including the coaxial 
cable loss, is higher than the antenna noise tempera- 
ture, it will be necessary to obtain a signal that will 
override this noise. In such cases a preamplifier 
ahead of the receiver will be effective. But since the 
over-all noise temperature won't become lower than 
the antenna noise temperature there may not be 
much effect, even when the receiver noise tempera- 
ture is extremely low compared with the antenna 
noise temperature. 

Preamplifiers and receiving systems in practice. 
The relationship between the equivalent temperature 
of natural noise and frequency is shown in fig. 11. 
Using this relationship as a datum, let's discuss 
receiving systems using GaAs fet preamplifiers. 
(Understanding will be made easier if actual numeri- 
cal values are inserted into eq. 16.) 

BANOPASS F I L T E R  

I 
I 

Ta 1 (16) 
T /OK1 

T = - +To( l -  E)+T, L 
N NOISE POWER 

T is the receiving system over-all noise temperature. R LOAO RESISTANCE 

TIKI ABSOLUTE TEMPERATURE OF NOISE 

The smaller the value of T, the better. (Note that SOURCE IN DEGREES K E L V I N  

the coaxial-cable loss, L, always has a value larger fig. 9. Explanatory diagram for noise-temperature dis- 
than 1 .) The noise at the receiver output is always the cussion. 
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An ideal antenna is assumed, whose noise temper- 
ature in the 432-MHz band is determined solely by 
natural noise. Then, from fig. 11: 

Ta = 48K at 435 MHz 

A system as shown in fig. 12 is used as an example. 
Let's consider a state when the temperature is 17C: 

loss of coaxial cable, L = 3 d B  

noise figure of receiver = I dB 

The over-all noise temperature, T ,  for this case is 
determined from eq. 16. First, the loss, L, of the 
cable is converted into an antilog: -. 

log-' 3 d B  = 1.9 (17) 

Next, the NF = 1 dB of the receiver is converted to 
noise temperature, T, ,  using eq. 13. For this, 
NF = 1 d B  is converted into an antilog: 

RECEIVER 
NOISE 

CABLE NOISE 

ANTENNA \ - - 
NOISE - ,. 

C 

A ANTENNA 
B COAX CABLE 
C RECEIVER INPUT 
D RECEIVER 

E RECEIVER OUTPUT 

fig. 10. Noise-generating points in a receiving system. 

Substituting this value into eq. 13 yields: 

To = 273 degrees + 17 = 290K (20) 

Calculation of eq. 16 yields: 

If a coax cable wifh absolutely no loss can be used, L 
in eq. 16 will be L = I and will be sufficient if: 

T = T a +  T ,  (22) 
is calculated. 

In this case: 

T = 48+87 = 135K (23) 
will be obtained. 

Let's take another look at eq. 16, which shows the 
over-all noise temperature of the receiving system. 
Suppose you have a receiver with a noise figure of 

0 \ -I 
0 1 0 5  1 5 10 5 0  100 

FREQUENCY IGHzI 

fig. 11. Antenna equivalent temperature as a function of fre- 
quency with natural noise as a parameter. 

NF = 1 d B  connected to a coax cable with a 3-dB 
loss. According to eq. 21, the over-all noise figure, 
NF, will be: 

This can be explained as follows. An antenna having 
a noise temperature of T ,  = OK, and a receiver hav- 
ing a noise temperature of T ,  = 0 are assumed. 
When a 3-dB attenuator is connected to the receiver 
input, what will become of receiving-system noise 
figure? The noise figure should be 3 dB. But accord- 
ing to eq. 16 the noise temperature is about 145K, 
and the noise figure, NF, will be 1.8 dB. When think- 
ing about a receiver, the signal-to-noise ratio should 
be considered. When a 3-dB attenuator is connected 

fig. 12. 432-MHz receiving system used as an example for 
showing the relationship between natural noise and fre- 
quency. Antenna noise temperature, T, (from fig. 11). is 48K 
at 432 MHz. 
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to a receiver having 0-dB noise figure, the noise 
figure will be 3 dB (noise temperature 290K). 

signal-to-noise ratio 
,With regard to the signal entering the receiver 

input, the transmitting-antenna gain is expressed by 
GT; the power output by PT, and the receiving- 
antenna gain by GR. A loss occurs between the 
transmitting point and receiving point, which is 
expressed as Ls. Furthermore, when the coaxial- 
cable loss from the antenna is expressed as L, the 
strength of the signal entering the receiver will be: 

To calculate the signal-to-noise ratio, eqs. 15 and 16 
are added to eq. 25. Then: 

Only the second term of eq. 26 is the portion in 
which the receiving-system sensitivity is shown. 
Therefore, from eq. 26, it can be understood that, 
when a 3-dB attenuator is connected to an amplifier 
of NF = 0 dB ,  thesystem noise figure will be degrad- 
ed by 3 dB, as well as the signal-to-noise ratio, SN. 

is defined as the noise temperature of the receiving 
system including the coaxial cable. When the above 
example is calculated again using eq. 27: 

This value has the surprising amount of 339K differ- 
ence compared with the value when the coaxial- 
cable loss isn't considered. 

This difference is more than 3 dB, so if an amplifier 
or preamplifier of good noise figure and ample gain is 
placed directly after the antenna, without any coaxial 
cable, the noise figure may be improved more than 
the loss (3 dB, in this example) of the coaxial cable. 
This occurs because the coaxial cable has resistance 
and generates some noise. 

points for EMErs 
To perform EME in the 432-MHz band in Japan, a 

maximum output of 500 watts is sometimes permit- 
ted. However, in such cases, when transmitting, 
some power may detour and damage the GaAs fet 
amplifier. 

Consider fig. 13. What degree of isolation should 

PRE 

AMPLIFIER 
I 

w RECEIVING CASE 

TRANSMITTING CASE 
ISOLATION BETWEEN 
THESE POINTS IS A 
A PROBLEM 

fig. 13. When using high power, isolation in the coax switch 
is important to protect the fets in the preamp. 

the coaxial switch have on the input side of the pre- 
amplifier to be adequate? 

Here, a transmitting power output of 500 watts is 
expressed as 57 dBm. If the coaxial-switch isolation 
is 30 dB in the 432-MHz band, the power that will 
detour to the preamplifier input during transmission 
will be 27 dBm (500 mW). Will the fet be protected at 
this level? 

Table 2 shows the power level at which the GaAs 
fet approaches breakdown in the 432-MHz band 
when the input power is gradually increased. These 
are values determined by my experiments in the 432- 
MHz band. Answers to such questions as "How long 
will the fets withstand a level 1 dB lower than these 
values?" are, I regret to say, not yet available. 

The power differences in table 2 occur because of 
the difference in the biasing methods, and are of 
great interest. Let's consider why this difference 
occurs. 

Fig. 14 shows two biasing methods. When the 
input power is inceased in method A, at a certain 

Q A Q 
fig. 14. Allowable maximum input power is smaller for the 
self-bias method (see text). 



moment the gate-source span will become forward 
biased, the current Is will increase. However, when 
current Is increases, a potential drop I s x R  is 
created; and in time, the source potential will rise, 
impeding current flow in a forward direction in the 
fet. Then, only a voltage in the reverse direction will 
be applied between gate and source; and when this 
voltage exceeds the reverse breakdown voltage 
between gate and source, it will bring about fet 
breakdown. 

However, in the case of B of fig. 14, the gate volt- 
age is always maintained lower than the source 
potential by the application of a constant potential. 
This constant potential prevents the gate voltage 
fr6m being more greatly negatively biased (reverse 
direction) through the rising of the source potential 
by the input voltage. From this, it can be seen that 
method B is strong against breakdown. 

From the standpoint of construction and adjust- 
ment, method A of fig. 14 is very stable. However, 
there is the contradiction that this stability is hard to 
obtain under actual operating conditions. It's impera- 
tive that the maximum input power of the preampli- 
fiers described in this report be designed to have a 
value 3 dB lower than the values shown in table 2. 

table 2. Allowable maximum input of GaAs fet pream- 
plifiers. 

fet CW 

w i t h  two b ias  c i rcui ts:  

ssb 

with sel f -b ias c i rcui t :  

Therefore, when a self-bias circuit is employed, an 
isolation of 40 dB will be required to transmit at 500 
watts (7 dBm). Furthermore, although these values 
have been determined experimentally, I've found 
that when input power is applied without applying 
bias, breakdown will occur at values 1-2 dB lower 
than those shown. Thus, when high-power opera- 
tion is attempted, it will be safer to keep the bias 
applied during transmission. 

Finally, it's desirable to consider using a delay 
circuit that will ensure transmitting power is always 
cut off before the coaxial switch is moved to the 
receiving position. This will ensure further safety of 
operation. 
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CRYSTAL FILTERS and DISCRIMINATORS 
9.0 M H z  FILTERS 
XF9-A 2.5 kHz SSB TX 
XF9.R 2.4 kHz SSB RX/TX 
XF9.C 3.75 kHz AM 
XF9.n 5 0 k t l z  AM ... . - 
XFY-E 1?:0 k ~ ;  N B F M  
X F I - M  0.5 k ~ z  CW (4 pole) 
XF9.NR 0 5 kHz CW (8 OOlel .. . ~- - .~ . 
9.0 M H z  CRYSTALS (Hc25Iu) Sllil'ping 
XF900 9000.0 kHz Carr ier  $5.15 
XF901 8998.5 kHz USE 15.15 $1.75 
XF902 9001.5 kHz LSB $5.15 
~ ~ 9 0 3  8 ~ 1 9 . 0  I\HZ BFO 15.15 per filter 
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Write lor delallr 01 the largest select~on ava!lable. 
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diversity reception: 
an answer to 

high frequency 
signal fading 

Diversity reception 
techniques are discussed 

with ideas on how 
they can be implemented 

with today's equipment 

Signal fading is one of  the principal problems 
confronting Amateurs in the high-frequency or short- 
wave bands. This seems strange, because fading 
was one of the earliest high frequency problems to 
be investigated. A 1927 OST article1 shows that a 
worthwhile reduction in the adverse effects of fading 
can be obtained by using diversity reception. 

What is diversity reception? With diversity recep- 
tion, two or more different, or diverse, antenna/ 
receiver combinations are used to receive the same 
signal. A two-channel system is known as dual diver- 
sity; a three-channel system, triple diversity. Diver- 
sity reception is widely and effectively used in com- 
mercial high frequency installations but has never 
been popular with Amateurs. One wonders why. 
Considering what the development of stereo did for 
the hi-fi industry, I'm surprised that the receiver man- 
ufacturers didn't push diversity reception years ago. 

,In this article I discuss fading and explain how 
diversity reception can minimize signal loss due to 
fading. I then discuss equipment considerations for a 
diversity reception system. 

diversity reception 
Although it's not apparent to a listener with one 

receiver and one antenna, fading is not uniform over 
the surface of the earth. If the listener had several 
antennas separated by between two and ten wave- 

lengths, with each antenna connected to its own 
receiver, he'd find that the signal received by the var- 
ious antennas faded more or less independently of 
one another. The probability of all receivers being in 
a fade at the same time is very small. So, if several 
receivers are connected so that the receiver with the 
strongest signal can be chosen, the effect of fading 
can be greatly reduced. 

Fig. 1 is a strip-chart recording of a CW signal 
received on 19 MHz using a triple space-diversity sys- 
tem. The first three rows show each channel individ- 
ually, while the bottom row shows the combined sig- 
nal. Note the reduction in fading of the combined 
output. 

The fading characteristics of the two signals of a 
dual-diversity system may be described mathemati- 
cally by what is known as the correlation coefficient 
of fading, R. This coefficient may have any value 
between - 1 and + 1. When R = + 1 ,  the two sig- 
nals will vary in the same direction; i.e., both signal 
will be either above or below a reference "'minimum 
usable signal level" IMUSL) at the same time. In this 
case, diversity operation will obviously not provide 
any improvement. 

When P = - I ,  the two signals will always fade in 
opposite directions; when one signal is above the 
MUSL, the other will always be below it. In this situa- 
tion, diversity operation will provide fade-free recep- 
tion, since one of the signals will always be above the 
MUSL. Unfortunately, negative correlation factors 
are seldom found in practice. 

When R = 0, the two signals will fade completely 
independently of each other. In this case, the propor- 
tion of time that both signals spend below the MUSL 
simultaneously is equal to the product of the propor- 
tion of time that each signal will be below that MUSL 
individually. 

The advantage of diversity reception is measured 
by what is called "diversity gain" and is given in dB. 
Diversity gain is the increase in average signal level 
obtained from a diversity receiving system compared 
with the level obtained from a single-channel receiver 
averaged over a period of time, usually 5 to 10 min- 
utes. Diversity gains of between 3 and 20 dB are typi- 
cal in commercial practice, and gains approaching 
these values are probably obtainable in Amateur 
practice, a worthwhile improvement in average 
received signal level. 

- 
By John J .  Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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Commercial stations using high frequency propa- 
gation commonly use three antennalreceiver combi- 
nations; the law of diminishing returns applies for 
more than three. A substantial improvement can be 
obtained, however, using only two receiving sys- 
tems, and it's doubtful if more than two channels are 
justified for Amateur applications. 

fading 
To understand how diversity reception improves 

reliability, it's necessary to understand the fading 
phenomenon. Fading in the high frequency, or short- 
wave, bands is basically of two types: path failure 

* and multipath. 
Path failure occurs when the ionosphere can no 

longer reflect the transmitted frequency back to 
earth. A good example of this is the way signals on 
10, 15, and 20 meters fade out at night: The signals 
just gradually disappear into the noise. This type of 
fading is also known as "flat fading," since all fre- 
quencies over the usual information bandwidths fade 
together. Nothing can be done to overcome this type 
of fading except to change frequency; if the signal is 
not there, two receivers are not going to hear it any 
better than one. Path failure isn't a serious problem 
anyway, because propagation forecasts can gener- 
ally predict which frequencies will fade and when, so 

C 
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fig. 1. Strip chart recording of keyed CW signals from the 
output of the three separate channels of a triple-diversity 
receiver is shown in rows A, B, and C. The combined output 
is shown in the bottom row, illustrating the reduction in 
faurng possible with this type of system (from reference 2, 
page 543). 

that you can arrange your operating plans accord- 
ingly. 

Multipath fading is much more annoying and is the 
result of two or more waves from the same transmit- 
ter traveling over different paths and arriving at the 
receiver with different phase relationships. If the 
length of these paths differs by an odd multiple of a 
half wavelength, which is only about 10 meters (35 
feet) at 14 MHz, the two waves will arrive out of 
phase, and a fade will occur at that frequency. If their 
path lengths differ by one wavelength, the two 
waves will arrive in phase, and a "fade-up" will 
occur. 

The distance from the East Coast to the West 
Coast of the United States is about 5000 km (3000 
miles), and the radio path is slightly longer because 
of its round trip to the ionosphere. A path difference 
of only 10 meters (35 feet) represents a very small 
percentage difference between the two, so it isn't 
any wonder that multipath fading occurs and creates 
the problem it does. 

types of diversity reception 
The ionosphere is not stationary but dynamic - 

more so at some times than others. Paths are con- 
stantly changing in both number and length. There- 
fore signals fade in and out randomly at different 
locations, at different times, and on different fre- 
quencies, all depending on the signal polarity and its 
angle of arrival. This phenomenon gives rise to five 
different types of diversity reception: space, polariza- 
tion, angle of arrival, time, and frequency. 

Space diversity. The most common form of diversi- 
ty reception used by commercial high-frequency sta- 
tions is space diversity. In commercial practice triple 
diversity is usually used, with the three antennas 
spaced at the corners of an isosceles triangle measur- 
ing two to ten wavelengths on a side.2 Increasing the 
spacing beyond this amount doesn't materially 
improve reception, nor does using more than three 
antennas. Many experimenters, including Amateurs, 
have found that a worthwhile diversity gain can be 
obtained on the 20-meter band by using only two 
antennas spaced about 15 meters (50 feet) apart. 
Therefore, space diversity can be practical for Ama- 
teur stations restricted to a modest suburban lot. 
With correlation coefficients of fading as high as 0.6, 
space diversity can still provide a significant diversity 
gain. 

Polarization diversity. Where space is a limiting 
factor, as it is at many Amateur locations, a consider- 
able reduction in the effects of fading can be obtained 
from polarization diversity; that is, using one horizon- 
tal antenna and one vertical antenna, each connect- 
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ed to its own receiver. The same tower that supports 
the horizontal antenna, or one end of it, can also act 
as the vertical antenna. Polarization diversity is possi- 
ble because the vertical and horizontal components 
of the received signal do not usually fade simultane- 
ously, even at the same location. 

Some Amateurs report an unusual effect when 
using polarization diversity: The ionosphere gets 
hung up on one polarization for extended periods of 
time, often several days. When this happens, a 
single-receiver channel using the wrong polarization 
would report that conditions were bad, whereas a 
polarization diversity system would report good con- 
ditions. 

The advantages of space over polarization diversi- 
ty, if any, are not clear. Grisdale et al.3 report more 
diversity gain with space than with polarization diver- 
sity under some conditions, and vice versa under 
other conditions; the differences are too detailed to 
list here. In any event, significant diversity gains are 
obtainable with either type of diversity, with the dif- 
ference between the two usually limited to 2.5-3 dB. 

Angle-of-arrival diversity. This method uses one 
or more antennas with lobes at various vertical 
angles of arrival. Experiments have shown that 
waves arriving at vertical angles differing by as little 
as two degrees will give significant diversity gains. 
Close control of the vertical radiation pattern requires 
a vertical antenna many wavelengths tall; therefore 
this type of diversity system doesn't appear to be 
practical for most Amateurs. 

Frequency diversity. Two separate frequencies are 
used to transmit the same message, because differ- 
ent frequencies don't necessarily fade at the same 
time. By transmitting the same message simultane- 
ously on different frequencies and listening to the 
stronger of the two, circuit reliability can be improved. 
Frequency separations as small as 400 Hz will give 
considerable improvement on long-haul, high-fre- 
quency paths. I t  therefore appears possible to 
receive the two sidebands of an a-m or DSB signal, 
demodulating each sideband separately with two dif- 
ferent SSB receivers, thus receiving frequency diver- 
sity. (I will discuss this later.) 

Time diversity. Time diversity uses two channels, 
usually with the same transmitter, antennas, and 
receiver. Imagine a transmitter capable of transmit- 
ting two teletype signals simultaneously. Start a 
message on channel A and a minute or so later 
restart the same message on channel B. At the 
receiving end, match the messages received on the 
two channels. The probability of the circuit fading 
out during the same portion of each message is 
much lower than the probability of a fade on only one 

channel, so that an improvement in circuit reliability 
can be obtained. Delay times of between 0.05 and 95 
seconds, depending on conditions, have been found 
to give improvement. 

Note that both frequency and time diversity 
improve reliability by sacrificing channel capacity, 
i.e., by halving the number of messages that can be 
transmitted over the circuits in a given period of time. 
If there were no fading, two different messages 
could be transmitted over the same two circuits. 
Space, angle of arrival, or polarization diversity, 
however, don't reduce the channel capacity. 

diversity transmission? 
Diversity reception has been shown to increase the 

average signal level, so one might reasonably ask if 
additional improvement could be obtained by trans- 
mitting over two or more antennas. The answer is 
no. Because fading is caused by multipath, using 
two transmitting antennas with either space or polar- 
ization diversity would double the number of possible 
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fig. 2. A simple polarization diversity receiving system. 

different signals reaching the receiver, thereby 
increasing the possibility of multipath fading. 

The best thing that the transmitter can do is to 
concentrate its available energy in as small a beam as 
possible, i.e., use an antenna with as much gain as is 
practicable. This is standard practice anyway, so no 
changes are necessary at the transmitter. 

diversity receiving techniques 
If we assume polarization diversity, which appears 

to be the most practical for Amateur use, the 
simplest form of a diversity receiving system consists 
of two separate receivers, one connected to a verti- 
cal antenna and the other to a horizontal antenna. 
The output of each receiver is connected to separate 
headphones, such as are commonly sold for stereo 
use; see fig. 2. This is a simple and effective method, 
but it has the disadvantage that the receiver whose 
input signal is "down" generates noise, making it dif- 
ficult for the operator, since the noise changes from 
ear-to-ear. 

This problem can be easily corrected by tying 
together the agc circuits of the two receivers. In this 
way the agc of the "up" receiver will tend to mute 
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the "down" receiver, minimizing the noise in the VERTICAL 
ANTENNA 

down channel; see the sketch in fig. 3. 
The next obvious step is to combine the audio out- 

put of the two receivers in a common amplifier, as 1 
shown in fig. 4. However, this technique can only be A UOlO AUDIO 

COMBINE AMPLI- 
NETWORK FIER 

used for phone reception, a-m or SSB; not for CW. 
t - SPEAKER 

The reason is that for CW the audio-tone output of 
each receiver has a phase that depends upon the 
phase of the rf signal received by the respective fig. 4. A full dual-polarization diversity receiver for phone 
antenna. As the relative phases of each rf signal vary work. 
in a random manner because of multipath effects, 
the phase of each audio tone will vary randomly, too, 
and there will be times when the audio tones will be 

,180 degrees out of phase. A fade will then occur in 
the receiver combined output, even though the sig- 
nal in each receiver is strong. This is just what we are 
trying to avoid! 

There are two solutions to this problem. The first, 
used by the commercials, is to take the second- 
detector output as a dc pulse and add the pulses in a 
simple summing network. The resulting pulses will 
be relatively fade-free and are used to key an audio 
oscillator, which the operator hears in his headset. 

The second technique uses what is called a "heter- 
otone"4 oscillator, which is simply a multivibrator 
operating at about 400 Hz generating two square 
waves 180 degrees out of phase. These are used to 
alternately gate each diversity i-f channel. This signal 
modulates the CW signal at the intermediate fre- 
quency. 

Tuning a CW signal using a heterotone oscillator is 
definitely different from tuning one with a hetero- 
dyne oscillator, or BFO; with the heterotone no 
change occurs in pitch as you tune through the 
signal. 

early diversity receivers 
Considering all the advantages of diversity recep- 

tion, there have been surprisingly few attempts to 
develop diversity techniques for Amateur use. The 
earliest attempt of which I am aware was in 1936 by 
Carll Roland,5 who used two antennas 183 meters 
(600 feet) apart connected to two short wave broad- 
cast receivers. Even with such primitive equipment 
and many trials and errors, Roland's results were 
good. The final sentence in his article reads: "If the 
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fig. 3. A polarization diversity receiving system with agc 
muting of the "down" receiver. 

broadcast listeners had not wanted their receivers 
back, we would have kept on using diversity 
reception." 

The second step was taken by James J. Lamb and 
J. L. A. McLaughlin,s who designed what is prob- 
ably the first single-tuning-control diversity receiver. 
They developed this receiver specifically for Dr. 
James M. B. Hard, an American who will be remem- 
bered by old timers as XEIG in Mexico City. 

QSTfor December of 1937 describes the third step 
in an article by J. L. A. McLaughlin and Karl W. 
Miles.' They refer to the May, 1936, receiver (my ref- 
erence 6) and say, in part: 

I t  has conclusively demonstrated the practicability and 
desirability of diversity reception for amateur and experi- 
mental communications work. Even with two antennas 
spaced but 50 feet apart, good diversity action has been 
obtained, especially on the 14-Mc band. Dr. Hard reports 
that many times when fading conditions and heterodyne 
interference became so bad as to make his other single 
receivers useless, the dual diversity still brings in an intelli- 
gible signal. 

This receiver was considerably improved over the 
earlier version, mostly in a simplified mechanical 
design and an improved i-f amplifier. Apparently it 
was also built specifically for Dr. Hard and became 
the prototype of the Hallicrafters dual diversity 
receiver model DD-I . It contains many unique and 
advanced engineering features, even by today's 
standards. I'll not go into detail now; see the photo- 
graph of my model in fig. 5. It's a very impressive 
piece of equipment! 

With diversity reception it's not necessary to use 
specially made receivers or even identical receivers. 
Taylor8 describes a 10-meter diversity system using a 
Hallicrafters SX-17 and a Skyrider 5-10 receiver. His 
antennas were a horizontal 10-meter dipole and one- 
half of a vertical &meter beam. One end of the 10- 
meter dipole was attached to the pole that held the 5- 
meter beam. 

As an example of his results, Taylor describes the 
10-meter reception of a GM6 late one afternoon: 

. . . most of the Britishers had already passed out of the 
picture. With a single receiver and antenna his signal was 



so hashed up by a fast fade from S9-plus down into the 
mud that only about one word out of five was understand- 
able. On switching in the other half of the diversity combi- 
nation his signal was brought up and smoothed off at a 
level which rarely fell below S-8; a solid and completely 
intelligible signal . . .. We will guarantee a thrill the first 
time you see one of the "S" meters. . . drop down to the 
bottom of the scale with the signal still pouring out of the 
'phones in fine style. 

A slightly different approach to diversity reception 
has been suggested by Bartlett.9 Bartlett connects 
each antenna to a separate rf preamplifier; the output 
of each of the two preamplifiers is connected in par- 
allel to a single receiver of conventional design; this 
would be the normal station receiver. The preampli- 
fier stages are switched on and off, 180 degrees out 
of phase, at an audio rate usually between 300 and 
1000 Hz. A block diagram is shown in fig. 6. In this 
manner only one antenna at a time is connected to 
the receiver so that phase relationships between the 
two antennas are not important. The receiver output 
is proportional to the strongest signal present in 
either antenna at any instant of time. 

Because the incoming signal is modulated at the 
switching frequency this method is useful only for 
CW. This method also has an unusual effect on the 
receiver output. If the signal in one antenna is up and 
the other completely down, the signal reaching the 
receiver is modulated at the switching frequency. If 
both antennas receive equal signal levels, the signal 
reaching the receiver is modulated at twice the 
switching frequency. 

If one antenna has a strong signal with the signal 
from the other antenna fading in and out, the effect 
on the output is a changing tone that depends on the 
strength of the fading signal. Bartlett claims this 
effect is "very pleasing" to most CW operators; I 
haven't tried it myself. It sticks in my memory that a 
device similar to this was advertised in OST right 
after World War II, but I've not been able to find the 
advertisement in my old magazines. 

fig. 6. Block diagram of Bartlett's dual-diversity preselec- 
tor lada~ter  for CW work. 

Bartlettg also states that when using polarization 
diversity, there may be "days at a time" when the 
vertical signal is 10 to 15 dB lower than that of the 
horizontal signal. I don't know if this is true in gener- 
al, or if it results from the use of a smaller vertical 
antenna than horizontal antenna. 

equipment considerations - receivers 
By now you may be wondering what changes are 

needed to  equipment designs to  make diversity 
reception practical. The design of a diversity receiv- 
ing system is not that difficult. At  one time a diversity 
receiver was a truly substantial piece of equipment in 
both size and cost; fortunately, the development of 
modern semiconductor devices has reduced both the 
size and the cost of receiver components. And, since 
the second receiver will be a duplicate of the first, 
there will be no additional engineering costs. 

As the details of different receivers vary consider- 
ably, and as each receiver designer/builder has his 
own ideas as to what a good receiver should be, I'm 
not going to discuss a detailed receiver design. The 
characteristics required of a good diversity receiver 
are the same as those needed for a good single-chan- 
nel receiver: sensitivity, stability, low noise figure, 
low intermodulation response, good shielding, and 
so on. The only difference is that you build it twice! 
Numerous articles on this subject have been pub- 
lished by ham radio; I need not repeat that infor- 
mation. 

Good shielding is very important. First, it's neces- 
sary to keep the horizontal and vertical channels elec- 
trically separate. Leak-through from one to the other 
before final detection will cause a loss in diversity 
effectiveness. With two separate receivers, using 
separate local oscillators, leak-through of one oscilla- 
tor to the other mixer will cause birdies, because the 
two oscillators will, in general, not be on exactly the 

fig. 5. A Hallicrafters dual-diversity receiver. Model DD-1. 
same frequency. 

This is the only commercially made receiver intended for There are several ways of minimizing the oscillator 
diversity reception. circa 1939. leak-through problem other than the use of shielding. 
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fig. 7. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of an a-m signal. 
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One is to use receivers with different i-fs. Taylor8 
used a Hallicrafters SX-17 with a 465-kHz i-f and a 
Skyrider 5-10 with a 1600-kHz i-f with good results. 

If receivers with the same i-f are used, one oscilla- 
tor can be realigned to put it on the high side, with 
the other oscillator on the low side, of the signal. 
(This may have an adverse effect on tracking in the 
modified receiver. ) 

Probably the best arrangement is to use the same 
oscillator for both channels. Even here, though, con- 
siderable care must be used in mixer design to ensure 
that the received signal from one channel doesn't 
leak through the common oscillator bus into the 
other channel. What has been said concerning the 
local oscillator applies equally well, of course, to all 
local oscillators in a multiple conversion or SSB 
receiver. 
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Because the current trend in Amateur equipment 
design is toward the transceiver, I'll present some 
general ideas on adapting current transceiver designs 
to diversity reception. As pointed out earlier, there's 
nothing the transmitter can do to improve diversity 
reception, thus the transmitter portion of a transceiv- 
er will remain unchanged. Most of the bulk, weight, 
and cost of a modern high frequency transceiver is in 
the transmitter section, the transmitter power sup- 
ply, and the frequency control unit (synthesizer); the 
receiver itself is very small. And this is the only por- 
tion of the transceiver that must be duplicated. 

Probably the single most important thing that 
transceiver manufacturers can do to aid in diversity 
reception is to make the various oscillator injection 

OR 
VERTICAL 

practical to add an external diversity adapter contain- 
ing the rf, i-f, audio, and combining circuits neces- 
sary to complete the diversity receiving system. 

In the preceding material I've assumed a simple 
summing network for combining the output of the 
two receivers, as this appears to be the simplest and 
most appropriate for Amateur use. Actually, the sub- 
ject of an optimum combining law for two (or more) 
signals has occupied many, many pages in various 
journals. 

Combining laws can vary from a hard-switching 
law (i.e., switching to the receiver with the strongest 
signal) to more sophisticated and beneficial laws. 
Leonard R. Kahnlo has asked this question: "For a 
given ratio of diversity signal levels, how much of the 
weaker signal and its noise should be added to the 
stronger signal and its noise to obtain the optimum 
signat-to-noise ratio?" He then answers his own 
question by showing that a square-law is best. That 
is, the ratio of the two signal levels should be 

PRESELECTOR 
MIXER 

4 

SECOND 
DETECTOR 

squared, then summed. 
The method I've sketched, summing the detected 

signals and tying the agc buses of the two receivers 
together, will have a combining law that depends on 
the agc characteristics of the receivers. The most 
desirable law for Amateur purposes probably can be 
determined only after considerable experimentation. 

The types of combining described so far are 
known as "post-detection combining." The combin- 
ing is accomplished after detection, when the rf/i-f 
phase information has been removed. Additional 
diversity gain is possible by using "predetection com- 
bining," combining the signal before detection. This 
method requires that the signals be added in phase 
and is much more difficult to achieve. 
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voltages and agc bus available, suitably buffered, on equipment considerations - 
the back apron of the transceiver. This will permit an 
external adapter, either commercially manufactured the antenna 
or homemade, to be easily attached. It will then be Assuming polarization diversity, it's essential that 
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fig. 8. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of a DSB signal. 

the horizontal antenna and its transmission line 
respond only to the horizontal component of the 
received signal. Similarly, the vertical antenna and its 
transmission line should respond only to the vertical 
component of the received signal. 

In both cases, the transmission lines are probably 
the biggest problems. For the horizontal antenna, the 
vertical down-lead is the problem area. With the ver- 
tical antenna, horizontal runs away from the antenna 
are potential trouble spots. 

If coaxial cable is used, it should have a tight shield 
braid, or, better yet, be double-shielded." A high- 
grade balun should certainly be used in bothantennas. 

frequency diversity 
In describing frequency diversity, I mentioned that 

frequency separations as small as 400 Hz could be 
used to provide diversity gain. Since audio frequen- 
cies below about 300 Hz are usually filtered out in a 
voice transmitter, the two sidebands in an a-m or 
DSB signal will be at least 600 Hz apart, giving rise to 
the possibility of using frequency diversity. 

The simplest embodiment of a frequency diversity 
receiving system for a-m or DSB signals is shown in 
fig. 7.  Here a single antenna, receiver front-end (rf 
amplifier, mixer, and local oscillator) drives two i-f 
amplifiers. One i-f amplifier has a filter that covers the 
carrier and upper sideband; the other i-f amplifier 
covers the carrier and lower sideband. Each amplifier 
output is separately detected, then combined in a 
common audio amplifier. The agc bus of the two 
amplifiers may be tied together. In this way, the two 
sidebands are independently received and detected, 
then combined. Summation does not take place until 
after the rf phase information has been removed 
from both sidebands, so that multipath effects 
between the upper and lower sidebands will not 
cause fading. 

This system gives a surprising amount of diversity 

gain, except when the carrier itself is in a fade; then 
the two sidebands don't have anything to beat 
against, so that demodulation is not possible. The 
receiver output sounds like a DSB signal with the BFO 
off. 

The next obvious improvement is to provide a 
locally generated, fade-free, noise-free carrier to 
demodulate the two sidebands. This scheme is 
shown in fig. 8. Since the carrier is no longer needed 
to demodulate the sidebands, why transmit it? Put 
the carrier energy into the sidebands to increase talk 
power and transmit a DSB. 

As I write this, I can imagine ham radio readers 
coming to a full stop! Didn't we fight the SSB vs DSB 
battle 25 years ago and decide on SSB? 

The answer, of course, is, yes, we did. DSB lost for 
three basic reasons: 

1. When the two sidebands of a DSB signal are 
demodulated in the same detector, the stability re- 
quired of the locally generated carrier is extremely 
critical. 

