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the TEMPO 
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SYl\ITHESIZED 800 CHANNEL HAND HELD 
TR.4NSCEIVER 

This amazing pocket sized radio represents the year's 
biggest breakthrough in 2-meter communications. 
Other units that are larger, heavier and are similarly 
priced can offer only 6 channels. The SYNCOM'S price 
includes the battery pack, charger, and a telescoping 
antenna. But, far more important is the 800 channels 
offered by the S1. 
The optional touch tone pad adds greatly to its 
convenience and the addition of a Tempo solid state 

lifier adds tremendously to its power. 
SPECIFICATIONS SUPPLIED ACCESSORIES 
Frpquency Coverage 144 to 148 MHz Trl~scoplng whlp anlenna. no-cad battery 
Channel Spaclng Rece~ve every 5 kHz, pack, charger 

lransmll Simplex or OPTIONAL ACCESSORIES 
.600 kHz Tuuch lone pad $55 Tone burst 

generalor 529 95 . CTCSS sub- 
audlblr tone control 529 95 . Rubber 
llcx antenna S8 . Leather holster 

8 pleces nl-cad 516 Clgarellr ltghler plug moblle 
opwew batlery lncluded charg~ng unit $6 Matchnng 30 watt 

mkawlnp conlrols Antenna Impedance 50 ohms output 13 8 VDC powpr ampllf~er (S30) 
'5tlnwn ..,ttl ar11.5q1111 11111111 rllcll. 111111 Drmens~ons 40 mrn x 62 mm x 589 . Matchlng 80 wall ot!lpul power 

165 mm 11 6 '  x 2 5" amplll~er (S801 
x 6 5") 

RF Output Beller than 1 5  walls 
Senstl~vjly Belter than 5 m~crovolts 

Prlce ... 5349 00 W11h touch tone pad 5399 00 

The Tempo l ine also features a f ine line o f  extremely 
rompact  UHF and  VHF pocket  receivers. They're l ow  priced. TEMPO VHF UHF SOLID STATE 
dependable. and  ava~lable w i th  CTCSS and  2-tone decoders POWER AMPLIFIERS 
The Tempo FMT-2 8 FMT-42 (UHF) provides excellent Boos t  your  signal. . . glve I1 the  range and  c lar l ty  o f  
mobi le communica t~ons  and  features a remote contro l  head a high powered base VHF (135 to MHz, 
fo r  hlde-away mounting. Drtvt.  Power Output Model No Prlc-c. 
The Tempo FMH-2. FMH-5 8 FMH-42 (UFH) hand held 2W 130w 130A02 5209 
transcetvers p r o v ~ d e  6 channel capabil i ty, dependability a n d  1 Ow 130W 130A10 SIR9 
many wo r t hwh~ le  features at a l ow  prloe. FCC type accepted 30W 130W 130A30 5199 
models also ava~lable.  2w BOW ROA02 5169 
Please call  o r  wr l te l o r  komplete information. Also ava~ lab le  1 ow BOW BOA 10 St49 

f rom Tempo dealers throughout the U.S and abroad. 30W BOW 8OA30 5159 
2W SOW 50A02 $129 
2W 30W 30A02 $ 89 

62~883' UHF (400 l o  512 MHz) models, lower power and FCC type 

MEN l,,LL FNt;c;;t:?,;;;:;::leq~la~ numbe15 
sccepled models also avallsbla. 

JI,;$~;,~ '" 
callt 11240 W Olymptc Blvd . Los Angeles. Cald 90064 2131477.6701 

931 Butler. N Euclld. MISSOU~I Anahelm. 64730 
Call1 92801 8161679.3127 7141772-9200 /'v,""/?;"@ 

d' 

Pllr,., ,I,I,,I.I 1 , I ,  111,111,)11 w,,,. ,,,,, 



200 line storage 24 line screen 
Non-volatile and programmable HERE-IS 
Internal real-time clock RTTY and CW ID 
wRU answer-back Upper and lower case ASCII 

$1995.00 

HAL COMMUNICATIONS COR 
Box 365 
Urbana, Illinois 618( 
217-367-7373 

In turope contact: 
Richter & Co.; H ~ I I I I I U V ~ I  
I.E.C. Interelco; Bissone 

Call or write 
for complete 
new catalog 



MFJ INTRODUCES THE 

NEW! G R N M R S T E R  
MEMORY KEYERS 

At $1 39.95 this MFJ-484 GRANDMASTER 
memory keyer gives you more features per dollar than any other - 

memory keyer available - and Here's Why . . . 
WOGHT CONTROL TO PENETRATE MESSAGE BUTTONS SELECT DESIRED 25 CHARACTER MESSAGES. 
ORM PULL TO COMBINE RESETS MEMORY IN 
A ANOBFOR 1. 2. OR 3 USE TO BEGINNING. 
CHARACTER MESSAGES. 

MEMORY SELECI: POSI- 
TIONS 1. 2. 3 ARE EACH 

SPEED CONTROL. 8 TO - SPLIT INTO MEMORY SEC- 
50 WPM. PULL TO TIONS A, 8. C. 0 (UP TO 
RECORD. TWELVE 25 CHARACTER 

MESSAGES). SWITCH COW 
BINES A AND B. POSmOll 

/ / K GIVES YOU 100. 75. 50. 
L E ~  (4) SHOW WHICH TONE C O N ~ O L .  VOLUME con. aLAr REPEAT CONTAOL LEO INDICATES OR 25 CHARACTERS BY 
MEMORY IS IN USE AND PULL TO TUNE TROL. POWER (0 TO 2 MINUTES). PULL DELAY REPEAT PRESSING BUllONS A. B. 
WHEN IT ENDS. ON OFF. FOR AUTO REPEAT. MODE. C. OR 0. 

NOW YOU CAN CALL CO. SEND YOUR PTH. Instantly lnsrrl or make changes in any control. 8 to 50 WPM. 
NAME. ETC.. ALL AUTOMATICALLY. playing message by simply sending. Continue WelpM conlml lets you adjust dot-dash. 

And only MFJ offers you the MFJ-484 by touching another button. space ratio; makes your signal distinctive to 
Grandmaster memory keyer with this much Memory resets to beginning with button, or penetrate ORM. 
flexability at thls price. by tapping paddle when playing. Touching Tone contrui. ROM tilling volume. Built-in 

Up to twelve 25 character messages plus message button restarts message. speaker. 
a 100. 75. 50. or 25 character message LEOS show which 25 character memory is Tune lunclion keys transmitter for tuning. 
(4096 bits total). in use and when it ends. Ultra fellable solbJ stah keylng: grid block. 

A swltch combines 25 character messages BulH.in memory saver. Uses 9 volt battery, cathode, solid state transmitters ( -  300 V. 
lor up to three 50 character messages. no dram when power is on. Saves messages 10 ma. max., + 300 V. 100 ma. max.). 

To mord, pull out the speed control, twch in memory when power loss occurs or when CMOS ICs. MOS memories. Use 110 VAC or 
a message button and send. To playback, transporting keyer. Ultra compact. 8 x 2 ~ 6  12 to 15 VOC. 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 RILL FEATURE KEYER. OPMmAL SOUEEZE KEY 
is to it! bmbk ~ p n t i o n  with squeeze key. Dot-dash lor all mernoy keyers. 

You c m  myal  any message continuously insertion. Dot and dash paddles have 
and even leave a pause between repeats (up Oatdash ~morkt. seH-cmpleting dots and lully adjustable tension and 

ten. II no answer, it repeats CO again. To cept when recording). 

" 
to 2 minutes). Example: Call CO. Pause. Lis. dashes, jamproof spacing, instant Start (ex spacing for the exact "leer you Ilke. Heavy 

base with non.sl~p ~ b b e r  feet elimtnales 
answer simply start sending. LED indicates All conbols are on front panel: speed. "walking". $29.95 plus $2.00 lor shipplng 
Delay Repeat Mode. weight, tone, volume. Smooth linear speed and handling. 

T I M  MFJ-482 FEATURES FWR 25 OR A 50 AND TWO 25 CHARACTER THIS MFJ-481 GIVES YOU TWO 50 CHARACTER MESSAGES. 
Spnd. volume, welght. 

MESSAGES. 
tone contnls Rprtl~mclbn 
Combine memoy srrltch 
Repeat. tune lunclions 
Bu~lt-~n memory saver 

$7gg5 
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 memory operattng LED. Weight and tone controls adjustable from controls. Internal tone control. Volume control is adjustable from rear 
rear nand 6 x 2 ~ 6  inches. 11 0 VAC or 12 to 15 VDC. panel. 5 x 2 ~ 6  inches. 110 VAC or 12 to 15 VDC. 

Order any product from MFJ and try it. H 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 technical I n f o r r n a t l o n .  orderlre~alr status. in Mlsslsslppl. outslde contlnental USA. call 601-323-5869. - - -  

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On PI /m 
P. 0. BOX 494 

m 
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dl AAA :ond look 
Jim Fisk 

This is the time of year when many high-school seniors are scurrying around, planning their future 
education, sending applications off to the college of their choice, and taking entrance exams. 
Seniors who are also Radio Amateurs are probably considering a career in electronics. If they're 
lucky, they will have a knowledgeable guidance counselor who can steer them in the right direction; 
if not, they'll probably pick a school with a good reputation and work from there. Sometimes this 
works out, and sometimes it doesn't - it depends entirely on what the student is looking for. 

Electrical and electronics engineers who graduated more than ten years ago would probably not 
recognize the engineeering curriculum now offered by their old alma mater because, in the past few 
years, there have been significant changes in engineering education. During the 1960s the classical 
engineering educational programs tended to become more and more theoretical oriented, with less 
emphasis on applied engineering. The backgrounds of some electrical engineering staffs changed 
from being primarily applied electronics to applied mathematics, and attempts to develop practical 
engineering programs were not all that successful. In recent years, however, some engineering col- 
leges have restructured their curriculums for a better balance between the theoretical and the prac- 
tical. On the other hand, some colleges have continued to stress the theoretical aspects of engineer- 
ing science, so the prospective student is faced with a very important, but difficult, choice. 

Not too long ago, the prestige of an engineering school was almost always gauged by the 
theoretical em~hasis of its courses: each school tried to outdo the others in the theoretical 
sophistication bf its curriculum. unfortunately, the majority of jobs within the sphere of electronics 
engineering does not require such an advanced mathematical sophistication as they do a "gut" 
understanding of electronics. If you talk to students at a theoretical school, you'll find that many of 
them don't know how to solve a simple steady-state ac problem, although they can invert a matrix 
and use state-variable techniques. 

The difficulty with this type of engineering education is that graduates are not adequately prepared 
to solve the day-to-day engineering problems they will be presented with in industry. Employers are 
faced with the prospect of several months of on-the-job training before the newly hired engineer 
becomes a fully contributing member of the staff. Obviously, a new engineer who can solve pro- 
blems quickly and practically in the real world is a valuable asset. 

In the 1970s several colleges introduced four-year electronic technology programs in an attempt to 
get back to the old practical engineering concept; the courses at these colleges emphasize electronic 
hardware and laboratory techniques as well as electrical theory. Although graduates of these 
Bachelor of Science Technology programs have been pictured as fitting into the occupational spec- 
trum somewhere between the technician and the engineer, many professors see technology 
graduates as having much wider employment opportunities. In fact, technology graduates now have 
opportunities in many areas of electronic applications and design traditionally occupied by engineer- 
ing graduates, jobs vacated because of the change in emphasis in engineering education programs. 

Students who are interested in this type of engineering program should be aware that there is a 
wide difference in B.S. programs parading under the "Technology" banner. Some curriculums are 
managerially oriented, others are slanted toward applications and design, while still others are little 
more than two-year electronic technician training programs with added courses in the arts and 
humanities to fill out four years. Students who wish to enter this area should obviously choose a 
school carefully to be sure they get exactly what they want. 

Jim Fisk, WlHR 
editor-in-chief 
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IC-701, Your Synthesized Passport 
Enter the exciting world of HF DX with 
ICOM's outstanding, fully synthesized 
IC-701. Globe-spanning QSO's are as 
easy as hook-dp and tune-in. Complete 
installation requires only a good 50 Ohm 
antenna and an AC power plug-in. Your 
IC-701 comes with everything else you 
need for beginning DX transmissions, in- 
cluding the matching IC-701PS external 
speaker and power supply, the fine 
SM-2 base microphone, and even two 
built-in VFO's. 

Turn on the power, and the world's at 
your single fingertip. The IC-701 lets you 
scan all the Amateur HF bands from 
160M to 10M (plus some MARS coverage 
above and below some of the Ham 
bands) with one finger. No more fool- 
ing around with two or more tuning 
knobs, and no complicated retuning 
when you QSY. 

When talking on your IC-701, you get a 
200 watt PEP input signal whose punch is 
significantly increased by the high quality 

built-in RF speech processor. This makes 
your 200 watts sound like so much more 
that we recommend you leave the speech 
processor on all the time. 

For adding'on frequency memory and 
remote frequency control, the IC-701's 
synthesizer is completely compatable 
with ICOM's RM!Z remote computer con- 
troller: and with ICOM's optional EX1 
extention, you can operate with the RM2 
and a linear amplifier at the same time. 

Nothing else matches the value and ease 
of the IC-701. Plunge into the excite- 
ment of HF DX now, and get the 
whole HF world with ICOM's IC-701 
LSI system. 

ICOM WEST, INC. ICOM EAST. INC. ICOM CANADA 
Sutle 3 Sulte 307 7087 V~ctorla Drlve 
13256 Norlhrup Way 3331 Towerwood Dr~ve Vancouver B C V5P 3Y9 
Bellevue. Wash. 98005 Dallas. Texas 75234 Canada 
(206) 747.9020 1214) 620-2780 1604) 321-1833 



ments 
A sheet of plywood in the United 

States is going to be 4 by 8 feet for a 
long while to come. Three-quarter- 
inch plumbing is going to remain % "  
for a long time - in fact, any material 
used in the building trades can be 
expected to remain in established 

metric'dimensions 
Dear HR: 

The meter is a widely used unit of 
length abroad. I t  is convenient only in 
that fractions and multiples are 
decimal. As a specific unit of length 
it is as arbitrary as the foot; for refer- 
ence, see the NBS history book 
Measures for Progress. Navigators 
use the international unit of distance, 
the nautical mile (based on the 
earth's equator), rather than the re- 
sult of two French surveyors' efforts 
in measuring the distance from Paris 
to Marseilles. 

There are times when metric meas- 
urements are useful, other times 
when other standards are better. 
Having used so many different stan- 
dards for so long, I em not really 
partial to all-metric or all-other. For 
construction and items used therein 
it would seem advisable to stat8 the 
local measurement (depending on 
the author's location and supply) 
first, then the conversion. For ex- 
ample, the W7DI antenna in  the 
November issue used tubing from a 
U.S. supplier. It comes in standard 
diameters in inches. The same for 
plumbing pipe. One is hard pressed 
to make a supplier understand milli- 
meters or centimeters. I t  would seem 
reasonable to state such dimensions 
in inches first with cm or mrn in 
parentheses. If DKlAG had written 
the article it would seem reasonable 
to expect the local German dimen- 
sions first, then inches. I am referring 
mainly to those dimensions where 
specific material is widely available. 

dimensions for the next ten years - 
perhaps longer. Many electronic 
items also remain in the "English" 
standard. Most numerous are the 
ICs. They remain rooted on the 0.05- 
inch (1.27-mm) grid for a simple rea- 
son: The United States started it and 
uses millions of them every year. 
And many are fabricated in metric 
countries. 

There are a host of other stan- 
dards. Why the 1 % "  increment on 
the height of rack panels? Think of 
how long those have persisted. Some 
rack panel heights have varied, but 
the 19-inch (42.3-cm) width is still 
here. Quarter-inch (6.4-mm) shafts 
are common. Fasteners are de- 
scribed in threads per inch w i th  
roughly arbitrary diameters; both 
U.S. and foreign types should be 
differentiated. Consideration should 
also be given to the enormous num- 
ber of United States types in use and 
made each year. 

The scientific community remains 
in both camps and is not certain on a 
few items. There is increasing use in 
optics of the nanometer instead of 
the Angstrom, for example. Seimens 
has yet to replace mhos. Parsecs, 
kilometers (why not megameters?), 
and light-years seem to be inter- 
changeable in  astronomical dis- 
tances. At least to NASA. 

We have made the transition from 
tubes to transistors but tubes are 
still here. I believe that a double stan- 
dard can continue, and should do so 
if certain material is in common sup- 
ply in the author's country; con- 
temporary literature should reflect 
that fact. 