2. Multipath effects between the upper and lower 
sidebands cause fading. 

3. Extra bandwidth is required in an already over- 
crowded spectrum. 

In a frequency diversity receiver, items 1 and 2 
don't apply because the two sidebands are 
demodulated in separate detectors - not in the 
same detector. The frequency stability required of 
the inserted carrier may be somewhat higher than for 
SSB; if it gets too far off, one sideband sounds like 
Smokey the Bear, the other like Squeaky the Squir- 

*A point well taken. Many Amateurs tend to take coaxial transmission lines 
for granted. Many types of coax cable are offered for sale. Most are 
marginal as far as shielding is concerned. If you're interested in diversity 
receiving systems, it's well worth obtaining good-quality coax cable. The 
ARRL Handbook describes problems that can occur when using marginal- 
quality coaxial transmission lines. Editor. 
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a-m or DSB signal. 

rel. The stability, however, is only on the order of a 
few hertz instead of a few degrees. 

Detecting the two sidebands separately also 
eliminates fading caused by the two sidebands being 
180 degrees out of phase because of multipath. Fur- 
thermore, since the probability of both sidebands be- 
ing below the MUSL simultaneously is considerably 
lower than that of either sideband being below the 
MUSL separately, fading should be considerably less 
of a problem with the sidebands independently 
demodulated. 

The additional bandwidth will still be with us and 
may be considered the price paid for diversity gain. 

With present-day technology, it's not impractical 
or expensive to build a compound diversity receiver, 
using both frequency and polarization diversity. A 
block diagram of such a receiver is shown in fig. 9. 
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conclusion 
I've described the advantages of the variious types 

of diversity reception and shown how they can be 
implemented with Amateur equipment. Because of 
space limitations I have hit only the highlights. 
Anyone who's going to pursue this type of work 
should become familiar with the references cited. 
Much of the original work on this technique was 
done 40 years ago, so I am, admittedly, reinventing 
the wheel. I firmly believe, however, that diversity 
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measuring 
receiver dynamic range 

How to determine 
receiver performance 

using simple test equipment 
and procedures 

Receivers wi th  limited dynamic range really have 
a tough time surviving in my neighborhood, where 
signals of 100 mW at the antenna are common. 
When the time came to shop for new equipment, my 
primary objective was to find a rig with good immu- 
nity to some of the problems that might affect its 
front-end stages. Of primary importance is informa- 
tion on the dynamic rangel.2 and blocking specifica- 
tions for the rig in question. This information isn't 
usually supplied by manufacturers, so the scheme 
was to build some simple test equipment to measure 
this data and make some comparisons between dif- 
ferent rigs available on the new and used equipment 
markets. An added bonus is that once the test equip- 
ment is available it may be used for other tests. 

test setup 
Two crystal oscillators were constructed, one for 

operation at 14.02 MHz and the other at 14.04 MHz. 

Other frequencies could have been used3 although, 
in general, it's convenient to retain the 20-kHz spac- 
ing. The crystals used are ICM* units designed for 
OX-series oscillators. That oscillator wasn't suited to 
this application, so I designed a circuit that has a 
known power output and minimum second-harmonic 
content, fig. 1. I built identical circuits on opposite 

1 sides of a piece of double-clad PC board and placed 
them in a tight-fitting aluminum box. I brought sepa- 
rate power leads through feedthrough capacitors so 
that the oscillators could be operated independently. 

About 60 dB of isolation between the two circuits 
was achieved, which is adequate for the task. When 
two-tone signals are needed, a hybrid combiner2 
couples the oscillator outputs together with mini- 
mum interaction; a step attenuator adjusts the ampli- 
tude of the tones simultaneously (fig. 2). This equip- 
ment plus a 9-volt battery and a few short pieces of 
coax and connector adaptors is all that's needed to 
perform the tests. Everything fits nicely into a small 
box, which may be easily carried to any location 
where tests are to be run. 

Because the signal sources are high level (0 dBm), 
shielding of test oscillators, coax cables, and attenu- 
ators is inadequate to allow testing the sensitivity or 
noise floor of the receiver. Fortunately this informa- 
tion, although needed to calculate dynamic range, is 
not absolutely essential in this situation, as the input 
power that causes an undesired response may be 

By Sidney Kaiser, WBGCTW, 4640 Clarendon 
Drive, San Jose, California 95129 
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75 v 

pert of fig. 1 

CR1 Schottky diode, HP 5082-2810 or equivalent 
L1 11.5 turns 24 AWG (0 5 rnrnl on 318-inch 19.5 mrn) OD 01  

ferrite core L - 9 - 3 5  2 4 1  
L2 1 turn no 24 AWG (0.5 mrnl on 318-~nch (9.5 mrnl OD 01  511 

ferrite core -1 

Q1 2N5245 or equivalent. G,, - 4 rnlllirnhos at 400 MHz: 
I,,, = 5-15rnA. CIS, = 4 5pF. C,,, - 1 pF r)7 

(12 2N2369 or equ~valent, f, - 500 MHz: 3 40 120 at 10 mA: 

; I 0  : 
Ui TUNE FOR MAXIMUM 

OUTPUT 

COB 4pF 

* fig. 1. Test oscillator schematic. The crystal is an ICM (International Crystal Manufacturing Co.) with a capacitance of 100 pF. 
Output is zero dBm at 14 MHz. Two oscillators are required for receiver tests: one at 14.02 and one at 14.04 MHz. The oscillators 
were built on opposite sides of a double-clad PC board, which was placed in an aluminum box. 

compared directly. This assumes that each receiver 
has sufficient sensitivity to perform its task, which is 
normally not a problem on the high-frequency bands; 
on the contrary, it's common for excessive sensitivity 
to contribute to reduced strong-signal-handling 
capabilities. 

procedure 
Each receiver is evaluated with the agc on, normal 

SSB filter selected, rf gain at maximum, preselector 
peaked at 14.04 MHz, noise blanker and rf attenua- 
tion off, and audio set for a comfortable level. Turn 
on both tones, set the attenuator at zero, and tune 
the receiver to the third-order intermodulation-distor- 
tion product at 14.06 MHz. 

No calibrated audio voltmeter was available, so my 
"calibrated ear" was used to determine when the 
undesired signal could just be heard in the receiver 
noise output. I've achieved good consistency with 
this method, although it results in a more conserva- 
tive number than that obtained by using a voltmeter 
for measuring a 3-dB change in the audio output. 
However, all results obtained by this technique may 
be compared with the others obtained in the same 
manner by the same person. 

Reduce the amplitude of the two tones with the 
attenuator until the third-order intermod at 14.06 
MHz is just detectable. One convenient way to do 
this is to leave the 14.02-MHz oscillator running and 
slowly key the 14.04-MHz oscillator on and off with 
its battery lead while adjusting the attenuator for this 
just-discernible signal. Subtract the losses of the 
hybrid combiner and attenuator from the 0-dBm out- 
put of the test oscillators to find the input power to 
the receiver. This number is listed in table 1 as the 

'International Crystal Manufacturing Co., Inc., P.O. Box 32497, Oklahoma 
City, Oklahoma 73132. 

two-tone input power and is the receiver input 
power that causes a just-detectable third-order inter- 
modulation product. 

gain compression test 
A second test may be performed to find the input 

power that causes gain compression (blocking) in the 
receiver. This test is usually run with one weak signal 
and one strong signal, but it's possible to gather 
some useful data by using the receiver's own internal 
noise as the weak signal. 

An interesting thing can happen when running this 
test. If gain compression occurs with a strong out-of- 
passband signal, the noise level heard in the output 
will decrease. This noise originates in the first stage 
of the rig. Gain compression of this,stage or a suc- 
ceeding stage will cause a drop in the noise level. 
However, many times the noise output will increase 
when the strong out-of-band signal is present. This 
action is caused by reciprocal mixing with noise side- 
bands in the receiver local oscillators (commonly 
heard as a keyed hiss with a strong local CW station 
on a nearby frequency). A mixer really doesn't care 
whether it sees a strong LO and weak rf signal or a 

HYBRID 
1 4  0 4 m H z  COMBINER 

CRYSTAL 
O S C I L L A T O R  

V A R I A B L E  
ATTENUA TOR R RECEIVER 

UNDER 

14.02mHt  FI+ O S C I L L A T O R  CRYSTAL 

fig. 2. Test setup for making the tests described. 
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table 1. Test results from many popular receivers using the equipment and procedures described. 

two- 
tone 
input 

(d Em) 

- 41 

gain 
compression bandwidth (kHz) S-meter 

IS9 pv. 
90 dB linearity) 

input 
(dBm) 

- 32 

at a rejection of 
60dB 70dB 80dB receiver 

Drake TR7IDR7 
comments 

6.6 20 fair good filters, 
AGC pumps 
good filters 

HAS-65 dB hump 
f 10 kHz out 

Collins 75S3B 
ICOM IC701 

6.3 250 good 
- 20 poor 

Ten Tec Omni D 
Ten Tec Triton IVl544 
Atlas 350XL 
Astro 200 
yaesu FTWl DM 
Ten Tec Argonaut 

- 36 good 

20 poor 
7.0 150 poor good filters 

- 8 poor 

18.0 10 poor modified 
KVG filter 

Kenwood TS820S 
Yaesu FT301 S 
Heathkit SB303 

110 good 
30 poor 

10.0 70 good modified 
mixers 

Collins KWM2 6.3 60 good good filters, 
AGC pumps 

Yaesu FTlO1 E 
Yaesu FT301 D 
Kenwood TSBO 

10 good 
65 poor 
70 fair 

strong rf and a weak LO signal (noise sidebands); it 
will generate an output in either case. 

Tune the receiver to 14.04 MHz and slowly key the 
14.02-MHz oscillator on and off (leave the 14.04-MHz 
tone off), while decreasing the step attenuator until 
the noise output has a just-perceptible change. An 
increase in noise level is an indication of reciprocal 
mixing with the LO noise sidebands, provided that 
the test oscillator output is clean. If the noise 
decreases, gain compression is indicated. Note the 
input power to the receiver; this power is listed in 
table 1 as the gain compression input. 

Some receivers will exhibit reciprocal mixing up to 
10-20 kHz from the strong signal. Then a gradual 
change to gain compression with a higher power 
input signal will occur further away from this input. 
In either case, the ultimate performance of the 
receiver will be limited if either of these phenomena 
occurs at too low a level. Only one strong input sig- 
nal is required to cause these problems, so an input 
20 dB higher than the two-tone input is probably a 
reasonable minimum number. 

attenuator for a convenient, low S-meter reading, 
suchasS2. AboutgodB of attenuation will be needed. 
Note the attenuator reading, then increase the signal 
by 60 dB. Tune away from the signal until it's no 
longer heard and the S-meter reads zero. Then tune 
back toward 14.02 MHz until the S-meter again reads 
S2 and note the receiver frequency. Now tune to the 
opposite side of the signal and repeat the slow 
approach to the signal for an S2 reading. Note this 
second frequency. 

The bandwidth at -60  dB is the difference 
between the first and second frequency readings. 
The procedure can be repeated for readings of - 70 
dB, -80 dB, or until the receiver runs out of signal 
rejection or the test oscillator runs out of power. The 
latter isn't a problem unless the receiver has more 
than 90 dB rejection. 

One characteristic to watch for is a rig that may be 
80 dB down k 5 kHz away from the signal but deteri- 
orates to perhaps 65 dB down at 10-15 kHz away and 
may never recover to the - 80 dB level further out. It 
seems clear that present-day specifications of only 
- 6 dB and - 60 dB are not adequate to determine 
whether a receiver has a good filter and minimizes 
signal leakage around it. 

selectivity test 
Another test may be run to check receiver selectiv- 

ity by using one test signal and tuning the receiver to 
measure bandwidth. This test explores the ability of 
the complete receiver to reject unwanted signals, 
which is normally not as good as that of the filter 
itself because of signal leakage around the filter.3 

Tune the receiver to 14.02 MHz and adjust the 

checking the S-meter 
The next item to check is the S-meter. For exam- 

ple, a reading of S9 with an input of - 70 dBm (71 1V 
across 50 ohms) would be reasonable in view of the 
traditional value of 50-100 pV for S9. Linearity can be 
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checked by increasing the input signal to 10,20, and 
30 dB over S9 and observing meter readings. Below 
S9, increments of 5-6 dB per S-unit may be verified. 

Results to date have been dismal. Various S- 
meters not only read between 8 and 250 pV for S9, 
but the linearity was so poor that using the meter for 
evaluating a) gain differences between two transmit- 
ting antennas, or b)  front-to-back ratios of receiving 
antennas is strictly a guessing game - unless the 
meter response has been verified. Manufacturers 
could do much better in this area with little additional 
expense and make the S-meter a useful adjunct to 
operating convenience. 

conclusions 
The various rigs tested are listed in table 1 in order 

of decreasing third-order intermodulation perform- 
ance. By making a few comparisons of the data, at 
least three conclusions may be reached: 

1. Modern solid-state equipment has finally caught 
up with the best of 15-year-old vacuum-tube tech- 
nology. 

2. Manufacturers are gradually improving their prod- 
ucts, as evidenced by newer models generally testing 
better than older ones. 

3. Some of the newer equipment using double bal- 
anced mixers doesn't seem to extract the maximum 
benefits that such devices can deliver. 

Other conclusions could also be reached but the 
point is that, without this information, only part of 
the material needed to evaluate the performance of 
any given radio is available. As this article has indi- 
cated, it's notnecessaw to owna completely equipped 
lab to gather useful information. All you need is the 
simple test setup described in this article. 

Manufacturers should provide this data. Indeed, 
American manufacturers' data sheets are getting 
better (Atlas, Drake). Japanese data sheets either 
make no mention of the subject or else have enough 
slack built into their specifications to make meaning- 
ful comparisons impossible. So, until considerable 
improvement occurs in the data provided, you may 
want to build a couple of test oscillators before you 
visit your local radio store. 
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TS-180s with DFb 

The TS-180s with DFC (Digital Frequency Control) is Kenwood's top-of-the-line all solid-state HFSSBlCWlFSK transceiver 
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable 
memories to provide more operating flexibility than any other rig! 

TS-1808 FEATURES: 
Oigital Frequency Control (OFC), including four memories and Tunable noise blanker, to eliminate cross modulation from strong 
digital upldmvn paddleswitch tuning. Memories are usable in signals when noise blanker is on. 
transceiver or split modes. and can be tuned in 20-Hz steps up or Selectable wide and narrow CW bandwidth on receive (500-Hz 
down, slow or fast, with recall of the original stored frequency. CW filter is optional). 
(Also available without DFC.) SSB normallreverse switch (proper sideband is automatically 
All solid-state: 200 W PEP1160 W DC input on 160-15 meters, and selected with band switch). 
160 W PEP1140 W DC on 10 meters. Oual RIT (VFO and memorylfix). 
Improved dynamic range, with improved circuit design and RF Available without DFC. Oigital frequency display still included, 
AGC ("RGC"), which activates as an automatic RF sttenustor to with differential function showing difference between VFO and 

revent receiver overload. "digital hold" frequencies. 
daptable to three new bands, and VFO covers more thah 50 kHz 
i d  DFC 100 kHz above and baiow each band. OPTIONAL ACCESSORIES: 

- "uiit-in microprocessor-controlled digital display. Shows actual OF-180 digital frequency control (for TS-180s without OFr' 
frequency and switches to show the difference between the V YK-BBCW 500-Hz CW filter. 
and 'MI" memory hequencies. Blinking decimal points indicat YK-BBSSB second filter for dual-filter system. 
"out of band." (An analog monoscale dial is also included.) 
IF shin (passband dialing to eliminate ORM). 
Dual SSB filter system (second filter is optional) to  provide very 
sharp receiver selectivity, improved SIN, and 30 dB compression 
with RF speech processor on transmit 



TS-1208 FEATURES: 
A l l  solid-state with wideband amplfrler srages. No final dipping or 

loading, no transmit drive peaking, and no receive preselector 
tuning. 
Transceives on 80 through all of 10 meters, and receives WWV on 
15 MHz. 
200 W PEP1160 W OC input on 160-15 meters, and 160 W PEPlt.00 
W OC on 10 meters. LSB. USE. and CW. 
Digital frequency display (standard) shows actual frequency. 
Backup analog subdial also included. 
l IF shilt (passband tuning) to eliminate ORM. 

Advanced PLL circuit, with improved stability and spurious 
characteristics on transmit and receive 

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

, Truly a "big little rig," the TS-120s has created a new excite- * Effective noise blanker. 

ment in HF communications for highly versatile Amateur oper- Built-in cooling fan, which activates automa final- - -3 amplifier heatsink temperature rises to 90" 
ation. The compact, all solid-state 80-10 meter transceiver, Protection circuit for final transistors. $3 with up to 200 watts PEP inpot, rewires no tunino and includes vox. 

tically when 
C. 

a large digital readout, making i t  ideal for mobile operation. IF OPTIONAL ACCESSORIES: 
shift and other important features make i t  a highquality rig for YK-BBCW 500-HZ filter. 

, 
the ham shack as well. MB-100 mobile mount. 

AT-120 antenna tunerwith mobile mounting bracket included. 
Features SWR meter and matches 50-ohm input to 20-300 
ohms unbalanced output. Handles 150 watts (120 watts 
on 80 meters). 

WV an 15 MI 
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Hz. 
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simple, low cost 
440-MHz bandpass filter 

% 

Straightforward design 
and construction 

of a half-wavelength 
stripline resonator 

Bandpass filters which use half-wavelength trans- 
mission-line resonators are attractive in many appli- 
cations because of their simple construction and 
ease of adjustment. Such filters have been described 
previously in the Amateur literature.' Generalized 
design information, however, was not provided for 
frequencies other than those discussed in reference 
1. Also, the construction techniques and materials 
are somewhat cumbersome. In this article I will pre- 
sent some simple equations which can be used to 
design a quarter- or half-wavelength resonator at any 
frequency. A simplified construction technique using 
copper-clad printed-circuit material is also discussed; 
this technique can result in considerably smaller fil- 
ters. The design example is a tunable bandpass filter 
for receiver and low-powered transmitter applica- 
tions in the 250 to 500 MHz range. 

half-wave resonators 
A section of transmission line one-half wavelength 

long and shorted at both ends will behave as a reso- 
nator because it supports the formation of a standing 
wave at its resonant frequency. This is illustrated in 
fig. 1. If means are provided for coupling rf energy 
into and out of the line section, the half-wave resona- 
tor can serve as a bandpass filter with a fairly high Q 
and low insertion loss. The Q of the resonator is 
primarily a function of the dielectric loss in the trans- 
mission line; for this reason air dielectric lines are nor- 
mally used as resonators - microstripline on fiber- 

glass epoxy substrates should be avoided. To make 
the resonator tunable the line length is reduced to 
somewhat less than one-half wavelength, and capa- 
citive loading is applied at the center as shown in fig. 
2A. Although a quarter-wavelength line can also be 
used as a resonator, the half-wavelength version is 
preferred because i t  provides better isolation 
between the input and output ports. 

To analyze such a line, it is convenient to visualize 
it as two loaded quarter-wavelength lines connected 
in parallel as shown in fig. 2B. A transmission line 
less than one-quarter wavelength long and shorted at 
one end will present an inductive reactance at the 
open end given by 

where 2, is the characteristic impedance of the trans- 
mission line and @ is its electrical length in degrees.2 
A capacitive reactance equal in magnitude to XL, 
which is placed across the open end of the transmis- 
sion line will tune the line to resonance (similar to a 
capacitor in a parallel-resonant L-C tank circuit). The 
required capacitance is given by 

where fMHz is the frequency in megahertz and X L  is 
the inductive reactance in ohms. In the case of the 
loaded half-wavelength line, the total capacitance 
required is twice that of the loaded quarter-wave 
case, because the half-wave line consists of two par- 
allel quarter-wavelength lines (see fig. 2). 

examples 
Let's design a bandpass filter centered at 440 MHz. 

Assume that the filter is to resonate with a center 
loading capacitance of 4 pF, and calculate the reso- 
nator length required to meet this condition. For the 

By J. L. Blanton, WAIYBT, 10495 Deerfield 
Road, Cincinnati, Ohio 45242. 
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moment the characteristic line impedance can be 
chosen arbitrarily; I'll use 180 ohms in this example 
since that is the approximate impedance used later in 
the construction example (line impedance will be dis- 

TRANSMISSION LINE 

fig. 1. Voltage and current distribution along a half-wave- 
length section of transmission line with both ends shorted. 

cussed in greater detail later). Since the entire line 
requires 4 pF of center loading at resonance, each 
half of the line should resonate with 2 pF loading 
capacitance. Rewriting eq. 2, the required inductive 
reactance XL of the quarter-wavelength line is given 
by 

- - 106 
(6.28) (440) (2.0) 

= 180.95 ohms 

The electrical length of the line is 

where R is the physical length and X is the 
wavelength in the line. Substituting the 4 from eq. 4 
into eq. 1 and solving for R provides an expression 
for the line length in terms of wavelengths in the line. 

The wavelength in the line is 

X = 
300 

meters 
~ M H ~  

(6) 

where E, is the dielectric constant of the line; if the 
dielectric is air, E, = I (if the dielectric is air, the 
wavelength in the line will be the same as that in free 
space). Substituting this expression for X, and 

assuming an air-dielectric line, provides the final ex- 
pression for the length of the quarter-wave reso- 
nator. 

300 arctan (XL/Zo) e = [--- 
90 O I meters (7 )  

4 f ~ ~ z  

For an XL = 180.95 ohms, a line impedance (Z,) of 
180 ohms, and a frequency of 440 MHz, the length of 
the air-dielectric quarter-wavelength line which will 
resonate with a 2.0 pF capacitor is 0.0855 meters or 
8.55 cm (3.37 inches) long. A half-wavelength reso- 
nator will be twice this length (17.10 cm or 6.731 
inches) and will require twice as much loading capac- 
itance (4 pF) to tune it to resonance. 

The above example assumes that the required 
capacitance has been chosen, then proceeds to 
determine the length of the resonator. Suppose, 
however, that the resonator length is specified and 
you wish to determine the capacitance required to 
tune it to a given frequency. Using approximately the 
same numbers as in the previous example, the reso- 
nator length will be 17 cm (6.7 inches); the required 
tuning capacitance at 440 MHz is to be calculated. 
This is equivalent to finding twice the capacitance 
required to tune a quarter-wavelength (8.5 cm or 3.4 
inch) resonator to 440 MHz. Using eqs. 6 and 4, the 
electrical length of the shorted 8.5 cm (3.4 inch) air- 
dielectric line is 44.88 degrees. Therefore, if the line's 

fig. 2. Capacitively loaded half-wavelength stripline resona- 
tor (A),  and equivalent circuit using two quarter-wavelength 
lines (Bl. A groundplane is assumed to be present in both 
cases. 

characteristic impedance Z, is 180 ohms, eq. 1 gives 
the inductive reactance of the line as 177.4 ohms. 
Eq. 2 provides the value of a capacitor with this reac- 
tance, 2.04 pF. Doubling this value, the capacitance 
required to tune the 17 cm (6.7 inch) half-wavelength 
resonator to 440 MHz is 4.08 pF. 

You may wonder why the inductive reactance in 
both these examples is nearly equal to the line's char- 
acteristic impedance; it's purely coincidental. This 
condition occurs when the physical length of the line 
is close to one-eighth wavelength. The length of a 
so-called "quarter-wave" resonator can theoretically 
be anything between zero and X/4 if the proper load- 
ing capacitance is used. 
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impedance calculations SOLDER 

One significant problem encountered in the above 
calculations is determining the characteristic impe- 
dance of a practical air-dielectric stripline. Normally, 
the stripline resonator used in a filter will be enclosed 
in a metal box for shielding purposes. However, 
enclosing the stripline in a box introduces errors into 
the formulas which are used to calculate line impe- 
dance because of the electric field distortion as 
shown in fig. 3. Calculating the impedance of the 
enclosed stripline in fig. 3C is rather difficult but you 
can get a rough idea of its magnitude by examining 
figs. 3A and 3B. It will be assumed that the width of 
the'line and the spacing between the line and the 
ground plane is the same in all three cases. 

The approximate characteristic impedance of a 
microstripline, neglecting fringing effects and leak- 
age flux, is given by 

@ STRIPLINE @ ENCLOSED STRIPLINE 

fig. 3. Electric field lines in microstrip (A), true stripline (6). 
and enclosed stripline (C). Enclosed stripline is used in the 
bandpass filter described in this article. 

where w is the line width and h is its height above the 
ground plane.3 Since an air-dielectric line is used, E, 
can be replaced by 1. The impedance of the true 
stripline in fig. 38  is not as easily calculated, but is 
available in graphical form,3.4 and is considerably 
lower than that of the microstripline with similar 
dimensions in fig. 3A. It can generally be assumed 
that the characteristic impedance of the enclosed 
stripline (fig. 3C) will be between that of the micro- 
stripline (fig. 3A) and the true stripline (fig. 38). 

construction techniques 
A filter similar to the preceding design example 

was built using pieces of single-clad printed-circuit 
material. Even though this is a uhf application, virtu- 
ally any type of PC material may be used because in 
this case the dielectric properties of the material have 
no effect on circuit performance. The use of copper- 
clad material allows greater flexibility in the design 
and construction of bandpass filters than do the con- 

SURFACES 

fig. 4. Construction of a half-wavelength resonator using 
four pieces of single-clad PC material. Dielectric of the cir- 
cuit board is not important in this application. 

struction techniques described in reference 1. Fewer 
tools are needed, and the filters can easily be built by 
apartment dwellers (such as myself) without access 
to a machine shop. 

As shown in fig. 4, four pieces of PC material are 
used - the stripline itself, the ground plane, and two 
end pieces to support the stripline. These can be cut 
out using a small pruning saw or sheet-metal shears. 
All pieces are soldered together at their edges. The 
stripline should be installed last, is nominally 18.0 cm 
long (7 inches) and 1.0 cm (318 inch) wide, and is 
mounted with the copper-clad side up for ease of 
attaching the center loading capacitor. Spacing 
between the stripline's upper surface and the ground 
plane is about 8 mm (5116 inch). The line.impedance 
was estimated a posteriori to be approximately 
180 ohms. 

The tuning capacitor was originally a 3-30 pF vari- 
able (Calectro Al-2251, but half of its rotor and stator 
plates were carefully removed to bring its capaci- 
tance down to approximately 2 to 15 pF, The tuning 
capacitor is connected to the exact center of the 
stripline with a single very short wire. 

Input and output coupling is accomplished by 
means of inductive coupling lines which run between 

STRIPLINE -A I 
I O C Y  

fig. 5. Rear view of the half-wavelength filter, showing the 
loading capacitor connections end the inputloutput coup- 
ling inductances. 
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the stripline and the ground plane in the region of the 
highest field intensity. As originally designed, each 
coupling wire starts at a BNC connector, runs under 
the stripline for about 3.5 cm (1 318 inch) and termi- 
nates in a soldered connection to the end support; 
this is illustrated in fig. 5. The entire filter assembly 
was mounted in a 25 x 5 x 4 cm (10 x 2 x 1 9/16 inch) 
Minibox for shielding purposes, with the BNC con- 
nectors and the capacitor mounting screws providing 
the mechanical connections between the ground 
plane PC board and the enclosure. 

performance 
e The tuning range cannot be found analytically, 

since both the line's electrical length and the required 
tuning capacitance are functions of frequency. Using 
an iterative method, however, it is possible to deter- 
mine the approximate tuning range. A frequency is 
arbitrarily picked (let's say 350 MHz). Eqs. 6, 4, 1, 
and 2 are then solved in succession, keeping in mind 
that f, is one-half the length of the half-wavelength 
line. The resulting capacitance, 3.26 pF, is then 
doubled and this value, 6.52 pF, is observed to lie 
within the tuning capacitor's range, of 2 to 15 pF. By 
trying various frequencies, the approximate limits of 
the tuning range can be found. For this specific filter, 
the required tuning capacitance vs frequency is listed 
in table 1. Since individual construction techniques, 
and hence, characteristic line impedance, may vary, 

table 1. Center loading capacitance required to tune an 18- 
cm (7.1-inch) long, 180-ohm air-dielectric half-wavelength 
resonator to various frequencies. 

frequency 
(MHz) 

200 
225 
250 
300 
350 
400 
450 
500 
550 

tuning 
capacitance (pF) 

22.3 
17.4 
13.9 
9.3 
6.5 
4.7 
3.5 
2.6 
1.9 

the tabular values should be considered only as 
nominal. 

The filter described here had a measured insertion 
loss of about 1 dB and a VSWR of approximately 
1.6: 1 at 440 MHz. By observing the extent of mesh of 
the tuning capacitor plates, the capacitance required 
for resonance at this frequency was about 4 pF, 
which is in agreement with the value obtained analyt- 
ically. 

The VSWR was attributed mainly to mismatch at 
the BNC connectors between the coupling lines and 

the external transmission lines. The characteristic irn- 
pedance of the coupling lines was estimated to be 
around 115 ohms, by modeling them as circular con- 
ductors between two ground planes.3 Their electrical 
length of 18.5 degrees at 440 MHz gives them a reac- 
tive component of + j38.5 ohms. To cancel this reac- 
tance a 10-pF silver-mica capacitor was placed in 
series with each input/output coupling line at the 
BNC socket. A schematic of the modified filter is 
shown in fig. 6. 

fig. 6. Schematic of the modified 440-MHz bandpass filter 
with improved inputtoutput matching (see text). 

Measurements on the improved filter indicated the 
VSWR was reduced to approximately 1.2:1 at 440 
MHz, while the overall insertion loss remains around 
1 dB. Unfortunately, it wasn't possible to measure 
the VSWR at any other frequencies, so it isn't known 
whether the 10-pF capacitors improve or degrade 
performance at frequencies far removed from 440 
MHz. However, there should be very little variation 
over the 420 to 450 MHz range. 

This filter was designed for use ahead of a wide- 
band (10 MHz bandwidth) receiver operating near 
440 MHz to attenuate local fm signals in the 450-470 
MHz range. It should also provide significant attenu- 
ation of television signals over most of the 470-806 
MHz broadcast band. Although bandwidth measure- 
ments were not performed, operating experience in- 
dicates the 3-dB bandwidth is roughly 3 or 4 MHz, or 
slightly less than one per cent. This bandwidth 
should find application among users of wideband 
modes, such as ATV and packet radio, who want to 
reduce desensitization caused by out-of-band inter- 
ference. The filter should also be effective in sup- 
pressing unwanted multiplier products in low power 
(I -watt class) exciters. 
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Gift HallzRadio 
this year 

Each 
Additional Gift 

b \ 

20 O/O Giving Ham 
is both fun and thoughtful. 

And at the receiving end of a Ham Radio gift sub- 
scription it 's remembered all year long as a token of 
your friendship. We have a super busy year planned 
for 1980. Just take a look at a sampling of what your 
special amateur friend(s) will see in their 12 big gift 
issues next year: 

W2PV's series on Yagi Antennas 
Wire Beams for 75 meters 

magazine Touch Tone Decoder 

Greenville, NH 03048 Solid State VHF Linear Amplifier 
Plus HR's giant annual Antenna & Receiver 

Prices U.S. only issues 
Much Much More! 

There's never been a better time to give a gift of 
Ham Radio than now. Gift now and SAVE! 



INTERNATIONAL CRYSTALS 70 K H ~  to IGO MHZ 

CRYSTAL TYPES 
(GP) for "General Purpose" applications 
(CS) for "Commercial" equipment 
(HA) for "High Accuracy" close temperature 

tolerance requirements 
International Crystals are available from 70 
KHz to 160 MHz in a wide variety of holders. 
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what is your real 
standing wave ratio? 

Some quantitative answers 
to a question 

as old as ham radio 

A number of magazine articles have appeared 
over the years discussing the relative merits of having 
a low standing wave ratio (SWR). Although it's been 
demonstrated that excellent results can be obtained 
with an unmatched transmission system, it's a gener- 
ally accepted fact that the most straightforward 
method of guaranteeing acceptable performance 
under all conditions is by adjusting the various mat- 
ching devices for minimum SWR. This is particu- 
larly true for those not completely familiar with the 
subtleties of transmission-line theory, as many com- 
plex effects occur in unmatched, or tuned, transmis- 
sion line systems. Regardless of the reasons, most 

One of the reasons for the popularity of SWR as a 
measure of transmission-system performance is the 
relative ease with which it can be measured. An SWR 
bridge can be purchased at the nearest discount 
store. Even some supermarkets carry SWR bridges. 
Sealed in plastic packages, and intended primarily for 
our 11-meter friends, these inexpensive instruments 
provide an excellent method for an Amateur Radio 
operator to evaluate the degree of "match" of his 
antenna system and transmission line. A typical set- 
up for measuring SWR is shown in fig. 1. 

As shown in the figure, the normal arrangement 
for measuring SWR in i n  Amateur station consists of 
connecting an SWR bridge in series with the trans- 
mission line as it leaves the transmitter or transceiver. 
The bridge is then used to measure the standing 
wave ratio at the input to the transmission line. If the 
transmission line were perfectly efficient, i e . ,  if it 
had no loss, then the SWR measured at this point 
would equal exactly the SWR at the antenna. Unfor- 
tunately, however, all real transmission lines have 
some loss. This transmission line loss not only pre- 
vents all the transmitter output power from reaching 
the antenna but also introduces a significant error in 
the SWR measurement. As we will see, the standing 

Radio Amateurs are concerned, to some degree, I 
about their voltage standing wave ratio VSWR, or BY John Battle, N40E, 2350 East Hill Way, 
just plain SWR. Norcross, Georgia 30071 
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fig. 1. Typical ham setup for measuring SWR. An SWR bridge 
is connected in series with the transmission line as it leaves 
the transmitter or transceiver. 

wave ratio at the antenna (fig. 2) isn't necessarily 
equal to the standing wave ratio at the transmitter 
when a lossy transmission line is used. 

transmission-line losses 
Fig. 3 illustrates the effect of both a lossless trans- 

mission line and one with loss on dc pulses. Both 
lines are terminated in a matched load: 

Z I  = load impedance 

Zo = line cha~acteristic impedance 

Note that in both cases the incident pulse is com- 
pletely absorbed in the load, resulting in no reflected 
pulse. We may calculate the standing wave ratio at 
the transmitter in both cases as: 

vi+ V, SWR = - vi- v7 

where V, = incident pulse voltage 
V, = reflected pulse voltage 

For the lossless transmission line the situation is un- 
changed at the load end. For the lossy line, however, 

the incident voltage is only 0.707 at the terminal end, 
thus: 

0.707+ 0 
SWR = oro = I 

In other words the standing wave ratio for a matched 
line is 1 : 1 regardless of where it's measured or how 
much loss it has. 

unmatched loads 
Now consider the case of an unmatched load. 