It is difficult for all to go completely 
metric, both for editor and author. 
We will continue to write on 21.6 
by 27.9 cm paper using 3.94 pitch, 
double-spaced. I am awaiting delivery 
of a new IBM typewriter with a 38.1- 
cm carriage and dual pitch (4.72 for 
correspondence). If it bothers me, I'll 
just pour a glass of milk from the 
1.89-liter carton. 

Leonard H. Anderson 
Sun Valley, California 

Mr. Anderson's view of rnetrification 
is reasonable and well stated. The 
response we received to our boxed 
"rnetrics only" editorial which ap- 
peared with W7DI's article in the 
November issue was both immediate 
and loud. Based on the letters which 
have crossed my desk during recent 
weeks, ham radio will be using both 
metric and English dimensions in our 
magazine articles for the foreseeable 
future. WIHR 

zip-cord feedlines 
Dear HR: 

The article on zip-cord feedlines in 
the April, 1978, issue and the follow- 
up comments in October brought 
back some old memories. I f irst 
heard of lamp-cord around 1930 
(twisted-pair in those days) from the 
Globe Wireless operators who used it 
for transmission line to their "noise 
reducing" receiving antennas. Later 
there were a number of articles in the 
Amateur magazines on how to use 
lamp-cord transmission lines for 
both receiving and transmitting di- 
poles; it provided a reasonable match 
to the feedpoint impedance. Lamp- 
cord may have been a little lossy, but 
the early forms of coax which came 
into use a few years later was not all 
that good either! 

Wayne W. Cooper, AG4R 
Miami  Shores, Florida 
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Kenwood offers vou a choice. 
The TR-7600 (10-watt) or TR-7625 (25-watt) with 

optional RM-76 Microprocessor Control Unit. 
TR-7600 and TR-7625 ... one of them 
is sure to fit the needs of today's 
Amateur Operator who's looking for 
optimum versatility in a 2-meter FM 
transceiver. And. when either rig is 
combined wlth the RM-76. a whole new 
dimension unfolds in channel memory 
and scanning capability. Here's what 
you get: 

TR-7600 AND TR-7625 [ONLY) - M ~ m o r y  channel with slrnplex or 
r'pcatcr (+600 kHz transm~tter offsc.~) 
operation 
Mnde sw~tch for operating simplex or for 
sultchlng the trans.mIl frequencv up or 
down or for sw~tchlnq the transrnltter ti, 

Dual conccntrlc knobs for fast, easy 
select~on of any 2 meter frequency. In 
100 kHz and 10 kH7 steps 
Full 4 MHz coverage (144 0 0 0  147 995) 
on 2 meter%. 800 channels. 5 kHz offset 
switch and MHz selcctor swltch lor 
deqlred band (144. 145. 146. or 147 MHr) 
UNLOCK lndlcator an LED that 
~ndlcates transcetver protection when the 
frequency selc,ctor swltches are lrnproperly 
poslttoned or the PL1. IS not locked 

TR-7600 A N D  TR-7625 WITH RM-76  

Store frequc.nrles 111 51x rnemorles 
(s~rnplex/repe.iler) 
Scan all mrrnorv channel5 - Automatlcallv <can un Ihr hand 

Stop scan (with HOLD button) 
Scan for busy or open channc,l 
Select repeater mode (slrnplex trdnsnilt 
lrequencv offset (+600 k H 7  or + I  MHz) 
or one rncrnorv transmll frequcmcv) 
Operates on 14.$9'> Mtiz slmplrs 
(MARS1 
Adaptable to all MARS frequcnct~s 
Dlsplav lnd~catrs frequency (even wh111. 
scanning) and funcllons (such as auto 
scan, lower scan frequency Ilrnll, uppc.r 
?ran llmlt and error I e trancmlttlng 
out of hand) 

See  the exclttnq TH 7600. TR 7625 
and RM 76 nou a t  onu Authorlzed 

KFN11'00D Droler' 
tho frequency you have stored tn the ~n 5 kHz step? 
TI{ 7h00 or TR 7625's memory (whllc the, . Manually scan up or down In 
rctelver rernalns on the frequencv vou'vc. 5 kHz sten? (or fa51 t t~n r l  @KENWOOD 
%*-lccted) r /,,I,# ,,lie, ,,, ,ll!,,,l# f,, , , , < I , , ,  

Set lower and upper scan 
Dlqltal frequency display (large, brlght. frequency llrnlrs TRIO-KENWOOD COMMUNICATIONS INC 
orange LEDs) CIc7ar scan (for transrnlrtlng) 11  1 1  WEST WALNUT/COMPTON CA 90270 



JIM FISK WlHR and Editor-in-Chief of ham radio and Ham Radio Horizons magazines, 
suffered a Aeart attack in late January. T F i e T Z I o w i n g 7 Z e k  was out of intensive 
care, with vital signs stabilized and all indications good. He will, however, be in the 
hospital for two to three weeks and resting at home for another six to eight weeks after 
that. 

NOVICE USE OF 220-225 MHz was proposed by the ARRL in a Petition for Rule Making sub- 
mitted to the FCC. In its petition, the League suggests that Novices be authorized Al, 
A2, and F3 privileges across 220-225 MHz, with a maximum input power of 50 watts. A 
Novice would not be able to set up and operate a repeater or auxiliary station, although - - - - -  

he would be able to use one. 
In The Petition, the ARRL noted that the Commission had recently changed the character 

of the Novice license from a short-term. nonrenewable "learner's permit" to a full-term 
renewable license. This, they noted, reduced one of the most serious former objections 
to Novice phone privileges, the tendency of some Novices to operate mostly or entirely on 
phone until their license expires, putting them off the air - often for good. 

FM In The 52.0-52.5 MHz segment of six meters was proposed in mid January by another 
ARRL Petition for Rule Making. This recommendation stems from a resolution to promote 
better use of the six-meter repeater sub-band. The resolution was passed unanimously at 
the board of directors July meeting. 

Responding In An unusually short time, the FCC assigned RM-3314 to the 220-MHz Novice 
proposal and RM-3313 to the six-meter FM petition. Comments on both RMs must reach the 
FCC before March 1. 

BROADCAST INTERESTS MAY THREATEN the U.S. Amateur Radio WARC position far more than 
the question of sharing 220 MHz with Maritime services. U.S. international broadcasters, 
not satisfied with the 865 kHz of new hf spectrum proposed for them in the Commission's 
carefully worked out WARC Report and order; are now waging a behind-the-scenes battle to 
double that amount at the expense of other hf users. If they succeed, it will mean cuts 
for the other services, whose hf expansion was proposed in the U.S. position, and, in 
the process, it will destroy much of the carefully worked out agreement achieved by vari- 
ous government agencies and industry advisory groups during the past several years. 

The Broadcasters Position is supported in a joint separate statement of  ommi missioners 
Washburn and Quello that's included in the WARC Report and Order. In it, the two commis- 
sioners note that the international broadcasters - specifically the International Com- 
munications Agency (Voice of America) and the Board for International Broadcasting (Radio 
Free Europe and Radio Liberty) - want international broadcasting to have another 800 kHz 
over and above the new 865 kHz already proposed for it. They also point out that the 
Executive Branch of the government has yet to make its final decision on the potentially 
explosive issue. 

WILSON ELECTRONICS HAS BEEN bought by Regency. The move puts Regency back into the 
Amateur Radio business it left early last year, though Regency itself plans to remain in 
scanners and marine radio while Wilson, operating under its present management, will con- 
tinue in Amateur and CB products. 

FCC's PERSONAL RADIO DIVISION was abolished as part of a sweeping reorganization of 
the Safety and Special Services Bureau. In the reorganization, Safety and Special Ser- 
vices has been arranged functional1 , rather than by service, into four divisions: Pol- 
icy Development, Rules, d n d  Compliance. 

Safety And Special Services -previously had three "service" divisions, Personal Radio, 
Aviation, and Marine; Industrial Safety; and Public Service, all of which went out of 
existence in the reorganization. In addition, there had also been an Industrial and Pub- 
lic Safetv Rules Division. ~ l u s  a Le~al, Advisory, and Enforcement Division. 

The ~egult Of The ~han'e'is expected.to be an-improvement in Safety and Special Ser- 
v i c z  overall efficiencv! with much more flexibility in shiftinn workloads. What it 
will mean for the FCC licensees such as Amateurs is iess clear. -improvement in such 
routine matters as license processing seems certain, but getting a question answered or 
discussing a problem might be more confusing than under the old setup. 

THE CHICAGO FM CLUB has just announced its First Annual "Call for Technical Papers 
Competition." The winning entry will receive $500 plus expenses (less transportation) 
for the best Amateur Radio oriented paper. To receive the prize, the winner must be 
present at Radio Expo '79 to present his paper and for the prize presentation ceremony. 
In addition, ham radio will consider buying and publishing the winning paper. The names 
of the winnerandrunner ups will be published in the September issue of ham radio. All 
entries must be received by June 1, 1979. A detailed set of rules and instructions and 
application forms are available from Radio Expo '79, Post Office Box 305, Maywood, Illi- 
nois 60153, or phone (312) 345-5252. 
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OMNI HAS IT ALL. All the advantages and capabilities, all the new 
conveniences and new levels of performance you need. whatever your 
HF operating specialty. All built-in, ready to use. 
ALL SOLID-STATE. All the advantages of total solid-state from the 
pioneer of HF solid-state technology. Reliable. cool. stable - from 
receiver front-end to transminer final. 
ALL HF BANDS. From 160 through 10  meters (and all the crystals) plus 
convertjble 10 MHz and "AUX" band positions for possible future needs. 
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HARA ARENA AND EXHIBITION CENTER DAYTON, OHIO 

Technical Forums Special Group Meetings 

ARRL and FCC Forums Fabulous Prizes 

GIANT Flea Market CW Proficiency Tests 

New Products and Exhibits Amateur of Year Award 
Grand Banquet Special Achievement Awards 

FCC Exams Expanded Parking 
Information Brochure Available in March. 

FOR MOTEL RATES AND RESERVATIONS WRITE BOX 44, DAYTON, OH 45401 

OR CALL (513) 228-0016 9 A.M.-5 P.M. EST WEEKDAYS 

FOR OTHER INFORMATION CALL (513) 293-0459 - 5-10 P.M. EST 

Bring Your Family and Enjoy A Great Weekend in Dayton 

Sponsored by The Dayton Amateur Radio Assn.. Ins., Box 44, Dayton, OH 45401 1 
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2kW Matching Network MN-2700 

a precision 
instrument 
providing 

rf radiation 
control and 

- measurement - 
for your 
communication 
system 

The Drake MN-2700 manages r f  radiation in the  areas of impedance match t o  t he  antenna, r f  power 
measurement. VSWR measurement. reduction of harmonic radiation, and antenna selection. 

16O-th~ 10 Meters Frequ.encv Coverage- With out-of-band cover- 
age for MARS, future band expansions and other applications. 

Antenna Choice-Matches antennas fed with coax, balanced line, 
or random wire. (For balanced line use optional Drake 8-1000 Balun. 
which mounts on rear panel of MN-2700.) 

Antenna By-pars Swltchlng-Unique design allows unit to be 
switch-by-passed regardless of which antenna is in use, whether 
coax or wire type. No need to manually disconnect feedlines. Switch 
also selects various antennas. 

Extra Harmonic Reduction to help flght NI-Drake Matching Net- 
works employ special "pi-network" low-pass filter type circuitry for 
maximum harmonic rejection. This feature alone makes the MN- 
2700 a worthwhile investment; it is a Drake exclusive. 

Dmke 6-1000 Balun installed on Matching Network. 

Bullt-In Metering-Accurate rf wattmeterNSWR bridge is pushbut- 
ton controlled from front panel. 

Power Capablllty-2000 watts PEP. 1000 watts average. Continuous 
Duty. 

Dlmenslons-13%2"W x 417h2"H x 13" D (33.26 x 11.5 x 33 cm). weight 
11 lbs. (5 kg). 

Model  1539 Drake MN-2700 ................ .$279.00 
Model  1538 Drake MN-7.. .................. .$165.00 

For a FREE Drake Full Line Catalog contact your favorite Drake Dealer. 

The Drake MN-7. Same features as the Drake MN-2700. 
but rated at 250 watts. Same width and height. but only 
81/2" (21.6 cm) in depth, and weighs 10 Ibs. (4.55 kg). 

540 Richard St., Miamisburg. Ohio 45342 
R. L. DRAKE COMPANY Phone: Iris) EGG2421 Telex: 288417 

U' 

Model  1510 Drake 8-1000 .................. .$ 24.95 
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high performance small beams 

I 
lems, in particular the problem of overcoupling. That 
is so basic a problem that the absence of references 

For antenna sizes to overcoupling in the literature suggests that no 
serious attempt has, until this time, been made to 

up to that of the 
quad or three-element Yagi, 

there is no 
direct connection 

between size and gain. 
This article shows 

how to design 
small beams 

without sacrificing gain. 

In view of the urgent need for small beams, the 
number of them in use is remarkably small. In a re- 
cent sample of 14-MHz contacts with Australian 
amateurs, I found that eighty per cent of the sta- 
tions worked were using quads or three-element 
yagis; the remainder, the ones with the biggest sig- 
nals, had even larger beams, beyond the resources 
of most of us. There are, nevertheless, some smaller 
beams, such as the VK2ABQ and the capacitively 
loaded quad,l.z which usually give a good account 
of themselves. Of particular importance, in the pres- 
ent context, is the fact that some of the most out- 
standing signals observed during my 50 years as a 
licensed amateur have originated from stations using 
driven arrays with only two elements! 

The significance of this lies in the ease with which 
the performance of such beams can be calculated,3 
and the fact that size comes into the calculations 
only when estimating the efficiency, which remains 
high for element sizes and spacings down to approx- 
imately 3 meters (10 feet). Translating this fact into 
practice has brought to light some interesting prob- 

make beams as small as possible. 
To achieve this reduc1:ion in size, elements must 

be capacitively end-loaded, without resorting to lossy 
inductances. This involves large concentrations of 
metal, which, besides tuning the elements, also 
couple them very tightly together. Following the nor- 
mal behavior of coupled circuits, a large secondary 
(parasitic element) current and a small primary 
(driven element) current are generated, and there is 
virtually no beam action. Fortunately, I have found 
it quite easy to overcomle this problem by neutrali- 
zation similar to that used in push-pull amplifiers. 

Another inevitable consequence, when small size 
is combined with high efficiency, is narrow band- 
width; this makes it essential to use separate feeders 
for each element so that fine tuning can be carried 
out in the shack. Also, this arrangement brings with 
it other important advantages. Since the beam is 
instantly reversible, less time is wasted in beam ro- 
tation, and , because les!: than 180 degree rotation is 
required, you can use low-loss, open-wire feed lines 
as well as simpler and cheaper methods of beam ro- 
tation. The direct relationship between the size and 
performance of large beams is well known, and some 
readers may firld it difficult to accept that a small 
beam can be as good as a big one, particularly if 
those readers have experience with typical small 
beams using large loading inductances. The claim is, 
on the face of it, improbable, and one might think 
that it could be dismissed by invoking some general 
scientific principle, as in the case of perpetual mo- 
tion. Looking for such a lprinciple we come instead to 
the surprising discovery that, although the gain of 
big beams is limited, there is absolutely no limit to the 
theoretical gain from an antenna, provided it is small 
enough! You would be justified in some skepticism at 
this point, since it turns out that gains much in ex- 
cess of 6 dB are impracticable unless the boom 
length is increased to half a wavelength or more. It is 
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possible, though, to go down in size to about 3 met- 
ers square (10 feet square) without dropping below 
about 4.5 dB gain. 

If such statements are found puzzling, it is prob- 
ably because of the failure in most of the literature to 
distinguish between two completely different meth- 
ods of beam formation, additive and subtractive. The 
subtractive method is typified by the W8JK array, 
and, as I have shown elsewhere,3,4 most amateur 
high-frequency beams can be regarded as derived 
from or related to this array. The radiation patterns 
are calculable without using any variable other than 
the direction. Therefore, the gain is independent of 
size, provided the efficiency remains high enough to 
ensure that most of the power is radiated. It is this 
constraint, allied with the need for adequate band- 
width, which in practice limits the gain of subtractive 
beams to about 6 dB. 