Referring to fig. 4, we see that the standing wave 
ratio measured at the load end for the lossless and 
lossy transmission lines is respectively given by: 

SWR = I +  O" = 3:l (lossless) 
1 -  0.5 

0.7+ 0.35 
SwR = 0.7-0.35 = 3:1 (lossy) 

fig. 2. An SWR bridge connected at the antenna will show an 
entirely different set of conditions if a lossy transmission 
line is used. 

The SWR measured at the source (transmitter) end of 
the line, however, is quite another situation: 

I -1- 0.5 
SWR = l - - o ~  = 3:l (lossless) 

Thus for the lossless line the SWR is the same no 
matter where it's measured. For the lossy line, how- 
ever, the SWR appears to be lower when measured 



L = (loss per 30.5 meters) 
(cable lengthl30.5) 

= (1) (61 /30.5) 
= 2 d B  

I------- Q - 
0 VOLTS 0 VOLTS 

u 
In terms of English units: 

1 VOLT 0 . 7  VOLTS 
L = (1) (200/100) ,+ = 2 d B  

Referring to fig. 5, the actual antenna SWR is about 
I 5.5. 

8 - 0 VOLTS 0 VOLTS 
u 

consequences 
fig. 3. Effect of wave propagation on a matched transmis- What are the consequences of the error of SWR 
sion line. A shows a "lossless" transmission line; B shows a 
lossv line. Note that in both cases the incident pulse is com- 
pletely absorbed in the load, resulting in no reflected volt- 
age. 

at the transmitter end. This effect is caused by the 
additional attenuation suffered by the reflected wave 
as it travels down the transmission line and back, 
whereas the incident wave is measured directly at the 
source. 

Fig. 5 is a plot of measured versus actual SWR for 
various amounts of transmission line loss. The error 
is quite significant. Fig. 6 is a plot of typical transmis- 
sion line losses versus frequency. Using these two 
graphs, we can estimate the actual SWR at the 
antenna for your installation, based on the measured 
SWR at the transmitter. 

example 
Consider a typical installation consisting of a beam 

antenna connected to a transmitter by 61 meters (200 
feet) of RG-81U coaxial cable. Suppose the SWR is 
measured as 2.5 at 28 MHz. From fig. 6, the loss of 
RG-8lU, when matched, at this frequency is about 1 
dB per 30.5 meters (100 feet). Thus the cable loss in 
the example is 

I VOLT 1 VOLT 

. . 
0 . 5  VOLTS 0 5 VOLTS 

0 . 7  VOLTS 

0 I 8 7  VOLTS 
+- 

0 3 5  VOLTS 

fig. 4. Wave propagation on lines terminated in  unmatched 
load; B shows the same conditions for a lossy transmission 
line. For the "lossless" line the swR is the same no matter 
where it's measured: for the lossy line the SWR appears to 
be lower when measured at the generator (transmitter) end. 

2 0  - 

15-- 
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2 -- 
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3 
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v, 

3 
3-- C ' 2 . 5 - -  
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Sl= SOURCE SWR 
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I 
I I 5 2 2.5 3 4 5 I 0  

MEASURED STANDING WAVE RATIO 

fig. 5. Antenna standing wave ratio as a function of meas- 
ured standing wave ratio with transmission-line losses as a 
parameter. 

measurement? The first consequence that comes to 
mind is the effect on the power-handling capability of 
the transmission line (see fig. 7). In the previous ex- 
ample, for instance, the power rating of RGSIU 
coaxial cable is about 1600 watts at 28 MHz when 
operated at unity SWR (fig. 7). Derating for the com- 
puted standing wave ratios, we find the maximum 
recommended power-handling capacity of the cable 
would be: 
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FREQUENCY (MHz) 

fig. 6. Transmission-line loss (matched) as a function of fre- 
quency for several types of coaxial cable. 

What if we'd calculated the maximum power based 
on the measured SWR? The maximum power capa- 
bility of the cable would have been: 

1600 watts 
P m a x =  2.5 = 640 watts (7)  

result is that the antenna appears to perform better 
than it really does. It would be much better either to 
measure the SWR at the antenna, or at least make an 
attempt to correct for the feedline loss. 

Feedline loss depends on standing wave ratio. 
Consider the case of a transmitter with tune and load 
controls adjusted for maximum voltage across the 
input to the transmission line (fig. 8). (This implies a 
transmitter output impedance equal to the complex 

fig. 8. Adjusting the transmitter for maximum output volt- 
age results in  a conjugate match, or a condition in which the 
transmitter output impedance equals the complex conju- 

- 
TRANSMITTER 

gate of the impedance seen at the input to the coaxial line. 
This condition is assumed in figures9 through 12. 

OR 
AMPLIFIER 

conjugate of the effective transmission line input im- 
pedance - a condition referred to as conjugate 
match.) 

- 

As you can see, the coax power-handling capability 
would have been exceeded by about 60 per cent. 

RE VOLTMETER 

OR IN LINE 

WATTMETER 

testing 
Another problem arises in testing antennas. Many 

Amateurs test their antennas by measuring the SWR 
at the transmitter rather than at the antenna. The 

SWR MEASURED AT LOAD (ANTENNA1 

i 
P 

10 / I I I \ (  
I 2 3 4 5 M 2 0  3 0  4 0 5 0  100 2 0 0  3 0 0  4 0 0  1000 

FREQUENCY (MHz) 

fig. 7. Power-handling capability of popular coaxial cables 
as a function of frequency. 

fig. 9. Effective line loss as a function of SWR measured at 
the load, with cable loss as a parameter. 

lossless lines 
For the case of the lossless line, the reflected wave 

is completely reflected at the source and ultimately 
arrives again at the antenna. Each time the wave 
arrives at the antenna part of it is absorbed, and part 
of it is reflected. The reflected portion is again 
reflected by the source, and so on until the entire 
wave is completely absorbed by the antenna. 

Since the line has no loss, and since we're assum- 
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SWR MEASURED AT SOURCE (TRANSMITTER) 

fig. 10. Effective line loss as a function of SwR measured at 
the source, with cable loss as a parameter. 

ing complete lossless reflection at the source (trans- 
mitter), the energy is transferred to the antenna with 
100 per cent efficiency regardless of whether the 
antenna is matched to the transmission line. 

f I 5  
a LOSSLESS CABLE 

however, results in quite a different situation. Each 
time the wave is reflected and travels down the trans- 
mission line, it becomes smaller in amplitude by an 
amount equal to the transmission-line loss. Thus, 
even if the transmitter is perfectly tuned for "conju- 
gate match," only part of the "re-reflected" energy 

? ,. l o - -  

STANDING WAVE RATIO 

/dB LOSS 

fig. 13. Mismatch loss as a function of SWR. 

P ? 2  dB 

8 3dB 

4 dB 5 0 5 - j  5  dB 

$ I  6 dB 
- - 

reaches the antenna, with the portion growing pro- 
gressively smaller each time around. In other words, 
in addition to the portion of energy lost in the trans- 
mission line the first time, an additional amount is 
lost due to reflections. 

Fig. 9 is a plot of effective feedline loss for various 
values of standing wave ratio as measured at the 
antenna. Fig. 10 is the same plot versus SWR at the 
source (transmitter). Figs. 11 and 12 are plots of 
power delivered to the antenna by a 2-kilowatt ampli- 
fier tuned for maximum voltage across the transmis- 

@ O i ~ o l l l ' ~ ' l i ' ~ " l c :  I S  P o 2.5 i L ' ~ * ' l l ~ ' l l l ! l l  3 o 3 5 4 o sion line at the source. Fig. 11 is plotted versus load 
SWR MEASURED AT LOAD 

1 5  

fig. 11. Power delivered to the antenna as a function of SWR - NO LOSS 

measured at the load, with cable loss as a parameter. 2 
L 

lossy lines 
Now consider the case of a lossy transmission line. 

For the matched load the resulting loss is simply the 
loss of the transmission line. The mismatched load, 

s 1 5  LDSSiESS CABLE d 
7 

5 L5 2 2 5 3 0 3.5 

STANDING WAVE RATIO 

fig. 14. Power delivered to antenna, including mismatch 
loss for a 2-kW broadband transmitter, as a function of SWR. 
Output impedance is equal to cable characteristic impe- 
dance. 

SWR for various line losses; fig. 12 is plotted versus 
SWR MEASURED AT SOURCE source SWR. A line loss of 2 dB, for example, would 

fig. 12. Power delivered to antenna as a function of SWR result in only 450 watts being delivered to the load if 

measured at the source, with cable loss as a parameter. an SWR of 3:l is measured at the amplifier output. 
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mismatch loss 
One final comment on line loss. Many hams are 

now using solid-state transmitters with broadband 
final amplifier stages. Since there are no adjustments 
on this type of transmitter, it's not possible, in gener- 
al, to achieve a conjugate match at the source, as 
discussed earlier. As a result, there is another loss to 
be considered when computing the power delivered 
to the antenna. Mismatch loss is simply the loss 
resulting from reflected power being absorbed by the 
source (transmitter) rather than re-reflected power, 
as discussed previously. Fig. 13 is a plot of the addi- 
tional mismatch loss versus source SWR. Fig. 14 is a 
plot of power delivered to the load, including mis- 
match loss for a 2-kilowatt broadband transmitter, 
with output impedance equal to the transmission line 
characteristic impedance. 

ATTENUATION Idel 

fig. 15. Measured SWR as a function of line attenuation for 
oDen or shorted lines. 

measuring feedline loss 
One final note. It's sometimes difficult, if not 

impossible, to actually measure feedline loss. An 
example is a repeater site at which I recently wished 
to measure the loss of the line from the antenna to 
the transmitter. One method of measuring the loss 
would be to carry either a power meter or a signal 
generator up the tower for connection to the coax at 
the antenna. An alternative method would be to sim- 
ply short or open the transmission line at the antenna 
and measure the resulting standing wave ratio at the 
transmitter. Fig. 15 could then be used to compute 
the transmission line loss. For example, a shorted 
SWR of 4:l would correspond to  a feedline loss of 
approximately 2.3 dB. 

ham radio 

HD-73 HEAVY-DUTY 
with exclusive Dual-Speed Control! 

For antennas up to 10.7 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL.SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment-10.000 
in..lbs. (s~de-thrust overturning); Starting torque - 400 in.- 
Ibs.; Hardened steel drive gears; Bearings - 100- %" diam- 
eter (hardened); Meter - DrAnonval, taut band (back- 
lighted). There's much, much more - so get the whole story! -------------------- 

Mail this coupon for complete details! 

Send me complete details on the HD-73! 
Give me the name of my nearest dealer! 

NAMF 

ADDRESS 

STATE ZIP 

More Details? CHECK-OFF Page 118 november 1979 73 



tebook 

cages always seem to get twisted up 
during mounting. 

These problems are eliminated if 
the relatively large diameter CATV 
coax is used. This material can usually 
be obtained free (or, at most, for a 
few dollars) from the CATV company 
warehouse scrap yard as "reel ends." 

NOTCHED OUT T O  ALLOW SUPPORT TO 

S L I P  UNDER Z I G - Z A G  / SPACER BARS ON TOWER 

~o j l ins  32s cooling 
One of the major enemies of final 

amplifiers, tube or transistor, is heat. 
My Collins 32s-1 is no exception, and 
a cooling fan over the amplifier cage 
is attempting to lengthen the life of 
my 20-year-old rig. 

I got tired of unplugging the fan 
after operating and dreaded the 
thought of forgetting to shut if off. 

AC COMMON 

fig. 1. Partial schematic of the Collins 
516-F2 supply showing a socket addition 
for an amplifier cooling fan. 

An outboard switch was contem- 
plated - and the thought quickly dis- 
carded. I preferred to have the fan 
turn on and off with the transmitter 
power. This is how I did it. 

I mounted an ac chassis-mount re- 
ceptacle (Radio Shack part 270-642) 
on the 516-F2 chassis in the space oc- 
cupied by the stick-on, serial-number 
label. (I transferred the label informa- 
tion with an engraving pencil to the 
chassis.) This location almost per- 
fectly centers the receptacle between 
XV1 and XV2. The socket was wired 
as shown in fig. 1, using heat-shrink 
tubing on the receptacle terminals. 

A fan such as the Rotron Whisper 
may be spray painted and secured to 
the cabinet lid directly through the 
holes with M3 (4-40) hardware. A 
cover on this fan isn't recommended, 
as it will create a back pressure and 
hamper the cooling-system effi- 
ciency. 

When the fan is plugged into the 
51 6F-2 receptacle, the fan will turn on 
and off with the 32s FREQUENCY 
CONTROL switch to provide extra 
cooling. 

Paul K. Pagel, NIFB 

shunt-fed tower 
A problem that commonly occurs 

when one tries to shunt feed a tower 
for 160, 80, and 40 meters is not hav- 
ing a large effective diameter for the 
shunt section. A small-gauge wire 
makes things a bit touchy and wire 

USE SELF TAPPB 
SCREW TO AT7 
FEED WIRE TO 

TURN BUCKLE 
/ T O  TIGHTEN 

CATV COAX 

INVERTED 

SYSTEM 
\ /\ B m o  m GROUND, 

fig. 2. Bottom spacer and connection for 
the shunt-fed tower. Looping the spacer 
over the tower rung allows you to main- 
tain tension in the gamma section, holding 
it rigid. Either the material for the bottom 
spacer or the connection between the 
turnbuckle and hardline must be insu- 
lated. 

fig. 3. Diagram of the top spacer and con- 
nection to the tower. 

My system requires no clamps for 
attaching the shunt feed element to a 
36-meter (1 18-foot) ROHN 25 tower 
(see figs. 2 and 3 for construction of 
spacerlclamp assembly). Some ex- 
perimentation with the spacing be- 
tween the tower and shunt section 
will be required to achieve a VSWR 
of 1.0:1. 

Dick Bingharn, N6HZ 

Yagi antenna for uhf - 
simplified construction 

Homebrewing antennas has never 
been one of my strong points. Most 
of my beams had more of an omnidi- 
rectional characteristic than a main 
lobe. The problem was making all the 
elements point in the same direction. 
If your main construction tools are 
the same as mine - a blow torch and 
a sledge hammer - then the tech- 
niques I managed to acquire may be 
helpful in making your next beam 
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look more like an antenna than a drill stand to hold the drill in place. I test hole, then insert an antenna ele- 
corkscrew. made a guide from a piece of V-chan- ment to check for alignment. I t  took 

Drilling holes is probably the most nel aluminum bolted to a piece of me three tries to get the drill oriented 
critical part of construction. I used a wood (see photo 1). The V block just right. 

keeps the tubing from wandering dur- The next problem was how to hold 
ing drilling. ~e -su re  the drill i s  cen- the elements in the boom without 
tered in both directions in the stand. using a lot of clamps or brackets. 
Use a scrap piece of tubing to drill a After many tries, I used speed nuts. 

They worked well and held the ele- 
ments firmly in place. I pressed a 
speed nut onto each element end 
(photo 2). Caution: When pushing 
the speed nuts up to the boom, be 
certain that the element is centered 
(photo 31, because backing up the 
speed nuts is nearly impossible. 
Speed nuts are available in many 
sizes at most hardware stores. I 
applied a liberal coat of silicone rub- 
ber to protect the speed nuts from 
rust (photo 4). 
it's used to align the other holes as 
you look down the boom. The drill bit 
acts as a gunsight for alignment 
(photo 5). If minor alignment exists, 
correction can be made by forming 
the elements. 

The antenna shown in pho to  6 
was my first attempt to built a 432- 
MHzYagi using the method described. 
The cost was just over $5.00, using 
an aluminum boom and welding rods 
for elements. I've also built some 2- 
meter Yagis. Tests have shown that 
these homebrew antennas are within 
!h dB of their commercial counter- 
parts. Pattern checks have shown a 
clean main lobe. 

Thomas Varmecky, WABCPH 

Photo 1: Drill stand for working aluminum tubing is made from a piece of V-shaped aluminum bolted to a piece of wood. Photo 
2: Speed nuts hold the element to the boom. Photo 3: Detail showing element-to-boom mating using speed nuts. Photo 4: Final 
assembly of element to boom. A coat of silicone rubber protects the joints from rust. Photo 5: Use the drill bit as a gunsight for 
alignment when drilling holes for the other elements. Photo 6: Complete 432-MHz homebrew Yagi antenna. Antenna elements 
are welding rods; entire antenna cost just over $5.00. 



WILSON SYSTEMS, IWC. presents 
the SYSTEM 36 

A trap loaded antenna that  performs l ike a monobander!  as the bandswitching is automatical ly made via the High-O 
That's the  characteristic o f  this six element three band beam. Wilson traps. Designed t o  handle the  max imum legal power, 
Through the use o f  w ide spacing and interlacing o f  elements, t he  traps are capped a t  each end t o  provide a weather-proof 
the fo l lowing is possible: three active elements o n  20, three seal against rain and  dust. The  special High-Q traps are the 
active elements o n  15, and fou r  active elements o n  1 0  me-  strongest available i n  the  industry today. 

ters. N o  need t o  r u n  separate coax feed lines fo r  each band, 

SPECIFICATIONS 

Band MHz . . . . . . . . .  14.21.28 Boom (O.D. x Length). .2" x 24'2%" Wind loading @ 80 mph . ,215 Ibs. 
Maximum power input. Lesal limit No. of elements. . . . . .  .6 Maximum wind survival . . 100 rnph 

. . . . . . . .  Gain (dad). . . . . . . . .  UP to 9 dB Longest element . . . . .  .28'2%" Feed method .Coax~al Balun 
VSWR B resonance . . .  1.3:l Turning radius . . . . . . .  18'6'' Assembled weight (approi. 53 Ibs. 
Impedance. ....... .50 11 Maximum mart diameter. 2'' Shipping weight (approx.). 62 Ibs. 

. . . . . . . . .  FIB ratio . . . . . . . . .  .20 dB or better Surface area 8.6 sq. f t .  

Compare the SY-36 with others ... 
B R A N D  - 

c C - 
- B R A N D -  -- .- 

R i  1 
HG f 

+WILSON* --* 
SYSTEMS 

Compare the size ant1 strength o f  the b o o m  
t o  element clamps. See w h o  offers the largest 
and heaviest duty .  Which wou ld  y o u  prefer? 

Wilson Systems traps o f fer  a larger d iamete~  
t rap co i l  and a larger outside housing, 

giving excellent Q and power capabilities. 

FACTORY DIRECT SYSTEMS, INC. 
4286 S Polaris Ave Las Veqas Nevada 89103 

I cn .n* s,* I ' A ,  on, ubw' $0 <h."a * thou, notlr. 



WILSON SYSTEMS INC. MULTI-BAND ANTENNAS 

SYSTEM 33 
(FORMERLY SYSTEM THREE) 

Capable of handling the Legal Limit, the "SYSTEM 33" is  the finest com- 
pact tri-bander available to the amateur. 

Designed and produced by one of the world's largest antenna manufacturers, 
the traditional quality of workmanship and materials excells with the 
"SYSTEM 33". 

New boom-to-element mount consists of two 118" thick formed aluminum 
plates that will provide more clamping and holding strength to prevent ele- 
ment misalignment. 

Superior clamping power is  obtained with the use of a rugged 114" thick 
aluminum plate for boom to mast mounting. 

The use of large diameter High-Q traps in the "SYSTEM 33" makes it a high 
performing tri-bander and at a very economical price. 

A complete step-by-step illustrated instruction manual guides you to easy 
assembly and the lighweight antenna makes installation of the "SYSTEM 
33" quick and simple. 

The same quality traps are used in the SY33 that are used in the SY36. 

SPECIFICATIONS 
Band MHz . . . . . . . . . . . . .  
Maximum power input. . . . .  
Gain (dbd). . . . . . . . . . . . .  
VSWR at resonance . . . . . . .  
Impedance . . . . . . . . . . . . .  
FIB ratio. . . . . . . . . . . . . .  
Boom (O.D. x length). . . . . .  
No. elements . . . . . . . . . . .  
Longest element . . . . . . . . .  

14-21-28 
Legal limit 
Up to 8 dB 
1.3:l 
50 ohms 
20 dB or better 
2" x 14'4" 
3 
27'4" 

FACTORY DIRECT 

Turning radius . . . . . . . . . .  15'9" 
Maximum mast diameter. . . .  2" O.D. 
Surface area . . . . . . . . . . . .  5.7 sq. ft. 
Wind loading at 80 mph . . . .  114 Ibs. 
Assembled weight (approx.) . 37 Ibs. 
Shipping weight (approx.) . . .  42 Ibs. 
Direct 52 ohm feed-no balun required 
maximum wind survival . . . .  100 mph 

4286 S. Polar15 Awe., Las Vegas. Nevada 89103 

I 
I 4 BAND 

TRAP VERTICAL 
' (10-40METERS)  

$& 

No bandswitching 
necessary with this 
vertical. An excellent 
low cost DX antenna 
with an electrical quarter 
wavelength on each band 
and low angle radiation. 
Advanced design 

[I provides low SWR and 
exceptionally flat 
response across the full 
width of each band. 

Featured is  the Wilson 
large diameter High-O 
traps which will maintain 

I resonant points with 
I varying temperatures and 

Easily assembled, the 
WV-1A is supplied with 
a hot d ipped galvanized 
base mount bracket 
to  attach to vent pipe or 
to a mast driven in the 

Radials are required for 
peak operation. 
(See GRt1 below). 

SPECIFICATIONS: 

Two High-O Traps with 
large diamater coils 
Low Angle Radiation 
Omnidirectional 
performance 
Taper Swaged Aluminum 

Automatic Bandswitching 
Mast Bracket furnished 
SWR: 1.1 :1 or less on all 

The GR-1 is the complete 
ground radial k i t  for the WV- 
1A. I t  consists of: 150' of 7/14 
stranded copper wire and 
heavy duty egg insulators, in- 
structions. The GR-1 will in- 
crease the efficiency of the 
GR-1 by providing the correct 
counterpoise. 



WILSON MONO6A ND BEAMS 
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At last, the antennas that you have been waiting for are here! The top quality, optimum spaced, and newest designed mono- 
banders. The Wilson Systems' new Monoband beams are the latest in modern design and incorporate the latest in design 
principles utilizing some of the strongest materials available. Through the select use of the current production of aluminum 
and the new boom to element plates, the Wilson Systems' antennas will stay up when others are falling down due to heavy ice 
loading or strong winds. Note the following features: 
1. Taper Swaged Elements - The taper swaged elements provide strength where it counts and lowers the wind loading more 

efficiently than the conventional method of telescoping elements of different sizes. 
2. Mounting Plates - Element to  Boom - The new formed aluminum plates provide the strongest method of mounting the 

elements to the boom that i s  available in the entire market today. No longer will the elements t i l t  out of line if a bird 
should land on one end of the element. 

3. Mounting Plates - Boom to Mast - Rugged 
1/4" thick aluminum plates are used in 
combination with sturdy U-bolts and saddles 
for superior clamping power. 

4. Holes- There are no holes drilled in the el- - 
ernents of the Wilson HF Monobanders. The 
careful attention given to the design has 
made it possible to eliminate this require- 
ment as the use of holes adds an unneccess- 
ary weak point to the antenna boom. 

With the Wilson Beta-match method, it is a "set 
it and forget it" process. You can now assemble 
the antenna on the ground, and using the guide- 
lines from the detailed instruction manual, ad- 
just the tuning of the Beta-match so that i t  will 
remain set when raised to the top of the tower. 

The Wilson Beta-match offers the ability to ad- 
just the terminating impedance that is  far su- 
perior to  the other matching methods including 
the Gamma match and other Beta-matches. As 
this method of matching re,quires a balanced 
line it will be necessary to use a 1:l  balun, or 
RF choke, for the most efficient use of the HF 

The Wilson Monobanders are the perfect answer 
ho wants to stack antennas for 

4 maximum utilization of space and gain. They 

I - 7 - : offer the most economical method to have 
... 

'1 *. .- more antenna for less money with better gain 
1 ' C . . ,  

and maximum strength. Order yours today and 
W"sOn's Beta match Offers see why  the serious DXers are running up  
maximum power transfer. 

that impressive score in contests and num- 
ber of countries worked. 

SPECIFICATIONS 

FACTORY DIRECT WILSON 
SYSTEMS.  INC. 



New, Improved Wilson Towers -7 2-9' 

NEW IMPROVED 
FEATURE 

Heavier wall tubing 
greatly increases the 

stress capabilities 
over the older 

T T 4 5  and MT-61. 

FEATURES: 
Is freestanding wi th use o f  proper base 
Max~mum Height is 61' (wil l  handle 
12  srl. f t .  at 53') @ 50 mph 
1200 Ib. brake winch 

llic I i i~ ig 'd  ILlsc l ' l ,~tv .illows 
towel to hc tiltetl over for 

access to anten l id  dnd rotor 
from the ground. 

FEATURES: 
4200 Ib. raising cable 

Max~mum Height 45' (wil l  handle 
Total Weight. 400 Ibs. 

12 srl. I t .  at 38') C 50 mph Recommended base accessory: RB61A .  

1200 Ib. winch 
FB-61A. 

.Totally freestanding with proper base The MT-61A IS our largest and tallest freestanding 

.Total Weight. 243 Ibs. tower. By using the R B G I A  rotating base f ixture 

The TT-45A is a freestanding ideal for in. the MT-61A is ideally suited for the SY33 or  SY- 

stallations where guys cannot be used. I f  the tower 36. I f  plan lower your 
is not supported the house, the pro. caution should be taken to make certain the cave 

per base f ixture accessory must be selected. 
1s properly reinforced t o  handle the tower. I f  not, 

(Requires 12"x12"~36"  of concrete.) 
one of  the base accessory fixtures should be used. 
(Requires 18"x18"~48"  concrete.1 

GENERAL FEATURES 
All towers use high strength heavy galvanized steel tubing that conforms to ASTM speci- 
fications for years of maintenance-free service. The large diameters provide unexcelled 
strength. All welding is performed with state-of-the-art equipment. Top sections are 2" 
O.D. for proper antennalrotor mounting. A 10' push-up mast is included in the top sec- 
tion of each tower. Hinge-over base plates are standard with each tower. The high loads of 
todav's antennas make Wilson crank-uos a loaical choice. 

TILT-OVER BASES FOR TOWERS I. - . <  L- 

FIXED BASE 
TIIP F B  S ~ r ~ r s  WIIS destqned to 
I ~ O V I ~ P  an ~conorn~ca l  method of  
movlnq t l i ~  tower away f rom the 
~ O L ~ S P  I t  w ~ l l  support the tower In 
a com~~le te lv  free-stand~ns verttcal 
,1os1tfon. while also hav~ng the 
ca~>al>~i~t,es o f  t t l t ~ng  the tower 
ovr?r t o  provide an easy access to 
!he antenna. The rotor mounts at 

ROTATING BASE 
Tliv R E  Ser~ps was des!gnt?d for 
thr: Amateur who wants the add- 
ed convenience o f  be~ng able t o  
work on the rotor f rom the 
ground pos~t ion.  This series of 

' bases will give that ease plus ro- 
tate the complete tower and an- 
tenna system by the use of a 
heavy duty thrust bearing at the 
base of  the tower mounting posi- 
tion, while still being able to tilt 
the tower over when desiring t o  
make changes on the antenna 
system, (Requires 3'x3'x6' o f  
concrete.) 

RB45A. . . $339.95 
RBGIA.. . 199.95 

the too o f  the tower In the con- 
vt,nt~onal manner, and will not ro- 
late t l i r  complete tower. (Re- 
rlulres 3'x3'x5%' of concrete.) 

FB45A. . . S 99.95 
T ~ l t i n g  the tower ovel 
is a one-man task with 

the Wilson bases. 

b 
(Shown above is 

4286 S. Polaris Avenue 

WlLS ON LES v w a r  Nevada 89103 
the RB-61A ) 

(Rotor no t  ~ncludedl  
(702) 739-7401 

S Y S  TEMS, INC. Toll-Free Order Number 800-634-6898 P , , c ~ ,  ,,,ecf~,~a,<ons s u ~ , t c v  to man* w < m v ,  ,,ox,cp 



8 elements 

to JA and  

W - I - D  

V K  land1 

. E spaced on a L 
Choose 4. 6 or 

I 
- 0 - N - G 37 '  b o o m  . . . f o r  those long hauls 
8 elements to p u t  y o u  in the act ion on six 

i ' i  ( t i  l c  A l i i i N  ] MODEL M68 I MOOCL M66 
r6a.d MHz 1 50 1 50 
Mar#rnurn Pow., Input 4 K w  4 K r  
G a ~ n  ldBl 13.6 13.0 
\ SWR I., .--I 1.1:1 1.1'1 
~rnwdann 60 ohm 60 ohm. 
Fie Ratno IdBl m 16 
Boom 10.0. x L m M l  +'to IX" 2" x25'W' 

r 36'10.' 

19'0" 
+' 0.0. 2" O.D. 

5.8 

39 Ib.. 
Omm. G.mm. 

MOOFL M64 

1.1:1 
60 ohms 

1%". 11~6" 

B'8" 
7's" 

1WO.D. 

11 lb.. 
13 Ibs 

Gamma 
meters. 

L e x a n o  boom t o  element mobnt lng.  The l ou r  ar lven elements use L o g  P e r ~ o ~ l ~ c  des~gn  fo r  broad band 

character~st ics p r o v ~ d ~ n g  fu l l  144.148 M H z  coverage with less than 
1.2 t o  1 VSWR across the band. Un~versa l  m o u n t i n g  is p r o v ~ d e d  
l o r  v ~ r t ~ c a l  o r  horizontal p o l a r ~ r a t ~ o n .  

SPECIFICATIONS MI7 M29 M211 
8.nd MHz 144.148 MHz 144.148 MHz 144.148 MHz 
Gal" Id81 I 1  dB 13.7 dB 14.5 dB 
VSWR ~a1h.n 1.2:1 LA thrr 1.2:1 ~..l man 1.2:~ 

r r o m  b.nd r r o ~  band r r o *  band 
Impn(nu 60 ohms h 1 . d  60 ohms b1.d 60 ohms b l a n d  
Numbor of Elrnma 7 9 11 
~ a a m  10.0. i ~.np~hl 1"O.D. x W L .  l"O.O. x ICW'L. lX"O.O. x 12.6" 
Lonpnt E lmn t  40" 40" 40" 
Surfnc. Are. ISq. Ft.1 8 1.5 2.8 
A.umb1.d wdnl Awrox. 3.6 Ib.. 5 lbs 6 Ib.. 
Shtpm~ng wpht. APPIOX. 6.5 Ib.. 8 Ib.. 9 lb.. 
Tvrnonp R.dlu$ 3 6  64" 78" 
l m ~ $ l <  6 $ 1  195 $2.: 95 $ 7 * Y I  

r -  ~ 

I WILSON SYSTEMS. INC. - 4286 S. Polar~s 

I Las Vegas, N V  89103 - (7021 739-7401 
FACTORY DIRECT 
ORDER BLANK 

I 
- - - 

WILSON SYSTEMS ANTENNAS WILSON SYSTEMS TOWERS I 

On Coaxial and Rotor Cable. minumum order is 100 I t .  and in 50' multiPlss. 
Prices and spec~ficationr rubject to change w~thoh~t nornce. 

M 510A 5 Elements on 10 Mtrr UPS 84 95 Nfnatv Day Llmlted Warranw. All Products FOB Lar Vegar Nevnda 

M410A 4 Elementson 10 Mtrr UPS 64 95 I'RICTS ErFEL l lVE  NOV 1 1174 
1995'.-~----~---------o----o-------1-- 

WM 62A Mobtlc Antenna 518 h on 2, 114 on 6 

UPS 84 95 Nevada Residents Add Sales Tax M 86 8 Elements on 6 Mtrr 

M 66A 6 Elcmcnlr on 6 Mln. UPS S4g5 Ship C.O.D. Check enclosed Charge to V ~ s a  MIC 

Phone 

State - Zip A 



comments 
(Continued from page 6) 

wherein L, W, and t represent length, 
width, and thickness. 

To maintain 12 ampereslsquare 
foot, you must measure the resis- 
tance of the bath with the piece to be 
processed in place and apply Ohm's 
law or use a variable voltage supply 
with an ammeter in the circuit. Main- 
taining this current will require a 
power supply capable of supplying 
15-20. volts at a current equal to 
125-150 per cent of the calculated 
amount. Voltage will vary with bath 
temperature and alloy. 

Best anodizing results are obtained 
by maintaining a constant current 
throughout the cycle. By maintaining 
the bath temperature between 68 and 
72F (use a long glass dairy thermome- 
ter) and the current at 12 amperes1 
square foot, the time required to pro- 
duce a given coating thickness will be 
80 ampere minutes per 0.01 mil or 
0.0001 inch. In other words, 6.7 
minutes' time will produce 0.0001 
inch of coating (80 divided by 12) if 
the other parameters are observed. 

In substantiation of this, note that 
automobile trim is generally required 
to have a 0.3-mil coating, and most 
anodizers achieve this with a 20- 
minute treatment. 

Most dyes work well on coatings of 
0.3 mil and up. Note, too, that for any 
alloy worthy of consideration by the 
Amateur fraternity, the coating 
weight or thickness will vary no more 
than three per cent in either direction 
when coated according to these sug- 
gestions. 

Proper operating practice should 
be observed if you expect usable 
results. The material must be clean as 
a prerequisite to anodizing. Scrub- 
bing the piece with a good soap or 
detergent should suffice, provided 
the piece is then thoroughly rinsed. A 
good test for cleanness is that the 
rinse water falls off the surface in an 
unbroken fashion; that is to say, it 
should not form beads as does the 
rain on the waxed hood of a car. 

Pretreatments such as buffing, 
wire brushing, or etching should be 
given some thought by the experi- 
menter. Once the piece has been pro- 
perly racked (fastened to the alumi- 
num rod or strip for suspension in the 
bath), it should be carefully lowered 
into the electrolytewith the power off. 

The power should then be applied 
at a low level and quickly increased to 
the calculated current. The bath 
should have some mild agitation dur- 
ing the whole anodizing cycle. What- 
ever method is used to agitate the 
bath must take into consideration the 
hazards of dealing with an acid bath. 
The power should be turned off be- 
fore the piece is removed. 

Aluminum racks are anodized 
along with the piece of work. Hence, 
before they're used again they should 
be sanded, wire brushed, or etched in 
the contact areas to ensure a good 
electrical contact. Alloy 2024-T3 or 
-T351 will work best as rack material 
for Amateur use. Good electrical con- 

tacts are very important to the suc- 
cess of any anodizing experiment. 

Anodizing may be done by various 
methods (including ac anodizing) and 
for many reasons. By and large, the 
greater portion of such treatments 
represented by the H2S04 processes 
are meant to enhance the appearance 
of the item treated. The use of the 
process by the Radio Amateur should 
be regarded as a means of improving 
his handiwork. 

Any experimenter in need of fur- 
ther corrosion protection of an alumi- 
num item would be well advised to 
take his problem to a professional 
anodizer. These sources are listed in 
the yellow pages of your local phone 
book. 

The work cited in the reference is a 
three-volume set and is highly recom- 
mended to anyone interested in more 
information on aluminum or the pro- 
cesses employed to fabricate it. 

Robert A. Ridout, WASUXK 
McHenry, Illinois 

autotune circuit 
Dear HR: 

Shown in fig. 1 is a circuit, road 
tested on a Heath HW-7, that can be 
used for "touch tuning" .a vfo. S1 
and S2 are momentary pushbutton 
switches. S1 provides down-frequen- 
cy tuning and S2 allows up frequency 
tuning. The tuning rate is controlled 
by the time constants R1-C1, for 
down, and R2-C1, for up; the values 
given are for about 5 seconds per 
kHz. Nothing is critical, the jfet is a 
4/$1 .OO special, and the rf choke and 

capacitors were chosen by "reach." 
R3 provides current limiting at about 
2.5 mA, and R4 is for insurance. 

The idea is presented as an effort 
to eliminate the mechanical mish- 
mash that is often' associated with 
dial drives. Using this circuit with a 
frequency counter for readout will 
provide a rather neat receiver. Such 
niceties as variable or selectable 
R1 C1 lR2C2 time constants could be 
added. 

Roy Propst, K4JFZ 
Carrboro, North Carolina 

fig. 1. MOUNTED 
1 -  
I MOUNTED TO 

EXTERNALLY OSCILLATOR 
I 
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1 FREE: HII.TRONIX 1979 SWI~I clock 111 - with 
nurchase of anv Freauencv Counler. 

PRE-SCALER KlTS 
HAL300PRE ............................................... Slk05 

(Pledrllled 0.10 board and all components) 
HAL300UPRE .............................................. W4.85 

(Same asabove but with preamp) 
............................................... HALWOPRE $29.85 

(Pro-drllled G-10 board and all components) 
HALWOUPRE .............................................. $39.85 

I (Same as above but w ~ t h  p r ~ m p )  

DELUXE 12.BUTTON TOUCHTONE ENCODER KIT utlllzln the new ICM 
7206 chlp. Provldes bolh VISUAL AND AUDIO indications! %me9 with Its 
own lwc-tone anodized aluminum cabinet Measures only 2.34' x 3Y4'. 
Com~lele with Touch.Tone pad. board, crystal. chap and all necessaw corn 

n&tstotinish the kit. 
RICEDAT S29.05 go . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

For those who wlsh lo  mount the encoder In a hand.hald unlt, the PC board 
measures only 9/16' x 1.34'. Thls panlal k l l  wllh PC board, crystal. chip 
and components. 
PRICEDAT ................................................. $14.05 
ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE 
VERY POPULAR WB4WF ACCUKEYER ORIGINALLY DESCRIBED BY 
JAMES GARRETT, IN OST MAGAZINE AND THE 1975 RADIO AMATEUR'S 

Sl(1.95 

..... 

CLOCK KIT - HAL 79 FOUR.DIOIT SPECIAL - $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 0.10 PRE-DRILLED PC BOARDS. 1 
CLOCK CHIP 6 FhlD 359 READOUTS. 13 TRANSISTORS. 3 CAPS 9 RESlS 
TORS. 5 DIODES 3 PUSH BUTTON SWITCHES POWER TRAN~FORMER 
AND~NSTRUC~IONS 
DON T BE FOOLED BY PARTIAL KlTS WHERE YOU HAVE TO BUY EVERY 
THING EXTRA ~ - 

PRICEDAT 112W 
CLOCK CASE Available and wlll t l l  any one of the above clocks. Regular 
Prnr. sfi 5n But OnlvY.43rh.n W h l  with clock. ...... ...., ........ 
slll.nlnlT Al ARM CLOCK KIT lor hamscamoer. RV. or Ilelddav usa. Omr. - ... - . - .... - ............ 
ales on I 2  ra I AC or DC. and has;tsi&n &HZ l8ma base 06 the board. 
Comptele *.In a electron c components and twwplece, predr~lled PC 
hrards Board sue 4' r 3' Comolete wllh Speaker an0 sw~tches If operaled 
GbcTihe ie  lsnbihing more tobuy: 
PRICEDAT Sl6.W 
'Twelve-volt AC llne cord for lhose who wlsh to operate the clock from 
,,nun,, A? 12.50 . ." .- .. .- 
SHIPPING INFORMATION - ORMRS OVER $15 w WILL BE sn lmo  ~ S I P ~  D 
t r l l P l  I h TtMS dnFRE ADDITIOhAL CHARGES ARE REOUESTED ON ORDERS IF% 
InAr. 1 1 5 0 3  PLEAS( NCLuOE ADDITIONA. I t  00 FOR HANDLlhG Ah0 MAI. hG 

N O W  A N  ALUMATOWER 
DISTRIBUTOR 

P. 0. BOX 1 101 
HAROLD C. NOWLAND sourk!GATE MICH. 48195 

1 WBZXH WONE (313) 2851782 

LINEAR AMPLIFIER 
TPL proudly presents the first t r u e  power 114KW 

mote cnntml plug allows 
l oopeme rrlth lhe ampti- 

tier ON or OFF, or In 
SSBIAY. FY  w CW 

from ths dashboard. 

of the ar teng l rming lncludlng m k m  
alrlp circuIIt'y and modular conslructlon. Tho t h m  A w l  transimton 
comblne to produce 250W whsn drlven by 15W or mon at 13.8VDC. 

POWER INPUT: HARMONIC ATTENNATION: 
5-20W Carr iu F Y  or CW AII ~ a m u m l c s  l n s n w t e d  
20W PEP maximum SSB or AY 60 dB or GretI1.r 

POWER OUTPUT: CURRENT DRAIN: 
200-2MW carrier FY  or CW FM-40 Amps Q 250W 
3M)W PEP SSE or AY SSB-30 Amps @ 3WW PEP 

FREQUENCY R I M E :  DUTY CYCLE: 
14410 14EYnz' FMSOX@lSOW 33%@25OW . will operam with d IgM SSB 60% @ 15OW SOX @ 250W 

depr.dat~on .I 142 - 150 urn. uoac ?om $499.00 
can b. ordered Iw rapater appli&kn 

Iw addllional lniamutlon cont.d 

1324 W. 135TH ST.  GARDENA. CA 90247 (213) 538-9814 

UN~.: ~.nm ~ndustde* ~td.. 11458.lluny Pd . ~ o u g n .  OnlMoMIH In5 
bpm: E M U  lm..?SU)South 3nh Avenue. HaIIaM.le. Flwld.UMB 

"CALL FOR QUOTE" 

KENWOOD 
TS-520SE 

MADISON ELECTRONICS 
SUPPLY, INC. 

1508 McKinney l Houston, TX 77002 
(71 3) 658-0268 

MASTERCHARGE VISA 
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CALL TOLL FREE 
1 Hv-Gain 2-Meter Hand-Held I 

Amateur Transceiver 

SPECIALLY 
PRICED 

LOW 50.1. 6-ch*nnU hand-Md m.ldn W-tb 

. . 
Shuply 1un.d a I q m K y  u k U v l h  ul h. RF 
*rnplllkr SUpn plus FETSInth1mt.n#ZMml..n 
1-r r(rtu.1 Immuniu)r 10 lul-ol-band dpn.1. 
lnl.rmOduI#lmn u s t o m a  m d  cms-moduhlnon . Lwrmle m8srwphon .M .pmkcr u-"1% lor 
.nhY)C*a ."#I0 

1opmunl.d ca l ro ls  lor Ins1.nl .ccesr 
ASC...Or*.: 

I PI*. 

'I 9? 
Communications Center 

443 N. 48th. Lincoln, Nebraska 68504 In Nebraska Call (402)466-8402 

1.800.22&4097 
Communications Center 

443 N 48th Street 
Lincoln, Nebraska 68504 

In Nebraska Call (402)466-8402 

H Y - G A I N  

Regular Special Regular 
THeDXX Super Thunderb~rd $329.95 $259.95 18HT Hy-Tower 80.10M verttcal $359.95 
TH3MK3 3 el 10-15-20M beam 222.95 179.95 18AWNVB 80-10M Trap vertical 105.95 
TH3JR 3el 10.15-20M beam 169.95 139.95 14AVONVB 40-10M Trap vertleal 69.95 
Hy-Ouul 2el. 10-15-20M Quad 274.95 219.95 12AVO 20.10M Trap Vert~cal 42.95 
205BA 5el "Long John'' 20M beam 329.95 259.95 14RMO Roof Mountmng k ~ t  Ivert~ealr) 33.95 
155BA 5 el "Long John" 15M beam 199 95 159.95 5BDO 80-10M Trap doublet 109.95 
105BA 5 el."'Long John" 10M beam 129.95 109.95 ZBDO 80-40M Trap doublet 59.95 
ZO4BA 4 el 20M beam 249.95 199.95 668 6 el. 6M beam 11 9.95 
204MK5 5 el converrton kdt 99.95 79.95 203 3 el 2M beam 15.95 
1538A 3el. 15M beam 89 95 79.95 205 5 el 2M beam 21.95 
lO3BA 3 el. lOM beam 74 95 59.95 208 8 el 2M beam 29.95 
402BA 2 el. 40M beam 239.95 189.95 214 14el 2M beam 34.95 
BN.86 Balun for beam antennas 15 95 15 95 LA-1 Deluxe ltghtn~ng arrestor 59.95 
THZMK3 2 el 10 15 20M b a r n  149.95 119.95 TH5DX 269.95 

M O S L E Y  Regular Special 
Classic 33 3et 10. 15. 20 Mtr. beam 304.75 209.95 
Classic 36 6el. 10. 15.20Mlr. beam 392.75 249.95 
TA-33 3el. 10.15.20 Mtr. beam 264.00 189.95 
TA-36 6et. 10. 15. 20 Mtr beam 392.75 249.95 
TA-33Jr. 3el 10. 15. 20Mtr beam 197 00 149.95 
TA.40KR 40 Mtr. Add On 119.95 89.95 

C U S H C R A F T  
ATE-34 4ele 10, 15. 20 Mtr, beam 289 95 219.95 A147.11 11 ele 146.148 Mhz beam 36.95 
ATV-4 10. 15, 20. 40 Mtr. Vertical 89.95 69.95 A147-22 22 ek.  Power Pack 109.95 
ATV-5 10. 15. 20. 40, 80 Mtr. Vertical 109.95 89.95 A1U-1OT 2 Mtr "Twist" 10 ele. 42.95 
ARX-2 2 Mtr. Rlngo Ranger 39.95 32.95 A144-20T 2 Mrr. "Twist" 20 ele. 62.95 
A R 6  6 Mtr. Rlngo 36.95 32.95 A147-ZOT 2 Mrr. beam 62.95 
ARX-220 220 Mhz. Rtngo Ranger 39.95 32.95 A4J)-11 432 Mhz. 11 ele. beam 34.95 
ARX-450 435 Mhz. Rmgo Ranger 39.95 32.95 A4J2-20T 430-436 Mhz. Beam 59.95 
A144-11 11 ele. 144-146Mhz.beam 36.95 30.95 

H U S T L E R  
OTBA 3ele; 10. 15, 20 Mtr, beam 259.95 18995 
4.BTV 10-40 Mtr. Vertlcal 9995 79.95 
5-BTV lOSO Mtr. Verrncal 134.95 99.95 
RM-75 75 Meter Resonator 16.95 14.50 
RM-75s 75 Meter Supr  Resonator 31.95 27.50 
G6-1448 2 Mtr Bare Coltnear 79.95 59.95 
G7-144 2 Mtr Bare Collnear 119.95 89 95 

ROTORS 
HAM 4 $149.95 T2X Ta~lwsCw $199.95 Allimna HD735109.95 

Call for prlces on rotor cable. Coax, Towers, and Accessories. All prices do not include shlpplng. 

We carry all m ajor brands of ham radios 
AT DISCOUNT PRICES 

Special 
$289.95 

84.95 
57.00 
34.95 
29.95 
89.95 
49.95 
99.95 

49.95 
209.95 

30.95 
89.95 
34.95 
52.95 
52.95 
29.95 
49.95 

Kenwood - Yaesu - Drake - ICOM- Dentron - 
Ten-Tec - Swan - Tempo - Midland - E.T.O. - Wilson 



products 

For l iterature o n  any of the  new 
prqducts ,  use  o u r  Check-Off 
service o n  page 118. 

memory keyer 
Announcing Con-puter 1, the total- 

ly new type of memory keyer for 
Amateur Radio CW contests or 
casual operation. Con-puter 1 permits 

the operator to  store contest ex- 
change messages which contain seri- 
al numbers. Such exchanges are re- 
quired in the Sweepstakes, WAE, 
V K / Z L ,  a n d  many  o the r  C W  
contests. 

After initial storing of desired con- 
test messages by the operator, Con- 
puter 1 automatically inserts the cor- 
rect serial number. This number is 
also displayed. Each time the mes- 
sage is initiated, the serial number 
automatically increases by one, and 
the complete message, with number, 
is sent without further attention from 
the operator. Numbers up to 9999 
can be accommodated. 

Con-puter 1 also contains a lead- 
ing-zero option which, when acti- 
vated, automatically places zeros in 
front of numbers less than 100. The 
memory and address locations are 

digitally displayed for loading conven- 
ience. Con-puter 1's front panel has 
been kept simple for operating ease. 
It operates like a regular memory 
keyer when the serial number feature 
is not needed. Approximately two 
hundred characters may be stored in 
the four primary and four secondary 
message locations. The keyer has 
built-in sidetone and speaker. Either a 
regular or iambic key paddle may be 
used. Continuously adjustable keying 
speed is 5-60 WPM. Power require- 
ments are 120-volt ac, 60 Hz, or 12- 
volt dc. Memory contents may be 
protected against power loss by con- 
necting an external battery to termi- 
nals provided for that purpose on the 
rear panel. 

The heavy duty aluminum cabinet 
measures 30 x 9 x 25 cm (12 x 3% 
x 10 inches). Price is $379 fully 
assembled, shipped prepaid and 
guaranteed. The operator's manual 
may be purchased separately. For in- 
formation, contact Con-puter 1, 3006 
Lockheed, Midland, Texas 79701. 

low-cost portable dmm 
The Model ME-521DX multimeter 

is a 3%-digit battery-powered unit. It 
features a high-low ohm switch for all 
ranges, five function modes, auto- 
matic zero adjustment, automatic po- 
larity, and overload protection. 

Low current drain ensures long 

battery life and thousands of meas- 
urements without the need for bat- 
tery replacement. This accurate and 
completely portable device has volt- 
age measurement capability to 1000 
Vdc and 600 Vac. a current measure- 
ment range to 1000 mA (ac or dc), 
and a resistance measurement range 
to 20 megohms. Accuracy is typically 
0.5 per cent. 

For more information, contact 
Soar Electronics Corporation, 813 
Second Street, Ronkonkama, New 
York 1 i n s .  

SD-1 sequential decoder 
A new product announced by 

Communications Specialists is the 
SD-1 Two-Tone Sequential Decoder. 

This microminiature product meas- 
uringjust3 x 4 x 2cm(1.2 x 1.67 
x 0.65 inches) will fit all mobile units 
and most portables. 

It uses plug-in, field-replaceable, 
K-2 frequency determining elements 
available in all EIA tone frequencies 
from 268.5 Hz to 2109.0 Hz. 

Power requirements are 6 to 16 
Vdc unregulated at 10 mA. Reverse 
polarity and over-voltage protection 
are built-in. All connections to the 
board are made with push-on con- 
nectors, and color-coded wires are 
furnished. 

The SD-1 may be driven by the dis- 
criminator, audio stages, or from the 
speaker circuit. Switched outputs in- 
clude high-current closure to ground 
for a horn relay, a latched high- 
current closure for a call light, and a 
latched low-current, high voltage cir- 
cuit to unmute the receiver. 
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The unit is completely immune to 
rf, and comes complete with univer- 
sal mounting hardware. A full one- 
year warranty applies when the unit is 
returned to the factory for repair. 

wired, tested, and complete with 
two K-2 elements, the SD-1 sells for 
$59.95. For additional information 
contact Communications Specialists, 
426 West Taft Avenue, Orange, 
California 92667. 

Bird 300-watt dry r f  load 
resistor 

Bird Electronics has a new 300- 
watt high-power coaxial load resistor, 
which supplements their Bird Dry 
Loads group ranging from 2 to  600 
watts. The new model is designated 
no. 8173. It handles 300 watts contin- 
uous duty. Voltage standing-wave 
ratio is 1.1 maximum from dc to 1000 
MHz; 1.25 maximum from 1000 to 
2000 MHz. 

A data sheet on all Bird Terma- 
lineR dry rf coax load resistors, includ- 
ing the new model 8173, is available 
from Bird Electronic Corporation, 
30303 Aurora Road, Cleveland, Ohio 
44139. 

TH5DX for 10-15-20 
meters 

Hy-Gain Electronics, division of 
Telex Communications, Inc., has in- 
troduced the newest member of its 
famous Thunderbird line of tri-band 
antennas. The TH5DX offers out- 
standing performance on 20, 15, and 
10 meters. It features five elements 
on a 6-meter (18-foot) boom, with 
three active elements on 15 and 20 
meters and four active elements on 
10 meters. The TH5DX also features 
separate air-dielectric Hy-Q traps for 
each band. This allows the TH5DX to 
be set for the maximum FIB ratio and 
the minimum beam width possible for 
a tri-band antenna of this size. Also 
standard on this antenna are Hy- 
boom-to-mast bracket and taper- 
swaged elements. Write Hy-Gain, 
8601 N.E. Highway 6, Lincoln, NB 
68505. 

450-MHz power 
amplifiers 

Telco Products Corporation an- 
nounces a complete new ULTRA 
series of 450-MHz rf power amplifiers 
specifically designed for Amateur, 
police-, emergency-, business-band, 
and Class-A CB radio applications up 
to 50 watts. The new ULTRA line 
uses the most advanced state-of-the- 
art technology: strip line construc- 
tion. 

Four new ULTRA uhf power-ampli- 
fier models are American manufac- 
tured in full compliance with latest 
FCC specifications: 

ULTRA I 1-2W input, 15W output. 
Ideal for use wi th low- 
power, hand-held trans- 
ceivers. 

itiaal -L- 

a!" &pB?L--71~ 
ULTRA II 3-5W input, 25W output. 

Puts you a cut above the 
rest. 

ULTRA Ill 3-5W input, 50W output. 
The legal limit for Class-A 
CB radio. 

ULTRA IV 3-5W input, 100W output. 
The ULTRA-powered am- 
plifier for maximum out- 
put. 

Suggested retail prices for the 
ULTRA amplifiers are: ULTRA I 
$259.00; ULTRA 11 $289.00; ULTRA 
111 $379.00; and ULTRA IV $499.00. 
The frequency range of these ampli- 
fiers is 400-512 MHz. Please specify 

your transmit frequency with your 
order. For additional information con- 
tact Telco Products Corporation, 44 
Sea Cliff Avenue, Glen Cove, New 
York 11542 or call (516) 759-0300. 

CDE antenna rotors 
Two new high-performance anten- 

na rotor systems, the Ham lVTM and 
the CD-45, have been introduced by 
Cornell-Dubilier Electric Corporation 
of Newark, New Jersey. 

The new Ham IV is designed for 
large communication antenna arrays 
of up to 15.0 square feet wind load 
area, tower mounted. Highlights of 
the Ham IV include power braking, 
machined steel drive gears, dual 
transformer circuitry, and other de- 
sign features to  make it the choice of 
serious communicators. 

The new CD-45 accommodates an- 
tenna arrays of up to 8.5 square feet 
wind load area tower mounted, and 
features a professionally styled con- 
trol unit, illuminated metered read- 
out, all-steel drive components and 
automatic disc braking. 

Both the Ham IV and the CD-45 
operate at safe, low-voltage control 
levels, with reliable snap-action rota- 
tional controls for accurate, trouble- 
free operation. For more information, 
write Leonard Sabal, Cornell-Dubilier 
Electric Corporation, subsidiary of 
Federal Pacific Electric Company, 150 
Avenue L, Newark, New Jersey 
07101. 
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You can't 
tell the players 
without a I 
scorecard! HA I 

Order today! 
NfW 1980 
RADIO AMATEUR CALLBOOKS I 
READY DECEMBER IST! I 

new tower from Tri-Ex 
Tri-Ex Tower Corporation intro- 

duces the Super 2-25. Flush joints, a 
new concept in tower engineering de- 
sign, enables this tower to be a full 3 
meters (10 feet) high. Flush joints 
tend not to freeze into the next sec- 
tion, making it easy to disassemble 
and reuse the tower. This flush joint 
is backed up by an inner joining 
sleeve, which adds strength and 
makes it easier and safer to add on 
tower sections. 

For further information contact 
Frank Cavallaro, Tri-Ex Tower Cor- 
poration, 7182 Rasmussen Avenue, 
Visalia, California 93277. Telephone: 
(209) 732-8383. 

test clip and IC puller 
AP Products has a new test clip 

designated Super Grip II. It features a 
narrower noise clearance, which 
easily attaches to  high-density 
boards. ICs with as little as 1 mm 
(0.04 inch) between opposing legs 

The latest ed~t~ons will be publ~shed soon! I I can be tested. 
World-famous Radlo Amateur Callbooks. the A new "duck bill" contour has 
most respected and complete llstlng of radlo 
amateurs LIS~S calls, llcense classes, ad. 
dress lnformatlon Loaded w ~ t h  speclal fea- 
tures such as call changes, pref~xes of the 
world, standard tlme charts, world-wlde OSL 
bureaus and more The new 1980 Callbooks 
wlll be available on December 1. 1979 The 
U S Ed~t~on teatures over 400.000 Ilstlngs. 
over 120.000 changes lrom last year The 
Fore~gn Edltlon. over 315.000 Ilstlngs. over 
90.000 changes Place your order now 

L C I ,  Shlpplnp TMIl 

US Callbwk $1695 51 7'1 $18 70 

Fore~gn 
Callbwk 11595 S l  75 $17 70 

Order bolh bwks a1 Ihe same llme lor 534 65 lncludes 
shlpplng 

O!ac! I ron  v o v  farof fr P prl!on.cs den el or fl'ecr lrom roe 
p.b!sre! A, auec' Ofdrrs aaa I' :\ 101 SnOe~nQ nos  
resldenls add 5% Sales Tax 

SPECIAL LIMITED OFFER! 
Amateur Radio 
Emblem Patch 

lkM;cuR only $2.50 postpaid 

Pegasus on blue field, red letter~ng. 3 "  wlde x 
3 "  high. Great on lackets and caps. Sorry. no 
call letters. ORDER TODAY! 

RAM0 AMATEUR callbook 1Nc. - - ~- 

Dept. FB 1 
925 Sherwood Drfvs 
Lake Bluff. I1 BOOU 

been added to the contact tips for 
more secure contact with DIP ICs. 
Combined with AP's "contact comb" 
construction, the Super Grip II test 
clips provide positive, reliable, no- 
shorting connections every time. Off- 
set pin rows make it easier to attach 
test probes. "Button heads" on the 
pin ends prevent probes from sliding 
off once they're in place. 

Heavy-duty springs apply firm con- 
tact pressure for testing - hefty grip 
when pulling ICs. Industrial-grade 
nylon forms the test-clip body, which 
is integrally molded around contact 
pins and the steel pivot pin in the 
hinge. 

AP Super Grip II test clips are avail- 
able in 8-, 14-, 16-, 18-, 20-, 22-, 24-, 
28-, 36-, and 40-pin configurations. 
For more information on Super Grip II 
test clips, contact your nearest AP 
distributor or sales representative. His 
name, address, and phone number 
can be obtained quickly through AP's 
toll-free number: 800-321-9668. 

f m  adapter for FTlOl 
Holdings of Blackburn (England), is 

offering a new fm adapter for the 
Yaesu FT101 E and FTlO1 F transceiv- 
ers. The unit is contained in a small 
box that fits nicely on top of the FT 
transceiver, similar to their "G3LLL 
RF Clipper," which has been popular 
for some time. 

The transmitter portion of the 
adapter has built-in clipping, filtering, 
and variable pre-emphasis, which 
provides good audio quality and ef- 
fective communications through the 
clarifier circuit of the transceiver. 

Modified FT101 transceivers can be 
used on the 10-meter fm  channels, or 
they can be fitted with a transverter 
for use on the various vhf and uhf 
bands. Installation is simple, and 
complete instructions are included 
with the unit. 

The FTlOl fm adapter can be ob- 
tained through the Fox-Tango Cor- 
poration, Box 15944, West Palm 
Beach, Florida 33406; or directly from 
Holdings of Blackburn Ltd., 39/41 
Mincing Lane, Blackburn, BB2 2AF 
England. 

modular towers for 
fixed-station or 
portable use 

A new line of towers is offered by 
Lunar Electronics of San Diego, Cali- 
fornia. Modular design makes these 
towers a natural for site surveys, field 
operation, and portable communica- 
tions of all types including Amateur 
Radio EME work. 

The towers are made of aluminum 
angle pieces, which bolt together to 
form a sturdy structure that can sup- 
port considerable antenna arrays. 
The basic tower package (model 
LT-1) consists of a quadrilateral base, 
rotor and thrust-bearing mounting 
plates, and one modular tower sec- 
tion. The LT-1 yields a 3.4-meter-high 
(1  1-foot-high) structure when 
erected. Add-on modular sections 
(model LT-2) are 1.8 meters (6 feet) 
long. These add-on modular sections 

I 
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can increase tower height to nearly 9 
meters (30 feet). 

The tower can be readily mounted 
on flat or peaked roof tops. A length 
of 2 x 4 lumber placed under each leg 
pair provides a simple and effective 
mount. The 2 x 4s help to distribute 
tower weight over several roof joists. 
The modular tower sections must be 
guyed. Optional stainless-steel hard- 
ware is available (S suffix). 

The tower is built from aluminum 
angle, so it forms its own ladder 
when properly erected and guyed. 
The baSe span is 109 cm square (43 
inches square); tower sections are 24 
c m  square (9.5 inches square). 
Weight of base and lower tower sec- 
tion is about 25 kg (55 pounds). Each 
additional tower section weighs 
about 10 kg (22 pounds). Installation 
is an easy two-man job. 

Further information is available 
from Lunar Electronics, 2785 Kurtz 
St., Suite 10, San Diego, California 
92110, (714) 299-9470. 

Communications Corporation, 1819 
S o u t h  C e n t r a l ,  #46,  K e n t ,  
Washington 98031. 

1 FEATURING THIS MONTH: 1 incaps 
A family of unique electronic parts 

that can reduce the cost and com- 
plexity of television sets, radios, and 
other electronics equipment was 
announced recently by the DEE Com- 
p a n y  o f  M i c h i g a n .  l n c a p s *  
(Inductor-Capacitor) are single, low- 
cost components that replace the 
separate inductors and capacitors tra- 
ditionally used to build series- or par- 

YAESU - The New FT-207R 
Programmable Hand-Held 

and 
The Sensational FT-901 
Series HF Transceivers 

ASTRON - 35-Wan Amplifiers 
In Stock! 

ROBOT - Amateur TV Gear 

DENTRON - FantasticClippertonL. 1 BuyNOW - 1 SPECIAL PRICE! 
SEE OUR NEW 
COLLINS UNIT 

) FAMOUS BRAND NAMES 4 

t - IN STOCK - 

t 
AEA COLLINS 
ALDA CUSHCRAFT 
ANTENNA DSI 

SPECIALISTS DEMRON 
ATLAS DRAKE 
B & W  ElMAC 
BIRD E-Z WAY 
COMMUNICATIONS HY-GAIN 

SPECIALISTS ICOM 

KDK 
KLM 
MFJ 
MIRAGE 
MOSLEY 
MURCH 
N1:WTRONICS 
ROBOT 

ROHN 
SHURE 
STANDARD 
SWAN 
TEMPO 
TEN-TEC 
TRI-EX 
VHF 

1:NGINEERING 

automatic 
microprocessor 
encoder 

A new, sophisticated, micropro- 
cessor-controlled encoder has been 
introduced by U.S. Communications 

We also have: 
ANTENNAS FOR HF & UHF 
ROTORS 
TOWERS 
REPEATERS 
MICROPHONES 
KEYS L KEYERS 
TUBES and much. more 

Corporation of Kent, Washington, a 
major supplier of mobile telephone 
automation equipment. These MICRO- 
CODER units ere completely keyboard 

allel-tuned resonant circuits that are 
the heart of many circuits. The use of 
lncaps can reduce the parts count in 
these basic circuits by up to 50 per 
cent. An article in the February, 1979, 
issue of QST discussed the develop- 
ment of lncons and how they may be 
used for various filtering require- 
ments. 

A brochure which describes the 
various styles of Incaps, and shows 
experimental RFI and TVI filters is 
available upon request from A. C. 
Doty, Jr., The DEE Company of 
Michigan, 8360 Rushton Road, South 
Lyon, Michigan 48178. 

programmable and offer lighted key- 
pad, ANI, positive disconnect, last- 
number recall, ten 15-digit number 
memory storage, call routing, and 

Yes. we have JUST CALL OR 
ElMAC Tuhes WRITE FOR THE 
&Chimneys. BARRY PRICE: 
and YAESU BETJERSTlLL . . . 
Replacement STOP IN!! 

Tuhes In stock! ' AOUISE 
Repair lab 

on premises. ESPANOL 

many other features and functions. 
The user can program and recall 

memory dial numbers at will, and a 
special electronic lock prevents un- 
authorized changing AN1 or other 
functions once they are programmed. 
Model MT-141 is designed for DTMF 
dial encoding, with DTMF ANI. The 
MT-141 is self-contained and will in- 
terface with a standard dash-mount 
transceiver through the microphone 
jack. For applications, information, 
brochures, and pricing, contact U.S. 

'Incap is a trademark of The DEE Company of Michi- 
gan, with registration pending. 
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fet probe 
application note 

What does the oscilloscope user 
gain in return for the added expense 
of an fe t  probe; what are its advan- 
tages and limitations? 

A new application note, "FET 
Probes: The Next Step in Quality 
Signal Measurements (AX-3580)" 
by Ron Lang, recently issued by Tek- 
tronix, Inc., answers these and many 
other often-asked questions from 

oscilloscope users. Also presented cavity filter 
are graphs, schematic diagrams, and 
simple equations dealing with probe 
response to various types of signals 
and signal sources. It's a valuable 
teaching aid for vocational schools 
and industrial training courses, as \ 

*- 
I well as being an informative guide. i' 

This free application note may be 
obtained by writing Julie Schmit, 
Delivery Station 76-260, Tektronix, 
Inc., Post Office Box 500, Beaverton, 
Oregon 97077. 

KLAUS QUALITY AMATEUR RADIO 
EQUIPMENT & ACCESSORIES 

KENWOOD 

TS 520 S TS 600 TS 820 S 
HF TRANSCEIVER MULTIMODE 6 M HF TRANSCEIVER 

TRANSCEIVER 

. . . ca l l  or write for the KLAUS pr ice.  . . 
YAESU 

HF TRANSCEIVER 2 METER FM TRANSCElVER 

. . . ca l l  or write for  the KLAUS price. . . 
CUSHCRAFT 

.C 

We have a complete stock of Cushcraft antennas - too many to 
mention in detail, so ask about our 2.meter line of verticals and 
beams for special low, low prices. 

&LAUS RADIO I",. 
8400 N. Proneer Parkway, Peorra, IL  61614 

Phone 309-691-4840 
Tim Daily, Amateur Equrpment Sales Manager 

Wacom Products, Inc., a manufac- 
turer of duplexers and coaxial cavity 
filters for the two-way radio industry, 
has announced that a patent has 
been issued by the U.S. Patent Office 
on an rf filter network, which the 
company calls the BpBr CircuitTM. In- 
ventor of the filter network is Lloyd C. 
Alcorn, Jr., the company's manager 
of engineering. Application for the 
patent has been pending for over two 
years and was granted on March 21, 
1978, under U.S. Patent 4,080,601. 