D I R E C T I O N  O F  
R E C E I V I N G  S T A T I O N  

fig. 1. In (A), the elements are fed 180 degrees out of phase 
so that the fields add in phase along the line at right angles 
to the elements. A receiver located 45 degrees off the main 
beam sees a phase difference corresponding to  AC-AB, i.e., 
54 degrees, causing a drop of 4 dB in signal level in addition 
to the 3 dB which would be expected for a single element. 
Thus, the use of two elements has produced a narrower 
beam by virtue of the wide spacing. For subtractive gain, as 
shown in (B), the elements are closely spaced. Radiation 
would be cancelled except for a small phase shift of which 
the maximum value corresponds to the distance AC, or 36 
degrees for a spacing of X / l O .  At 45 degrees to the beam. the 
phase shift is reduced by the ratio of AB to AC (11 degrees), 
which translates into a 3-dB drop in signal level. I f  the fields 
are additive in  the wanted direction, the 11-degree shift is of 
no consequence and the radiation pattern becomes that of a 
single dipole. 

EQUIVALENT C U R R E N T S  
I N  A D I P O L E  

I / C U R R E N T S  I N  T H E  
l N D l V l O U l L  E L E M E N T S  ' 

fig. 2. Method for estimating gain from the radiation resis- 
tance. Diagram (A), which is dravvn to scale, shows how the 
W8JK element currents of 2.12 arnps "add" to give the equi- 
valent of 1.61 amps in a single ele~ment. The currents are cor- 
rect for a radiated power of 72 watts. This would produce a 
current of 1 amp in a dipole, so that the voltage gain is 1.61. 
i.e. 4.2 dB. (B) shows how if on(? element is given a phase 
lead equal to the spacing, only ab~out half as much current is 
needed to produce the same fie!ld strength. In each case. 
the current is obtained from I = 

The following discussion is intended to provide 
further insight into the probl~ems of designing small 
beams, so that you can make your own choice from 
the available options and then design the "best- 
possible" beams for the space and facilities you have 
available. Practical details end some performance 
data are given for a number of designs, but these 
are intended as guidelines and not as blueprints. 
Although the feasibility of the 3 meter square (ten 
foot square) design has been proved, my own pref- 
erence, given the space, is a 5.2 meter square (17 
foot square) 3-element design, which, besides pro- 
viding slightly more gain a~nd greater bandwidth, 
lends itself to  a particularly light form of construc- 
tion and easier methods of achieving multiband op- 
eration. 

It is a strange paradox that the main advantages of 
increased size relate to operation at the higher fre- 
quencies, to the extent that considerable extra gain 
can be obtained at 28 MHz by using full-size, 14-MHz 
elements. For no reason that I can discover, this 
advantage is usually thrown away by using traps or 
nesting to "cut the elements down to size" at the 
higher frequencies. 

gain variation vs antenna size 
Gain results from concer~trating the radiation in 

one particular direction at the expense of other direc- 
tions. This can be achieved by arranging more- 
effective addition or, as wi th the W8JK, less- 
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effective cancellation of radiation for the wanted di- 
rection. Addition requires wide spacing, as in fig. 
1A, where the elements are arranged so that their 
fields add in phase for the wanted direction. Viewed 
at an angle of 45 degrees to the line of fire, the ele- 
ments are closer together by 0.29 wavelength, which 
translates into a phase shift of 104 degrees and a 
corresponding drop of 4 dB in signal level. This drop 
of course, is in addition to the cos 8, or "angle to the 
wire" effect, which applies equally to beams and 
dipoles and amounts to - 3 dB at 45 degrees. But for 
the wide separation of the elements, there would 
be no phase shift, no narrowing of the radiation pat- 
tern, and hence no gain. 

On the other hand, given an array of n elements 
sufficiently far apart for mutual interaction to be 
ignored, we can provide each I / n  of the power. 
Since the voltages at the receiver add in phase, there 
is a power gain equal to the number of elements. 
Because the antennas have to be separated by at 
least X/2, i t turns out, not surprisingly, that gain is 
proportional to size. During reception, such an an- 
tenna collects most of the energy contained in the 
volume of space which it occupies, thus giving rise 
to the concept of aperture, for which it is sometimes 
claimed "there is no substitute." I t  is perhaps diffi- 
cult to conceive that a tiny beam can collect as much 
energy as a big one, but the explanation lies in the 
high Q of the smaller antenna. Just as tuned circuits 
couple together more tightly when their Q is in- 
creased, so reduction in fhe radiation resistance is 
accompanied by "tighter coupling" of the antenna 
into the surrounding space. 

To understand the mechanism of small beams, the 
W8JK system shown in fig. 1B is the easiest starting 
point. Radiation would be completely cancelled 'in all 
directions except for that caused by the phase shift, 
which results from the elements not being exactly 
the same distance from the receiver. Field strength 
is proportional to the apparent separation AB,  which, 
like the radiation from a single element, varies as cos 
8. In simpler language, the fieldstrength, at a given 
distance and direction, is proportional to the appar- 
ent length multiplied by the apparent separation of 
the elements. The separation factor applies equally in 
a plane at right angles to the diagram, so that the 

-radiation pattern of a horizontal W8JK array is given 
by cos2 8 in the horizontal and cos 8 in the vertical 
plane. For a single horizontal wire, the pattern is cos 8 
in the horizontal plane and an omni-directional pat- 
tern in the vertical plane. The important point to note 
is that none of these patterns contain any reference 
to the dimensions, though we are of course assum- 
ing them to be small. In fact, the conclusion that gain 
is independent of size turns out to be accurate within 
about 0.5 dB for spacing up to X/4 and element 

END LOADING - 
CURRENT DISTRIBUTION 

IS THE CENTER OF 
A SlNE WAVE 

CENTER LOADING- 
CURREN J DlS 7RlBU JlON 
CORRESPONDS TO THE 
T I P S  OF A S lNE  WAVE 

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

ELEMENT LENGTH - WAVELENGTHS 

0 . 4  0 . 6  0 . 8  1.6' 1 . 2  1 . 4  1 .6  

PHASE-SHIF  J /SPACING 

SPACJNG -WAVELENGTH 

fig. 3. Graphs for determining the radiation resistance of 
short elements. (A) shows the ,variation of radiation resis- 
tance with both end and center loading. The multiplying 
factor [see (B11 is used to give th~e sum of the radiation resis- 
tance for a pair of elements with X/8 spacing. For miniature 
beams, such as those shown in figs. 9 and 11, this approxi- 
mates to the impedance seen by the feeder going to the 
front element. The value for slpacing is converted to the 
same angular units as the phase shift, which is relative to 
the condition 180 degrees out of phase. The third chart, (C), 
is an additional factor which is used if the spacing is other 
than X/8. 

lengths up to just over X/2. Up to these sizes, each 
element behaves in the same way, i.e., as a "point 
source" of energy. It is only when an element is very 
large that appreciable extra gain, or directivity, can 
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be expected, as for example when a 14-MHz element 
is used as two half-waves in phase on 28 MHz. It 
should be obvious from inspection that quad loops, 
even full-sized ones, do not meet this condition. 

To prove the point, there is no harm in treating the 
loops as a pair of stacked dipoles. Various hand- 
books provide data indicating that the stacking gain 
for A / 4  spacing is only 1 dB. However, some of the 1 
dB is lost by bending over the ends, since a half- 
wave dipole has only a small gain (up to 0.4 dB) 
when compared with shorter dipoles; a further small 
amount is lost due to radiation off the ends. Even 
more is lost when parasitic elements are added, since 
the stacked dipoles then become stacked yagis, and, 
according to the usual rules, the higher the gain of 
individual antennas the further apart they have to be 
placed in order to achieve an appreciable stacking 
gain. 

It is unfortunate that many wild claims have been 
made for the quad, some of them involving profes- 
sional journals and computer studies. It needs to be 
stressed that measurements are very difficult and 
computers need to be asked the right questions. The 
habit of accepting figures without checking them 
against ordinary common sense is not confined to 
the Novice! In fact, as I have found, better low-angle 
gain is obtained by omirting the lower halves of quad 
loops and using the upper halves as inverted V or U 
elements. This increases the mean height by 2.4 
meters (8 feet) at 14 MHz; low-angle gain for a flat, 
unobstructed site being proportional to antenna 
height, this more than offsets any slight loss of free- 
space gain for heights up to  about 21 meters 
(70 feet)! 

+ 
0 4 0.6 0.8 1.0 1.2 1.4 1.5 

PHASE SHIFT / SPACING 

fig. 4. Gain and front-to-back ratio for the two elements. 
with and without losses. Loss resistance per unit of conduc- 
tor length is inversely proportional to diameter and directly 
proportional to the square root of the frequency. The figure 
of 0.6 ohm is based on a half-wavelength of no. 12 AWG (2.1- 
mm) wire having a sinusoidal current distribution at 14 
MHz. The element currents are assumed to be equal. The 
upper gain curve is for loss-free elements, while the lower is 
for 3.7-meter 112-foot) elements spaced at 2.4 meters t8 
fear). 

The real advantage of the quad is the large amount 
of extra gain (3-4 dB) obtainable by using the 14- 
MHz elements at 28 MHz with suitable resonators 
so that they become a "Bi-Square," but this is rarely 
exploited. Another frequently made claim, that the 
quad provides better DX signals by "lowering the 
angle of radiation", is also without foundation; the 
lobes of practical antennas are too broad to dis- 
criminate between direct and ground reflected waves 
which must always interect in the same way, re- 
sulting in a loss at low angles unless the antenna is 
very high or the ground sloping. To obtain the effec- 
tive gain at a low angle of radiation, the free-space 
gain is multiplied by the ground reflection factor, 
which, for horizontal antennas, depends only on 
antenna heights and radiation angle, being the same 
for a quad, yagi, dipole, small rhombic, or even a 
minibeam! 

The 4-dB gain of the W8JK can be estimated very 
roughly from the 3-dB widths of the radiation pat- 
terns discussed earlier, or, more accurately, from 
mutual-impedance data. For X/2 dipoles spaced at 
A / 8 ,  mutual impedance is 64 ohms, which has to be 
subtracted from the self-resistance of 72 ohms so 
that for each element the radiation resistance is 8 
ohms. If the power available is 72 watts, you would 
have a current of 1 ampere in an ordinary dipole, or 
2.12 amps in each of the W U K  dipoles. The phase 
difference due to spacing is 45 degrees, and, by 
"completing the triangle" as in fig. 2, you'll see that 
the distant field is the same as that which would 
result from 1.61 amps in the dipole, i.e., there is a 
voltage gain of 1.61/1 or 4.2 d B .  

Now, if the phase of the current in one element is 
advanced by an amount corresponding to the spac- 
ing, the total phase shift becomes zero for one direc- 
tion and is doubled for the other direction. The re- 
sultant unidirectional (cardioid) pattern would re- 
quire only about half the current to produce a given 
field strength. It happens (by coincidence) that the 
gain is unchanged, so that the effective radiation re- 
sistance has been multipliecl by about four, proving 
that the beam can be made a lot smaller with the 
same results. Fig. 3, adapted from references 3-6, 
shows how radiation resista~nce varies with element 
length, spacing, and phase angle, from which it can 
be seen that provided you shorten the dipoles by 
sacrificing the ends and not the middle, the length 
can be reduced to 37 per cent of a half-wavelength 
before the radiation resistance drops to its W8JK 
value, giving a length of only 37 meters (12 feet) at 14 
MHz. This reduction in size could be carried out by 
taking the W8JK beam and folding its ends to fit the 
available space. Whether or not the example can be 
improved upon, it does dlemonstrate that if the 
W8JK beam works properly you could expect to be 
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equally successful at 14 MHz with a 3.7 x 2.4 meter 
(12 x 8 foot) miniature beam which has been adjust- 
ed to give a large frontlback ratio. 

Thus, changing the size does not alter the gain, 
but, obviously, if the length or spacing is halved, the 
current must be doubled to maintain a constant sig- 
nal, so that the radiation resistance has been divided 
by four. In the same way, you could alter the shape 
to just under 3 meters square (10 foot square) with- 
out affecting matters in any way, save that the diam- 
eter of turning circle is slightly decreased and it be- 
comes easier to handle the ends. 

Whatever shape is selected, radiation resistance 
may be obtained by multiplying the resistances plot- 
ted in fig. 3A by the factors obtained from figs. 36 
and 3C. This is not quite the full story, since, as 
demonstrated by fig. 3 and 4, an extra dB of gain 
results from using an intermediate value of phase 
shift. However, this halves the radiation resistance 
and doubles any power loss. From the lower gain 
curves in fig. 4, i t can be deduced that for a 3-meter- 
square (10-foot-square) 14-MHz beam, using no. 12 
AWG (2.1-mm) wire elements with bent ends, a net 
gain of 4.5 dB should be obtained after allowing for 
resistance losses. There may be a slight additional 
loss due to the "short dipole" effect mentioned, but 
this is caused by a small difference in the amount of 
endwise radiation and is much less in the case of a 
beam. 

To put this into perspective, the maximum gain 
theoretically possible for a three-element parasitic 
array on a quarter-wavelength boom is 7.5 dB, but 
in this case , the radiation resistance is only 4 ohms 
(even less than that of the small beam), and the max- 
imum gain normally found in practice' is less than 6 
dB. Theory goes on to predict a possible gain equal 
to the square of the number of elements,3 but before 
getting far along this road you're faced with huge 
currents and voltages, infinitesimal radiation resis- 
tances, and microscopic tolerances t o  the 
extent that the 6-dB figure is unlikely to be exceeded 
in practical rotary beams for 14 MHz without in- 
creasing the boom length to at least X/2, which is 
sufficient to provide some "additive" gain. Reducing 
the size below 3 meters square (10 feet square) leads 
to a similar rapid increase of practical difficulties. 
And, as I shall point out later, there are substantial 
advantages, particularly for multiband operation, in 
an increase to about 5.2 meters square (17 feet 
square). 

Limitations on the reductions possible in antenna 
size result from the following: 

1. Drop in efficiency, i.e., the radiation resistance 
becomes comparable with the losses. This is basic 
and imposes a well-defined, practical limit. 

Capacitance plates consisting of wire grids 
Half-wavelength elements with folded ends. The length must 
be increased slightly to maintain resonance. 
Small capacitance hats - the effective capacitance is en- 
hanced by near resonance with the inductors 
A loop with capacitance hats. This is equivalent to a stacked 
pair of B-type elements with their ends in contact. 
Center loading with an inductor 
A half-wavelength element with a folded center. This is similar 
to E with a stub instead of the coil. However, the R values 
from fig. 3A are transformed by the stub to  give an even 
lower value at the closed end of the stub. 
Loop equivalent to E 
Resonant feeders 
Version of a two-band element as used by DLlFK. The capa- 
citor tunes the inductance of the center of the radiator to  in- 
crease its effective value at the lower frequency. Series reso- 
nance of the capacitor with its connections shortens the elec- 
trical length for the higher frequency. 
Lumped circuit equivalent of I as used in one form of the 
G4ZU minibeam. 

fig. 5. This figure shows ten different methods for loading 
short elements. The merits of each type are discussed in the 
text. 
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2. Narrow bandwidth - the acceptable lower limit 
depends on the skill of the designer and the skill 
plus patience of the operator. 

Short elements have to be loaded to bring them to 
resonance. The aim must be to keep the radiation 
resistance high, which requires end loading, and the 
loss resistance low, which rules out the use of lossy 
devices such as coils or long resonant feeders. Fig. 
5 shows ten methods that have been used, with only 
5A through 5D meeting the radiation resistance re- 
quirement. The others tend to be more convenient, 
but use the triangular tips instead of the center of a 
sine-wave current distribution, thus halving the 
average current and dividing the radiation resistance 
by four, besides requiring an inductive and therefore 
relatively lossy loading device in the center. Of these 
methods, 5F is open to least objection, since stubs 
have less resistance than coils; 5H is particularly bad, 
since it multiplies the losses of 5F by the total number 
of half-wavelength in the resonant system. Methods 
51 and 5J are used for multibanding,8 which neces- 
sarily adds to the losses because of circulating cur- 
rents in the resonators. Methods 5E to 5H are there- 
fore applicable only for very modest reductions in 
antenna size. 

Of the remainder, 5C makes use of small end- 
loading capacitances which have their effective 
values greatly inflated by near resonance with the in- 
ductors. In one typical design, the total inductance is 

I  2 5 10 20 5 0  

CONDUCTOR DIAMETER I N  M I L L I M E T E R S  

fig. 6. Bandwidth of folded X/2  wires at 14 MHz for different 
values of radiation resistance, plus loss resistance. The 
curves are calculated for an SWR of 2:l at the band edges, 
neglectingany changein Z, caused by folding. For a coupled 
pair of elements, the bandwidth for a given R is increased 
slightly. 

about 14 pH, so that for a Q of 200 the loss resistance 
would be 6 ohms and more or less comparable with 
the radiation resistance, the element lengths being 
3.7 to 4.3 meters (12 to 14 feet). Fig. 5A is ideal inso- 
far as there is negligible 10s:; in the capacitance, but 
it is difficult to achieve enough loading, so that some 
inductance on the lines of 5C is likely to be required; 
in this case, however, it could take the form of short 
stubs and the losses would be minimal. Arrangement 
5B, consisting of a half-wavelength dipole with its 
ends bent over, is very similar, but simpler and equal- 
ly efficient. The bent ends are not, of course, pure 
capacitances and there are losses, but, as has been 
seen, this method allows high efficiency to be main- 
tained down to very small b~eam sizes. Efficiency can 
be estimated with the help of fig. 4. 

Another efficient type of small element is the capa- 
citively loaded loop shown in fig. 5D. Loops with 
3.2-meter (10.5-foot) sides have been used by 
G3YDX for a 14-MHz, two-element beam,2 and a 
design patented by G31MX achieves two-band op- 
eration by using traps to remove the loading at the 
higher frequencies. For a single 3.7-meter (12 foot) 
loop, the radiation resistance is 75 ohms. About 20 
ohms could be expected for a 1.8-meter (&foot) 
loop, the loss resistance (referred to the feedpoint) 
probably being about 2 ohms. My own attempt to 
compress a 14-MHz quad into a 1.8-meter (6-foot) 
cube was unsuccessful, but I still think it might be 
achieved with rigid, all-metal construction and in- 
ductive loading stubs, plus sufficient ingenuity. The 
problem is to dispose of enough loading in the space 
available. In this case, neutralization will certainly be 
required as the lower physical limit is approached. 
Neutralization will not be required with 3-meter (10- 
foot) loops, as sufficient loading can be achieved 
within the plane of the loops without bringing ends 
into proximity. 

It is important in all cases to arrange the loading 
so that wires carrying appreciable current are not 
doubled back in a direction parallel to the driven 
element, in which case they subtract from the 
wanted radiation, bringing the radiation resistance 
"down with a bump!" T ~ I I S  constitutes one of the 
main problems of construction. 

bandwidth 
The bandwidth of a dipole may be roughly esti- 

mated from the radiation resistance (R) and the char- 
acteristic impedance (Z), which depends on the ratio 
of length to diameter. Each per cent of detuning 
produces a reactance of 0.015.Z ohms; and the 3-dB 
bandwidth points (corresponding to an SWR of 2 : l )  
may be found by equating this to R. Bandwidths are 
plotted in fig. 6 for 14-MHz dipoles of various wire 
diameters. The figures should be valid, as an approxi- 
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fig. 7. The top illustration shows a practical arrangement for 
a 14-MHz phasing control. The beam reversing switch, 
though not shown, interchanges th-e feeders. This circuit 
may be usable to 28 MHz, but the inductance should be 
reduced to about 0.8 pH; some experimentation with values 
may be needed. The principle of operation is demonstrated 
by (61: as shown the load currents are equal and the ratio of 
X/R determines the phase shift. If, as is more usual, the 
loads are unequal, current equality may be achieved by 
adjustment of the reactances provided in (A). The com- 
ponents of IA) can also be rearranged as a tuner for a 
parasitic type of beam [see [CII. 

mation, even when the dipoles are folded as in figs. 
56 or 5F. When two elements are assembled to form 
a beam, the bandwidth is reduced because of the 
drop in R, though, for a given value of R it is in- 
creased and could be almost doubled by virtue of 
the "coupled circuit effect." 

I t  is important to distinguish between three kinds 
of bandwidth: 

1. The pattern bandwidth - the bandwidth over 
which the radiation pattern and gain are satisfactory 

2. The bandwidth for satisfactory SWR 

3. The bandwidth over which the antenna is usable 

subject to adjustments that can be carried out with- 
out leaving the shack. 

To illustrate, one element of the first version of 
my small beam had an intrinsic bandwidth (as cal- 
culated) of about 450 kHz. Tho completed minibeam, 
using a parasitic reflector, had a useful bandwidth of 
only about 200 kHz; at one edge the frontlback ratio 
had dropped below 8 dB and at the other edge the 
gain had dropped by 1 dB. In wet weather, due to an 
inadequately treated bamboo spider, the tuning 
shifted 200 kHz low, outside the desired range. In 
contrast, with the second version the useful band- 
width was only 130 kHz. However, it was desirable to 
keep within about 20 kHz of the tune-up frequency. 
But, by using separate feeders to each element, the 
beam was tunable to any frequency in the 14-MHz 
band either as a driven array or a driven element plus 
reflector. So, for practical purposes, despite the 
smaller intrinsic bandwidth, the useful bandwidth 
was greater. 

With the parasitic reflector, the phase-shift is re- 
lated to the ratio of reactance to the total resistance, 
R, of the reflector, and, in addition, must meet the 
requirement for reasonable gain in accordance with 
fig. 4. Although the actual relationship is much more 
complex, a rough idea of the bandwidth for useful 
performance can be obtained as follows. Referring to 
fig. 4, we might decide that performance is accept- 
able for values of phase shift from one half up to one 
and one half times the spacing, which means from 25 
to 75 degrees in the case of a spacing of 3 meters 110 
feet). At 25 degrees, the front-to-back ratio is down 
to 10 dB and the radiation resistance (fig. 3) is get- 
ting very low, while at 75 deg~rees the gain is down to 
3 dB. Phase shift is partly due to X, and partly to the 
mutual reactance between the elements, which, in 
this case, takes care (more or less) of the required 
mean value of 50 degrees. The maximum allowable 
shift of + 25 degrees occurs when' X / R  is rmghly 
equal to this angle (measured in radians), i .e., 
X  = R / 2 .  From f ig.  3, lil = 15 ohms and for 
Z = 1000 ohms (a typical value) a reactance R / 2  
results from + 0.5 per cent detuning, i.e., the band- 
width is 1 per cent or 140 kHz, in good agreement 
w i th  the observed figurle of 175 kHz (i.e., 
14.300-14.125) from fig. 10. 

The first version of the small beam was 3.7 meters 
square (12 feet square), which would be expected to 
double the radiation resistance and bandwidth; in 
this case, too, the calc~lation~s are in line with the ob- 
served performance and thelre was good agreement 
in regard to the observed bandwidth for a 20-dB 
front-to-back ratio. From fig. 4, the theoretical 20 
dB points correspond to a change of k 18 per cent in 
phase angle, or 36 per cent in reactance, i.e., 6 
ohms, which translates into a bandwidth of 0.4 per 
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cent, or 56 kHz in comparison with a measured figure 
of 55 kHz; however, this must be regarded as coin- 

‘,( yi;;.7 17 :::I ;:-] 
cidental, since both figures are very rough. 1 145 1N. I  

T .- 
dl-- I f  

phasing 
I t  is essential for the currents in the elements to be 

equal (or nearly so), as well as correctly phased. With 
parasitic arrays there is usually no independent con- 
trol of these quantities, though equality tends to be 
achieved in the case of quad reflectors. With X/2 
dipole elements the inequality, though it degrades 
the frontlback ratio, does not upset gain to a serious 
extent. In contrast, the small-beam elements behave 
as overcoupled circuits resulting in large ratios of 
reflector to driven element currents. 

Neutralization allows the coupling to be reduced 
to any desired extent, so that it can be adjusted in 
conjunction with the tuning of the reflector to obtain 
e q ~ ~ a l  currents with any required value of phase shift. 
In this way, very deep nulls can be obtained in one 
or more back directions without resorting to driving 
both elements. This is subject to a number of as- 
sumptions: For example, the neutralization, which 
has to be adjusted at ground level, must remain 
"right" when the antenna is raised to its full height, 
at all frequencies, and in all types of weather. 

A driven arrangement with provision for adjust- 
ment of phases and amplitudes is obviously more 
versatile and allows compensation for considerable 
errors in tuning or neutralization, but the methods 
usually employed for driven arrays are based on false 
assumptions that are particularly disastrous in the 
case of small beams with reactively coupled ele- 
ments. I t  is usually assumed, for example, that 
h/8 of line provides a 45 degree phase shift - which 
is true if the lines are perfectly matched. But often 
there is little attempt at matching, which will, in any 
case, be upset if the phasing is adjusted. A further 
difficulty is that for the elements to have equal im- 
pedances the mutual coupling between them must 
be a pure resistance, a condition that applies in prac- 
tice only for straight h/2 elements spaced just over 
X/8. This, incidentally, is an important special case 
since it is then easy to calculate gain and radiation re- 
sistance.3.5 Having established that gain is inde- 
pendent of size, the numbers obtained can be ap- 
plied to other sizes on the basis of fig. 3. 

If there is capacitive reactance coupling, as hap- 
pens with wider spacing or miniature elements, the 
radiation resistance of the reflector may be zero or 
even negative, in which case its feeder returns more 
power to the transmitter than it receives! Matching 
is clearly impossible under these conditions. The 
method I use, which can take various forms,6.9 is 
based on resonance; in fig. 7, the two feeders are 
connected through a series-resonant circuit and the 
complete system, minus the connection to the 

300 OHM ( 6 0  I N  1  
L I N E  

L 
3 . 8 c m  ( 1 - 1 / 2 I N . I  

SPACING 
N E U T R A L I Z I N G  
CAPACITANCES 

55 .9  cm 55.9  ,:m 
1 2 2  I N  I  

fig. 8. Original version of the sm;sll beam showing one ele- 
ment plus the neutralizing wires. The elements are identi- 
cal, with a wire length of 11.4 meters (37.3 feet). For initial 
adjustment, one element without the feeder may be tuned 
as a parasitic reflector, in which case the length is about 
10.9 meters (35 feet, 10 inches). The elements and neutraliz- 
ing capacitors are made from nlo. 14 AWG (1.6-mm) wire, 
but the delta match and neutralizing cross connections can 
be made of a lighter gauge wire. 'The spider projects beyond 
the elements, which are suspended by lengths of polyethy- 
lene,cord. 

transmitter, is made resonant. Phase-shift is ob- 
tained by off-center connection of the feedline from 
the transmitter. If necessary, element currents can 
be made the same by detuning the series circuit so 
that one element or the other is brought closer to 
resonance. Matching should be carried out to reduce 
the SWR in the line to the forward element, a high 
SWR in the reflector line being of no importance as 
there is very little power transferred along it. Cross- 
over of the elements as with the W8JK, though nor- 
mally essential with full-sized elements, is sometimes 
not required when coupling to highly reactive ele- 
ments. Using this arrangement, it has been possible 
to work with different or even unequal lengths of 
feedline, and to compensate for quite large errors of 
adjustment, though never to the extent of being able 
to use it as a substitute for neutralizing. The beam 
can be reversed either by interchange of feeders or 
moving the coil tap. It is possible, in principle, to 
null out from any given direction "off the back." A 
curious feature of reactive coupling is that, despite 
the remarkable effect it has on relative impedances, 
the sum of the two radiation resistances is not af- 
fected; for fig. 3 to have universal application, it was 
therefore necessary to plot the sum and not the in- 
dividual resistances. The surti is in any case a more 
useful figure for the present purpose since it is into 
this value that the feeder for the front element has to 
be matched (so that the antenna impedance is "re- 
peated" in the shack). I t  is of ten possible, particularly 
if the feeder length is a whole number of half wave- 
lengths, to use the phasinq circuit with very little 
modification as a remote tuner for driven element 
and reflector operation (see fig. 7); this reduces the 

march 1979 19 



ing signal from the back direction, using the revers- 
ing switch as required. 

'L ;;., 
TUBE 

A FEW INCHES OF WIRE CAN 

@ MORE LENGTH IS  NEEDED 

fig. 9. Construction details for a 3-meter-square (10-foot- 
square) beam for 14 MHz. The front, plan, and side views 
are shown in (A), (6). and (C), respectively. In IB), the bow- 
string-type arrangement is used to counter the pull of the 
loading wires and to allow the use of lightweight elements. 
Each neutralizing capacitor, as shown in (C), is approxi- 
mately 0.6 meter (1.9 feet) long. If  greater wire length is 
needed, additional wire can be added as indicated in (C). 

number of knobs and has proved more convenient 
in practice, provided the neutralization is reasonably 
accurate. It has been found that, although small dif- 
ferences can be compensated, care in making the 
elements identical pays big dividends in convenience 
of operation, since it allows beam reversal with no 
change of tuning or matching. One can tune for a 
minimum on either the wanted station or an interfer- 

practical designs 
Several construction methods have been used.10 

Fig. 8 gives the dimensions of my first small beam, 
the elements being suspended by thin polyethylene 
cords from a six-armed spider made from bamboo 
garden canes which extended just beyond the wire. 
The two central arms were required to counter the 
inward pull of the folded sections. One element was 
driven using 300-ohm line with a delta match having 
series capacitors to tune out .the reactance. I tried to 
tune the other for a null in the back direction, but 
this was barely perceptible. Current in the reflector 
was found to be higher than that in the driven ele- 
ment, so the neutralizing capacitance (formed by 
parallel wires) was increased by reducing the spac- 
ing, retuning the reflector, and adjusting the driven 
element for lowest SWR at each step. Eventually 
current equality and a good front-to-back ratio was 
achieved. A t  a height of 16.8 meters (55 feet) the 
antenna was compared witlh a two-element quad 
at 13.7 meters (45 feet) and appeared to be at least 
as good. 

Mention has already been  made of bandwidth and 
wet weather problems. I t  quickly became obvious 
that two feeders would have to be used. To save 
cost, I used the transparent, plastic-type of 300-ohm 
line; lacking previous experience with it, I was un- 
prepared for the rapid deterioration, which caused a 
lot of confusion. Later, good results were briefly 
obtained using a pair of 600-lines. 

However, mechanical problems arose and the next 
step was a new design using metal construction 
with 3-meter (10-foot) elements made from 19-mm 
(0.75-inch) tubing. Short vertical rods at the ends of 
the elements (see fig. 9 )  act mainly as brackets for 
supporting wire zigzags. I found that, because of 
limited space, almost as much wire was needed as 
in the original design so that the use of tubing pro- 
vided no electrical advantage apart from getting rid 
of "wet weather" effects caused by the bamboo. To 
avoid the need for heavy-gauge elements, their ends 
were guyed back with polyethylene cord to the boom 
extensions, thus countering the inward pull of the 
loading wires. Two open-wire feedlines were used. 

Some typical measured performance figures are 
shown in fig. 10. On-the-air performance was down 
compared with earlier results, on average about 2 
dB; this might be due to the smaller size (radiation 
resistance being halved) in addition to closer prox- 
imity to tree branches, the m~ast being slightly shorter 
due to breakage and splicing! Another uncertainty 
arose from loss of the quad as a standard of refer- 
ence; the 3-element beam, though equal to the quad 
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in performance, was so placed that it tended to 
screen the smaller beam. I could not be certain that 
rotation to an end-on position was removing all this 
effect. From this, I felt that the best test for the small 
beam would be as a direct replacement for the larger 
one. Now, however, I used a new multiband version, 
the disposition and loading of the elements for 14 
MHz being as shown in fig. 11. 

For such tests my yardstick for many years has 
been another station using a TH6 at 11.6 meters (38 
feet) and with a slightly better location for VK (long 
path) over which most of the tests were made. With 
the small beam at 14.6 meters (48 feet), I was able, 
for the first time on record, to equal the signals of 
the other station on three consecutive days. Nor- 
mally with a quad at 12.1 meters (40 feet) I should 
be down in most cases by 112 to 1 S-unit. Added to 
the initial results of the first small beams, this would 
provide substance for a claim that small beams, 
given a few feet of extra height, are actually better 
than big ones! Unfortunately, such a claim could 
not be supported by theory or common sense, but I 
was confirmed in my belief that the small beam can 
be made fully competitive. 

Any type of feeder can be used, but, because of 
its lightness, good-quality 300-ohm line can be rec- 
ommended as an alternative to open-wire line. I 
have also used 50- and 75-ohm coax with 4:1 baluns 
and delta matches identical to the one shown in 
fig. 8. 

three-element beam 
A starting point for this development was the 

original VK2ABQ design1 in which a quad loop lying 
on its side is converted into a two-element beam by 
insulators in the sides. The rather wide spacing 
(X/4) unfortunately means that performance is slight- 

R E L A T I V E  GAIN 
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fig. 10. Typical performance of the 1-meter-square (10-foot- 
square) beam. All parameters were measured with the 
beamataheight of 2.1 meters (7 feet) and the reflector tuned 
for 14.2 MHz. The dotted curve shows the improvement in 
SWR after adding 10 cm 14 inches) to each end of both ele- 
ments and retuning the reflector for best front-to-back ratio 
at each frequency. Note: The gain curve is listed as dB down 
from the maximum. 

ly worse than the best that can be achieved with two 
elements, and it seemed logical to me to put a third 
element in the middle. No increase in the diameter of 
the turning circle dictated a maximum element length 
of 7.3 meters (24 feet). With some end loading by 
vertical rods and the use of linear resonators, I was 
able to design a triband element (see fig. 12) having 
almost as much radiation resistance as a full half- 
wavelength at 14 MHz, hilgher radiation resistance 
than a normal element at 21 and 28 MHz, a small 
amount of extra gain at 28 MHz, and no trap losses. 