The BpBr CircuitTM consists of a 
passive reactance network connected 
in series with single coupling loop on 
the coaxial cavity filter. The filter pro- 
vides frequency-response curves with 
bandpass cavity characteristics at the 
pass frequency and a notch above 
and below the resonant frequency. 
The notch is considerably deeper and 
wider than that of the conventional 
notch filter. Notch frequency is ad- 
justed by varying the length of the ad- 
justable stub on the filter. 

The BpBr CircuitTM filters and du- 
plexers provide impressive perform- 
ance characteristics and are largely 
responsible for Wacom's fast growth 
over the past few years. The products 
are being used extensively by the 
commercial I ind  mobile industry, fed- 



era1 and state governmental agen- 
cies, Amateur Radio groups, and the 
foreign market. 

In addition to a complete line of 
bandpass and band-reject filters and 
duplexers, Wacom offers a wide vari- 
ety of filters and duplexers with the 
BpBr CircuitTM. Models are available 
for operation in the various frequency 
bands between 40-900 MHz. Informa- 
tion on these products can be ob- 
tained by contacting Wacom Prod- 
ucts, Inc., P.O. Box 7307, Waco, 
Texas 76710. Telephone (817) 
776-4444. 

Multicore emergency 
solder melts with a 
match 

Multicore Solders, of Westbury, 
New York, has introduced a new, 
handy, tape-like solder-strip for quick 
on-the-spot soldering repairs. Called 
Emergency Solder, it can be easily 
carried in a shirt pocket or stored 
flat. It requires only the heat of an 
ordinary match or candle flame to 
melt the solder. 

Multiple cores of rosin flux are in- 
corporated into the flat strips during 
the manufacturing process, eliminat- 
ing any requirement for a separate 
fluxing application. The flux is non- 
corrosive and nonconductive, and 
need not be removed after soldering. 

To solder two wires, simply twist 
the wires together, wrap the solder 
strip lightly around them, and apply 

the flame from a match. Move the 
flame slowly back and forth until the 
solder flows into the splice. For larger 
wires, wrap two layers around the 
splice and use a candle to apply the 
flame for sustained heat, Insulating 
tape or sleeving should be used after 
soldering electrical wires. 

To solder sheet metal, the solder 
should be placed either between or 
on the metal parts to  be connected. 
Hold the parts together while apply- 
ing heat from a candle flame or sol- 

dering iron, and then let the joint 
cool. Multicore Emergency Solder is 
suitable for any easily solderable met- 
al. It is not suitable for aluminum. 

Emergency solder is furnished in 
an attractive two-color display pack- 
age with 90 cm (36 inches) of the sol- 
der strip. Complete illustrated di- 
rections for use are included on the 
inside of each package. See your 
local Multicore Solders dealer, or 
write them at Westbury, New York 
11590. 

Now from 
J. W. Miller 
CORPORATION 

Communications 
Essentials 

Coaxial Switches C S ~ M  
2 PositionlModel CS.201 V 
4 PositionlModel CS-401 

Power Ral~ng 2 5 kW PEP. 1 kW CW Ismtbn Bener than 50 dB a1300 MHz. 
lmoedance 500hms better lhan 45dBal450 MHz. 
tnsktilon LO&: Less than .2 dB adjacent temlinal 
VSWR: 1:l.Z Unused terminals grounded 
Maxlmum Frequency: 500 MHz Connectors: SO239 

Exclusive USA agent for these units; 
inquiries invited. 

Write for literature 

J. W. Miller Division 
BELL INDUSTRIES 
19070REYESAM .PO BOX 5825 
COMPTON CALIFORNIA90224 



SST dummy load 
The SST DL-1 is a unique non-cor- 

rosive chemical dummy load which 
has been developed and tested by 
K4RLJ for twelve years. There is no 
other dummy load like it. Unlike 
messy oil-filled dummy loads, the 
DL-1 will not leak. I t  is sealed and 
ready to use. 

ellite reception to f 15 kHz at - 100 
dB for split-channel repeater service. 

The 102 x 109 mm 14 x 4 % inch) 
receiver consists of two PC boards. 
Kits are available for the lo-, 6-, 2-. 
and 1.25-meter ham bands. The kits 
can also be used on adjacent com- 
mercial and weather satellite frequen- 
cies. Prices of the R75 receiver kit 
range from $69.95 to $99.95 depend- - 

ing on crystal-filter option. 
For more information, including a 

catalog on the complete line of Ham- 
tronics kits, call 716-392-9430 or write 
Hamtronics, Inc., 65F Moul Road. 
Hilton, New York 14468. (For over- 
seas air mail delivery or catalog, 
please send four IRCs.) 

CDE antenna rotor 
brochure 

Cornell-Dubilier Electric Corpora- 
tion has released a new eight-page 
color brochure presenting their com- 
plete line of antenna rotor systems. -- Each of the six rotor systems is illus- 
trated and described. They include 
the Tailtwi~ter,~'" designed for king- 

The SST DL-1 is rated at 1000 sized antenna arrays of up to  30 
watts PEP for 15 seconds. High-input square feet wind load area; the new 
to small-size ratio makes it ideal for Ham IV,lM the latest version of the 
base station, portable, mobile, and world-famous Ham Series; the new 
work-bench operation by hams and CD-45, incorporating professional 
commercial users. Accurate readings 
will result when used with SWR and 
power meters. Its SWR is less than 
1.5:1 from 1 to 225 MHz. The DL-1 is 
priced at $17.95, and is available from 
your SST dealer or direct from SST 
Electronics, P.O. Box 1, Lawndale, 
California 90260. 

features at a popular price; the Big 
Talk,TM with IC control that lets you 
preprogram locations most commonly 
used; the AR-40, a deluxe unit with 
solid-state accuracy and silent opera- 
tion; and the AR22XL, a popular- 
priced system with automatic con- 
trol. 

Included in the CDE Antenna Rotor 
Systems brochure is a breakaway 

HamtrOnics - .  R75 vhf fm ~ h o t o q r a ~ h  of the time-tested Bell 
receiver kits kotor,- which illustrates the rugged- 

The model R75 receiver kit is the ness and quality construction that 
fourth-generation receiver by Ham- 
tronics. It incorporates all the pre- 
vious design features plus some new 
ones. Chief feature of the R75 is a 
wide range of selectivity options. 
Four models, with different crystal fil- 
ters, provide optimum selectivity for 
each type of service, ranging from 
f 30 kHz at - 60 dB for weather-sat- 

has made CDE world famous. A com- 
plete specification chart is also in- 
cluded covering all six models. 

For additional information, contact 
Leonard Sabal, Cornell-Dubilier Elec- 
tric Corporation, subsidiary bt Federal 
Pacific Electric Company, 150 Ave- 
nue L, Newark, New Jersey 07101, 
telephone (201 ) 589-7500. 

Don't be one of those who waits 
until the year is half over to buy a 
new callbook. Invest in a callbook 
today and get a full year's use out 
of your purchase. Crammed full of 
the latest addresses and QSL infor- 
mation. 

You'll find: 
Boldface calls, names and addresses 
for every licensed Amateur in the U.S. 

OCB-US Softbound $16.95 

me # Foreign 
~ l l b o o k  

DXing i s  a real joy. but it's even 
better when you get back QSL 
cards from the countries you've 
worked. The most important tool in 
getting those cards is to have a 
copy of the 1980 Foreign Callbook 
on your operating table. Stations 
are listed by country, call, name 
and address in bold, easy-to-read 
type. 

OCB-F Softbound $15.95 

r n R A D I 0 ' S  
BOOIBTORE 

GREENVILLE, N. H. 
(800) 258-5353 1 
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ANTECK, Inc. 
l! 

leoi 
1-7 - 

Phone (208) 423-4100 
BOX 415 - ROUTE 1 
HANSEN, IDAHO 83334 i + Features: 

W STAINLESS STEEL WHIP 

Looking for the Perfect : 
W FIBERGLASS LOADING COIL 

Christmas Gift? w BASETUNED 

THE MODEL MT-1 MOBILE ANTENNA. TUNES 3.2 
,to 30 MHz INCLUSIVE. 750 WATTS P.E.P. FOR 

W LOGGING SCALE 

HAM BANDS, C.A.P. MILITARY, MARS, AND W RESETTABLE T O  EXACT FREQUENCY 

CB. CENTER LOADED FOR HIGH EFFICIEN- 
POSITIVE TUNING LOCK 

CY. ENABLES EXACT RESONANCE TO 
WANTED FREQUENCY. ALLOWS FULL W HEAT TREATED BERYLLIUM COPPER 

OUTPUT FROM NEW SOLID STATE 
CONTACTS 

TRANSCEIVER FINALS. NO WORRY W NO COILS T O  CHANGE 

ABOUT REDUCED OUTPUT FROM 
W CORRELATION CHART FROM LOGGING 

SHUT DOWN CIRCUITS. ATTRAC- SCALE T O  FREQUENCY FURNISHED 
TIVE BLUE AND GRAY FINISH, 
STURDY, SOLID CONSTRUC- W MODULAR CONSTRUCTION FOR EASY 

ROAD HAZARD REPAIR AND SERVICE 
' 

TION, UNAFFECTED BY MOIS- 
TURE AND THE ELEMENTS. W 90 DAY WARRANTY - FACTORY SERVICE 

TUNED FROM THE BASE TO W NO TUNERS O R  IMPEDANCE 
ELIMINATE BEND OVER OR TRANSFORMERS REQUIRED: 50 OHMS INPUT 

REMOVAL FROM ANTEN- 
; W LESS THAN 1.5 T O  1 VSWR - 

NA MOUNT FOR f RE- f ANY FREQUENCY WITHIN THE TUNING RANGE. 
QUENCY CHANGE. t 3.2 MHz T O  30 MHz INCLUSIVE 

I I Maximum length - 116 inches - at 3.2 MHz 

PROVEN PERFORM- ' 1 Minimum length - 92.5 inches - at 30 MHz: 
3/8-24 Base Mount (Standard) 

ANCE WITH TR-7, Patents applied for. 

TS-180, TS-120 AND ~ o t  an ~mport. manufactured entirely ~n the U S A. 

ICOM 701, AND ALL Dealer Inquiries Invited PRICE - $1 19.95 
POPULAR SOLID Effective Jan. 1.1980 price increases to 5129.95 - order now! 

STATE FINAL RIGS 
r-------------------- 

Contact your local dealer o r  order below 
I Name 

I Address 

I City 

I State ZIP 

I Total 

I Parcel Post or UPS Shlpplny $7 O0 
Cont,nrn,ai 1 lrnlf5 

I Idaho Res~dents Add 3% Sales Tax 

I Total Enclosed 
( Master Charge or VlSA 

I Bank No Explratlon Date 

I 
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. .  Not because w e  say so, but because they say so. 

Y Y  of audio magazines ,,,,,, ,cramen,,, ,, 

Audio Amateur is a magazine that  continues a great 
American tradition-a tradition that  loves tinkering 
and experimentation and embraces rather than 
eschews technology. Readers of this magazine. I 
suspect, don't simply discuss the latest heavily 
agver t i sed "quantum leap" fo rward .  TAA 
subscribers are impressed more by an interesting 
project they can build from scratch. They love to  ex- 
tract, by modification, the greatest possible perfec- 
tion from classic and recently introduced audio pro- 
ducts. 

Like the New Yorker, the Audio Amateur 
publishes articles t h a t  a re  measured and 
thoughtful, articles that  are beyond superlatives by 
the bushel basket found in most of the mass cir- 
culated audio magazines. The reasoned tone results 
in part from the considerable contributions made by 
English writers, including the late B.J. Webb. Ed- 
ward T. Dell, Jr. ,  the editor, almost always includes a 
thoughtful editorial tha t ,  alone, is worth the cost of 
admission. Unlike some of the little audiophile 
magazines, TAA is generally beyond clannish 
allegiance t o  a few manufacturers. Articles on pro- 
jects t o  construct and modify appeal to  the fondness 
of its readers for a wide range of projects. 

Audio Amateur has served up a smorgasbord of 
projects over its ten year existence. How t o  properly 
adapt a Grace arm t o  an AR turntable, build a record 
cabinet, modify a Formula-4 tonearm to  improve low 
frequency reproduction, or build a 10 dollar three- 
element Yagi antenna have all been offered as  ap- 
petizers, projects tha t  require some familiarity with 
tools and a few nights of your time. The main course 
offerings demand various degrees of more 
sophisticated electronic skill. If you've only assem- 
bled a one tube radio (twenty years ago), many of 
the electronic projects are going t o  be more than 
you can chew. Numerous past articles have shown 
how to  improve classic Dynaco products. Recently. 
Nelson Pass of the  Threshold Corp. discussed how to  
build a 40 wat t  per channel class A amplifier. Elec- 
tronic articles typically assume an ability t o  find the 

parts necessary to  build the projects. Chances are 
you'll spend some time searching through parts 
catalogs and local surplus houses before you can 
begin t o  wade into the actual construction. 

Sophisticated articles that  examine specific audio 
problems but do not involve building projects also 
abound. Walt Jung, contributing editor. has discuss- 
ed slewing induced distortion in amplifiers in a series 
of articles. How we actually perceive sound and how 
many speakers may be necessary to  recreate the 
closest possible approximation of the live event has 
also been discussed. 

If speaker building is your forte, past articles have 
dealt with horn loaded and transmission line 
designs. Instructions on how to  build electrostatic 
transducers from scratch, and box fabrication for 
sub-woofers with an accompanying active crossover 
have also been features. It's a measure of TAA con- 
tributor ingenuity that  a complex driver like the Heil 
air-motion transformer has been built by an 
amateur - complete instructions on how t o  build a 
home version of the large Heil appeared in the 
magazine in 1977. 

An excellent analysis of recently introduced audio 
kits is a regular feature. K i t  reviews are technically 
very thorough and are often more objective than 
you find elsewhere. A regular feature. "Audio Aids," 
offers all kinds of informative hint3 from readers. A 
letter secticn from readers comments on past ar- 
ticles and present concerns and lends a thoughtful 
and inquiring tone t o  the magazine. Adver- 
tisements, themselves, are often helpful t o  the 
reader since many of the ads list parts that  are vital 
for project construction. Most of the better kit 
manufacturers also advertise in Audio Amateur. 

If you are already an audio craftsman, or would 
like t o  become one. Audio Amateur is an excellent 
touchstone. For less than the price of a good meal 
and a movie ticket, you can receive four issues a 
year. -George Hortin, Staff Writer 

INPUT, published by ESS. Inc. 
961 3 Oates Avenue 

Sacramento CA 95827 

...... "*. : ........................................................................................................................................................... 

I THE AUDIO AMATEUR is the only U.S. publication I 
~end'coupon to: The AUDIO AMATBUR Magazine, PO BOX 176. Dept. Hz', Peterborough NH 03458 know of devoted exclusively to the home builder and 

Send me one vear (four issues) at $12. (add $2 outside USA.) exoerimenter in audio. The maior distinction of this , , 
Charge card subscribers, Include all numbers 6 your slgnalure 

Here's my $3.50 for my sample issue, which I can apply toward a subscription later. 
Tell me more about The Audlo Amateur. 
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magazine is that i t  is written by doers. Thus its pages 
contain useful information, not just another collection 
of mystic reviews. Its information content on con- 
struction projects, sources of parts, and basic audio 

NAME 
Street & NO. 
Town S t a t e d I P  
........................................................................................................................................................................ 

and electroacoustic theory make it one of the outstan- 
ding values for the amateur. 

W. MARSHALL LEACH, Jr., 
~ e p t  of Electrical Eng~nwrlng, 
Georgia InstItuB 01 Tschnology, Allanla 
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TEST EQUIPMENT 
4\11 e q u n p r n e n l  I ~ \ I C ~ I  l 1  and 

u n c o n d ~ l t o n a l l y  quar,~nfrrd M o n e y  t,.xk 11 n a l  
5 a l 4 5 l , c r l  Prores I ~ s l ~ ~ t l  drc FOB Monror 

Boonton l9OA (3 m t r  20 760MHz 
Q 5 1700.. . . . . . . . . . . . . . . . . . . .  195 

GR1001A Sland siq g rn  5kHz 
. . . . . . . . . . . . . . . . .  SOMHZ calib attn 255 

HPlJOA(USM140) 30mHzscopewilh 
req horiz. dual trace ver l  plugs . .  ,475 

Tek565 Dual beam IOmHz scopc 
. . . . . . . . . . . . .  less plug ins 13series). -625 

URM?5Stand Sig Gen 10kHz SOMHZ 
crlltb a l tn . . . . . . . . . . . . . . . . . . . . . . . .  725 

We~nschel 10 Prec RF al tn DC 
. . . . . . . . . . . . .  IgHzO 60db.ldbstepS4w 395 

L,C,I~OUI~,IIC~ W~~~CSPCCIIYIIIOI~~I 
, .qutprncnl  nc.cr(5 O u ~ k  ~~~~~~~~r assured 

GRAY Electronics 
P.O.Box 941, Monroe,  M i c h .  48161 

s p c ~ ~ , + l ~ z o n o  in u\ru l r s l  ~ q u c p m e n l  

~ 1 ~ ! 1 ~ 4 ; ~ I ~ . ~ l ! l l ~ i 4 ~  
TOWERS br ALUMli 

60 ii Ahmlnurn. ALUMINUM 
Crank-Up 
Modal 1-80H 4U 8twI 

STEEL Cr*."p 
Modal SH04 

*TELESCOPING (CRANK UP) 
*GUYED (STACK-UP) 

*TILT-OVER MODELS 
Easy to install. Low Prices. 

Crank-ups to 100 ft. I 
p i z i i i q  

HAM COMMUNICAm 

I Over 36 t y p e $  aluminum 
and steel l o w n  mMe- I 

Five* new 
finger talkers 

from CURTIS 
............ + EK.480: C-MOS Osluxe Keyer 5134.95 

........ r EK.480M: Above plus speedmstsr 149.95 
. . . . . . . . . . . . . . . . . .  r 1480: InstrucloMale 124.95 
........................... r M.480: MemoryMale 124.95 

IM-480: lnstruclo.MemoryMate ............ 179.95 
.............. 8044: Keyer-On-A-Chip 1Repl1clrBM31 14.95 

Apr 75 HR fab 76 OST. Radlo Hdbk '15. ARRL HdY 77-19 
8044.3: IC. PCB. Socket. Manual .................. 24.95 
8044.4: &mi- it ..................... 54.95 
8045: Morse Kevboard-On-A-Chin 1C ............. 59.95 
8045.1: IC. PCB.'FIFO. Sockets. ~anual ........ 89.95 

. . . . . . . . . . . . . . . . . . .  8045.2: Semi-Kit 159.95 
8046: Instruclokeyer-0n.A.Chlp IC ................ 49.95 

................................ 8046.1: Semi-Kit 79.95 
8047: Message Memory-On-A.Chlp IC ........... 39.95 
8047-1: IC. PCB. RAM. Sockets. Manual ......... 69.95 

[add $ 1  75 la  kjt prlrlr lor prnlsgv and handllnpl 
....... IK40A: Instructokeyer [Mar '76 OSTJ 224.95 

Curtis Electro Osvicss Inc. 
1p151bim 

6.1 m. MmnNn Vlsw E l  BUUO 

I BRAND NEW! STEP INTO 
THE 80's WITH THE 
LA TEST HANDBOOK FROM 
THE EDITORS A T ARRI, 

Full of exci t ing riew features f o r  the 
80's. N O W  i s  the l i m e  t o  o rder  
you r  copy  o f  the 1980 ARRI. 
"RADIO AMATEIIR'S HAND-  
ROOK." In te rna t iona l l y  recognized 
a n d  universal ly  consulted, every 
Ama teu r  shou ld  have the latest edi- 
t ion.  T h e  new HANDROOK covers 
v i r t ua l l y  a l l  o f  the state-of-the-art 
developments in electronics theory 
a n d  design. Novices w i l l  find i t  t o  
be a n  indispensable s tudy  guide. 
wh i l e  the m o r e  advanced Ama teu r  
w i l l  en joy  bu i l d i ng  the m a n y  new  
projects. 

I-i Orde r  AR-HBRO Availabfe 
S o f l  b o u n d  $10.00 Novemhcr 1979 

P Orde r  AR-BBRO Available 
H a r d b o u n d  $15.75 Januan I980 

HAM M I 0 3  
BOOhSTORE 

GREENVILLE, N. H. 
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I Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 

Transmitted Signal Directly From the Coax Line. 

plus 1.00 postage 

FINALLY! A RF PROBE that lets you con- USE IT  0 f i  METER RICSTO ADJUST 
nect into your coax cable for frequency FREQUENCY. The CoaxProbe* hasa range 
measurements and modulation waveform of 1.8 to 150 mhz. 
checks directly from the transmitter. MONITOR YOUR MODULATION 
JUST CONNECT THE CoaxProbe* into WAVEFORM. With an oscilloscope of pro- 
your transmission line and plug the output 
into the frequency counter or oscilloscope. 
Insertion loss is less than .2db so you can 
leave it in while you operate. 
A NECESSITY IN ANY WELL-ORGAN- 
IZEO HAM SHACK. the CoaxProbe* 
eliminates "jerry-rigging" and hassles 
when tapping into the coax line is desired. 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a 
wide variation of power. Power output of 8 
watts gives .31v out, while 800 watts will 
give 1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts 
PEP ratina too! 
Call 1.616.;75.7469 lor COO and Bank card orders 
(no collecl calls, please). 

per bandwidth, you can check your 
modulation for flat-topping, etc. Ideal for 
adjusting the speech processor. 
NOW YOU CAN MONITOR SIGNALS 
when connected to the dummy load, 
eliminating unnecessary on-the-air radia- 
tion. 
AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If not 
satisfied, send it back for refund (minus 
shipping charges). 
Order today from: 

Eagle Electronics 
Box $6 0, Portage. M I  49081 

Michioan Res. Add 4% Sales Tax 

I I O C " U I ( I S  .ROC"WES - 
Hildreth Engineering 

MILITARY 
SURPLUS WANTED 
s ,+ r 3 0 ,  , fn f ,  rntt n ,  mire uii ,n  

" U S  espec~a l l y  on Cull8ns equlprnPnl 
or parts We pay l re ignl  Call collect 
now lor our hloh ol ler  201 440.8787 

SPACE E<ECTRONICS CO. 
dtv 01 M ~ l t t a r v  Electronics Gorp 

35 Ruta Court. S Hackensack. N J. 07606 

I We have the worlds largest selec- I 

TOUCH-TONEMICROPHONE 
DATA CODER 5 

s39°0 
JUST LOOK AT THESE FEATURES: 

Tough "Mobile Environment" 
Mirronhonn 

I I 
. . . . - . - . . - . . - 

t ion of synthesizers for receivers, Posit~ve-Action Tactile Keys 
transmitters and transceivers. For High4rnpedance Ceramic or 500.ohm 

Dynamic Cartridge 
c o m ~ l e t e  details see our 113 page Adlustable Tone Balance and Output 

I ad in the April 1976 issue o f - t h i s  I I Level 
"Positive Hold - Easy Lilt" Hanger 

magazine or call or write for addi- For Vehicle or Hand.held Portable I 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

I Use 
Complete.. .Nola K i t . .  ,539.00 

'Taucn-Tone rr a regtstered trade name ol  A141 I 
DATA SIGNAL, INC. 

2403 COMMERCE LANE 
ALBANY. GEORGIA 31707 

A i r - w o u n d  c o i l s  
A m p h e n o l  c o a x i a l  
c o n n e c t o r s  
B & W c o i l  s t o c k  
Ceramic f e e d t h r o u g h s  
and s t a n d o f f s  
Chassis and enclosures 
C o a x i a l  s w i t c h e s  & 

E i m a c  s o c k e t s  and 
a c c e s s o r i e s  
F e r r i t e  b e a d s  
F i l a m e n t  c h o k e s  
H i g h - v o l t a g e  connectors 
J a c k s o n  d i a l s  and 
r e d u c t i o n  d r i v e s  
J.W. M i l l e r  c o i l s  and 

K n o b s  o f  a l l  v a r i e t i e s  
L i n e a r  a m p l i f i e r  p a r t s  
Lowpass f i l t e rs  
M i c a  p a d d e r  c a p a c i t o r s  
M i l l e n  c o m p o n e n t s  

n P i  n e t w o r k  c a p a c i t o r s  
a n d  i n d u c t o r s  
P o t  c o r e s  
R F  c h o k e s  

O R F  s w i t c h e s  
O R o l l e r  i n d u c t o r s  

R o t a r y  c o u n t e r  d i a l s  
S h a f t  c o u p l e r s  o f  a l l  
k i n d s  
T o r o i d s  
T r a n s i s t o r s  a n d  I C s  

n T r a n s m a t c h  p a r t s  
I3 V a r i a b l e  c a p a c i t o r s  

W i r e  a n d  c a b l e  

Free Catalog 
write or call (603) 465-7660 

BOX 429-H, HOLLIS, N H  03049 

KITS: WARC Receiver a n d  
Transmitter (1979ARRL 
HANDBOOK). RF N o ~ s e  
B r ~ d g e  (Ham Radio. February 
77). W l  JR Broadband Balun 
(Ham Radio. September 78). 
Memory Accu-Keyer (Ham 
Radio. April 79). Split.Band 
Speech Processor (Ham 
Radio. September 79). 250- 
MHz Frequency Counter, and  
many  o t h e r s . .  . 
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Field Dayk is ready to go 
The best Code /radioteletype reader and speed-display package available! 

.- 

We've designed a speclal Field Day, model "0," that is 
in stock and ready to ship. Right now. Some of the 
parts designed into the origlnal Field Day just 
couldn't meet your ordering demand. 
The Field ~ay-B has a special, high-reliability, 8 
character d~splay that costs us about 540 more than 
the origlnal displays! But we've still held the original 
price. We've added a "tuning eye" to make tuning 
easier and faster. Slow-arrival parts have been 
designed out, and an improved demodulator circuit 
has been deslgned in. 
But the best part is they're ready to  go now. Get 'um 
while they're hot. 

Alabama - Long's; California - Electronics Emporluni, 
Fontana; Colorado - H-E-P Enterprises; Delaware - 
Amate~~r & Advanced Communications; Florida . 
Amateur Electronic S u ~ ~ l y ,  Amateur Radlo Center. 
N & C Distributors. Rav's Amateur Radio; Georgia - ZZZ; 
Idaho - Ross Distributing; Illinois - Spectron~cs. 
Indiana - Ham Shack; Kansas - Associated RafllO: 
Kentucky - Cohoon; Massachusetts - Tufts, 
Michigan - Omar; Minneapolis - PAL; Missouri - 
Burste~n-Applebee. MldCOm, North Carolina - Bob's 
Amateur Center; Nebraska - HelnrlCh'S Communication; 
New Hampshire - Metz ComnlLtn~cation; New York - 
Anierlsll Overseas, Barry. Communications Technology, 
Ham Shack. Hlrsch, Kelper. Radio World; Ohio - 
Queen City; Oklahoma - Brodle; South Dakota - 
Burghardt; Texas - Kennedy Associates. MJdlSOn. Tracy; 
Virginia - Tuned Circuit; Washington - Northwest 
Radlo; Wisconsin - Amateur Electronic SLIPPIV; 
Ontario. Metro Ham Shack; West Germany - 
Richter conlpany 

KSKantronics 
A commitment to excellence. 

1202 E. 23rd Street (91 3) 842-774' 
Lawrence, Kansas 66044 
Visa, Master Charge accepted 

00 08nnleJ 
ANTENNAS 

Model OJA-146 
TWO METER AMATEUR BAND 146.148MHz 

NO GROUND PLANE REOUIRED 

USE FIXED. MOBILE. OR PORTABLE 

M B  GAIN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS 

OVERALL LENGTH LESS THAN 64 INCHES 

COLLAPSIBLE TO 22 INCHES M A Y  BE PACKED IN SUIT 
CASE FOR THOSE OUT OF TOWN TRIPS 

STEEL WHIP AND ADAPTER INCLUDED FOR MOBILE AND 
FIXED APPLICATIONS 

VSWR LESS THAN 1 2  1 

PRICE $39.95 UPS Prepaid 

220 MHz - $37.95 450 MHz - $37.95 b 

@ - -r mi~anon Electronics Supply. Inc. 

A 
1508 McKlnney . Houslon. Teras 77002 . 17131 658.0268 
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CHRISTMAS GIFTS 

PALOMAR ENGINEERS 
ShbDlnOl 

P h e  Wandllne 
R-X Noise Bridge . . . . . . . . . . . . . . . . . . . . . . ,549.95 $2.00 
VLF Converter.. . . . . . . . . . . . . . . . . . . . . . . . . 55.00 2.00 
All Bands Preamplifier . . . . . . . . . . . . . . . . . . 89.50 2.00 
ICKeyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97.50 3.00 
500 Watt RF Transformer . . . . . . . . . . . . . . . 35.00 2.00 
2 KW RF Transformer.. . . . . . . . . . . . . . . . . . 42.50 2.00 
1 K Toroid Balun . . . . . . . . . . . . . . . . . . . . . . . 22.50 2.00 
2 K Toroid Balun . . . . . . . . . . . . . . . . . . . . . . . 42.50 2.00 
Beam Balun (6 KW PEP) . . . . . . . . . . . . . . . . 47.50 2.00 
Loop Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . 67.50 2.00 
Plug-in Loop (160/80 meters) . . . . . . . . . . . 47.50 2.00 
Plug-in Loop (broadcast) . . . . . . . . . . . . . . . 47.50 2.00 
Plug-in Loop VLF (150-550 KHz) . . . . . . . . 47.50 2.00 
CW Filter.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39.95 2.00 

LARSEN MOBILE ANTENNA SPECIALS 
LM-150 518 Wave Whip and Coil . . . . . . . . .$21.65 $2.00 

Complete with LM Magnetic Mount.. 34.94 2.00 
Complete with LM Trunk Mount . . . . . 34.42 2.00 

NMO-150 518 Wave Whip and Coil.. . . . . ,523.22 $2.00 
Complete wlth NMO Magnetic Mount 38.13 2.00 
Complete with NMO Trunk Mount . . . 39.20 2.00 

WRITE FOR A FREE COPY OF OUR CATALOG 
MASTER CHARGE VISA 

Al l  llemr F 0 B Loncoln. $1 W m8namum rhlpplng Prices suhtecl to change 
w # l h o ~ I  not8ce Nehraska rcsrdenls please add 3% tam 

730 Cottonwood Lincoln. Nebraska 68510 
Phone (402) 489-4891 

I 
WANTED FOR CASH 

490-1 Ant. Tuning Unit 
(Also known as CU1658 

4CX3000 4CX10,OOO 4-65 4-250 4-1000 
4CX5000 5CX1500 4-125A 4 4 0 0  304TL 

Other lubes and Klystrons also wanted. 

Highest price paid fo r these units. Parts purchased. 
Phone Ted, W2KUW collect. W e  w i l l  trade for  new  
amateur gear. GRClOG,ARC105, ARC1 12, ARC1 14, 
ARC115, ARC116, and some aircraft un i ts  also 
requ~red. 

DCO, INC. 
10 Schuyler Avenue No. Arlington. N. J. 07032 
Call Toll Free (201) 998-4246 
800.526-1 270 Evenings (201) 998-6475 

MRSlOO FEATURES: 
Connects directly withany ASCIIorBaudot 
Teletype'"/Term~nal . Operates from 1 to 150 WPM with Auto- 
Sync. . Displays WPM rate of copied signal plus 
FIFO buffer status. . Contains a built-in 80 Hz bandpass filter 
and sidetone oscillator. 

NEW FROM XITEX ... ABM-100 
Unlrnul Converter ASCII . Bmdol Yoru 
The ABM-1 W is a untvenal code converter 
lor translating between ASCII and Baudot. 
or between Morse and ASCII (or Baudot). 
Also used as a TTYe speed converter. 
Assembled and tested the ABM will operate 
from a single +5V supply and sells for $129. 
Write for complete details . . . . . . . . . . . . . I . . . 



flea HI?= market 
RATES Non-commercial ads 10Q per 

word; commercial ads 6 0 ~  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 r e c e i v e  one free Flea Market 
ad ( s u b j e c t  to our ed i t i ng ) .  Repeat inser- 
tions o f  h a m f e s t  ads pay the non- 
commercial rate. 

COPY No spec ia l  layout  or ar-  
rangements ava i l ab le .  Material should be 
typewritten 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 un- 
suitable copy. Ham Radio cannot check 
each a d v e r t i s e r  and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness o f  material limited to cor- 
rected ad in next available issue. 

DEADLINE 15th o f  second preceding 
month. 

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

VERY 1n.ter.eaI.lngl Next 3 issues $1. "The Ham Trader". 
Wheaton. lL60187. 

QSL ECONOMY: $12 per 1000 UPS paid. S.A.S.E. for 
samples. W4TG. Drawer F. Gray, GA 31032. - 
MOBILE IGNITION SHIELDING provides more range 
with no noise. Avaiiabie most engines. Many other sup- 
pression accessories. Llterature, Estes Engineering, 930 
Marine Dr.. Port Angeles, WA 98362. - 
HEATH HWISB.104 OWNERS: Improve sensitivity, selec- 
tivity, intermodulation performance. For info sheet send 
$2 and SASE to WB4RRC, Box 461, Warner Robins, GA 
31093. 

BUY.SELL.TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and recondltioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204. (913) 381.5900. 