Tubing was used for this element, but retention of 
bent wire elements for directors and reflectors made 
engineering sense, since these elements have 
less current flowing in them and a lot of cost and 
weight could be saved. The next step was to elimi- 
nate the quad spider by using the driven element as 
one diagonal of a square and making it support the 
ends of the parasitic elements which were now V 
shaped instead of U shaped and filled in the sides of 
the square as shown in fig. 12C. The other diagonal 
became the "boom" and consisted of two 2.4-meter 
(&foot) bamboo garden canes joined by a length of 
aluminum, supporting the apex of the Vs. 

V-shaped elements are not suitable for multiband- 
ing by the methods used for the driven element, and 
ordinary traps would be unsuitable for suspension in 
wires supported by such a light framework, as well 
as being too lossy. I therefore used separate ele- 
ments for each band with their ends strung out to 
different points on the vertical loading rods of the 
driven elements in the hope that this way they might 
not get entangled! Though somewhat haywire, this 
arrangement has unexpectedly survived two severe 
storms and, although it needs a lot of tidying up 
mechanically, comes fairly close to the ultimate in 
lightness combined with high performance. Details in 
fig. 12 should assist any  reader wishing to experi- 
ment on similar lines. Despite the larger size, the 
overcoupling problem was, not completely avoided 
and there was some slight difficulty in adjusting the 
14-MHz reflector, but this was overcome by increas- 
ing the spacing slightly as indicated in fig. 12C. 

The linear resonators work as follows.9.ll The in- 
ductance LAB of the central portion (AB) of the ele- 
ment is tuned to resonanc~e by C1 so that it acts as 
insulator for 28 MHz, mak~ing the element two half- 
waves in phase. At 21 MHz, about half of C2 serves 
to eliminate the inductance by tuning it to parallel 
resonance, with the remainder used to series reso- 
nate the inductance (Lo) of the outer portions of the 
element, LAB and Lo chosen to be roughly equal. At 
14 MHz, the capacitors ere virtually "not there," 
their values at 21 and 28 MHz having been inflated 
by series resonance with their connections, and con- 
sequently AB no longer acts as a tuning inductance 
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335.3 crn ( 1 1  F E E T 1  
OF 1 . 9 c m  13/4  I N . )  TUBING 
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fig. 11. This is an alternative form of the beam shown in fig. 
9. In this case [A), the elements have been folded in a hori- 
zontal plane to avoid any vertical projections. The metal 
supporting strut in the center of the boom also serves as a 
21/28-MHz driven element in the multiband version. The 
detail shown in (B) illustrates the arrangement for multi- 
banding with linear traps. Moving the shorting bar from S to 
S' results in an improved trap for 28 MHz, but separate par- 
asitic elements must then be used for 21 MHz. For mono- 
band 14-MHz operation. the capacitors are omitted, but 
extra wire may be needed to obtain sufficient loading. The 
wire lengths, a, 6. c, d, and e, are all equal and approxi- 
mately 35.6 cm (14 inches). C1 and C2 use the wire segments 
bs and sd to form the linear traps for 28 and 21 MHz respec- 
tively. 

but reverts to its normal role as the "middle portion 
of a dipole." This process is accelerated by mutual 
coupling between the capacitive and inductive 
branches of the resonators. Values for C1 and C2 are 
critical and I used selected capacitors slightly lower 
than the required values (about 10 pF and 20 pF re- 
spectively) making up the difference with short, 
open-wire, adjustable stubs. 

Although linear resonators have little effect at 

lower frequencies, the 21-MHz resonator in its sim- 
plest form has disastrous consequences at 28 MHz, 
where it looks like a rapidly varying inductance that 
results in a very narrow bandwidth. This problem is 
overcome by the capacitors (C3) which form addi- 
tional linear resonators tuned somewhat above 28 
MHz so that the effective inductance at 28 MHz is 
greatly increased without affecting 21 MHz. C3 is 
not critical. Using a grid-dip oscillator, the driven 
element should be tuned by adjustment of C1, C2, 
and the length of the loading wires to provide the re- 
quired resonant frequencies, taking care to avoid 
spurious resonances. Using a pick-up loop with a 
rectifier and meter as a simple rf current indicator, 
currents in L and C1 at 28 MHz will be roughly equal 
and some four times greater than the loop current 
observed at point D, (see fig. 12C). At 21 MHz, cur- 
rents in C2, L, and just outside AB can be expected 
to be roughly in the ratio 3:2:1. This is not critical, 
but any major departure could indicate a spurious 
resonance. I t  is important to ensure symmetry and 
this requires a balanced feed, not a gamma match. 

When tuning three-element antennas, there are 
many performance combinations, but I tended to 
aim for maximum gain in the 14.1-14.2 MHz region. 
This yielded the following typical performance 
figures: 

Bandwidth for greater than 9 dB 
frontlback ratio 200 kHz 

Maximum frontlback ratio 12-75 dB 

Bandwidth for less than 1 dB 
drop in gain 230 kHz 

SWR at band edges 2.0:1 

Better frontlback ratios and bandwidths were ob- 
tainable at the expense of gain, thus emphasizing the 
desirability of remote tuning; in this way it should be 
possible to achieve effective gains between 6 and 7 
dB. I tried to achieve this by using a single pair of 
additional feeders, attached to coupling loops placed 
near the centers of each set of parasitic elements, 
but achieved only limited success. A practical, but 
rather cumbersome alternative is to use separate 
feeders to all elements. 

A t  21 MHz, the SWR was 1.5-1.6 over the whole 
band; frontlback ratio increased with frequency 
from 13 to 16 dB, but was accompanied by an ap- 
parent 2-dB drop in gain. At 28 MHz, bandwidth for 
an SWR better than 2:l was 350-400 kHz. Tuning for 
maximum gain at 28.5 MHz, there was a drop of 2 
dB at 28.25 and 29 MHz. The frontlback ratio rose 
from 11 dB at 28.5 to 15 dB at 28.9, but was down to 
6 dB at 28.25 MHz. These figures have been selected 
as fairly typical from a wide assortment.and the varia- 
tions illustrate the degree of improvement to be 
expected from remote tuning. The linear resonator 
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3.8 cm ( I - / / ,? I N . )  FROM TUBE 

element lengths 
frequency reflector director 

14 MHz 11.2 meters (440 inches) 10.8 meters (426 inches) 
21 MHz 6.9 meters (272 inches) 6.3 meters 1259 inches) 
28 MHz 5.1 meters (202 inches) 4.8 meters (188 inches) 

boom length from center of driven element to apex of Vs 
frequency reflector director 

14 MHz 4 meters (156 inches) 3.2 meters 1126 inches) 
21 MHz 2.6 meters (101 inches) 2.6 meters (101 inches) 
28 MHz 2.2 meters (86 inches) 2.2 meters (86 inches) 

\ DIRECTORS 

..I I / REFLECTOR: 

fig. 12. (A) shows the plan view of the driven element made from aluminum tubing, starting with 32 mm (1% inch), tapering 
down to 12.5 mm (0.5 inch) diameter. The feeder is connected to points x,x using the delta match shown in (B). Close examina- 
tion of the end of the element may be necessary to fully understand the loading. Each vertical rod (x,zI is not only a help in pro- 
viding the end loading, but is also used as an attachment point for the ends of the parasitic elements. Also attached to the verti- 
cal rods is the other portion of the end loading. short lengths l40.6 cm (16 inches)] of no. 14 AWlG (1.6-mm) copper wire. These 
lengths are run from x and z to point y, 1.e.. in the same line as the center element. The delta niatch detail is shown in (B). For 
open-wire line, the capacitors are omitted and the spacing is increased slightly. A plan view showing the parasitic elements is 
shown in (C). The elements are made from no. 14 AWG (1.6-mm) copper wire. 

details shown in fig. 12 are applicable also to "full- 
size" elements, a reduction in length of about four 
per cent being required due to the presence of C2. 

Earlier I criticized trapped beams, but the situation 
is quite different with small elements, including the 
V-shaped parasitic elements of the'beam just de- 
scribed. If the folded ends are left in place, at the 
higher frequencies they degrade performance 
because of an inefficient current distribution and by 
radiation from the ends. The only practical way to 
remove the excess capacitance is by means of traps, 
but ordinary traps result in appreciable losses even 
with full-size elements. And, as the radiation resis- 
tance drops, the power loss increases in the same 
proportion so that large losses can be expected. This 

problem can be resolvecl with the help of the linear 
resonator, which, instead of degrading the perform- 
ance at 14 MHz, actually has a very slight beneficial 
effect by increasing the tlotal capacitance. 

Another problem is caused by excessive spacing 
between elements at the higher frequencies. This 
can be avoided by using a separate, centrally placed, 
driven element for 21 ancf 28 MHz, a coax feeder with 
4 : l  balun, and a delta match into a linear resonator, 
providing two-band operation. To ke'ep within an 
area 3 meters square (10  feet square), long, vertical, 
loading rods would have been required, but I thought 
it was better to increase the element lengths to 3.4 
meters (1 1 feet) and make full use of the 4.7-meter 
(15.5-foot) turning circle. 
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Multiband operation, with good front-to-back 
ratios, was obtained using traps as shown in fig. 
11B, but on 21 MHz the bandwidth was too narrow 
to be acceptable. The structure was braced with a 
lot of cord ties and I was able to use them to support 
separate (wire) parasitic elements for 21 MHz. 

Capacitive coupling from these into the driven ele- 
ment was excessive, however, and the reflector had 
to be neutralized. Bandwidth was still rather narrow 
and devious means were needed to achieve even 
enough remote tuning for band coverage (without 
beam reversal) on 21 MHz. Despite satisfactory per- 
formance, the design became too complicated to be 
recommended in its present form. It has neverthe- 
less proved that the problem is solvable, and guide- 
lines have been established for further experiments. 
In particular, I found that proximity between the 14 
and 21 MHz parasitic elements (average separation 
less than 0.3 meter [ I  foot]) had no effect on 14-MHz 
performance. One obvious solution would be the 
use of separate parasitic elements for the higher 
bands, stacked about 0.6 meter (2 feet) above and 
below the 14-MHz elements. Linear traps remain 
the neatest method, and from inspection of fig. I l B ,  
it is obviously possible to increase the trap length 
(and hence the bandwidth) by using the entire avail- 
able length for 21 MHz, in which case the 28 MHz 
traps would have to be accommodated within the 21 
MHz traps. Experiments along these lines can be 
recommended to anyone who feels he has the neces- 
sary skill and patience. 

Unfortunately, narrow bandwidth at 21 and 28 
MHz, in comparison with a monoband antenna of 
the same size, appears to be a price that has to be 
paid for the multibanding of a "smallest-possible" 
beam. (It is also part of the price usually, but mis- 
takenly, paid for the multibanding of full-size ele- 
ments which, when used without traps, have very 
much higher radiation resistances at the higher fre- 
quencies.) 

One practical point that must be stressed is the 
need for accurately maintaining the shape of the 
linear resonators. With separate feeders to each ele- 
ment, small changes in resonant frequency can, of 

and find it difficult to envisage a future for small 
beams outside the guidelines presented here, but 
perhaps someone will take this as a challenge and 
come up with something really new! There is room 
for plenty of ingenuity in finding ways of folding 
elements to fit them into small spaces, and it should 
be possible to improve bandwidth by the somewhat 
mind-boggling process of folding a folded dipole! 
The mini-quad also has interesting possibilities and 
appears to lend itself to a number of options for 
multibanding, of which I favor use of 20-meter loops 
for 10 meters, and separate, stacked elements for 
15 meters. 

Better construction methods are needed to im- 
prove reliability and achieve closer tolerances. A 
completely foolproof tune-up procedure, which can 
be used in all situations, has yet to be evolved. More 
data is needed on the range over which remote 
tuning from the shack can be achieved without pen- 
alties; further development is needed to find the best 
methods for remote tuning and reversal of small 
three-element beams. Perhaps someone may then 
get around to applying these features to the big 
beams - which will otherwise find themselves at a 
disadvantage! For multibanding of beams such as 
those described here, I believe the future lies in im- 
proved versions of the linear resonator trap, which 
would ease the problem of r~zmote fine tuning and 
avoid the complications of stacking. 

As an alternative to neutralizing, I have tried using 
the 21128-MHz element as an electrostatic screen 
between the 14-MHz elements, but I failed to achieve 
a viable system. There are difficulties, for example, 
in specifying exactly what is "earth," and I have 
found it advisable, even with neutralizing, to insulate 
elements from the boom and perferably to use a 
wooden boom. 
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voltage-tuned mosfet oscillator 
One comment often heard on the amateur bands 
is that the art of homebrewing is a thing of the past. 
Nothing could be further from the truth. The amateur 
fraternity has acquired new vigor and growth, and 
more hams now than ever before, are "rolling their 
own." This is happening in spite of the fact that, 
again as a result of recent amateur growth, commer- 
cial manufacturers of ham gear are able to offer 
greater bargains in terms of performance per dollar. 
Yet there is a growing number of do-it-yourself ama- 
teurs who are dedicated to building all or some of 
their own equipment. The VTO described here is only 
one example of this trend. I am admittedly a home- 
brew addict. 

concept 
The constantly changing state of the art has pro- 

vided a diversity of methods and circuits applicable 
to today's requirements. The VTO described in this 
article is more than just another of the garden varie- 
ty. It was deliberately designed to perform well under 
the most demanding conditions. You may be inter- 
ested in duplicating the design, or in using the basic 
concept to build one to suit your own particular 
needs. 

This article is intended to provide sufficient specif- 
ic information so that the design can be easily dupli- 
cated. If you need a VTO possessing superior per- 
formance characteristics, scrutinize the following 
checklist and decide if this construction project is 
for you. 

1. Adjustable tuning range 
2. Exceptionally clean spectrum - like that of a 
VCXO 
3. Frequency essentially independent of load 
4. A temperature compensation adjustment to 
cancel drift 
5. Power output + 10 dBm in a 50-ohm load 
6. Remote tuning capability 
7. Frequency independent of line voltage 
8. Excellent short-term frequency stability 
9. Excellent long-term frequency stability 

10. Fast warm-up 

After reading this article, you may wish to modify 

the design to fit your own needs. If so, there are cer- 
tain things you should not do or need not do: 

Don't use powdered-iron tuning slugs in the oscil- 
lator coil. It is particularly important to stay away 
from pot cores, bobbins, sleeves, toroids, and other 
ferromagnetic materials. Not only do these devices 
generally have relatively high temperature coeffi- 
cients, but they possess a characteristic called hys- 
teresis, which may cause the VTO frequency to wan- 
der from time to time for what appears to be no good 
reason. The permeability of powderded iron and fer- 
rite materials is relatively sensitive to even weak mag- 
netic fields. 

Don't use a clamping diode on the MOSFET oscilla- 
tor gate. It isn't necessary and only adds to the com- 
plexity. Note that the gate is grounded through the 
coil winding and therefore bias shift on gate 1 cannot 
occur. 

The VTO described here should be operated at the 
fundamental, not a ~ubh~armonic. With the source 
bias used, the waveform on gate 1 is very nearly a 
pure sine wave, as is the waveform at the output. 
The circuit does not work well as a multiplier. 

Don't operate the varicaps with too little bias. If 
the peak rf voltage exceeds the bias, rf rectification 
may occur which will genierally disrupt performance. 
In the present design, varicap bias varies between 7 
and 10 volts, although bias as low as 4 volts may be 
used if a wider band is to be covered. 

Don't use a zener to provide voltage regulation for 
gate 2 or the drain of the hAOSFET oscillator. (See fig. 
1.1 Use an integrated circuit regulator such as the 
pA723. Gate 2 voltage should be provided from a 
resistor divider network fed from the 723 output. 