DRAKE UV3-144 2M FM Xcvr. $425; Atlas RX-110 8010M 
Rcvr. $190; Yaesu YD.100 Monitor scope $120; ICOM 
lC3PE Desk supply $55; Mint cond. with manuals. 
WGHVN, 60x833, Aitaville, CA 95221. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rado  Auslrla nanl Raao   oila and 
F Basll MRL E c l r o n r s  
Hauplplal: 5 Postbus 88 
A 2700 W e n e r  Neuslaat NL 2204 Dell! 
I \ u ~ l r ~ a  Holland 

Ham Rrdlo Belgium 
Slereoho~se nam Rado  l ldly 
Brusselsesleenwep 416 STE V8a Mantago 15 
B 9218GPnl 
Belgrum 

1201 34 Milano 
Italy 

Ham Rad~oCanada 
BOX 400 Goderlch 
Onlar,O (;anada N,l 4C.7 

Ha", Rad'oSwt12srailo 
Kart" Ueber 

Ham Radmo Europe 2454 
B O X  444 D 7850 Loerracn 
S 19404 Upplands Vasby Germany 
Sweden 

Ham Rada  France Ham Radlo UK 
Cnrlsflanr Mlchel P 0 Box 63 Harrow 

F 89117Parly M ~ a a l e ~ e x  HA36HS 
France England 

Ham Radma Germany 
Karl" Ueber ~ o l l a n d  Radio 
Posllach 2454 143Greenway 
D 7850 Loe r rd~h  Greenglae Johannesburg 
Werl Germany A e p ~ b I ~ c a l  Savlh A f r ca  

DX, YOU BET! The DX Bulletin - Best weekly DX lnfo in 
theworld-send for FREE sample copy. The DX Bulletin. 
306Vernon Avenue, Vernon, Connecticut 06066. 

HEATHKIT STATION, newly reconditioned with original 
cartons and manuals. SB-300, SB-400. SB-600. Micro- 
phone; $495.00. Bob Wolters, W5TPF; (713) 49E8300. 

QUALITY NEW COMPONENTS. 114 and 112 watt carbon 
fi lm resistors; electrolytic, mylar tantalum, disc, mica 
capacitors; trimpots; miscellaneous other items includ- 
ing chassis, enclosures, and carbide drill bits. Enclose 
15$ slamp for catalogue. Midnight Engineering Group, 
P.O. Box 349, Galesburg, lL61401. 

MUSEUM lor rad~o hlstor~ans and collectors now open 
Free admission Old time amateur (W2AN) and commer 
cia1 station exhibits, 1925 store and telegraph dtsplays. 
15.000 items. Wr~le for details. Antique Wireless Assn., 
Holcomb. N. Y. 14469. 

WANTED: Conar 452 Transceiver. William Murks. Route 
2, Box 176-A, Loretto, TN 38469. 

MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coll, tuned from the base, eliminat- 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each - contact 
your local dealer or order from Anteck, Inc., Box 415, 
Route 1. Hansen, ID 83334. (208) 423-4100. Master 
Cha r~e  and VISA cards accepted. Dealer inquiries 
invited. 

MINI.MITTER II 40M SSB XCVR $125.00. H.P. 430C 
Power Meter with 476A bolomeler $125.00. TS-323 freq. 
meter 20-480 MHz SW.00. Nems Clark 1906A VHF Rcvr. 
30-260 MHz $180.00. Charles Kinp, Miner St.. Middle 
town, CT06457. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel. San Pablo. CA 94806. 

- 

AFC - STOP VFO DRIFT. See June '79 HR. Complete 
unit $49.95 + shipping. Read Easton. K6EHV. 3691 Gay 
Way. Riverside. CA 92504. 

QSL CARDS 500lS10. 400 illustrations, sample. Bowman 
Printlng, Dept. HR, 743 Harvard, St. Louis, MO 63130. 

WWV FREQUENCY COMPARATOR Receiver Model 550. 
very clean, nice cabinet. manual $85. K6KZT, 2255 Alex- 
ander, Los Osos. CA 93402. 

HAM RADIO REPAIR, alignment. Prompt, expert, 
reasonable. "Grid" Gridley, W4GJ0, Route 2, Box 1380, 
Rising Fawn. GA 30738. 

- 

WANTED: Tube data for TV-4IU Tube Tester. N7NI. 2640 
S. 133. Seattle. WA98168. 

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo, industrial, educational. Amaz- 
ing values! Fascinating Items unavailable In stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh. N.Y. 12901. SURPLUS WANTED. 

FOR SALE: Drake R4A receiver, T4XB Transmitter. MS4 
and AC4 power supply and speaker, 160 through 10 
meters. $650.00 takes all but will consider offers on sep- 
arate items. Alvln Schmidt, WBSACF, RR3. Box 206. 
Oswego, Illinois 60543. (312) 554-3044 after6 PM. 

FERRITE BEADS: wlspecification and application sheet - 
12/$1.00. Assorted PC pots - 10151.00. Miniature mica 
trimmers, 3-40 pF. . Y$t.OO. Postpaid. includes latest 
catalog. Stamp for catalog alone. CPO Surplus. Box 189. 
Braintree. MA02184. 

- 

WANTED: HeathKlt Aircraft band receiver of about 10 
yrs. ago. KZEDX, RDY1, Rome, NY 13440. 

- 

RTTY AFSK Modulator PC board. See Feb. 79 Ham 
Radio. Drilled $5.00 F. E. Hinkle, 12412 Mossy Bark. 
Austin, TX 78750. 

WANTED: Manual or schematic for Lavoie Labs Spec- 
trum Analyzer Model LA 17. Tony Sheppard, VEJDIR, 2 
Brooklawn Ave., Scarborough, Ont. Canada. M I  M 2P4. 

CLUB CALL PINS 3 llnes 1% x 33'/r 51.55each. Call first, 
Name and Club. Colors Blue, Black, or Red with White 
letters. (Catalog) Arnold Linzner, 2041 Linden Street, 
Ridgewood, N.Y. 11227. 

WANTED: AFSAV-39C keyers, ANIFRA-86 8 AFSAV-133 
dernods., and type "N" coaxial bulkhead lightning 
arresters. C.T. Huth, 146 Schonhardt St., Tiffin, OH 
44883. 

FREQUENCY ALLOCATION CHART. See how the entire 
radio spectrum Is used. 2 kHz to 200 GHz. Send $3.00. 
Collins Chart Co.. Box 935, Coronado, CA 92118. - 
CES MODEL 23SA Automatic Microdialer $69.95. The 
only automatic dialing touch tone microphone. Also a 
varlety of new and surplus parts. Free Catalog. Key Eiec- 
tronlcs, Box 3506H, Schenectady, NY 12303. 

ALE RCA PLUG T O  

- I I 

ANS ~ ~ 9 0  BNC 90' E L R O W  

FIELD-EFFECT TRANS 

ISTOR USED I N  VHF AMP- 
LIFER L M I X E R .  GDDD FD 
RF AR. A T  60 L 2 0 0 ~ ~ ~  
H A S  DlDDE PRDTECTEO 
GATES. CDUES W I T H  DATA  
SHEET. UNITS ARE HDUSE 

' N '  H/UHF-F 
UG- 146U $ 4 . 7 5  

RGB Adapter 
UG-175 5 . 25  
BHC U G -  8 8  M-CABLE 1 1 . 3 5  
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YOUR REPEATER DOWN I N  THE 
MOUTH ? GIVE IT A HELPING HAND 
WITH A WaCom Duplexe r ! 
NO DELAY - NOW IN STOCK - 
READY FOR SHIPMENT- TUNED TO 
DESIRED TX and RX FREQUENCY 
06 Meter Close Spaced l BpBr Circuit 
02 Meter 600  KHz Spaced l Power: To 350 Watts 
0220 MHz Requires No 
0432 Rack Mount Maintenance 

Frequency Stability Over Wide Temperature Ranges 
ALSO AVAILABLE OOUBLE SHIELDEO C A B L E S  W I T H  PL 2 5 9  AN0 TJPE N CONNECTORS 

"esp£atrc& cck&urciCrd 
a diui&iaoc a 

c z f a t i w  
3 fi). td6'.#- 7051 . M o r i ~ / h ,  % e a r f i a  
9#$onr3 104 971.2122 J0065 

nt n r / r r d r  go 
ROO 241 4547 

WE ACCEPT 

m m  
ASTRON POWER SUPPLIES 

HEAW DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES 
SOLID STATE ELECTRONICALLY REGULATED 
FOLO BACK CURRENT LIMITING Pratecls Power Supply tram 
excessive current 6 cont~nuaus shorted output . CROWBAR OVER VOLTAGE PROTECTION on Models RS 7A 
RS 1ZA RS MA RS 35A RS 70M 1 RS 35M . MAINTAIN REGULATION S LOW RIPPLE at low llne fnput Voltage 
HEAVY DUTY HEAT SINK. CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY. MADE IN U S A 
VOLT L AMP METER ON MODELS RS 20M S RS 35M 

PERFORMANCE SPECIFICATIONS POWER SUPPLY Model AS 20M . INPUT VOLTAGE 105 I25 VAC 16 Amps continuous 
OUTPUT VOLTAGE 13 8 VDC to05 volls M Amps ICS' 

(Internally Adlvrlable 11 15VDCI 5 (Hi i V(WI x 10 5' (Dl . RIPPLE Less lhan Smv peak lo peak (lull load 6 low Ilne) Shlpplng Welghl 20 Ibs . REGULATION 05 volts no load to IUII load (L low lhne to h~gh l~ne Price $112 95 

W I R  SUPPLIES tho n t l l tb l r  lSame lealures and s~c!llcal~ons as above1 

I t  nol available at your local datlsr. pleats conlad us dlredly  
lnslde View R S  12A 

1971 South Ritchey Street A ST Santa An,  CA g27E  
CORPORATION 17141835-0682 

STOP LOOKING lor a good deal on amateur radlo equip- 
ment - you've found It here - at your amateur radlo 
headquarlers In the hean 01 the Midwest. Now more 
thanever where you buy ~sasimportant as what you buy. 
We are lactory-authorized dealers lor Kenwood. Drake. 
Yaesu. Collins. Wllson. Ten.Tec. Atlas. ICOM. DenTron. 
MFJ. Tempo, Regency. Hy.Gain. Mosley. Alpha. 
CushCralt. Swan and many more. Wrlte or call us today 
lor OUT low quole and try our personal and lrlendly 
Hwsier Service. HOOSIER ELECTRONICS. P.O. Box 
2001. Terre Haute. lnd~ana47802.1812)2381458. 

-. 

COMPLETE HAM STATION W5. Heathklt DX-100. Drake 
2.C. used,excellent. KAIBEB. Kangas Rd.. New Ipswich. 
NH03071. Tel. lW3)8781554 

-~ - 
IN NEED o l  September 1968 Ham Radio. Lest issue lor 
complete set. J. D. Young. WABKNE. 20768 Lengley. 
Great Lakes, ILBDOBB 

WANTED - Ham Radlo Mapazlne - 1988 Isaues. May. 
September and October. Wlll pay any reasonable price. 
Rick Nabor, KQGYO. 8810 S. 86th Avenue. Justlce. 1L 
60458. 

ICOM mi USER'S CLUB Is now operational Send SASE 
to NBRT. Rob Pohorence. Dept HR WOO Klckapoo Pass. 
Slreetsboro. O h  44240 - 
SHACK CLEANING - Sweep generator (4220) S55. Sip- 
nal generators TS.51OA (equiv. HPB08Dl $265; URM26B 
(4-410 MHz) $215 Dow.Key Coax relay IBNCI $6 ea. all 5 - 
$25. For complete llsl send SASE: Norm Cohen, 7808 
Sheryl. Norfolk. VA 23505. (BcNI4841793. 

- -- 
WANTED: ST4; several used 220 MHz 119s. Mlchwlson. 
N7SM. (801) 467-8785. 

THE MEASUREMENT SHOP has usedlrecondllloned 
lest equlpment at senslble prices: catalog. 2 West 22nd 
St.. Baltimore. MD21218. 

- 
INFOTECH M2WE(72)TU, M3WKBD Tx 6 Rx Kl.BB. 75. 
100 wpm - 170n. 425n. 85017 Shill 6 ASCII 110.3Ul Baud 
6CW 4.125 wpm. BobSmlth. WB6ODR. 9129 Pueblo Rd.. 
Lakeslde. CA 927240 (714) 4433400. 

MANUALS lor mosl ham gear 193711970. Send 2% lor 
"Manual Catalog." HI. inc.. Box H W .  Councll Bluffs. 
Iowa 51502. 

WANTED - Htlltop Properly near Pollock Plnea. Calllor. 
nna WAGCOA. 4 A(- Place. Berkeley. CAQ4708. - 
WRTA PAK - Make your FM moblle a sell.contdned 
ponable. Models In stock lor mosl popular makes. 4.5 
amp hr model 180.00. 9 amp hr $103.00. Charger includ- 
ed, shipping extra. P.O. Box 87. Somers. WI 53171. 

WANTED - Motorola KXN1024 and KXN1052 channel 
elements. WAGCOA. 4 AJax Place. Berkeley. CAQ4708. 

ROHN TOWER - Buy wholesale from Worldwlde 
dlstrlbutor. 20G $27.08 ssction: 25G $37.62 sectlon: 45G 
$67.76 Eactlon; 48 It. loldover lower. 1805.00: @It. BX 
freestanding 1213.40. Hill Radlo. 2503 GE Road, Box 
1405. Bloomington. tL61701. (309)8632141. 

NORTH AMERICAN OX REPORT - tree sample - 
SASE to Suites R2-R3. 815 S. Frederick Ave.. 
Gaithersburg. MD20780- Phone(301lLU01987. 

ESTATE SALE: Radlo Anllques Send SASE lor B w p e  
list. Ward Bechl.825Tulls. Burbank.CA91504. 

. . . . . - . -. . . - . . . . . . . ~~~ ~ 

~ 8 t h  our bandpassacllve lolter ili~2285 Hz. HR 4179 K ~ I  
$11 95. wlredltestsd S 18 95 postpaid SASE lor lnlo Nat 
Stinnette Electronics. Tavares. FL 32778. 

COSMAC ASSEMBLER runs In lKB, lexl adltor In one 
page. Cassette and manual $19.95. specs lor SASE. The 
Eltry. Box802H. Clarksvllle. MD21029. 

WANTED: TD8871URR demux.. AFSAV.39'2 keyer, 6 
ANIFRA-BB demod. C. T. Huth. 146 Schonhardt. Tlllln. 
OH 44883. 

Coming Events 
MA!3SACHUSmS: 1200 Radlo Club. WlDC. Annual 
Aucuon. November 17. 1979. 10:00 AM . 400 PM. at 
Honeywell Facility. 3W Concord Road. Blllerlca. MA 
01821. RouIe 3 at Exit 27. between Routes 495 and 128. 
Talk.ln 147.72-12. Proceeds support Bll lerlca and 
Wallham reDealers. 

FLORIDA: The Fon Myers Amateur Radlo Club 6 ARRL 
wall host Hamarema '79. Nov 3 and 4. a1 the Remade Inn 
In Forl Myers Dealer dnsplays. educal#onel lorums. out 
door Ilea market Replstrat~on $3 00 per WIson Contact 
K4VGN. 334 6190 or WDIERA. 332 1825 Contact 
Ramada Inn direct lor speclal rates. 

)re Details? CHECK-OFF Page 118 
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MICROPROCESSOR COMPONENTS Transidor Checker -, -,- me Incredible 
- m m m ~  UUY(- 

- ~ompl.1.1~ ~nurnb1.d - twu,mu, . VY sws-,, 8 ,, w "Pennywhktle 103" 
- 8.t1.r~ Opr.lmd - Y CDPqm L I u r  Y l x . .  7 I0 a,,. Rmh l m n u o l  Con.* 

Tn. AS1 ir. . lsIYof Ch.<k.l (ssll. 6711 $i bnalal B u l O l n .  
;; I" 26% L,", 2 

.bI. 04 r".cr,ng . w,,,. r.nO. of I??' -Gm,.l*hlrl 3 9 3  
Iranam.tor typo,. .len.r ,TI r#rcuit" 1176 8- Onwar 

mml 
'* 

$139.95mon 
or out 0,  ‘,r....,! 70 oo.ra,.. e m  hsrnOmollm+hr 7:  R hU.* I., m l ~ l - o ~ m  4:r 1" I.,,. linl. ruho W r M  
.,mPl" Plug I"" ,r.n.,.,01 40 L" lid 51"- mrwr . W ' W  ,4Ymny,,,'" rn-..c. - ....,~,rmll,.*l,.lrI,,n* ..m ;= ;!& a'"" rmno ,  cn.c*.d ,"to I". vonl I)II hg B ~ , ~  > o ~ m n  r n L , a r " O n * Y n r r  'YE ."a ,-- .- 8. -h h... .. , , . ,, . .. .>. .,,. 3 8 ,  

SOCL.~. 01 connw~ 8 8  rmvn ch. all!. 112U P r g  I n m *  llml 84 I ,omm rr!.c~ln,N,.,l"*mnrmol~blm.....,~" 111"i"C ',,.', lhl,lnr 

m10' Clio I.., Isad. LrOw1d.d 8155 Rq Paran I 0  IPRI I PI 
mm "nit ur.8" .-a .utom.tic.l~v 8257 hq DYA hn,a t9 m Um 0l"l , ; M I ,  5c1.c n M 7-D.I Y rmww S?* hnnp luil Oums I n l l  en.. 
~w.nl ir~n loW, m.dium .nd nl@ 8:rp p l q  ~nrrngl L~*PI ,W.K, ,>,,,a* *,.Mi 
D(lw.r PNP an6 NPN tr.nl,slors - sll- ~ I ~ -  ,:: lurn.m.U .. ..mRlu. Siz. 3%'' x 8 % " .  I" Y- Mi , '  L . M  ......... & m r - W I M e - M -  
T ' " l l  b.tmry nor mc1ud.d utdamw Uhi .lb Un .m -""me."cw 

UCMI0.R ,,""A <.me U. I m  *an-- .mr,<rlai- 2rnww- 
11611 IlilltYm :: I""."-- s . ~ m u o . n i a l a n n n - l m - .  

C . 7 "  ""'. ",L . n:, m u  m wn zy . .. m ea,., n n m t u l v  aw . .. I, o m  n0nm.i Ld,"l!.BU ,mm 8 bl 
WJ12 Lwnron- %a# 08s Mat 

DB 25 S e r i e s  C a b l e s  morf:an-v ci I6 9% t /PDII4 1, IlWm l l L n  
Part No. Cable Lsngln Connsclors WW COVIIO: C I , ' ~  

0825P-4-P I f i  : oI'?.>l' $15 95 t a  gy *:;; ; " , ?*, 

" W ~ S . M Y .  M~oY..*. rrmum urn, mot IM-~O~LDI 
l l  n U*',,ll O R Z ~ P . ~ . S  I FI 1 o l , .~ '  1 25s $16 95 0 

DR25S.4-S 4 I1 2 IIP75S $17 95 (a 
Dip Jumpers 

DJ14-l 111 I I i P l n  515982 

a Bnm.m.UU ,.,,. ,01 ,uua,. ," 
P W ~  wu ! en  awr 

14 01 

I U ~ -  ~~.wYu.-. - 
L dl"* 

r"YO(I ,e,u YL 
4s- ? , > I  ,6WX, bp,n*,!a. 

14 1 ---- TRS-80 
OJ16.1 If! 1-16 Pin 1 7 9 ~ 1  
DJ24.L Ill 1-74 Pin : ; :; DJI4.l-14 111 2-14 Pln 
OJ16-1-16 1 ll 2.16 Pln 3 19 sa 
0524.1-24 1 11 2.24 P8n 4 95 ea 
fw U- mk. L A-, m UMUI ill( MI* I. ~ l l ,  

CONNECTORS 
25 Pin.0 Subminiature 

UUUI* WSM- is UUI)(V mu Dm.mr ,,, '" w 
lnouUmrtdl 

:s: E,: : ESrn LP 
LP CIW. 
YI llDII 20U IAWS Etz 2:; hm8:zw- IO lil6lwm lbl. IWOU 

uuiniw m r,? bt mwm 09 ~ Y V I M  $61. ~ P ( ~ O M  
:;:I ~ ~ , ~ ~ ~ ~ ; ~ K  1 s  ~ 1 1 6 1  'IUI~L .~-.00k 

'** 
4 m 1mm a**  t""W 
~n 2 i o l  I" sraou z ;  R?~lY,~'"m ~-~ ihn.nr IS m 1,1*11 IrX.. imw 

j;; a.?rin~8n+ zn ym m a  rrum $4 ls 
-,.,I,- -w. .w. .m "* 

16K Conversion Kit 
Expand y o u r  4K T R S - 8 0  S y s t e m  to 16K. Kit 
comes complete w ~ t h .  

' 8 each UPD416.1 (16K Dynamic  RBm) 250NS . D o c ~ m e n l a l r o n  lo r  Conversion 

TRS-16K 
~ ) u l t  ?)B rlnlr 4 m a l o ! . ~ ~ n ~ v  \n?r r l m s ~ a r  - $75.00 

0825P (as ni:iu!rul PLUG ~ M w l r  RSZ32l f2,)6 25" h s 8 1  ?' 8,"'m 4 m 6310 1 1 1 ~ 1  1% OW c WI 

* ; 0"" 80 "' ""8' I m ax." I. ,s o r ,  wrmr 
UB?5S SOCKEl lMaclr RS232t roo . 6 EACII 15 MINUTF UIGH 

COMPUTER CASSETTES 
3 %  

0851226.1 Cable Cwat lor D825P 01 0825s $1.15 :8sdm 414 mar M IT&> OUALITY C I S  CASStTES 

m I I l E 0  ClRcUIl E O O E - U r n  wt PLASTIC CASE INCLUDED 
I I I M R - D I I h n  04 - 8ArrldWu-n - In OY. W P C  M , L.".l.(OII 301W ,g >.i l l  lo,. 5t.nr 12 WSSEllE CAPACITY 

1 5 n 0  SE PINS ISoldc. EYCICII . AUOITIONLL CASSEllES 

1 8 n 6 s ~  PINS 1so1~3.r E y ~ l s t l  JE600 HEXADECIMAL DIGITAL AVAILARLE L C  15 51 15 W 

22/44 SE PINS lsoidsr EICIS~I $2.85 ENCODER KIT THERMOMETER KIT  
22144 WW PlNS 1W1rc WranI $3.95 
50,lWWW PINS IWmrs W r w l  R W i - 1  $695 IunMtS - .  ' CAS-6 
I 125 Soxlngl  

. 8.  i t .  : D m  1(Dd *I mc9- 

4-Digit Clock Kit . Or.aurr. ;,.,A - ID . >0 . erapnv 111,. nt. ma a#wl.v L L O  remd 10 - 15  mm . S.qu.null l lalnlng colon . t.5, ml*IHny m m  U m l l O  I6 rn 
Ir rlnnnnl . 12 or I' nouc oD.#.llon . 0.h - IVIIC W.ll m -. ' t Extrude0 aluminum cam IbUrx l  

Wtds Band 8.W or @lor S y m  . ~ r a r r u r e  s r ~ t m e s  *or hours. minu%es& nola !ullr~ius* CULL 8 811 UlCnEO OUTPUT-I8 KEYBOIRO .oueo m . o n - . l r l ~ ~ n ~ ~ a  contco# f o r  tn. Canvsnr N lo  Vldao D i s p l ~  lor . Inciu0.r 111 comoonan,,. cam .,,a I.,, tr.s,ruim., ,nr,tall tnc*l., ,c,b,~a.,onn.r,.orar.~. nl.aenu ~ ~ o r l o u t d o o r  or dual mon#zor,no home compulers. CCTV caman. 
S S I ~ ~ :  I L . . I Z .  I* I.m ..mur.n ,,- uswna.l rill.. .M. o,..~ -co"-lnuou* ."."w 40.6 LEO 10 199- 8' nl a6wl.v . o T ~ ~ ~ * T :  ~ p p b  11. WOW wltn cromeco on-  

,lnM,np,o,lll"m*ln~."r.lt",olb .,IMrn *r,,ru"r ,",* 
J E 730 . . . . . . . . . . . . . 81 4.95 ;::,;;:;:::;;:~::;:: iE'f ~:~~+~~~~~.~::::",:, 

."I t / f l  l .u l ly~  A,,,> n i t Y n ~  .., 1 hV1 elllly ltlOw 1 (14ce.8 S ~ B  .w. 8 188.0 

Jumbo 6-Digit Clock Kit JE600.. . . . . . . . . . . . . $59.95 
H . x a d r l ~ I  l h w a d o n l v . .  . . . . . $14.95 JE300 . . . . . . ~$39.95 Q *I.EIU~% WI~I m~. and a n ~ a m  

.Four . ~ ~ . " 1 .  an., 1 1 0 . W " l .  
lranrlorma. 

common anom 611@1.'1% 
.uses WMUM II~C* cnlD 
.5111ch.r I.s, nOYrI. m,c,U ,... ne no,., lunrtlon. 62-Key ASCII Encoder Keyboard Kit MOD II $29.95 Kit 
. "0"" ..,#I1 "I.W.01. to n m t  . Slm"l.IOL1 I.,"", U,. . I I I V A C  oD.l.,iO" . 12 or 2. "our o~.r.tlon . In~Iuans .I# tomllon.nll. caw end wall Ir.nll0rm.r 
-5110: L I  I 1K I I* 

JE747.. . . . . . . . . . . . . $29.95 
.Brlml 300 h l  inmn, r.l". 

ode d1WI.V 
.Uu, Mhls3,4 
.5w,l rh., ,or hour,, manut., 

.?Id t 3 0 ~ c j  mod- 
.HI. a..ilr rl.w.bl. m m n .  
.slmul.td w.ln~,l E." 

*~~~ V A C  o ~ . r . ~ ~ o n  . 1 2  nc 24 hl 0Par.tlOn .,, com,oonen,,, cm . JE701 ,.,, Ir.n.t.rmsr LW~O.,~ .amb~v rqul.a. + s v  R I-A 
.s,z. 6'... . ,,8.. . (I.. ."d 1 2 V B  l a n A l a ~ p ' . , l ~ " .  

6-Digit Clock Kit $19.95 
BE= CONTWL 

TRANSPITTEE & BECErPIB JE200 POWER SUPPLY 
+UI. L M m K  
.nut son* pr0vkI.d 

.Can suwh up 10 tV. 
'9V ""d tlN with 
JEMS Adapt* 

.,...-.,.. ..... ". . ....,.. ,, , ,. . ,. ., -., ,..,.., - . ., ... "- ,,..,,, ,...,,... ." .,.. ..., ,. 
, 1 1 0 . 0 0 ~ ~ n .  o r d n  - u.S. ~ u n d s  Onlv k Shmars - tY 

Cslll. Rnld.nt.AM 6% S.1- 1.. 1980 C.lalop Ar.ibbl.- S . n d 4 l d n m p  
Digital Stopwatch Kit P O - W - A ~ ~  5% .I~.SII~~..~. IIIWWI Miniature - PHONE 

ORDERS 

(t"mmul.,l..l',.",.rlu.u.ntl.ltlmln.l - MAIL 0RUI:H t L t . ( I  KO'iIC:Y - k'ORLDWIUE S i z e :  1" x 1 - 3 1 1 6 " ~  1-3/16" . VlC,, Pen,,,. D.,,..,., 

JE900 $39.95 1021 HOWARD AVENUE. SAN CARLOS. C A M 0 7 0  

ADVERTISED PRICES GOOD THRU NOVEMBER Mice in ia tun  a m  . . . .$4.9v 

- FEATURES. 
.ELI K.v. -n t k  ldl la du. 

n ~ t l . .  u p p r  end Ian sr ASCII 
"t 

.Full* b ~ 1 l . d  
0 2  u..rd.llr* *m paw (w 

cunorn .Ppl,ptlom 
*C'PI lock lor "- - 

alpha char.ct.n 
.V t# l>zn  a 2376 (40 pin) - 

r..d only rn.rnow chb 
T h  JE610 62Kev ASCII Encoder Keyboard * O % , ~ P Y ~  dn#r t l  o o r n e  rlth 
Y,, U" b. jntsrt.md l n t ~  molt an" corn. TTLIDTLO, ~ J s ~ o v t c . m y .  
plmr wnm.  he JE610 ~ m t  m r n n  corn. *E.w ~nmrlactn. ~ 8 t h  16-pin db 
p m e  rach an cndunroa~ .,ads kavboard w I B - ~ ~ n . d w = o - n u t w  
r ! t h  .rumblv 162 k w d .  IC's. -*an. 
m n n n o , .  n~r t ronsc  component. .nd . 
dwbl*-.ldd -8nl.d -a,ana board lh. JE610. . . . . $79-95 

ULTRA.VIOLET 
PRODUCTS. INC. 

EPROM Eras~ng Lamp 
*€I-2708. 2116. 1702A. 52030.520.O.nr. 
.ERI.UP 10 4 chops ~ l t h l n  20 mlnYt.L 
.Mam1.inn consinnt exmwr. dm.- 01 o n  I& 
.S~li.l conductw. t o m  l lnn .Itrn#n.tn bvmve 
.8ultl.ln ..I.,v tor, to pn.nt uv .rlmum 
.cornpm - 7-5n"  x 2.118" x 2 
.c~mp~m. 10th ha~dsng trmy 10, 4  rho^^ 

UVS-11 E. . . . . . . . . . . . . . . . . . . . . $69.95 
FOR TRS 80 CASSETIE COWTROLLER- 



A complete line of QUALITY 50 
th ru  450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 po le  crys ta l  f i l te r  i s  stan- 
dard.  U s e  w i t h  o u r  C H A N -  
N E L I Z E R  o r  y o u r  c r y s t a l s .  
Priced f r o m  $69.95. Match ing  
t ransmi t ter  str ips.  Easy con-  
struction, clean spectrum, TWO 
WATTS output ,  unsurpassed 
audio quality and bui l t  i n  TONE 
PAD INTERFACE. Priced from 
529.95. 

Spec Comm is  proud to announce the long awaited SCR4000 
UHF Repeater. This unit incorporates many deluxe features often 
requested by our customers over the last 21/2 years. See Features 
below for just a few. The rest of the unit is  basically the same as 
our world famous SCRlOOO VHF Repeater which is well known 
for superior performance, quality and reliability! 

FEATURES: 
30 Wt. Output 
Low Nolse Front End: Wlth 8 Fllter Sectlona! 
DoubleBalanced Rcw. Mixer for Super Dynamic Range! 
8 Pole 21.4 MHz IF Crystal Fllter 
Rcvr. Discriminator &-~eviation Meters! 
Ultra-High Stability Transmitter Crystal O S C I I I ~ ~ O ~ I ~ V ~ ~ I  
All ~ e w ~ t a t e - o f - t h e - ~ r t  Xmtr. & Rcvr. Boards 
Plus - Many More Features Found in the Well Known SCR1000 VHF Repeatrl 
( F u l l  Metering 8 Controls. ACor DC Pwr.. CW iD'er, etc.) 

You'll be happy to hew that the SCR4OOO h Wry rwtonlbly priced . . . lbOUt 'It that Of other "top t l a ~ e "  unnl 
(whlch don t olier nearly as many convenient leatures as Ihe SCR4000)' Also. a cornplala line Of OptlOnS 8 meas- 
sor~es *a ruallrbls. such as lull Autopatch, Tone Control untts. Duplexers Antennas Cablnets etc SCRlOOO 
VHF Repeltar Also Available. 
The SCR4000 IS sold lactory d~rect only, or through authorized loretgn sales reps Slnce there has been Iremen- 
dous demand lor the SCR4000. wa suggest you get your order In ASAP' 

NEW 

SCT 110 
PCL 250 MOBILE TRANSMllTER BOARD 
TRANSCEIVER 

136.174 MHz  Please Call or Wrlte tor further Info. 
220-240 MHz . 
Commercial  

o r  
Amateur Asaemblles & New VHF FM Transceivers Are 

SPECTRUM COMMUNfCATfONS ) 
\ Dept. HJ - 1055 W. Germantown Pk. 1 

Norristown, PA 19401 (215) 631-1710 

SYNTHESIZER KITS from 50 t o  
450 MHz. Prices start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fi ts any HT. Only 3.5 m A  current 
drain. K i t  pr ice $159.95 Wired 
and tested. 0239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or V I S A  

GLB ELECTRONICS 

I M O D E L  4431 1 H R L l L I N E '  I 
RF DIRECTIONAL WATTMETER 

with VARIABLE RF 
SIGNAL SAMPLER - BUILT I N  
IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER, M I  4 8 0 6 3  

CALL TOLL FREE 
800 - 521-2333 

IN MICHIGAN 313 - 375-0420 



Now -the 

INFO-TECH M-300C 
TRI-MODE KEYBOARD * - 

A microprocessor controlled keyboard 

4 t o  125 W,PM. in 1 W.P.M. increments. 
9 adjustable weight levels 
relay keying 
sidetone with tone and level adjustments 
special keys: AS. BK. BT, AR. SK. CQ. DE 

RTTY Features: 
4 speeds 
2 shifts (170 & 850 hz) 
built in AFSK 
built in CWID 
built in RY generation 

ASCII Features: 
110 & 300 Baud 
2 shifts (170 & 850 hz) 

Best of all, $ 
still only 45Ooo 

F.O.B.   actor^ 
Other Features: 

Built in quick brown for generator on all modes CQ 8. DE special keys on all modes 
Automatic CR/LF Keyboard control of all functions 
700 Character Running Buffer 4 row keyboard eliminates figures/letters 
10 recallable, user programmable message shifting on RTTY 
memories of 120 characters each Many more features. 

-- - - 

Order direct or from these dealers: 

Global Communicat~ons Emona Electron~cs Rlckles Electron~cs PANACOM 
606 Poco Isles Blvd 661 Georqe Street 2800 W Me~ghan Blvd P 0 Box 76093 
Cocoa Beach Flortda 32931 Stdney N S W Australla Gadsden Alabama 35904 Caracas 107 Venezuela 
305-783-3624 205-547-2534 Marcuccl-SPA 

Germantown Amateur Supply 
Un~venal  Amateur Radio vta F LLI-Bronzettt Cohoon Amateur Supply 3202 Summer Avenue 

H~ghway 475 1280 A~da Or~ve M~ lan  Italy Memph~s Tennessee 381 12 
Trenton Kentucky 42286 Reynoldsburg Oh10 43W8 

800-238-61 68 61 4-866-4267 

D~alta Amateur Radio Supply Ham Radio center 
212 48th Slreet 8342 Ollve Blvd N & G D ~ s l r ~ b u l o n  
Rapld Clly S Dakota 57701 St LOUIS M1ssour163132 7285 N W 12th St 

605.343.61 27 800-325-3636 
Mlaml Florlda 331 26 
305-592-9685 

~ ! T E  c 1 ~ ~ O R ~ O R * ~ ~ ~  Spec~alizing in Dlgltal 

I 1-1 2349 Weldon Pkwy. St. Louis. Missouri 63141 Phone (31415765489 

More Details? CHECK-OFF Page 118 november 1979 103 
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ct ronics 
Dealer 
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Authorized Lunar Dealer 

l " O l l  'I."" I .<"<l .  . 

Emblem. 
I 1 If you're looking for quality Lunar products, be sure you 

- 
Lunar otters a complete line of Linearized Amplifiers, 
Pre-Amps, Transverler modules, and portable antenna 
towers. See them today at your Authorized Dealer. 

go to one of the authorized Lunar dealers listed above. 
He can give you complete information on our outstand- 
ing line of amateur products, and if he doesn't have 
exactly what you want in stock, he can get it for you 
almost immediately. 
We choose our dealers because they are qualified. 
professional ham dealers. Why don't you do the same. 

W H Y  GET ON FAST SCAN A T V '  . YOJ can srnrl l l ro IOCJI' LIL~I~IV u "eo 01 nome mob PS, ,ode0 
raper. conlo l t ~ r  q.arne<, etc. nl  a cost Inat I s  .err tnan s.oxan 

2 Meter 
Portable 

G.E. MASTR PR 36 
132-150 MHz - 5 Watts 
ALL SOLID STATE 
with Ni-Cad Battery 

New Low Price 

I I Really improves public service communications for parades. 
RACES. CAP searches, weather watch, etc. 
D X  is about the same as 2 meter simplex - 15 to  100 miles. I 

HlTACHl  H V d 2  T V  CAMERA 
High performance closed circuit 
camera just right for atv. w i th  lens 
. . . . . . . . . . . . . . .  .9239 P P ~  

1 

I PUT YOUR OWN SYSTEM TOGETHER I 

ALL I N  ONE BOX 
TC-1 TransrnitterlConv 
Plug i n  camera, ant. rnic and you are 

. . . . . . . . .  ,8399 ppd  
- -  

I I SEND FOR OUR CATALOG, WE HAVE I T  ALL 

Vehicular Charger 4EP63A(sold only with u n ~ t )  $25- Modules for the builder,completeunitsfortheoperator,antennas, 
color cameras, repeaters, preamps. linears, video ider and clock. 
and more. 19 years in ATV. I 

i 
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TVC.18 CONVERTER tunw 420 
mhz down t o  ch 2 or 3 .  .W9.50 ppd 

. . . . . .  TXAS EXCITER $69ppd 
PA5 10  WATT L INEAR.  . $79 ppd  
FMA5 Audio Subcarrier. $24.50 ppd 
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! The Popular 
CUA 64-12 
by Heights 
Light, 
permanent ly  

beaut i fu l  

ALUMINUM 
towers 

I THE MOST IMPORTANT 
FEATURE OF 
YOUR ANTENNA 
1s PUrriNG 1 IT UP WHERE 
IT CAN DO 
WHAT YOU EXPECT. 
RELIABLE OX - 
SIGNALS EARLIEST IN 
A N 0  LAST OUT. 

And now, with motorized optlons, you 
can crank it up or down. or fold It 
over, from the operatlng position in 
t h e  house 

1 Write for 12 page brochure giving doz- 
ens of combinations of height, weight 
and wind load. I 
Please include 30<' (stamps or coins) 
for postage and handling when re- 
questing our free literature. 

ALSO TOWERS FOR WINDMILLS 

1 H E I G H T S  1 
MANUFACTURING CO. 
In Almont Heights lndustr~al Park 

Almont, M~chigan 48003 

I All  Palomsr Englnesrs products are 
made in U S.A.  Slnce 1965. manutseturem 
01 Amateur Rsdlo equlpmal only. 

Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 

If there is one place in your station where you cannot risk uncertain results 
i t  is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if it is not, whether i t  is too long or too shorf. Al l  this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because i t  
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 you only half the story. Get the instrument that really works, the 
Palomar Englneers R-X Noise Bridge. Use i t  to check your antennas from 1 
to 100 MHz. And use It in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price is $49.95 in the U.S. and Canada. Add $3.00 
shippinglhandl~ng. California residents add sales tax 

I Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! I 

More Details? CHECK-OFF Page 118 novernber 1979 105 



TELEMETRY COMMUNI~ONS cl I NSTRUMENTAT~N, CORP. 
10 GHz GUNNPLMERo MICROWAVE TRANSCEIVER 

FRONT E N 0  BY MICROWAVE ASSOCIATES 

PHYSICAL SPECIFICATIONS 
Size: 6" h. x 9" 1. x 5" d. 
Color: Blue Enclosure. Gray Front Panel 
Weight: 3 Pounds 
Speaker Included 
Tripod or Mast Mounting 
Microphone Optional 

FEATURES . I n w  cnsr TRANSMIT-RECEIVE - - . . - - - 
HIGH s~NsITIVITY TELEMETRYIVIDEO DATA 
AFC AC-DC OPERATION 
FUNCTION METER MULTIPLE IF FREO'S 
TONE OSCILLATOR MODULAR CONSTRUCTION 
ELECTRONICALLY TUNEABLE WEATHER RESISTANTCASE 
SQUELCH 8 VOLUME CONTROLS COMPLETELY WIREDITESTED 

THREE MODELS AVAILABLE 
TELEMETRY MOOEL TMXIO 

10 GHI 10 MW Gunn Transcelver 
17 dR Horn Antenna 

N O  MOOEL TVXlO . i n  GHZ 10 MW Gunn Transcelver 
17 dB Horn Antenna 

30 MHz Low No~se Pre Amp 45 MHz LOW Noise Pre-Amp 
10 7 MHz Posl IF AmplOemod 45 MHz Post IF AmplOemod . Cryslal IF F~l lers  Addlo Subcarr~er ModIOemod 
lnlegraled C ~ r c u ~ l  Modulator Roonl tor Ill V~deo Channels . Internal Vollage Regulalars tnle~nat Voltage Regulators 
AFC Volume Conlrol . Tone Osc~llalor 

TM/VIDEO MOOELTMIV~IO 
10GHz 10 MW GunnTransce~vef 
17 dB Horn Antenna 

45 MHz Low Nolse Pre-Amp 
45 MHz Posl IF AmpIOemod 
W~debandlNarrowband Operat~on 
Audio Subcarr~er ModlDemod 
AFC 
AC-OC Power Supply 

OPTIONS PRICE LIST 

45.13 1M. lll MHz IF Freq Available 
MOOEL TMXlO . . . . 5379.95 TCI CORP. 

Narrow Band Cryslal Filters MODEL TVX10. . . . ,5379.95 411 BUCHANAN CIRCLE u3 
Hz, 220 VAC power supply MOOELTM/VXlO.. ,5529.95 PACHECO. C A  94553 

Higher Gunn OSC Power Oulpul (Combines sM1vldeoModels) 

H~gher G a ~ n  Anlennas 10 ORDER CALL (41 5) 676-61 02 
or Write for  FREE DETAILED DATA SHEET o n  t h ~ s  and ou r  

VHFIUHF TRANSMITTER & RECEIVER PRODUCT LINE 
P u r l \  S8iIilcrf l u  Cl l . ln~ j? W#: l rcu l  N o l ~ r .  

r H ~ B f j @ ~ l ~  FULL. POWER, Q U A L I T Y  

UNClDlLlCl 
H R M  ANTENNA P R R  

"W2AU"Baluns R T  - YOUR D E R l E R  
01MlWOlO B V  8 I L U l S  .In4ps.IwsuLfiIons 

P R O I I S S I O W L L S  r Q U l O  PllIS.lW11111 K I T S  

W O R I D  W I D E  l:lOn":l . soor/rrsr r o u ~ r s . r ~ ~ t  
O V I R  121111S 2v000w . CIILf .COIWlCTORS 

.TheOrif~nal Llghlnin: lrresl w n I v  F O R  IULL CII~LOC 
flmclose 3 O C  Stamps 1 

.6LOq Slren:th 

.Stainless Hardware 

.Sealed ASSISTIWCE? ~ C " O W ~ V C  UNIDILLR/R~YCO OIYISIO~~ [ D ~ P I  

.CurRrNltio call: nucw suNNlsow, w r z t o r  t"< 1 Toll~Free 800.448.1666 
6 I.,. ,**11111111 I.1IS.~.C,,.' * ,V,O"l (l"... 

[wus Collect 315.43739531 
= . -- ---- -- 

- - ;  DERLERS WRNTED-  OVER 300 W O R L D . W I D E  . .:a:) . -- 

f 1 I RF Speech Processors for Drake TR-I, TR-4s T4Xs ( 

I Spscial 8 4 a  IF  crystal filming. follomd by highly- 
M m i w  active h d  limitinp: tha k y  to intelligibilitv end 
talkpow. TR.7 procanor povidsl room for an eddilional 
.nsuory filter. All solid-state pindioda switching. TR.7. 
TR-4 unia feRurs rslectabla 16-pole -iw. Modal 7.SP 
for TR.7: S265.W. Modal 4-SP for T4X:  5285.00. 
T R 4  unit mailable at a later date. 

Mike Equalizer Pre-Processor 

Companion to abow unb, but (pod Mwsen any mike 
and rig. Can reduce distortion, improve crirplar, intal. 
ligibility. Eslily.adju.table ringla control tailors both high 
and low f m q ~ n c i a  to optimize r s r p w M  of m y  micro. 
phone. Contains inlout, gain, equalization controls. 
Model SE-1: $65.00. 

NEW! RF CLIPPERS 

Skrwood Engin~~ring lw. 
1268 Soulh Ogden St. 
Denver. Colo 80210 

(303) 722-2257 
Money  back 11 no1 sa t l s f~ed  

Add 53 per order rhlp*lns 
16 r r v n v a r  air 

rn 
Dealer hqu~rieswelcome 

be lo re  you  m o v e  and w e  w i  m a k e  sure 
your H A M  RADIO Magazlne arr lves o n  
schedule  Jus l  remove  the  mai l ing label 
l r o m  thls magaz lne  a n d  a f f ~ x  be low  
Then  comp le te  your n e w  add ress  (or any 
other  c o r r e c t ~ o n s )  ~n the  space  p r o v ~ d e d  
a n d  we ' l l  t ake  c a r e  of t he  rest 

ham 
Allow 4-6 weeks  fo r  radio correction. 

Magazlne 
Greenv~l le. NH 03048 

Thanks lor he lp ing us to serve you better. r--1 r - -  
/ / I  

L-J 
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a 0  
3 
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CB standard 

Amateur Bands 

Send 10' for our latest Wtalog Wr~re or 
phone for more details 

cnarqe - 2 0 0 0  C r y s t a l  Drlve 
FT M v c r s  F l O r l d , I  3 3 9 0 7  

) 1 a l l   hones 18131 9 3 6  2 3 9 7  

.H.lrs .Ilmln.1. T V I  

-1vIIy 0.mrmnt.d '9.95 , 
Van CCD 

Gorden 
Engineering 
BOX 11305, 1. C U C L I D ,  OHIO 44121 

- .  - 

ERC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 
WE'VE DONE IT  FOR 1979 

FOUR S I M U L T A N E O U S  F I L T E R S  I N  ONE F O R  U N P A R A L L E L E D  QRM F R E E  R E C E P T I O N  ( S S B  L CW] 
'PLUS A S P E C I A L  P A T E N T E D  CW PROCESSOR* 

. . ... 
u ~ i r l v r i  NOIS:; R i i~  ANU-OTHER SIGIIALS ARE ~ r . l r t i i ~ .  -THIZ i s - ~ n i  A-REGINERATOR;  B U ~  A-MODERR iiu 
CONCEPT I N  CW RECEPTION. THE SL-56 CONNECTS Ifi SLRIES WITH THE RECEIVLP SPLAYLR OllTPUT AIIG DRIVES 
ANY IPEAKER OR HEADPHONES WITII ONE WATT OF AUDIO POWIR. REQUIRES 115 vnc .  t n s l L y  c o ~ v ~ n r t - o  m 12 
VDC OPERATION. COLLINS GRAY CABINET AND WRINKLE GRAY PANEL. 

W A R R A N T E D  O N E  Y E A R  F U L L Y  R F I  P R O O F  F U L L Y  W I R E D  A N D  T E S T E D  A V A I L A B L E  N O W  

$75.00 POSTPAID IN THE USA AND CANADA. V1101NIA I~LIIDCNTS LOO IALCS TAX. 

A T T N  S L - 5 5  OWNERS: T H E  C I R C U I T  B O A R D  OF THE S L - 5 6  I S  C O M P L E T E L Y  C O M P A T I B L E  
W I T H  T H E  S L - 5 5  CHASSIS. O U R  R E T R O F I T  K I T  I S  A V A I L A B L E  A T  135.00 P O S T P A I D .  

ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 
OF VSWR AND POWER ACCEPTED BY THE LOAD 

REQUIRES 115 VAC A T  L E S S  
THAN 1/16 AMP. 
-- TWO 5 0 - 2 3 9  COAX CONNECTORS 

ARE A T  THE REAR PANEL. 

C O L L I N S  GRAY CABINET.  
WRINKLE PANEL - B R I G H T  

DIMENSIONS 3.5 x 5.5 x 7 . 5  

R E 0  L E D  O l G l T S  ( . 3 3 " ) .  
INCHES. 

DECIMAL P O I N T  I S  THE 
P I L O T  L I G H T .  WEIGHT I S  2 POUNDS. 

THE MODEL SL-65. (20-2000 MATTS) AND THE ORP MOOCL SL-65A' ( 0 . 2 - 2 0  UATTS) DIGITALLY INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MODE -- SSB. CW. RTTY. AM E t c .  THERE I S  NO CALIBRATION RE- 
OUIREO AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT I S  THE VSWR. 
SPEAKING NORMALLY INTO A 558 TRANSMITTER MIC. CAUSES THE VSWR TO BE DISPLAYED THROUGH- 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE 015- 
PLAY INDICATES THE NET POWE (FORWARD LESS REFLECTED) THAT I S  ACCEPTED BY THE ANTENNA. THE PEAK 
nF TUF NFT PFP It nFTFrTFn !Nn n l<P lAYFD UlTHOllT FLICKER FOR ANY MODULATION TYPE. DISPLAY UPDATE - . - - - - - - - - - - - - - 
i s  c o i s r i ~ r  v t r  FLICKER FREE AS YOU MAY CHANGE THE-POWER ACCORDING TO YOUR VOICE. THERE IS NOTHING 
L IKE THIS QUALITY INSTRUMENT AVAILABLE ANYUHLRE ELSE I T  I S  THE ONLY VSUR-NET WWEB INDICATOR THAT 
LETS YOU KNOU THE STATE OF YOUR ANTENNAS AN0 TRANSMITTED POWER AT ALL TIMES UHILE TRANSMITTING. 
EITHER MIDEL I S  A SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOARDS AND THIRTEEN INTEGRATED 

SL-SS W A R R A N T Y  O N E  Y E A R  S L ~ S  
VSWR INDICATOR NET POWER INDICATOR 

TWO D I G I T  DISPLAY S H W S  VSWR 
TO AN ACCllRACY OF .I FOR VALUES ... . 
FROM 1.0 AND 2.2. ACCURACY IS TO 
.2 FOR VALUES FROM 2.3 TO 3.4 
AND TO . 3  FROM 3.4 TO 4 .0 .  FROM 
4.1  TO 6 . 2  THE INDICATION MEANS 
THAT VSWR I S  VERY HIGH. 

FOR VSWR VALUES NEAR 1.3. THE 
POWER RANGE FOR A V A L I D  READING 
I S  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
L I M I T  FOR A FLICKER FREE V A L I D  
READING 1 s  SOMEWHAT LESS ( 3 5  - 
1 0 0 0  WATTS FOR VSWR AT 2 . 0 ) .  

THE POVER DISPLAYED I S  THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
T H I S  I S  THE POWER THAT THE TRANSMITTEF 
I S  "TALKED" UP TO. DISPLAY DECAY TIME 

THE POWER DISPLAYED I S  THAT WHlCt 
I S  ACCEPTED BY THE ANTENNA (FORWARC 
LESS REFLECTED). 

POWER I S  DISPLAYED ON THE SAME TWC 
- . - . . - . - . ~~ 

SCALES. 2 0  TO-500 ~ A T T S  AND 5 0 0  T( 
2 0 0 0  WATTS. TRIPOVER AT THE 5 0 0  MAT1 
LEVEL I S  AUTOMATIC E X :  A READING OF 
1 . 2  COULD MEAN 1 2 0  OR 1 2 0 0  WATTS. 
YOU MUST KNOW WHICH RANGE YOU ARE I N .  

D I V I D E  THE ABOVE P W E R  LEVELS ACCURACY I S  TO 1 0  WATTS I N  THE L W E F  
BY 1 0 0  TO OBTAIN THE PERFORMANCE RANGE AND 1 0 0  WATTS I N  THE UPPER RANGE. 
OF THE SL-65A ORP MODEL. D I Y I D E  POWER SPECS BY 1 0 0  FOR SL-65A. 

P R I C E :  $ 1 8 9 . 5 0  P O S T P A I D  IN U S A  8 C A N A D A .  VA. RESIDENTS ADD 4% SALES TAX. 

BOOKLET AVAILABLE AT E L E C T R O N I C  R E S E A R C H  C O R P .  O F  V I R G I N I A  
$2.00 REDEEMABLE TO - 
WARD PURCHASE. 

P. 0. B O X  2 3 9 4  

PATENT PENDING. V I R G I N I A  B E A C H ,  V I R G I N I A  2 3 4 5 2  

TELEPHONE (804) 463-2669 

More Details? CHECK - OFF Page 118 november 1979 107 



Ham Radio's guide to help you find your /oc r 
- -- 

Arizona 
HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serv~ng all amateurs from beg~nner 
t o  expert. Classes, sales & servlce. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
603-249-3739 -.- - 

Your Complete Amateur Radio Store. 
POWER COMMUNICATIONS 
6012 N. 27 AVE. 
PHOENIX, ARIZONA 85017 
602-242-6030 
Ar~zona's $1 "Ham" Store. 
Kenwood, Yaesu, Drake, lcom 
and more. 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 

HOBBI-TRONICS 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec, 
VHF Engineering. 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 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. 

Connecticut 
THOMAS COMMUNICATIONS 
9 5  KlTTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667.081 1 
Call us toll free - See our full 
page ad in  this issue. 

Delaware 

DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
ICOM, Ten-Tec, Swan, DenTron, 
Wilson, Tempo, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 

AGL ELECTRONICS, INC. 
1800.8 DREW ST. 
CLEARWATER, FL 33515 
813-461-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. 

SUNRISE AMATEUR RADIO 
1351 STATE RD. 8 4  
FT. LAUDERDALE, FL 33315 
(305) 761-7676 
"Best Prices in  Country. 
Try us, we'll prove it." 

- - -  

lllinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL  60540 
3 12-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
Chicago - 312-631-5181 
Illinois . 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.: 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL 60304 
312.848-6777 
One of Amer~ca's Largest 
Amateur & SWL Stores. 

Indiana 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
219-484-4946 
Your Complete Amateur Rad~o Store. 
10-9 T, TH, F; 10-5 W, SAT. 

BOB SMITH ELECTRONICS 
RFD ~ 3 ,  HIGHWAY 169 & 7 
FORT DODGE, IA 50501 
515-576-3886 
800-247.2476/ 1793 

, Iowa: 800-362-2371 
For an EZ deal. 

Kansas 
- - - - 

ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, ,KS 66204 
913-381-5901 
Amerrca's No. 1 Real Amateur 
Rad~o Store. Trade - Sell - Buy. 

Maryland 

THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
R. L. Drake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 

Massachusetts 
- 

TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 1 617-486-3040 
The Ham Store of New England 
you can rely on. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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rmateur Radio Dealer 
TUFTS RADlO ELECTRONICS 
206 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

Oklahoma 

KRYDER ELECTRONICS 
5826 N.W. 50TH 
MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 
Your Complete Amateur Radio Store 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

RSE HAM SHACK 
1207 W. 14 MILE 
CLAWSON, MI 48017 
333-435-5660 
Complete Amateur Supplies. 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

WITTIE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
(201) 772-2222 
Same location for 62 years. 
Full line authorized Drake dealer. 

Minneso ta 
PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30  Years. 
Call Toll Free 800-523-8998. 

New York 
Missouri AM-COM ELECTRONICS INC. 

RT. 5 
NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
3 15-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 

HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 
ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

HAM-BONE RADlO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 
We deal, we trade, all major brands! 
2-way service shop on premises! 

HARRISON RADlO CORP. 
20  SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
"Ham Headquarters U S A  
since 1925. 
Call toll free 800-645-9187. 

Nebraska 
COMMUNICATIONS CENTER. INC. 
443 NORTH 48TH ST. 
LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

SPECIALTY COMMUNICATIONS 
2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. New Hampshire 

- -- - -- 

South Dakota 
EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 315-337-2622 
Res. [ 315-337-0203 

New & Used Ham Equipment. 
See Warren K2lXN or Bob WA2MSH. 

BURGHARDT 
AMATEUR RADlO CENTER, INC. 

P. 0. BOX 73 
WATERTOWN, SD 57201 
605-886-73 14 
"Arner~ca's Most Reliable 
Amateur Radio Dealer". 

New Jersey 
ATKINSON & SMITH, INC. 
17  LEWIS ST. 
EATONTOWN, NJ 07724 
20  1-542-2447 
Ham supplies since "55". 

Ohio Texas 
AMATEUR RADlO 

SALES & SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 

BARGAIN BROTHERS ELECTRONICS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

WEST TRENTON, NJ 06828 
609-883-2050 
A million parts - lowest prices 
anywhere. Call us! 
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AC-DC Operation 
BNC Inputs 1 Meg Direct 50 onms rrescaled 
8 Large .4" LED Readouts 

.* 
' 1: Auto Decimal Point & Zero Blanking 

/ - 1 Year Limited Warranty Parts & Labor 
- /  . 

\ 
' I  
\ = - 0 100% Factory Assembled in U.S.A. 

MODEL 500 HH MODEL 100 HH 
50 Hz - 500 MHz 50 Hz - 100 MHz 
W ~ t h o u t  Battery C a p a b ~ l l t y  

SAVE $50° $9gg5 
WII~OUI Batlery Capablllty 

W ~ t h  B a t t e r y  C a p a b ~ l ~ t y  

MODEL 500 HH . .S169.95 
MODEL 100 HH . . $119.95 
Includes AC-9 B a t t e r y  E l ~ m ~ n a t o r  

The 100 HH and 500 HH hand held frequency counters 
represent a significant new advancement, utilizing 
the latest LSI design . . . and because it's a DSI inno- 
vation, you know it obsoletes any competitive makes. 
both in price and performance. No longer do you have 
to sacrifice accuracy, ultra small readouts and poor 
resolution to get a calculator size instrument. Both 
the 100 HH and 500 HH have eight .4 inch LED digits 
- 1 Hz resolution -direct in only 1 sec. or 10 Hz in 
.1 sec. - 1 PPM TCXO time base. These counters are 
perfect for all applications be it mobile, hilltop, marine 
Or bench work. 7, ,-1 7 ., - c  ' - -  : 7 ' ~ " .  . .. (800- 
854-2049) 3-:. 7.y .  2 ' (800-542-6253) - 1: C,y!;l.'ZF 
.. ._ .. - - .  , -. ^ I - . , _- _. . . - . ,-- . - .  . . .. . . - , -  : - 1  , a  ,. 

.,. . . . _ _ ,  
.-,'.C, . . ,  , . ,,- - - , + _ - ..,-. ,,... , .  C ..,. ,..? ..,,--I.-. 

-' , . 1 ~. 2 d... 
3-. 

. , , ,-  - , . ,  ,r< , y T r , : , ,  .." .-..: --,-., ., - r . z :  
. .  .J . < , .  . : ?. 

I ne 3ymlltcntlon~ and Dri- Inslu&d In (ha ab- cnnn a,,, a, p,,bl,rhrn ,n mnurecturers ltwrntvro and a~~er t~mrnmo ~ D P B ~ ~ Q  an .arty DsI lNsTRuMENTsoniy n.uurnr5 r n p o n a i b l l t ~ ~  for innr ami~sn~ionr 

FREQUENCY COUNTER CONSUMER DATA COMPARISON CHART 

100 HH.. .$ 99.95 WIBattery Pack.. .$119.95 
500 HH.. .$149.95 WlBatlery Pack.. ,6169.95 
PTICBS andlor speclf~csl~on'l Thew prices ~nclude faclory 
sublecl l o  change w!thovl lnstnlled rechorqeable NhCod 
nottcr or obl#qalton battery pflcks 

m ZE 
DSI INSTRUMENTS, INC. 
7924 R o n s o n  Road. Dept. G 
San Diego. C a l i f o r n i a  921 11 

1 KHz - 50 MHz t ConllnPntal Speclnltlea Corp 

- .. - - -- 
SENSITIVITY DIGITS PRE-SCALE INPUT 

T-500 Ant. . . . . . . . . . . . . . . . . . . . $ 7.95 
AC-9 Battery Eliminator.. . . . . . $ 7.95 
TERMS: MC - VISA - AE - Check - M 0 - COD In U S  Funds 
Please add 1 W  lo n mnrlmurn o l  S t 0 0  lor shlpplng, handl~ng 
and nnsurancs Orden outrlde 01 USA 6 Csnsda. plenla add 
$20 W addll~on l o  cover alr shlpmenl Cal~fornlfl rojldenls add 

.- 
TYPE OF 

TIME BASE 

TCXO 

100 Hz. 
-25 MHZ 

ACCURACY OVER 
TEMPERATURE 

FREQUENCY 
RANGE 

SOHI-IWMHz 

RESOLUTION 
50 MHz 250 MHz - No. SIZE IN 

.I SEC 1 SEC - "' - 
- 

l PPM 

SUG'STD. 
LIST 

PRICE 

5 9995 

-- - 
MANUFACTURER 

DSl INSTRUMENTS 

- 
400c 

2 PPM . 
50Hz-550MHz 

MODEL 

100 HH -~l[$ ;q f 149 95 US1 INSTRUMENTS 

25MV ----- 
25 MV 

500 MV' 

NS 

ZPPM TCXO 500 HH 

-- 
20 MV 30MV - - - - - -- 

250 MV 250 MV NA 1 kHz - 
NS NS 1 kHz 1WHz -- 

1 PPM 

$149 95 

$13995 

csct 

OPTOELECTRONICS 

MAX.550 

OPT-7WO 

8 PPM 

3 2  PPM 

1kHz-5MMHz Non-Compensated 

IOHZ-WMHZ TCXO 

3 PPM @I 25'C 

18PPM - .- 
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CY BUY A 5600A: Because 95% of the assembly i 
you are only one hour away from solving all tl 

blems, from setting the frequency of a audio sign 
to check~ng the frequency of a 486 MHz mobile tdutu, vv l le t8 l t . r  yuu 

serv~cing a VTR, trouble shooting a PLL circuit, the 5600A is the r~ght  
nter wilh accuracy that will meet any FCC land mobile, broad- 
1, or telecommunications requ~rements. On the bench or in the field 
5600A w ~ l l  do the job you need. The 5600A includes a self contained 
tery holder provlding instant portability or weoffera 10 hourrecharge- 
?battery pack option. Other options Include a audio multiplier which 
ws you to resolve a 1/1000 of a HZ s~gnal and finally a 25db pream- 
ler with an adiustable attenuator maklng the 5600A perfect for 
nmunicat ,ervicing. testing or meeting , 
the corre, ICY every 1 
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he part of 
ccept DSI 

n . 3 .- "&Lars d run, nd81y~- JU nL lu ouu rvlnL tiuur1Lt.r WI~II - Y UI~I IS - u. I nL 
resolution - .2 PPM 10' to 40 C proportional oven - RF pre-amp - 
600 MHZ prescaler - three selectable gate times - oven ready, standby 
and gate time indicator l~ghts as standard features - For only 5149.95 k ~ t  
and $179.95 factory wired. In fact the competltlon doesn'l even come 
close unless you cons~der 5200.00 to $800.00 close W~th  DSI having the 
best price to quality features ratio in the industry, no wonder we've 
become one of the world's largest manufacturers of high quality fre- 
quency counter ~nstrumentation. 

iO OWNERS 
YOU can add the 
35P.2 .22 PPM 
10' 10 40' C 

proport ional oven 
t o  your 

existing 3550 

DSI INSTRUMENTS, INC. 
7924 Ronson Road 

San Diego. Californi 

Modal q u s n y  

. . . . . . . . . . . . . . . . . . .  5600A Kit $149.95 
5600A Wired . . . . . . . . . . . . . . . .  179.95 
AC-9 AC Adaptor.. .......... 7.95 
T600 BNC Ant. . . . . . . . . . . . . . .  7.95 

BUILT-IN OPTIONS 
BA56 Rechargeable 
10Hr. Bat. Pack . . . . . . . . . . . . .  24.95 

56WA wlrw l e d  wniranly 5 M O A  tll 90 clay limitfrd wdrrnnty 'Wttrt AC-0 4dsplnr 
P~ICOS and o angc withoul n(,llce or onlvq~tlon 

- COO ,n U , -. -. . - - - - 

Ss"ll1l"lIy 

Tarnpnlure 

Proporttonal Oven 
2 P%lO"-409C 

TCXO 
1 PPM 17'-40PC 

TCXO 
1 PPM 17'-40'C 

I m ~ s  

1 Ant. . . . . . . . . . . . . . . . . . . . . . .  $3.95 TERMS: MC - VISA - AE . chock . M o s Fundr AM56 Audio Multiplier 
Please add 104 lo n rnaxrrnurn 01 S1OMl IUI . I , ,~V, I ,~ ,  hnndllng . . . . . . . . . . . . .  7.95 .,, ,,,,,,,,, .,,,,, OUISlde USA CanRds add .001Hz Resolution . . . .  34.95 

.29.95 $20 WJ add l~~o l  sh l~men l  ~ ~ l t l o r n t a  residents add PA56 25dB Preamplifie~ ........................ 
6% Sales TRX . . . . . . . . . . . . .  .49.95 with Attenuator . . . . . . .  59.95 

Number 
of 

Assdoul. 

9 

8 

8 

b 
IOM(I-~~MHI 

lOMV 

25MV 

25MV 

5600A-K 
56OOA-W 

3550 

500HH 

S l n  
01 

Rsadouls 

5 Inch 

5 Inch 

.4 Inch 

- 
0 

50-250MHz 

lOMV 

25MV 

2OMV 

$149.95 
$1  i Y  95 

99.95 

$149.95 

@ 
29-450MHz 

50MV 

i5MV 

75MV 

50Hz-600MHz 

50Hz-550MHz 

50Hz-550MHz 

mwr 
Rwlulrmcnls 

' 1  15 VAC or 

8 2-14 5 VDC 

'1 15 VAC or 

82-74 5 VDC 

'1 15 VAC or 
8 2-14 5 VDC 

or NlCAD PAK. 

v 

3Y." i 9 . ~ "  x 9.' 

2h"  x 8" x 5" 

1" x 3'.>" x 5%" 



Repeater Jammers Running You Ragged? 

Here's a portable direction finder 
that REALLY works-on AM. 
FM, pulsed signals and random 
noise! Unique left-right DF 
allows you t o  take accurate (up 
t o  27 and fast bearings, even on 
short bursts. Its 3dB antenna 
gain and .06vV typical DF sen. 
sitivity allow this crystal- 
controlled unit  t o  hear and posi- 
tively track a weak signal at very 
long ranges-while the built- in 
RF gain control with 120 dB 
range permits positive DF t o  
within a few feet of  the transmit. 
ter. It has no 180" ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The D F  is battery-powered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. I t  is available i n  the 140.150 MHz VHF band and/or 
220-230 MHz UHF band. This DF has been successful in locating malicious inter. 
ference sources, as well as hidden transmitters i n  "T-hunts", ELTs, and noise sources 
in  RFI  situations. 

Price for the single band unit is $195, for the VHFlUHF dual band unit is $235, plus 
crystals. Write or call for information and free brochure. 

L-TRONICS 
5546 Cathedral Oaks Road 

WGGUX (Attention Ham Dept.) WDGESW 
Santa Barbara, CA 931 11 

U? TO6BANOS! EXCELLENTFORCON- GUARANTLEO FOR 2000 WATTS SSB 
GESTED HOUSING AREAS - APARTMENTS 1000 W A T T S  CW. INPUT FOR NOVICE AN0 
LIGHT - STRONG - ALMOST INVISIBLE1 ALL C L A S S  AMATEURS! 