Don't mount the oscillator on a printed circuit 
board, since flexing or warping can cause serious 
stability problems. It is much better to assemble the 
entire oscillator on a brass or copper plate that can be 
mounted firmly to a shield box. Copper is preferred 

By Norm Foot, WASHUV, 293 East Madison 
Avenue, Elmhurst, Illinois 60126 
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because is has higher heat conductivity, which helps ing. It had to operate above 30 MHz and also drive a 
to keep all circuit components at the same tempera- counter to provide a digital readout. The readout 
ture. Use a small plate not less than 0.8 mm (0.032 constantly monitors the frequency, which means 
inch) thick. that any drift exceeding 50 Hz would be particularly 

annoying, not to mention the problem associated 
Don't use plastic, phenolic, or fiber coil forms. The 

with copying sideband signals. Furthermore, the tun- 
coil forms used in this VTO are Cambion part number 

ing range was to be adjustled to cover exactly 100 
1536-3-1. Only the amplifier circuit coil uses the tun- 

kHz plus 100 Hz overlap at each end. The drift after 
ing slug, which is carbonyl J (green). 

warmup turned out to be considerably less than origi- 
Do not use ceramic trimmers in the oscillator cir- nally expected, in spite of the higher-than-normal op- 

cuit. The glass-piston trimmers specified possess a erating frequency and the use of varicaps for tuning. 
low temperature coefficient and are mechanically 
rugged. tuning mechanism 

Although the circuit values can be modified so that 
Do not locate the VTO circuit near heat-generating 

the VTO covers other frequency ranges, this particu- 
components such as power supply regulators or 

lar unit tunes 30,250 to 30,350 kHz. A five-turn, line- 
transformers. Remember, since the oscillator is volt- 

ar-taper, Bourns precision potentiometer (part num- 
age tuned, it can be located at any convenient loca- 
tion because it does not require mechanical linkage 

ber 35205-417-453) is used for frequency tuning. A 

with the front panel. You may want to take advan- 6.4-mm (2.5-inch) diameter Millen fluted knob pro- 

tage of this feature and locate it next to the mixer vides approximately 20-kHi! per revolution, permit- 

where i t  belongs. ting ssb signals to be tuned iin with relative ease. This 
amounts to 18 degrees per kHz. A ten-turn potenti- 
ometer can be substituted if greater tuning resolution 

application is desired. In any event, avoid the use of a gear train 
This particular VTO was designed as the local oscil- to increase resolution if backlash is to be avoided. 

lator for the second mixer in a communications Originally, there was considerable concern regard- 
receiver. The design requirements were very exact- ing the ability of the of the potentiometer to stand up 

fig. 1. Schematic diagram of the voltage-tuned oscillator. All fixed resistors are 1/4-watt composition, and all capacitors are 
dipped silver mica unless otherwise indicated. The 470-pF feedthrough capacitors are from Spectrum Control (part number 54- 
794-002-741M1. The varactors are TRW 4808s. Capacitor C3 is an Erie 0.7-12 pF piston trimmer, while C4 is a 1-18 pF Erie piston 
trimmer. L1 is wound on the Cambion 1536-3-1 coil form; L2 uses the same form with the carbonyl J tuning slug inserted as 
shown in the diagram. 
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to  abuse day after day. However, the original unit 
showed no indication of wear after two years of 
almost daily and often grueling use. 

circuit details 
The VTO includes a 3N201 dual-gate MOSFET oscil- 

lator driving a low-cost 40673 MOSFET buffer ampli- 
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fig. 2. Manufacturer's specifications for the TRW 4808 varactor. 

fier. A high degree of isolation is achieved by use of 
the 100-ohm resistor in the oscillator drain circuit. As 
a result, pulling of the oscillator as the buffer coil is 
tuned through the oscillator frequency is less than 
200 Hz. Since the buffer circuit is broadband and 
therefore fixed tuned, this effect has insignificant ef- 
fect on drift. If the load terminals are opened or 
short-circuited, the change in the oscillator frequen- 
cy is less than 100 Hz. Power output over the 100- 
kHz range is essentially constant at 10 milliwatts 
under load. 

The coils are wound on ceramic forms with no. 26 
(0.4-mm) AWG enameled copper wire and heavily 
doped with polystyrene Q dope. The 50-ohm output 
winding on the amplifier coil consists of two turns 
of no. 26 (0.4-mm) AWG enameled copper wire, 
pushed up tight against the bottom (cold) end of the 
tuned circuit coil. It is important that the tuning slug 
be positioned at the 50-ohm output end of the coil, 
partly overlapping both the tuned circuit and the out- 
put winding. 

power supply considerations 
Both the oscillator and its buffer are powered from 

a pA723 integrated circuit regulator which accepts 
current from a regulated 14-volt supply. The 723 
reduces the 14 volts to 10 volts. The importance of 
this additional regulator cannot be overemphasized. 
Not only does it provide the required tight voltage 
regulation, but by its nature the output voltage is ex- 
tremely well filtered. For example, when the spectral 
ouritv of the VTO was com~ared while using a bat- 

ulation. Small changes in supply voltage cannot be 
tolerated because the same supply is applied to the 
tuning varactors. 

A pair of TRW 4808 voltage-variable, varactor 
diodes (varicaps) are used to control the VTO fre- 
quency. These 27-pF tuning varactors are connected 
in the conventional back-to-back manner with the 
tuning voltage fed to their junction through an RC fil- 
ter. The 1000-ohm tuning range trimpot is set near its 
midpoint so that the voltage across the 45k-ohm tun- 
ing potentiometer is approximately 3 volts. Under 
these conditions, the tuning potentiometer provides 
the varicaps with between 7 and 10 volts. Long life 
and reliability is assured since the potentiometer car- 
ries only 64 microamperes while the current carried 
by the moving arm is essentially zero. Data on the 
varicap is shown in fig. 2. 

The varicap tuning sensitivity is 30 pV/Hz. If the 
spectral purity of the oscillator is to be high enough 
for the intended application, power supply noise and 
ripple must be extremely low. The pA723 is specified 
at 20 pV rms noise typical. This could cause a ran- 
dom peak-to-peak fm  of 1.89 Hz. Most of this noise 
is eliminated by means of the lowpass filter consist- 
ing of the 47k-ohm resistor and the 1.0 pF capacitor. 
What little noise actually remains should consist of 
very low-frequency components, since the RC filter 
has a 20 Hz cut-off frequency. In the author's appli- 
cation, there is no detectable reduction in receiver 
output noise when a battery is substituted for the 
6 7 2 3  regulator. 

Ripple from the 723 is specified as typically 74 dB 
below the input ripple. Even if the input ripple were 
100 mV peak-to-peak, the output ripple would only 
be 2.0 pV, including the filtering action of the varicap 
RC filter. This translates to less than a tenth of a 
cycle fm. 

The varactor capacity as seen by the oscillator coil 
varies from 3.8 to  4.4 pF. Since the total circuit capa- 

. . 
tery supply and then the 723 post regulator, there Since the vro is dc tuned, it does not have to be located 
was no noticeable difference. By contrast, without near the front panel. In this case, it has been incorporated 
the post regulator, there was considerable hum mod- into thesame moduleas the HFO buffer. 
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city is approximately 90 pF, the ratio of high to low 
end frequencies is as follows: 

where 

FH = high-end frequency 
FL = low-end frequency 
C = total circuit capacitance 

Therefore, if 

FL = 30,250 kHz, 

FH = 1.0033 X 30,250 

= 30.350 kHz. 

Of course, the tuning range tripot can be adjusted 
to provide overlap at each end of the tuning range if 
that is desired. 

The frequency ratio formula can also be used for 
different frequencies and tuning ranges. I suggest 
that the circuit capacity be scaled in proportion to 
wavelength. A VTO operating between 5.0 and 5.1 
MHz, for example, could use a circuit capacity of 
about 500 pF. The varicaps would each be 150 pF, 
while C would be approximately 20.2 pF, which re- 
quires a tuning voltage range of about 6.4 to 10 volts. 

tuning linearity 
While the tuning potentiometer is linear, the vari- 

cap tuning characteristic is not. As a consequence, 
the frequency tunes slightly faster at the low end of 
the range than at the high (see fig. 3). However, the 
departure from linearity is small. Based on the manu- 
facturer's data, and by measurement, the number of 
kilohertz per revolution at the low end is 22.4 com- 
pared with 18.2 at the high end. This nonlinearity 
might be objectionable if it were necessary to employ 
a mechanical frequency indicator, such as a plane- 
tary mechanism. In my application, the VTO drives a 
programmable digital counter in which case the small 
nonlinearity is of no consequence. 

temperature compensation 
Considerable effort went into developing a variable 

temperature compensating circuit for this VTO. 
While the idea is not new, it lends itself well to this 
particular application. The compensation circuit is 
simple and easy to adjust. 

A piston trimmer is connected in series with a neg- 
ative temperature coefficient ceramic capacitor. The 
coefficient was intentionally made larger than need- 
ed. The effective circuit coefficient is adjusted by 
tuning the piston trimmer, C4. The change in fre- 
quency which resulted is compensated for by adjust- 
ing C3. There is a particular setting of these two 

capacitors which will provilde zero temperature coef- 
ficient, therefore zero oscillator drift after warm-up. 

Based on manufacturer's data, the voltage-tuned 
varactors have a temperature coefficient of 250 to 
300 ppmldegrees C. Of course, most of the other cir- 
cuit elements exhibit positive coefficients as well, but 
their coefficient is generally less - in the order of 50 

V T O  T U N I Y G  NON-LINEARITY 
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fig. 3. Chart of the voltage-tuned oscillator's 
linearity as the oscillator tunes from one end of 
its range to the other. 

to 100 ppmldegrees C. Dipped silver-mica capacitors 
were found to be entirely satisfactory for use in the 
oscillator and amplifier tuned circuits. 

A series of tests was pe~rformed using NTC capaci- 
tors with various temperature coefficient values. 
Finally, a 51-pF, N330 capacitor was selected. An 
additional 24-pF, NTC 1510 capacitor was added in 
parallel to bring the circuit temperature coefficient 
within range of C4. C4 is a key circuit element 
because it allows the effective temperature coeffi- 
cient to be adjusted, and therefore the amount and 
direction of oscillator drift. The proper setting was 
found after a number of drift tests were performed 
over a period of a few hours using different settings 
of C3 and C4. The results of these tests are shown in 
fig. 4. 

After a period of about three months, and again a 
year later, the drift was checked. It was found that 
no change in compensation had taken place. The cir- 
cuit gives you a real good opportunity to check the 
Other fellow's frequency stability! 

After hvo years of drift-free use, and strictly out of 
curiosity, the original 3N:201 oscillator MOSFET was 
replaced with another made by a different manufac- 
turer. It was found that the frequency was slightly 
higher and needed trimm~ing. Subsequent drift tests 
showed the circuit to be over-compensated. A new 
set of drift tests were run and the overall temperature 
coefficient quickly brought back to zero. 

If the drift that occurs after turn-on from a cold 
start is annoying, or if thle application requires abso- 
lutely zero warmup drift, I recommend that the drift 
correction circuit described by PA0KSB1 be used. 
This circuit was built and applied to the AFC terminal 
shown in fig. 1. The p~erformance was excellent. 
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There was absolutely no warmup drift. I t  was neces- 
sary, however, to include the up-down tuning push 
buttons recommended to periodically correct for cali- 
bration errors inherent in the design. Since this 
requirement was more of a nuisance than the warm- 
up drift, the circuit was not permanently installed. 
From a practical standpoint, about the time the 6146s 
are warmed up and ready to go, the VTO has stabil- 
ized! It was also interesting to note that if the VTO 
design described here were to be modified for opera- 
tion at 5.0 MHz, the warmup drift would be only 
about 100 Hz. 

dryer will probably prove only that the temperature 
compensating circuit has a thermal lag. 

Short-term drift and low-frequency shot noise ef- 
fects can be determined by tuning in WWV (assum- 
ing the VTO is used as the local oscillator of the 
receiver). Using the BFO, set the tuning for a conven- 
ient heterodyne (500 Hz for example), and then 
acoustically zero beat an audio oscillator and speaker 
combination with the receiver output. Listen for any 
warbling and jumping. If you use a low-beat note, 
you should be able to hear and detect frequency vari- 
ations as small as -+2 Hz by reading frequency 

UNDER COMPENSATED 

CORRECT .- -.- 
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fig. 4. Typical results of the - 2 0 0 0  

oscillator drift tests. Incor- 
porating the drift correction 
circuit described by PABKSB 
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Excellent short-time stability was achieved by 
enclosing the VTO circuit in a metal box. Also, a 
brass cup heatsinked to the chassis was mounted 
over the 3N201 transistor and its socket. This pro- 
tects the transistor from drafts to which it is particu- 
larly susceptible, and forces the ambient temperature 
in the vicinity of the transistor to track that of the en- 
tire circuit. This combination was found to be very 
effective. 

One of the most frustrating problems associated 
with checking out a new oscillator is being able to 
separate out the various causes of drift. They include 
the effective lemgerature coefficient of the overall 
elect~ical circuit, the effects of voltage variations, 
and mechanical effects. If the oscillator varies or 
jumps when the oscillator chassis is tapped sharply 
with a screwdriver, you have mechanical problems. 
Don't try to temperature stabilize the circuit until it is 
mechanically sound. It is a good idea to run the tem- 
perature of the circuit up and down several times us- 
ing a hair dryer to reduce mechanical strains before 
checking drift. 

If you use the regulator circuit suggested here, you 
should be able to set the line voltage as low as 100 
volts before detecting any oscillator drift. Long-term 
drift tests should be performed by running'the circuit 
as it would normalty be operated. Theuse of a hair 

changes from the audio oscillator dial. If the oscilla- 
tor is working properly, randorr~ variations should not 
exceed -+5 Hz at 30 MHz, or -+ 1 Hz at 5 MHz, and 
there should not be any jumping. I t  is interesting that 
the technique described here allows you to detect 
variations as small as one part i~n 107 or better. 

1. Klaas Spaargaren. PAOKSB, "Drift Correction Circuit for Free-Running 
Oscillators. " ham radio, December, 1977. page 45. 
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operational' characteristics 
of the 

555 timer 
Care and feeding of the 

multi-purpose 555 timer - 
a closer look 

at some of the reasons 
behind the designs 

The 555 timer has become one of the most popular 
ICs used by both industry and hobbyists alike. Since 
its introduction by Signetics Corporation in 1972 (as 
the NE555), every major IC manufacturer has pro- 
duced a 555 equivalent. Variations have been devel- 
oped by Signetics and others, primarily for specific 
applications (NE556, NE558 quad, XR2250 program- 
mable). 

Circuits using the 555 show up in virtually every 
electronics-oriented magazine. The popularity of the 
555 is partly due to its versatility and partly because 
of its cost (generally less than 50 cents). These pub- 
lished circuits use the timer to generate ramps and 
time delays, detect missing pulses, act as oscillators, 
and a host of other applications. The list of specifics 
can become quite extensive. Most of these applica- 
tions now appear as "cookbook" circuits with little 
detail on how the design was accomplished and what 
variations a builder of that circuit can expect. 

This article was written to help you get a better 
understanding of the 555 and how its eight pins react 
to external components. With this information, you 
can get a feel for how most 555 applications work. 
For the more creative, I'll outline the basic design 
rules for using the 555. (Information on the 555 also 
applies to the 556 dual timer.) 

Fig. 1 shows the block diagram of the 555 timer. 
The basic components consist of an output driver, a 
control flip-flop, and two voltage comparators. The 
flip-flop drives the discharge transistor and output 
driver. The state of the flip-flop is controlled by the 
reset pin (pin 4) or one of two comparators. One 
comparator is controlled by the voltage on the trigger 
pin (pin 2) and the other coritrolled by the voltage on 
the threshold pin (pin 6). 

These comparators have !separate reference points 
which are controlled by the three-resistor divider 
from Vcc to ground. The  resistors are all of equal 
value (5-k ohms). The reference voltage for the 
threshold comparator is thus 213 of Vcc, and is also 
available on pin 5, the control voltage pin. The refer- 
ence voltage into the trigger comparator is set at 1 13 
Vcc by the divider network (Note: it is also one half of 
the voltage on the control voltage pin). 

The output (pin 3) has the capability of providing 
200 mA. Because of the totem-pole structure, this 

8 7 DISCHARGE 

R 

THRESHOLD 
THRESHOLD COMP 

0 

TRIGGER 

TRIGGER 2 
COMP 

0 

, 

fig. 1. Block diagram of the 565 timer. The three-resistor 
divider network causes the voltage comparators to work on 
a ratio, rather than an absolute voltage level. This makes 
any timing functions relatively insensitive to supply voltage. 

By  Bob Marshall, WBGFOC, Signetics Corpor- 
ation, Post Office Box 9052, 81 1 East Arques 
Avenue, Sunnyvale, California 94066 
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current supply is available whether the output is high 
or low. Additionally, when the output is high, the dis- 
charge transistor is turned off. 

monostable operation 
To help understand the action of the comparators 

it is best to show the operation of the 555 in one of 
the basic timing modes. The monostable configura- 
tion of the timer requires only two external compo- 
nents. It is shown in fig. 2A (the capacitor on pin 5 is 
optional). 