300 Ib. test dacron end supports, center connector wnh buln In tlphnlnp arrester and stalls dlrcharao - 
molded. sealed. weatherproof, resonant traps I"X6"-vou lust rwiich l o  band desked lor excel lent world$rlda 
o~eretlon - transmntlnp and rectcvlnpl WT. LESS THAN 5 LBS 
160-80-40-20-15-10 b n d .  2 trap-209 ft.wlth 90 It. RG58U - connector - Model 7778U . ..S64.95 
80-40-20-15-10 bands 2 1v.p -- 102 It. wlth 90 It. RG58U - conneclor - Model 99BBU . . . $59.95 
40-20-15 -10 bands 2 trap --- 54ft. wlth 90 ft. RG58U coax - connector - Model 1001BU. . . 158.95 
20.15-10 bands 2 trap--- 26 ft. m h  90 n. RG58U coax - connector - Model 1007BU . . . . 85795 

- 
CENTRAL NEW YORK'S FASTESTGROWING HAM DEALER 

Featurin Yaesu, lcorn, Drake. Atlas, Ten-Tec. Swan, DenTron. Pace. Palomar. Alda. Midland. 
Wilson. &(OK, MFJ. M~crowave Module. Standard. Tempo, pstron. KLM. Hy-Gain. Mosley. 
Larsen, Cushcraft. Hustler. Mini Products. Universal and Trtstao Towers. We service every 
t h ~ n g  we sell! Writeor call for quote. You Won't be Dlsa pointed. 

We are iust a few minutes off  the NYS Thruway (1.90) Exlt 32 

N e w  I T E M S .  . . N e w  BARGAINS! 
UPON REQUEST!  FREE Send today for FRFF ropy of 

NEW CATALOG WS-79 - and Supplement! 
Arltirecr nanl M U  . Phone 41912;'i 6573 

DIPOLE /ANTENNA CONNECTOR 

,#,,,*.I i.,,... ",.*n A ,  ,..". ,*.l.l. I. .  15.3 
D",pld I ,..rwr..,n >.IC 

for your military surplus electronics 
If you have or know of availability: 

TT-98 TT-76 Teletypewriter 
phone me collect 

GIFT IDEAS 
for the Holiday Season! 

See page I 0 0  or rpqurst 
free catalog -write: 

HAM RADIO'S BOOKSTORE 
Greenville, NH 03048 1 

COPY SATELLITE PHOTOS. 
1 WFATHFR MAPS PRESS! 1 . . - . . . . . - . . . . . . . . -, . -.. 
1 The Faxs Are Clear - on our lull srze (18-112'' 1 

I Ham Gear 
HP49IC mlcroraue lmpll!lcl $495 
Fradarekr R T 7 1  1500A HF rcvr 1650 
h l k s  7552 rcvr . uy qd 
R39OA new. latart (mlq by EACI 
Coll!ns PM-2. Dower SUOO~V 
C 4 a a m e  Spacial 1450 
Catllnr KWM2A Ilanrcslvar. e l t .  md. 1995 
Call~nr 75A4 ham rscaws!. *y prod $425 
Coll~ns 31285. V lo  Console. e l c  $525 
Colltns 30L1 vr od $595 
GIII~S 516F2, b~~&ar  rvppb $185 
Col l~os R-3901 rcrrr. orsrhlulmd I=. mod. ca l l  
Colt8nr 5151. 2-30 MHz rcrr .  Sptclal 
Hammarlund SP.6OUX. rcvr. 1325 
Collonr 32S3 ham trlnrm~tta. q. gd. 1650 

A11 agulpmM sold c k b d  
and rslllgnsd 

Write lor Iree caltbg. 
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RF~2200 8 BAND AMIFM, 
SW Ire~s lrom 39 10 28 
MHz Double super he, 
erndyne Pleclre call 
braled lunong IO 10 LHZ 
D o ~ b l e c n e ~ k  riel marhe, 
al 5W hnz and 125 hnz 
R F  gain conlrol lor AMISW 
BFO swllch lor SSB 6 S w  
Plu5 many mole lealures 
%cn a5 ex! lacks lor AC 
a n 1  6 PPhr Big raam 
lc.l"le~ dl low e,,ce 

PIu.SZIO Shlwin. 

RF 1900 DlDlTAL AMIFM 
SW Irpm 3 2  lo M Mu? 
5 ajg,t LED d t s p ~ a ~  

reaar all bands Double 
superheterodyne I'L cjr 
Cvmlry F M  AFC 6 wtde! 
nwrow band*odth control 

Fa?111SIo* 1unrtg 
Bull1 ~n AM an! Tele 
S L O P ~  w n q  lor A W S w  

B F ~  piwn convro tor 
SSBiCW And much 
much more lor the e v ~ e  

PlulSl  SO Shlwlno 

COVERAGE 
FROM 1 6 to 31 

MHz ALL 
DIGITAL PI". 

SWL ANTENNAS 
MOSLEY SWL-7 MOSLEY SWV.7 

DIPOLE VERTICAL . 

Far 11.l3.16.19.15. 
31. 6 49 melers An 
lnerpensove horizon 
la1 dipole wf lh 8 pre 
luned wealherproot 
lrap assemb11es lhal 
are Ihe hey l o  Ine 
S W L  7 s a m a l l n o  

For 11.13.t619 25. 
31. (r 49 melers 6 
spectally deslgned 
IraOS all housed 8n 
51ngle wealherproal 

IOP DX recepllon 

ground mnun l  8 

mum resostance to 
wma V8bralmn Few 
veeltcals can malch 

pnenollc nouslng la! , 

Destgned lor root or I 
swaqed lor maxi. 1 
11 lor SWL lun only 

JUST IN: SURPLUS MOTOROLA 
BASE STATION CABINETS AT A 
FRACTION OF ORIGINAL COST: 

Now is the perfect time to house your 
repeater in a great cabinet for a great 
price. These are in mint condition ex- 
cept for minor dents and scratches. 
Sent F.O.B. Oak Park. 11. Freight Col- 

LIMITED QUANTlTlES - ORDER NOW 

OUR BEST-SELLING MULTI-BAND! I I 
f 

- -- 
X I .  7 -  r 
* >  . 

-. -- I I 
One hall the lenglh o l  convenl~onal hall wave d~poles 

~ D R  MUUI band MUNI lrequency 
- Max~mum elltc~ency -- no !raps loadlnq co~ ls  or stubs I I 

Fully assembled and pre-tuned - no measur~ng no cult lnq 
All wealher rated - 1 KW AM 2 5 KW CW or PFP SSR I I . ... 
Proven performance - more than 10 000 have been dellvprerl 
Perm11 use o l  Ihe lull capabllllles o l  loday s 5 band xcvrs 
One leedl~ne lor operatton on all bands 5 40-10HDll40120115110 Mtrs (36) . . . 163.25 

75/40 M e t e r  80-40HDIA 80140 Mtr bands (69) . . . . . 61.25 
75140HDIA 75140 Mtr bands (66) . . . . . 58.75 
75-1 OHDIA 75140120115110 Mtr (66). . . . 78.25 
80-10HDIA 80140120115110 Mtr (69). . . .80.25 

NEW! B l W  PORTABLE WHIP ANTENNA I SWL BOOK VALUES 

More Details? CHECK - OFF Page 118 novernber 1979 113 



I ANNUAL LAS VEGAS PRESTIGE CONVENTION I 

DUNES HOTEL & COUNTRY CLUB 
Las Vegas, Nevada 

JANUARY 10-1 3,1980 

BIG HAM SHOW 
What's all the chatter and noise we hear? 
It's HAMS! Checkin'outmobile gear. 
It's SAROC time in the gamblin' State 
Send your reservations in, before it's too late. 
January 10 thru 13 that's the time to go 
To see ham friends and attend a show. 
The YL's will love it - so much to do 
One arm bandits and a luncheon too. 
There's a great first prize - Many others, 

as well 
You might be a winner - You never can tell. 
You missed the ham convention that's rated 

best. 
So let's get ready, get set and go 
To eye ball at SAROC - THE BIG HAM 

SHOW! 
by xyl of K6SF 

Advance Registration$15.00 per person* 

Special rate $33.00 plus tax 
per night - single or double occupancy 

A Dunes Hotel reservations request 
card will be sent to exhibitors and 
delegates 

Send check or money order t o m  
P.O. Box 945, Boulder City, NV 89005 

'Refunds will be made if requested in writing and 
postmarked before January 9. 

114 november 1979 More Derails? CHECK-OFF Page 118 





STEP UP TO TELREX! 
WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" KIT 

THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 

MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 

Telrux "Monarch" (Trapped) I.V. Kit 
DueBandl4 KWP I.V. Kit SB8.50 

Post Pald Continental U.S. 

Optimum, full-size doublet performance, independent of  ground conditions! "Balanced- 
Pattern", low radiation angle. high signal t o  noise, and signal to  performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "Inverted-Vee" to frequency within the hour! Minimal SlWlR is possible if 
installed and reronated to  frequency as directed! Pattern primarily low-angle, Omni- 
directional, approx. 6 DB null at ends! Costly, lossy. antenna tuners not requiredl 
Complete simplified installation and resonating t o  frequency instructions supplied with 
each kit. n 

For technlcal data and prices on complete 
rclrex line, wklte for Catalog PL 7 (HUH) 

I . . , , ,  16-Pole R-4C SSB! 
These ". -.:I: i.; I ,  ' ,  I :  ,I , I, , ' , 11 i [  ~ , l i  H .,,,.. OR+4, It.,.s, rlrllllorn lll.n,*r I.,l.rll,ll*.,.r,R 

(Ira,&ll r h a n  I.cIw 1 4  2 L I I r r l  818 I l l k t 4 , # ?  **I0 

are for you! CF 2 ~ i . 3 ~ . ,  s 1 2 0 m  n.la,\~,trh *,trt,lll .I UI w 

3kHz 8-Pole Filter for 
600 Hz 6-Pole Fint - IF Filter for Drake R-4C 

M"*,d,h, lW ,a, lmpon Ih. ... 11.1.9. ,.1m,.1tv €I,""".,. 
R-4C. R-7, TR-7 

,ha. ** r,- b,, m,. qca .,pn ,*.I I.., .,o."d 8," I.,, *. b,...rmd 
Sh.r"' AM In ''ma 0'3',ma' 

IF I,,,. , M,n,m,l. Ik barn ,,,on. .,pn.,, .".,,&,ng IN vrmd m,..,. 
',"" "'*'*-'*km"ut nC 5 1 3 W  =' 3K18 

I",.,-" ,.taon .nd M" .,,,,.,, B0,h In. ." ,,,,ny I,,,., and our '0' 'C.CD3KrB'm IR' 

CF BmlB o n  L%s m u n l d  m #he ~mmml .nd re1.v %wslrkd lo ra!.ln m a  R.4C IRWT.pANEL C O N T ~ O L ~ ~ ~ ~  WAL. 
omb,lltin CF mt~ 580820 R.IW . ~ t . h  kin 5 3 3 0 0  FUNCTIW AOTIRV SWITCH. s19.m ~n a r i t ~ l  

125 Hz 8-Pole Second - IF Filter for R-4C 
,al.yr to, CF.00018. CF Zlii3. CF 3 B .  and . . l l $ s s  

8 LHl Ian!-IF hl!.r 

Sulll th.ryol ~ ~ . ~ l . b l d  275 HI .I &3 d01 Cuts O R M  ldoaI lor DX andcon8"l 
,,, .,.,,,, ,, c , , ~  llnd Eondll.m. Ho.. u~ullrr .dlo ShEPINOOd EngklEeing k 
lllrrrl P V ! ~  t.lmlvlav m AGc la*, u ~ ~ r e  -an a d l o  Iallarr. rmmw p .8 "  nut 
vnfd  lw ORM oul.md. wshand CF 1 2 5 B  S IX l  W 

1268 South Ogden St. 
Denver. Colo. 80210 

Superior 8-Pole CW Selectivity for TR-4s (303) 722-2257 
354 HI a t  0 dB. BY) HI  04 6WB Cuts ORM More ulullr than 6.W. CW Money back not sallsfied 

TR ~ C W  FW .I# TR 4. SIN 26000 .nd CF 35018 5 1 m ~  
S.W* . ~ t  moumtlwkct s l o m  Add $3 per order 51ut11)8r19. 

16 oversear "4, 

SignalIOne CX-7, CX-11 8-Pole CW Filter 
AII C",~RII CW Lwndw~dth.!ala$.3Y)  HI ld..Ilo, R T T I  CS35018 Slmm Dealer hquifies Wtome - 

\ 

on a1 products we carry 
STAMP BRINGS CATALOG I 

W D H PRICE 

1 4 8 3 3 "  116.10 I 

Blue B a ~ r p e c i l y  hll. or bluk lop. 

SHIPPING VT4 SPEED C M  BOARD 
INCLUDED KIT $10995 

-- IN  PRICE BOARD ALONE $18 95 
I I AUTO CW ID KIT $27 90 1 

- - 
3029 N WILSHIRE LN. ARLINGTON HTS. ILL MHY)4 

PHONE 312-870-0555 

10 Watts In - 75 Wnltr Oh11 

2 Mner FM or SSR Arnpllfkr 

Fcamrd In MOTOROLA App. Note AN-791 
Gmplee Kit M d d  875K $99.95 
!k article in S q t .  79 QST pgs. 11-16 

COMMUNICATION CONCEPTS.INC. 
2M8 N m h  Aragm AVE. 

Daymn. OMo 45420 

p h a ~ :  (513) m - n a 2 5  

UHF Kits Also Avdlabk Smd F n  FREE Data Shm 

The greatest buy in 1978 is n o w  an 
even better buy in  1979' Jam-packed 
w i t h  theory, construct ion projects 
and information - everybody should 
have a copy o f  this super Handbook. 
Small size f i ts perfectly on your book- 
shelf. Also contains tube and semi- 
conductor information deleted f rom 
the 1979 edition. This st i l l  current 
Handbook can be yours at the incred- 
ibly l o w  price of $2.95 each. 

m-w m NOW f 2.95 
Send chedc. roney ader. VISA a Masler Chage 

Ham Radio's Bookstore 
Greenvllle. N r w  tiantii\t?lre 11.llI.lR 

ADD FM TO 
ALL ORIGINAL 

ELS OF THE FT-101 
ARK 1 THROUGH " F  

TRANSklrrrER UNW $30 1wd m uScil 
, , . - , I ( . - ,  . I , . * .  .*,yno*l"\,.lllm<nldrI l f l l  U,." 

"lIS.~. m.nnr\,.. , ,,,. ne I,<,.,."" . "e~* ,wcm, l~n . .uc~ i"mb 
I U ",,I" ?+."" 88, .. .,rnK,"mn, 

RECEIVER UNIT: $100 1.0 0" usr, 
m.,,, , ,  ,,.., ,,, ,.,,,>Me,,,? %St, '"a< -,,m8,,##,"uo4 -7 

,,,,, .,,I ,.? ,,,,.,", ,no,*r m\ ,c',m C " \ , , r n  m e  ,#"I.# 8Wt" 
?,, .,,# ",dC ,,,." AM?+MCrn, ,@% 

BOTH UNITS: S l 2 S ~ m  ,.wl 
USE om n. YMZ FM arm. a*, w on s mnn.. 

,-I.,. an"J0,rylU"r I,., ,."."",* 



( The new Heathkit" Hand-held DMM 1 

technology and traditidnal Heathkit value is now 
built into a new hand-held digital multimeter 

I Signaturn 
IN-wry to send marchondial 

weighing only 14 ounces! I Noms 

I 
(Please Print) I 

If coupon Im missing. ordmr from: I Addre.. - 
Heath Company. Depl. 122-590 

I 
Banton Harbor. MI 49022 Stma- z ip  

W n s  am mail order m d  mubl.cl to change rtthout notice. CX.370 I 
L - 1 - 1 - - 1 - - 1 - d  



M~erTisers V 
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  check  m a r k  in t h e  space  e tween 
n a m e  a n d  number .  E x :  Ham Radio ./234 

I N D E X  

AEO 710 
Alllance 7W 
Altnma 589 
Anfeck 7 3  
Artron 734 
Allant~c S~rrplus ' 
Audm Amateur 5M 
Rarw ' 
Bard Elect 018 
Rudwlq 233 
Communlcallons 

Center 534 
Comm Conceplr 797 
Comm  car^ 803 
Comm Spec 330 
Con purer 1 834 
Cornell Dublller 241 
Creatwe E l ~ c  751 
Curllr Eleclro 034 
Cushcrafl ' 
OCO 324 
n s l  m -. ~ - ~-~ 

Dames Comm. 551 
Data Sionnl 270 

Oaytapro 455 
DEE Co 805 
Eagle ' 
E T O  ' 
Elec Research Vlrglnoa ' 
Fat, Radlo 048 
Fox Tango 657 
G b C Cumm 754 
GLB 552 
Grav 055 
G~RJDN ' 
Hal ' 
Hal Tronlx 254 
H R B 150 
H R Magalme ' 
Hamtron~c5 246 
Heath 060 
Hetghts ' 
Henry 062 
lltldreth 283 
Holdings 252 
Hull Elect ' 
Hy Gatn OM 
lcom ' 
Info Tech . 351 
IntCrvrlal 066 

Jameco 333 
Jan 067 
Jones 626 
Kanlronocr ' 
Kenwood ' 
Klaus 430 
L Tronnca . 576 
Larsen 078 
Long's 4%l 
Lunar 571 
MFJ 082 
Madson ' 
M,oowave Filler 637 
J W Mllle, 745 
Mull>cure Solders 703 
P C Elec 7% 
Palomar Eng ' 
Panason,c 683 
CalI1,ook 1W 
Rndlok,, 801 
Rndw World ' 
Ram%w 442 
Rockwell Callhns 258 
SST 375 
Saroc ' 
Shewood 435 
Smr Elecl. 788 
Space 107 
Speclronics 191 
Spec Cumm 335 
Spec. In1 108 
S w a n .  111 
TCI 785 
TPL 240 
Telco 708 
Teklronm 806 
relrpi 377 
Ten Tec ' 
T r l  Ex  116 
Van Gorden 737 
Vanguard Labs 716 
Vnrtan 043 
Wacom 802 
Wehrter 

Asroc. 423 
Western ' 
Wllson Elecl . . 123 
W8lsun Systems 787 
Xrtcx 741 
Yaesu 127 
Yark Elsc 792 

'Please conlacl lhlr adverltser dlrecllv 

L i m i t  15 i n q u i r i e s  p e r  reques t .  

November, 1979 
Please  u s e  b e f o r e  D e c e m b e r  31. 1 9 7 9  

Tear oft and mail lo 

H A M  RADIO MAGAZINE - "ehack O f f '  

Grsanvills. N. H. 03048 

NAME 

CALL 

STREET 

STATE. . . . .  Z I P  

118 novernber 1979 

......... 
a i d  in USA. 

LET'S TALK TURKEY 
.. . . . . . . . . . . .  C u s h c r a f t  "boomer "  $69.95 
. . . . . . . . . . . . .  K L M  144-148- 131b. .  .S9.95 

O M N I J  1 heavy  d u t y  m a g n e t  mount 
.................... c o m p l e l e .  .49.95 

TRIEX W.51 FT &elf -su port l o w e r ( R  
$391) Y o u r  c o s t  ( ~ ~ t ~ a l l f o r n i a )  .%.M 

T o n n a  F Q F T A n t e n n a s  1' . .89.95 
K l i t z ~ n g  V H F - U H F A m p l i  

2 M  l 0 W  in. l 0 0 W O u l  ......... .179.00 
4 3 2  1 0 W  In. 5 0 W  O u t  . . 189.00 

B i r d  4 3  a n d  s lugs ,  UPS p . s t o c k  
M i c r o w a v e  M o d u l e s  432. .299.00 

D e l u x e  A m p .  432.100V . 449.00 
. . . . . . . .  Te l rex  TB5EM. ~ n s t o c k  415.00 

. N e w  Pa lo r r~ar  Engr.  Trans.  Preamp. .  89.50 
B e n c h e r  P a d d l e s  - 39.95 C h r o m e  49.95 

. . . . . . . . . . . . .  ETO 7 6 A m p I 1 t 1 e r s . .  s t o c k  
. . .  Lunar6M.2M-220  In L i n e  P r e a m p s  49.95 

L u n a r  2 M  A m p  10.80 w lPreamp.  
. . . . . . . . . . . . . . . .  U P S  P a i d  U S A .  198.00 

J a n e l  O S A - 5  . . . . . . . . . . . . . . . . . . . .  .41.95 
. . . . . . . . . . . . . . . . . . . . . . . . .  H a m  X 189.00 

. . . . . . . . . . . . . . . . .  N E W  Ham.4.. 139.00 
V H F  E n  r s  b l u e  l i n e  a m p s  s t o c k  

VHF fit;. . . . . . . . . . . . .  : : : : : : : : : s t o c k  
. . . . . . . . . . . . . . . . . . . .  C e t r o n  5 7 2 8  .29.50 

M i d l a n d  13-509 2 2 0  M H z -  12ch .  1 0 W  159.00 
13.513220 M H z  s y n t h e s i z e d  

. . . . . . . . . . . . . . . . . . . .  20.10.2W ,389.00 
. . . . . . . . . . . . . . . .  M o t o r o l a  H E P  170. .0 .29  

. .  M a l l o r y  2.5A11000 P I V  E p o x y  D i o d e  .0.19 
N o n  L i n e a r S y s t e m s  M i n i s c o p e -  1 5 .  318.M) 

. . . . . . . . . . . . . .  M i n i s c o p e .  215. .435 .00  
- 10%. a c c e s s o r i e s  ava i lab le  

. . . . .  Aerovox  1000PFl500V F e e d  thru.  1.95 
. . . . . . . . . . . . . . . . . .  GE6146B or8950 .  7.95 

T e c h n i c a l  Books :  A m e c o .  ARRL.  SamS. 
Tab. R ider  R a d i o  Pub.. Ca l lbook .  C o w a n .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  e tc . .  C a l l  
N E W  B e l d e n  9405(2(116)(6118) 8 w i r e  r o t o r  

. . .  cab le .  heavy  d u t y  t o r  l o n g  r u n s .  , 0 2 8  
. . . . . .  8448  s t d .  8 w l r e  ro to r ,  p e r  I t .  .0 .17  

9888  d o u b l e s h i e l d  R G 8  F o a m ,  p e r  11.0.42 
. . . . . . . . . . . . . . .  8214  R G 8  F o a m . .  .0.26 

. . . . . . . . . . . . . . . . . . . . . .  8237  R G 8  .0.23 
. . . . . . . . . . . . . . . . . . .  8267  R G 2 1 3 . .  0.27 

. . . . . . .  A m p h e n o l  S i l ve r  P l a t e  PL259  . 0 . 6 9  
T i m e s  M "  F o a m  Hard l ineS0.6Yf t .  - 

. . . . . . . . . . . . . . . .  C o n n e c t o r s  ea. 15.00 
718" H a r d l i n e f l . 5 O l f t .  - 

. . . . . . . . . . . . . . . .  C o n n e c t o r s  ea. 25.00 
. . .  Berk tek  RG8X. 5 2  ohm.  K W .  p e r  f l .  0.16 

Consolidated H D - 1 8  Ga. Galv.  Tower .  
. . . . . . . . . . . . . . . . . . .  10 '  section .29 .95  

. . .  R o b o t  " S l o w  Scan"  N o w  i n  S t o c k  . C a l l  
. . . . . . . . . . . . .  A l l i a n c e  HDJ3 R o t o r  109.95 

Teletow'r-sel f  s u p p o r t -  
. . . . . . . . . . . . .  5 5  f t l w  b reakover  .549 .00  
. . . . . . . . . . . . .  4 0  f t l w  b reakover  .399.00 

. . .  S w a n  TB4ha.  TB3ha. T82.. . 2 0 %  o f f  l i s t  
C o l l i n s  r e p l a c e m e n t  p a r t s  avai lable.  

Telrex Antennas? In Stock! 
L o o k f n g  l o r a n f i q u e p a r f s 7  

W r i t e  s p e c i f i c  n e e d  t o  W5GJ. 

THIS MONTH'S SPECIALS: 
lcom IC280 - $349.00 

DenTron GLA 1000 Amp. $319.00 
Bearcat 250,220 - $299.00 

DenTron Clipperton L - $599.00 
MASTER CHARGE VISA 

All prtces fob Houston except where lndlcaled. 
Prices subiect l o  change wlthoul notice. all Items 
guaranteed. Some olems sublecl prlor sale. Send 
letlerhead for Dealer price lhsl Texas residents 
add 6% tax. Please add postage esttmate $1 00 
mtnlmum 

MADISON 
ELECTRONICS SUPPLY, INC. 

1 5 0 8  McKlNNEY 
HOUSTON, T E X A S  77002 

7 1  31658.0268 

AEO Eleclron8cs 96 
Alllance Mfg  Co 73 
Aluma Tower Co 94 
Antech Inc 91 
A ~ l r o n  Corporal~on 1W 
Allanllc Surplus Sales 112 
The Audlo Amateur 92 
Barry Eleclruntcs 87 
Budwq Mlg  Co 112 
Comm!lnlcarbon5 Cenler 83 
Commun8cnl80n Concepts 116 
Cornmun~cat#onr Speclalt~lr 10 11 
Creat8ve Eleclron~cr 1W 
Curlls Elect," Devices 94 
Curhcrall 32 
DCO Inc 98 
DSI lnrlrumenlr 110 111 
Dames Commuolcarlonr Svsrems 112 
Data Stgnal Inc 95 
Dave 112 
Daylapro Electron~cr 116 
Eagle Electron<ca 95 
Ehrharn TechnaloglralOwmt~0n.i 119 
Eleclronnc Research Colp of Vlrglnld 107 
Fdlr Radio Sales 112 
FOX Tango Carp 94 
G 6 C Cammoncatlonr 98 
GLB 102 
Grav Eleclronlcs 94 
Gregory EleCtronlCr 104 
Hal Cammunlcal~anr Caw 37 
Hal Trontx 82 
Hnm Rndm s Bookslore f f i W M  116 
Ham Radio Magaztne 106 
Healh Company 1 1 1 7  
Herphlr Mlg Co 105 
Henry Raden Stores Cover II 
H~ldrelh Engnneernng 95 
Holdmgs Lld 116 
Hull Electron,cr 112 
1com 5 
In10 Tech 103 
ln~ernat~onal Cwslal 67 
Jameca El~clran8cs 101 
Jan Cwrlals 107 
Jones Mnrlln P b Assnc 99 

Kanlronlcs 96 
Trio Kenwood Communtcalaona Inr 7 60 61 
Klaus Radlo Inc 88 
L Trontcs 112 
L a w n  Anlennns 59 
Longs Eleclron8cs 1 M  
Lunar Eleclranccs 1M 
MFJ Enterprlses 2 
Madson Eleclron~c Supplv 82 96 118 
Mncrowave Ftller Inc 106 
J W Mkller Drv~s#on Bell lnduslr~er 89 

P C Eleclronlcs 104 
Palomar Enqtnrerr 105 
Panasontc 93 
Radio Amaleelr Calll>ook 86 
Radloktl 95 
Rad~o World 112 
Ramsey Eleclrnn8cs 97 
~ockwel l  lnternat~onal Colltns Owarton 47 

Saroc 114 
Shewood Englneerang 106 116 
Space Electron8cs 95 
Speclron~cs 113 
Spectrum Commun~cat~onr 102 
Spectrum ln~erml~onal 46 

Swan Eleclran~er 115 
TCI 106 
TPL Communcallons 82 
Telrer. Lahnrarorles 116 
T P ~  TPC 9 
Van Gorden Engrneerlng 107 
Vanguard Labs 95 
Varlan Etmac Dlv8roon Cover IV 
Wrhrler Assoc8aler 102 
Wstern Elecltonrs I12 
Wnlran Electtonlcr 33 
W8lron Systems 76 77 78 79 80 
Xllex Corporaloon 98 
V a e v  Eleclronfes Corp Cover Ill 

York E I ~ r l r o n ~ ~ ~  107 





KENWOOD TR-7625 
25 W transceiver 
The untt has memory channel with simplex 
or repeater operatlon r600 KHz transmttter 
ottset, mode sw~tch lor swltchlng the trans- 
mot treq up of down. full 4 MHz coverage on 
2m (14400-147 995). 800 channels. 5 KHz 
offset sw~tch. MHz selector switch, dtgltal KENWOOD RM-76 
lreq dksplay. unlock lndtcator for trans- 

KENWOOD TR-7600 
2m FM transceiver Covers thp entlre 2 meter t a ,  .: sSB. 
Featur~ng lull 4 MHz coverage 144- CW. FM, AM. and seml-break ln CW. bullt-ln dlgttal d~splay. coollng fan. IF 
148. 800 channels. :OW RF s~de tone monltor. dlgltal frequency sh~f t ,  b u ~ l t - ~ n  protectton tor the ttnal 
o ~ t p u t l l W  LO, memory channel wlth readout, recelver preamp and 600 transistor. VOX. nose blanker. 25 
stmplex or repeater offset. 13 8 VDC KHz repeater offset operatton wtthtn KHz marker The treq range IS 80 to 
al 3 A conttnuous. Also LED freq all 2m repeater subbands ~ncludtng 10 meters and WWV, modes SSB 

touchtone mic 143 900-148 495 MHz. 
MARS. 10 memorres. 

Touchtone c ~ r c u ~ t  prov~des PTT memory scannlng and 
(push to talk) with ':; second manual scannlng tor busy 
hangtlme after any button 1s pushed range 3 5 thru 297 MHz. Input 
Dynam~c, omntdirect~onal. 500 ohm repeater t 600 KHz. otlset. simplex. impedance 50 ohms, output ~mped- 
tmpedance mtc wtlh adlustable tone and non-standard repeater spllts. ance 20-300 ohms unbalanced 
output level Power requtrement 8 d~grtal readout. bui l t -~n touch tone (coax led), ma%. power 150 watts. 
VDC. 20 mA. Complete wtlh coded generator wllh 16 button keyboard. tunlng range 1 0 1-10.1. SO-239 
cord and 5 pin mtc connector. Corn- and 1 5 watts RFoutput lncludestlex connectors. SWR meter, lnsertlon 
patjble wllh the TR-7600 and TR- antenna wtth BNC connector. NtCad toss less than 0 5 dB at optlmum 
7625 with no modi l~cat~on battery pack and charger match 6"W x 21c"H x 6'h"D 

349.00 Call today. 99.95 L~st .  Call lor quote 

-- __ 

w 
MAIL ORDERS: P.0 BOX 11347 BIRMINGHAM, AL 35202 STREET ADDRESS 2808 7TH AVENUE, SOUTH BIRMINGHAM. ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday. 
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- 
L 1 1  Solid State 

240 watts DC SSB/CW 

* OPTIONAL DlGITBL,MEMORY SHIFT ("DMS") - 
12discrete memories. Stores individual frequencies 

full coverage VFOb I500 kHz each) - 

1 W10 meters, WWV 
(2 auxiliary band positions are 
available for future expansion) 
RF Speech Processor 

I - . SSB, CW, AM, ceCY 

Built-in SWR h 
Excellent Dynarntc mange -- .X - - Audio PeakINotch Filtaw - Variable Bandl 

'"-- -,Full Line of Ac - 
width 
:cessori 

RECEIVER: TFIANSMIFEP 

Sensitivity: 0.25 uV for 10dB S/N. CW/SSB, FSK Power Input: 240 watts DC SSB/CW 
1.0 uV for 10dB S/N. AM 80 watts DC AM/FSK 

Image Rejection: 60dB except 10 meters (50dB) Opposite Sideband Suppression: Better than 50dB 
IF Rejection: 70dB Spurious Radiation: 5 0 d B .  
Selectivity: SSB 2.4 kHz at -6dB. 4.0 kHz at -60dB. Transmitter Bandwidth 350-2700 hz (-6dB) 

CW 0.6 kHz at -6dB. 1.2 kHz at -60dB. Transmitter: 3rd IMD -31dB neg feedback 6dB 
AM 6 kHz at -6dB. 12 kHz at 6 0 d B  Transmitter Stability: 30 hz after 10 min. warmup 
Variable IF Bandwidth less than 100 hz after 30 min. 

20dB RF Attenuator Antenna Input Impedance: 50 ohms 
PeakfNotch Audio Filter Microphone Impedance: 500 ohms 
Audio Output: 3 watts (4-16 ohms) Power Required: 13.5V DC at 20 amps 
Accessories: FV-107 VFO (standard not svnethized) 100/110/117/200/220/234V AC at 650 VA 

FN-107 VHF (UHF Transverter) 
FC-107 Antenna Tuner 
SP-107 Matching Speaker 
FP-107 AC Power Supply 

rim Anli Sipr<>l#rat~orrs S,~htr.rl T l l  
Ihanur. WIlhnll Noltcr Or Obl8rjnl8or~ 

1179 YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (. (21 3) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd..Cincinnati, OH 45246 



Heat hkit SB-221 linear amplif ier 
uses ElMAC 3-500Zs for 

efficiency,economyand performance. 

Designed for 
rugged service. 
The new desktop Heathkit 
SB-221 linear amplifier pro- 
vides up to 2000 watts 
PEP input for SSB and f 
1000 watts input for 
CW service. Only 100 1 
watts drive power is re- ! 
quired to achieve these 
power levels. 

Designed for rug- 
ged contest and traffic 
service, the SB-221 uses 
the highest grade compon- 
ents including two EIMAC 
3-5002 high gain power 
triodes, well-known for their 
reliable, efficient performance. 
One thousand watts of plate dissipation 
is available from the two tubes, providing 
ample safety factor for long life service. cia1 broadcast, FM and point-to-point 

radio systems where reliability and long 
life are paramount. 

Make sure this 6ne EIMAC 3-5002 
is in your equipment. For full details and 

The designer's choice. a data sheet on the 3-5002, write Varian, 
Top-notch equipment designers, such as EIMAC Division, 301 Industrial Way, 
Heathkit, choose EIMAC power tubes San Carlos, CA 94070. Or  contact any 
for commercial as well as amateur prod- of the more than 30 Varian Electron 
ucts. The 3-5002 power tube used in Device Group Sales Offices throughout 
the SB-221 also serves in many commer- varian the world. 
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