A resistor (RA)  is connected from Vcc to the dis- 
charge pin (pin 7) and threshold pin (pin 6). A capaci- 
tor is then connected from pins 6 and 7 to ground. 
The values of R A  and C will determine for how long 
the output remains high. 

Initially, the output is low and the discharge tran- 
sistor is turned on. This essentially shorts the timing 
capacitor C. Therefore, the threshold comparator in- 
put is at zero volts. When the trigger comparator 

TRIGGER OUTPU 7 

I 3" - I 

fig. 2. Configuration of the 555 timer for use as a monostable 
rnultivibrator and the associated waveforms (€3). The nega- 
tive-going pulse applied to the trigger input causes the 
internal flip-flop to change states, generating the output 
pulse. 

fig. 3. Diagram of the normal RC time-constant curve. When 
connected as a monostable. 'the output pulse width from 
the timer is determined by the time it takes the capacitor to 
charge between zero and 66 per cent of the full charge. 

receives a trigger that is less than 113 Vcc, it causes 
the flip-flop to switch. The output goes high and the 
discharge transistor turns off. When this happens, 
the timing capacitor starts charging to Vcc via RA. As 
soon as the charge on the capacitor reaches the 
threshold voltage level (2111 Vcc), the threshold com- 
parator triggers the flip-flop. This drives the output 
stage low and turns on the discharge transistor, 
which discharges the timing capacitor, and the timer 
is back to its initial condition. Fig. 28 shows the 
waveforms on the timer du~ring this time. 

triggering 
Due to the nature of the trigger circuitry, the trig- 

ger comparator will trigger the flip-flop whenever the 
trigger voltage drops below 1 13 Vcc. For proper tim- 
ing, the trigger level must return to a voltage level 
greater than 1 I3 Vcc. This i:; because the trigger com- 
parator has overriding control of the flip-flop. Should 
the trigger input be held lola for a period longer than 
the timing cycle, the output will remain high, without 
regard to the voltage on the threshold comparator. 

reset function 

The 555 has a reset pin for applications that require 
an abort signal. That is, it rnay be necessary to inter- 
rupt a timing period or to inhibit a trigger. The reset 
control (pin 4) is normally high. If the reset is held 
greater than 1.0 volt, the 555 will function normally. 
However, if pin 4 is held below 0.4 volt the output 
will be held low. When the timer output is high and 
the reset goes low, the output will turn off immedi- 
ately. If the reset pin is betmeen 0.4 and 1.0 volt, the 
timer is in no man's land; some devices may reset, 
some may not. When using the reset function, it is 
important to have the reset less than 0.4 volt. This 
level is guaranteed to cause the timer to reset. To 
prevent possible noise spikes from causing an 
unwanted reset, pin 4 is n~ormally connected to the 
Vcc pin when not being used. 
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calculating pulse width 

When describing the operation of the 555 timer in 
the monostable operation, I mentioned that the 
values of R A  and C determined the time the output 
stayed high. The voltage on C must charge to 213 
V,,. Fig. 3 shows the normal RC charge curve. As 
shown, the voltage rises from 0 to 100 per cent in five 
RC time constants (7). The 66.6 per cent (213) point 
occurs at 1. IT, or 

T = 1.1 RC (1 ) 
where 

T is in seconds, 
R is in ohms 
Cis in farads 

changing the pulse width 
in the monostable mode 

The threshold control voltage on pin 5 is an impor- 
tant feature of the NE555 timer. By imposing a volt- 
age on pin 5, the internal comparator reference lev- 
els, the timing can be varied. For example, if one-half 
the supply voltage were placed on pin 5 (normally 
held at 213 V,,), the timing capacitor would charge 
only to one-half V,, before the threshold trip level is 
reached. The time required to charge the capacitor 
can be found by observing how many time constants 
it takes for the capacitor to charge to 50 per cent 

v5 using the equation T = In ( I  - -) RC or by using 
v c c  

fig. 3. With the voltage on pin 5 equal to 0.5 V,,, the 
new timing equation is T = (In 0.5)RC = 0.693RC. 

You must remember that the trigger threshold is 
also affected by changes on the voltage level at pin 5. 
In the example above, the trigger threshold is now 
lowered to one-quarter V,, (halfway below the volt- 
age on pin 5). In order to trigger, the trigger pulse 
must now go below one-quarter V,,. This feature of 
the timer opens a multitude of application possibili- 
ties such as pulse width modulators, voltage-con- 
trolled oscillators, and so forth. 

As can be seen, any variations on pin 5 will cause a 
change in timing. For that reason it is recommended 
that a small bypass capacitor (about 0.01 ,uF) be 
used on pin 5. This will increase noise immunity of 
the timer to high frequency trash that could cause 
timing errors by modulating the threshold trip levels. 

astable operation 
To configure the 555 timer in the astable or oscilla- 

tory mode requires only a slight modification to the 
monostable configuration. Fig. 4A is the schematic 
of a 555 timer in the basic astable mode. It requires 
two resistors and a timing capacitor. Assume that 
the charge on the timing capacitor is charging 
toward V,, through RA and RE. The output is high 

and the discharge transistor is off. When the capaci- 
tor charges to the threshold trip level (213 V,,) the 
output goes low and the discharge transistor turns 
on, shorting pin 7 to ground. The capacitor now 
begins to discharge through RE toward ground. But 
as soon as the capacitor discharges to 113 V,, (the 
trip level of the trigger comparator), the output again 
goes high, the discharge transis1:or turns off, and the 

R A  

7 

5 

CURRENT , 

2 

- 
TC 

fig. 4. Schematic diagram of the 555 connected as an astable 
multivibrator and the waveforms at different points in the 
circuit IB). In applications where el 50 per cent duty cycle is 
required, the circuit shown in IC) can be used. In this case, 
CRl effectively shorts out R 8  during the capacitor charge 
time. 
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capacitor starts charging through RA and RB again, capable of switching high levels of load current. As a 
creating an oscillator. Fig. 4B shows the waveform result, large current spikes can develop on the supply 
in the astable mode. line. This momentary loa~ding effect can cause a 

calculating frequency 
The time required to charge from 113 to 213 V,, is 

0.671 RC. The charge path is through RA + RB. This 
is the period of time that the output is high, or 

T I  (High) = (RA+RB) C (2) 

During the discharge time the output is low. The 
time required to discharge from 213 to 113 V,, is also 
0.671 RC. But the discharge path is through RB 
only, so 

Tz (LOW) = 0.671 (RB) C (3) 

The total period of oscillation is then: 

and the frequency 

The duty cycle is given by: 

degree of timing error because of changes in charg- 
ing current. It can also cause noise glitches and false 
triggering in TTL circuits. To eliminate this phenome- 
non, it is necessary to blypass the supply line to 
ground with a capacitor. The size of the bypass 
required generally depends on the load to the timer. 
Values range from 0.1 to 10 yF, or more. The bypass 
capacitor should be as close to the device as pos- 
sible. 

fig. 5. When driving an inductive load, a protective diode is 
required to prevent the inductive kick from latching up the 
output of the timer. 

Bypassing the control voltage pin (pin 5) is gener- 
ally considered good design practice. As mentioned 
earlier, the value is not critical, but the capacitor 
should be as close to the device as possible. Typical- 

(6) ly, the bypass capacitor is 0.01 FF. 

Since the charge and discharge paths are differ- 
ent, the duty cycle cannot be less than 50 percent. In 
some applications, this may cause a problem. With a 
slight modification to the basic circuit, the 555 output 
can be made a square wave. Fig. 4C details the cir- 
cuit configuration for a 50 per cent duty cycle when 
RA = RB. 

In this circuit, CR1 shorts RB and the charge time 
is 0.671 RAC. The discharge path is still through RB 
and does not change. The series diode, CR2 is op- 
tional to match the charge and discharge paths. With 

capacitors 
The timing capacitor size is virtually unlimited; but, 

the type of capacitor is important. Ceramic disk 
capacitors are usually unsuitable. They generally are 
not stable enough to operate in an RC timing circuit. 
Electrolitics usually have very high leakage rates and 
would cause drastic timing errors. The Signetics data 
sheet lists several acceptable types of capacitors, in- 
cluding silver mica, mylar, polystyrene, and tanta- 
lum. The smaller the timing capacitor used, the more 

the diodes in the circuit the formulas for fre- 
fig, 6, The capacitor on the 

' 5 "  

quency and duty cycle become: output of the timer is used ypLnA7 

Duty Cycle = 

to  prevent any glitches 
(7) caused by the cross-over 

distortion from acting as 
false triggers to the TTL 

(8) logic. 

With this configuration, the timer is capable of gen- 
erating duty cycles from 5 to 95 per cent. 

supply voltages 
In selecting supply voltages, note that the 555 tim- 

er is guaranteed to operate from 4.5 volts to 16 volts. 
Because the threshold levels work on a ratio, the 
supply voltage will not change the timing calcula- 
tions. The timer has a "totem pole" output structure 

apparent effect stray capacitance can have on the 
timing. The larger the cap,acitor, the more expensive 
the capacitor is. This is particularly true of the low- 
leakage types. For long delays, the capacitor has to 
be very large, but there are ways of getting long 
delays without using big capacitors. 

resistors 
There are certain maximum and minimum values 
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fig. 7. In this example of 
ac triggering, the trigger 
pulse must be less than 
the duration of the out- SI 

put pulse from the timer. 5 
The duration of the trig- vcc I ;~G;;R~VOLTAGE 

ger depends upon the RC 
time constant of the 
components. 

for the resistors. The threshold comparator requires 
0.25 FA of current to trip the output. Considering 
worst case, the resistor must be able to supply 0.25 
,.LA of current for the comparator and still charge the 
capacitor to 213 Vcc. To calculate the maximum 
resistance, the IR drop must not exceed 113 Vcc with 
0.25 FA current flow, or 

IR drop = V,, - VCAP 

= V,,- 21'3 V,, 

= 1 / 3  V,,  

The maximum resistance between Vcc and pin 6 is 
defined as 

V,C-VCAP . 
R M A x  = threshold current ' 

(9) 

With a 15-volt supply 

With a 5-volt supply 

When using large resistors, capacitor leakage can 
cause larger timing errors becisuse it represents a 
larger percentage of the total charge current avail- 
able. Excessive capacitor leakage current will also 
cause an IR drop and not allow the threshold com- 
parator to reach 213 V,,. 

The minimum value of resistance is determined by 
the current that the discharge transistor can supply. 
The discharge transistor is internally current limited 
to about 35 mA. The discharge transistor must sup- 
ply two loads. The first is the current through RA. 
This should be reduced so that the second path into 
the capacitor (or through RBI carries most of the 
load. As a general rule, RA should not be less than 5k 
ohms. RB should not be less than 3k ohms. 

control voltage changes 
As mentioned earlier, the control voltage pin (pin 

5) is normally bypassed to ground by a 0.01-FF 
capacitor. By imposing a voltage on this pin, it was 
shown that the timing can be changed since the 
threshold level is changed. The voltage level on pin 5 
can be lowered to about 45 per cent of Vcc when 
operating the timer in the monostable mode. The 
trigger level is also changed because it will equal one 
half the voltage on pin 5, and a (certain minimum volt- 

U1 - frequency = 1/36 Hz 
R I  = R2, let C = 1Op.F 

1.49 
with F = (R1+ 2R2)C 

1.49 
Since R I  = R2, F = -- U2 - 8-second output pulse 

3R-C let C = lOpF 

1.49036 T thereforeR = ------- = 1.8megohms therefore R := ---- = 0.727megohms 
10.10-6 1.1C 

fig. 8. Long time delays can be generated by cascading timers with other count-down devices. In this example, the basic timer, 
U1, runs at about 0.028 Hz, is divided down by 100, and then used to trigger another timer configured ass a monostable. The out- 
put is en eight-second pulse, once every hour. 
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age level must be maintained on the trigger compara- 
tor reference. If the voltage drops below 45 per cent 
on pin 5, the timer becomes more sensitive to noise 
because the trigger voltage nears ground. A t  the 
other extreme, the control voltage on pin 5 should 
not exceed about 90 per cent of V,, since the timing 
capacitor must charge to V,,. Exceeding this voltage 
range in the monostable mode may cause timing 
error, false triggering, or other problems. 

In the astable mode, the voltage level changes on 
the control voltage pin can be used to change the 
oscillating frequency about k25 per cent and still 
remain linear. Changes greater than this will still 
cause the frequency t o  change, bu t  linearity 
decreases due to the RC timing circuit. 

Before examining some specific circuits, there are 
several idiosyncracies of the timers that can cause 
problems unless you are aware of them. 

Temperature. The timer exhibits a small negative 
temperature coefficient (50 ppm/CO). This can cause 
small timing changes in the monostable mode and 
frequency drift in the oscillator mode. In critical appli- 
cations, R/C values can be selected which have posi- 
tive coefficients, with the net result a lower drift. 
Since the astable mode relies on both trigger and 
threshold levels, the drift from temperature is usually 
higher than when in the monostable mode. An  

NOT USED 

- 
0 . 4 7  "C c RESET 

. C  C d  DISCHARGE OUTPUT 
5 OELArED 

O U T P U T  

R 555 
T I M E R  
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0 ::' TRIGGER 
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TRIGGER 

I N  

EOUIVALENT 

TRIGGER 

I N  N 
I 
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DELAYED 
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I 

T = I . I R C  

fig. 9. In this time delay circuit, the timing capacitor is effec- 
tively short circuited by the normally conducting transistor. 
A negative-going trigger cuts off the transistor, allowing 
the timer to operate and provide a pulse after the delay 
time. 

START 
TRIGGER 

RESET VCC 

DlSCH. 

+VCC 

0 0 OUT 

OUT I l l R l  Cl 

OUT 2 

C v 
( P I N  5 )  0.5Vcc 

fig. 10. This version of a sequential timer uses the control 
voltage input to change the pulse width of the output 
pulses, though they do remain in the same ratio. 

important point to remember when working with the 
timer (for that matter any IC) is that power dissipa- 
tion of the device should never be exceeded. Power 
causes heat, and excessive heat will destroy the 
device. The 555 can handle about one-half watt of 
power at room temperature. This power rating is 
lower when the device is operated at higher temper- 
ature. 

Output. If a negative voltage (with respect to pin 1) 
is applied to the output of' the timer, the 555 could 
latch up. This can happen when the 555 is used to 
drive an inductive load, such as a relay. To prevent 
this inductive kick back from latching the timer, a 
diode in series with the output should be used. Fig. 5 
shows a schematic of a timer being used to drive an 
inductive load. 

The output drive capability of the timer is 200 mA. 
Because of the output structure's high current capa- 
bilities, and fast rise and fall times, the timer exhibits 
crossover distortion. This glitch can cause false trig- 
gering of TTL circuits. By providing a capacitive load, 
the timer output is slowed to a point that the glitch 
does not occur. A capacitor of about 1000 pF from 
the output to ground will eliminate any false trigger- 
ing of the TTL circuit (see fig. 6) .  

Triggering. I've stated that in the basic monostable 
mode the trigger must go below 1 13 V,, (or one half 
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+ vcc 
n that is a modification of the nionostable operation. 

This circuit provides an outpui: after some predeter- 
mined tEme. Initially, the trigger input to the base of 
Q1 is high, causing Q1 to cond~uct. Pin 2 of the timer 
is low and the output (pin 3) is high. When the input 
goes low Q1 turns off, allowing the timing capacitor 
to charge. When C charges to 213 V,,, the output of 

TRIGGER OUTPUT 0 OUTPUT 
the timer goes low. The output will stay low for as 

IN long as 0, is turned off. The reset pin can be used to 
keep the output low if required; otherwise it should 
be tied high. 

P?8 

Sequential timing. Fig. 10 shows another type of 
delay circuit. This isa sequential timer. The output of 
the first timer is used to trigger the second. The con- 

P F C F T  7 trol-voltage pin is used to vary the sequence time, 

-4 k TIMER DIS48LEO 

but the ratios remain the same. The timing diagram 
shows how the pulse width is reduced as the control 

fig. 11. With the capacitor attached to the reset input, the voltage pins are lowered. 
timer cannot produce an output when power is initially 
applied. After CR has charged, a trigger will produce the 

Delayed triggering. When power is first applied to 

desired output pulse. the circuit shown in fig. 2 there is a chance that the 
trigger voltage on pin 2 will be lower than 1 I 3  Vcc and 

the voltage on pin 5) and return high before the end 
of the timing cycle. One way to generate such a trig- 
ger is to ac-couple the trigger. Fig. 7 shows such a 
circuit. The duration of the trigger pulse depends on 
how long the RC time constant is. The switch must 
return high again before the timer can be retriggered. 

example circuit 
The following circuits illustrate the use of the 555 

timer (or 556 where two timers are used). 

Long time delays. Because of the limitations of 
resistor size, long time delays (times greater than one 
hour) can be difficult to achieve using the basic cir- 
cuit. One method of getting long delay times is 
shown in fig. 8. This particular circuit provides a pos- 
itive 8-second pulse once each hour. U2 receives a 
trigger once each hour. The output of U2 is set for 
the desired pulse output by R4 and C10. R3 and C7 
provide the ac-coupled trigger. The 7490 counters 
are set to divide by 100. To prdvide one cycle per 
hour, the input must be clocked at a frequency of 
1 136 Hz; U2is then set to oscillate at 0.028 Hz. Note 
that C4 provides a deglitch filter on the output of U2. 
Because the timer must interface with TTL counters, 
the timers and-counters use 5-volt supplies. The en- 
tire circuit can also be built by using a single 556 dual 
timer and one 74390 dual-decade counter. By chang- 
ing the divider network or frequency of U1, it is pos- 
sible to get an almost infinite combination of pulse 
outputs. 

Simple time delay. Fig. 9 shows a simple circuit 

the timer will trigger. This may not be desirable. To 
prevent this initial trigger when power is turned on, 
the reset circuit can be modified as shown in fig. 11. 

OUTPUT 

TRIGOER 

MISSING PLILSE ---7 
\4 

TRIGGER P ( N 2  m m  8 I ' 8 I 

I ,  L.1 

- 
CAPACITOR 2/3 

OUTPUT 
PIN 3 

fig. 12. In  the missing pulse detector, each trigger shorts the 
charging capacitor, preventing the output pulse from 
appearing. If a pulse is missing, the capacitor will charge to 
the required level, producing the output pulse which indi- 
cates the missing pulse. 
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MOOULATION I 
INPUT 

TRIGGER 

MODULATION 
INPUT 

OUTPUT U I ~  LIIMJ 
fig. 13. The modulation input is applied to the control volt- 
age input, with the width of the output pulse varying as the 
amplitude of the modulation. 

Pin4 is held below0.4voltsince CR is fully discharged. 
When power is applied, the timer is held reset until 
CR charges to above 0.4 volt. 

Missing pulse detector. Fig. 12 shows an NE555 
timer hooked up as a missing pulse detector. The 
trigger input also drives the base of a transistor. 
When a trigger occurs, the transistor conducts and 
shorts the timing capacitor before the timer can time 
out. If an input trigger is missing, the timer will time 
out and pin 3 will go low indicating a missing pulse. 
The values of R A  and C are set to be slightly longer 
than the period of incoming pulses. 

Pulse width modulator. Fig. 13 shows a circuit 
which uses the control voltage pin to modulate the 
pulse width of an incoming clock signal. As the volt- 
age on pin 5 varies, it changes the threshold level of 
the internal comparator and the pulse width of the 
output changes. 

The examples covered were used to illustrate some 
of the possibilities of the 555 timer. The uses for this 
handy little IC could well take a whole book to illus- 
trate. With an understanding of the basic operation, 
you can analyze timer circuits and design a circuit for 
your particular need. Who knows, you may come up 
with an original application and add your name to an 
evergrowing list of 555 timer circuit designers. 
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RECEIVER MODIFICATION KITS 
INCREASE SELECTIVITY IMPROVE SENSITIVITY 

LOWER INTERNAL NOISE 
IMPROVE NOISE BLANKER OPERATION 

COMBAT BLOCKING FROM LOCAL SIGNALS 
. . .  . . . . . . . . . .  TS-520 KIT $27.50 FT-101 SERIES KIT $32.50 
. .  . . . . . . . . .  TS-520s KIT 32.50 FR-101 SERIES KIT. 34.50 

. . .  . . .  TS-820 & 820s KIT 34.50 Fl-301 SERIES KIT 34.50 
. .  . . . . . . .  R-599 A/D KIT 27.50 FT-901 SERIES KIT. 34.50 

EXPLICIT INSTRUCTIONS M . M E  MODIFICATION A CINCH 

PROCESSOR MODIFICATION KIT 
IMPROVES PIUDIO PUNCH 

IMPROVES PROCESSED SPEECH QUALITY 
Converts TS-820 / 820s speech processor from RF 

compressor to EF clipper $27.50 
RF speech processor for TS-520 / 520s $42.50 

The "MAGICOM RF processor module provides up to 
6dB increase in output with smooth, clean, 

non-distorted audio and inore penetration for those 

FOR ALL AMATEUR TRANSM17TERS OR 
TRANSCElVERS USlNG GRlD BLOCK KEYING 
No holes mounting with TS-820 Series 

iambic or manual operation. 
Simple installation 

THE S-F REJEKTOR 

march 1979 39 



receiver digital display 

A digital display 
for your receiver 

featuring 1 00-hertz readout, 
single frequency input, 

and provisions for. 
forward or 

reverse tuning VFOS 

The addition of a digital frequency display to a 
receiver goes a long way in enhancing operator con- 
venience. I t  eliminates squinting at the fine mark- 
ings found on the usual mechanical dial; and, at the 
same time, it provides an accurate frequency readout 
across an entire band without any need for recalibra- 
tion between band ends. A bright digital display is 
not only easy to read, it also adds a touch of class to 
a perhaps otherwise ordinary station. 

The circuit described in this article provides a 
stable, four-digit readout that includes the 100-kHz 
digit through the 100-Hz digit and will accommodate 
forward or reverse tuning VFOs at the flick of a 
switch. The resolution is greater than is usually pro- 
vided by the typical receiver dial and is handy for re- 
turning to a particular frequency in a crowded band. 
In the interest of economy and simplicity, I did not in- 

clude the MHz digits; they are easily read from the 
receiver band switch. 

The technique used herel requires only a single 
connection to the receiver's VFO, which, in many 
modern receivers, is usually available at a connector 
on the rear panel, making it unnecessary to tamper 
with the receiver in any way. 

theory of operation 
In the case of a backward-tuning VFO, the fre- 

quency to be displayed is equal to a fixed frequency 
minus the VFO frequency. All that needs to be done 
is store the fixed frequency, subtract the VFO fre- 
quency, and display the result. In the case of a for- 
ward-tuning VFO, store the complement of the fixed 
frequency (subtract the fixed frequency from zero), 
add the VFO frequency, and display the result. These 
additions and subtractions are easily accomplished 
by using upldown counters and sequentially gating 
the frequency to be added to the up input and the 
frequency to be subtracted to the down input, each 
for the same fixed interval. The fixed frequency is 
usually crystal controlled and changes very little with 
time. Thus, measuring and storing it once during an 
initial calibration is usually adequate. 

The price paid for the single interconnection and 
the simpler circuit is the need to perform a single 
calibration step each time a new band is used. The 
operator, using the receiver's internal calibrator, 
tunes to the bottom edge of the band and presses 
the calibrate (RESET) button on the display. No fur- 
ther adjustments are necessary. Depressing the 

By Frank C. Getz, N3FG. 685 Farnum Road, 
Media, Pennsylvania 19063 
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CALIBRATE button stores the VFO frequency and 
displays all zeros. The operator may now tune up the 
band in the normal manner and read the display as 
the frequency above the bottom edge of the band. 
On the twenty-meter band, for example, 14.0253 
MHz would be displayed as 025.3, with the 14 read 
from the receiver bandswitch. This calibration re- 
quires only a few seconds and is something that 
should normally be done anyway. 

The circuit will handle either forward- or reverse- 
tuning VFOs, but, for the purpose of this explanation, 
assume a reverse-tuning VFO. Pressing the CALI- 
BRATE button will clear the 74192 upldown counters 
and cause them to count the VFO frequency in the up 
'direction for 100 milliseconds. The result is then 
stored in the 7475 latches. All subsequent count 
cycles will start at the number stored in the latches 
and count down for 100 milliseconds. Suppose the 
calibrate button were pressed when the receiver was 
tuned to exactly 14.0000 MHz. As a result, 5000 
would be stored in the latches because the VFO was 
at 5.5000 MHz. Tuning the receiver to 14.0253 MHz 
would cause the receiver VFO to be 25.3 kHz lower, 
or 5.4747 MHz. The display counter would now start 
at 5000 and count down for a period of 100 milli- 
seconds. The resulting count would be 5000 minus 
4747, or 0253. By permanently enabling the decimal 
point to  the left of the least significant digit (LSD), 
the display would show 025.3. Notice that by count- 
ing for 100 milliseconds, 54747 cycles are fed to the 
counters, but, since it has only four displays, the 
figure 5 is lost. 

For a forward-tuning VFO, the sequence switch is 
placed in the reverse position. Pressing the calibrate 
button will then cause the first count cycle to be a 
down count with all subsequent cycles up counts. 

lnside view of the assembled digital display. The smaller 
perf board is mounted right behind the bezel. 

Inside view of the receiver digital display. The displays, up. 
down counters. and latches are mounted on the small board 
at the left. All other circuitry is mounted on the board inside 
the enclosure. 

circuit description 

One section of U1 serves as a 100-kHz crystal- 
controlled oscillator (see fig. 11. A divider chain, 
consisting of U2, U3, U4, and U5, drives a 7490 
decade counter, U6 with one clock pulse every 100 
milliseconds. The output of U6 is decoded by U7, 
with-output pins 1, 3, and 4 each sequentially going 
low for 100 milliseconds of each measurement cycle. 
A jumper between pins 2 and 8 of U6 causes it to 
have only four output states rather than ten. 

Assume the sequence switch is in the normal posi- 
tion. Pressing the CALIBRATE button causes the 
sequence of the next cycle to be clear, count up, 
update. This clears the counters to zero, counts for 
100 milliseconds, and stores the final count in the 
7475 latches. All succeeding cycles follow the se- 
quence load, count down, latch. This loads the num- 
ber stored in the latches into the counters, counts 
down for 100 milliseconds, and latches the final 
count into the displays. 

U11 synchronizes the beginning and end of the 
calibrate cycle with the state of U7. Pressing S1 
causes pin 5 of U l l  to go high. As a result pin 9 goes 
high at the end of the current cycle and causes the 
next cycle to follow the calibrate sequence, in addi- 
tion to resetting the first half of U11. At the end of 
the calibrate sequence, pin 4 of U7 goes high, re- 
setting the second half of U11. U10 is the equivalent 
of a double-pole, double-throw switch and deter- 
mines the count sequence, either up ldown or 
downlup. 

The remaining sections of U11 amplify and square- 
up the VFO signal. Three 4049 CMOS inverters are 
used. The first is biased to serve as an amplifier and 
functions well to above 6 MHz. This is fine for the 
large number of receivers with 5 to 5.5 MHz VFOs; 
but if your VFO operates at frequencies above this, a 
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1 A A A 0 GND 

"POWER SUPPLY 

Schematic diagram of the power supply. Current 
consumption is such that a small voltage regulator 
could be used (LM309K). 

more conventional frequency counter type of circuit 
using one or more discrete fets is in order. 

U12 operates as a straight decade divider and pro- 
vides a stable readout with no last digit flicker by act- 
ing as an undisplayed counter stage. The display may 
also be used as a conventional up counter or a 
straight down frequency counter by merely throwing 
the offset switch, S2, to the off position. 

construction 
My display was built in a 6.4 x 18 x 15 cm (2 % x 

7 x 6 inch) Ten-Tec enclosure using a commercial 
bezel assembly available from Digi-Key. No printed 
circuit board is used. Instead, I used two pieces of 
2.5-mm (0.1-inch) grid perf board, one for the 
counters and displays, and the other for the timing 
and control circuits. All ICs are mounted in wirewrap 
sockets which are in turn cemented to the perf 

TO OTHER STAGES 

OR EOUlV 

L A T C H  
L I N E  

fig. 2. Diagram of a less expensive substitute for the HP 
5082-7300 LED display. 

board. Most of the interconnections were made 
using standard number 30 AWG (0.25-mm) wire- 
wrap wire and an inexpensive hand-wrapping tool. 
The only exception is the power buses, which are 
number 18 AWG (2-mm) solid bare wire mounted on 
push-in solder terminals arid run on either side of 
each row of IC sockets. Bypass capacitors (0.01 pF) 
were used liberally throughout the circuit. The volt- 
age regulator is mounted on the rear of the cabinet 
using thermal compound, and several vent holes 
were drilled in the cabinet sides to remove inter- 
nal heat. 

The displays shown in th~e schematic are very com- 
pact and convenient, as they include decoders and 
latches, but they tend to be rather expensive if they 
must be purchased new. A functionally equivalent 
and much cheaper arrangement could be made using 
7475 latches, 7447 decoderldrivers, and common- 
anode, seven-segment LEI) displays,* but a slightly 
larger cabinet would probably be required (see fig. 
2). 

The 100-kHz crystal I used is of unknown lineage 
and different crystals may require a slight adjustment 
of component values in the oscillator circuit. The 
8000-pF power supply filter capacitor could probably 
be reduced to half the value without any problems 
and a I .5-amp regulator substituted for the LM 323, 
as the current requirement at 5 volts is about 900 
mA, a bit less than I originally anticipated. 

calibration 
Clip a piece of insulated hookup wire to pin 2 of U1 

to act as an antenna andl place it near a receiver 
tuned to WWV. Zero beat VVWV with the trimmer and 
you're ready to go. If you have a good frequency 
counter, adjust the trimmers for exactly 100 kHz. 

I hope that the ideas and circuits presented here 
prove to be informative and may perhaps encourage 
the construction of improved designs using hardware 
that will appear in the future. Counter latch combina- 
tions and dividers with a  modulus greater than ten 
could serve to simplify construction considerably. 
For anyone attempting construction as shown, I 
would be pleased to supplly advice or answer ques- 
tions. Please include a stamped, self-addressed 
envelope with all inquiries. Now that I have had the 
use of this display for several months, I wish I'd built 
one years ago. 

references 
1. Jon Hagen, W U R Z ,  "A Simple Frequency Counter for Receivers," 
OST, December, 1972, page 11. 
2. Bruce McNair, WB2NYK. "A Dig~tal Frequency Display for Amateur 
Communications Equipment," ham radio. September, 1976, page 16. 
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f NEW - NEW - NEW from DATA SIGNAL 

I Toucn TONEB MlcRoPnoNE / MINIATURE ENCODERS 
Da fa Coder 5 

MODEL DTM - Completely sel f-conta~ned rn tn~ature  encoder 
for hand.held portables. Only 5/16" thkck. Three wore con. 
nection. Autamatsc PTT keying opl,onal. With your chosce of 
12. or 16-drgat Olgttran keyboard. 

Pricc D I M  . $39.00. DTM-PTT . $49.00 

SUB-MINIATURE ENCODERS 

JUST LOOK AT THESE FEATURES: 
Tough "Mobile Environment" Microphone . Posilove.Action Tactile Keys MODEL SME-I: Smallest available crystal.controlled Touch. . High.lrnpedance Ceramic or 500.ohm Dynamic Cartridge Tone encoder. only 0 2 " h  x 0 . 5 " ~  x 1.8"d. Com lete w i th  a l l  
Adlustable Tone Balance and Output Level connecting wires. mounts lnslde portable. M ~ D E L  SME-2: 
" P a s ~ l ~ v e  Hold - Easy Ll f t"  Hanger Only 1" square, mounts directly t o  pms on 12. or 16-dlgtl . For Vehmcle o r  Hand.held Portable Use D ~ g i t r a n  keyboards. Price o f  ei ther un i t  $29.00 wl th  choice of 

s Complete . . . Not  K i t  . . . $39.00 keyboards. SME-1 o r  SME-2 encoder only (less keyboard) $24.00. 

*Touch-Tons Is a registered trade name of-AT&T 

2403  COMMERCE LANE Be sure toask about 
our new keyers and CW 

ALBANY, GEORGIA 31707, 912-883-4703 

I ~ a r i n e ~ ~ ~  
Micro processor 
cwstals 

Send rtr for our rarest mtaros 
w r w  or onone for more derarrs 

Jan crvstals 
2001 crystal Dr ive  
~t Mvers  FlOrlda 33907 
all pnbne's 18131 936.2397 

easy t o  charge 

YOU'RE SI 
30UT 432. 

. . MEET R' 
432.19 

I I 
1st PLACE - EAST COAST VHF SOCIETY'S 
1978 ANTENNA GAIN CONTEST 1 

I 19 ELEMENTS. TANOEM R E F  LECTOR' 
12-MHz BANDWIDTH. 432-MHz CF 
INTEGRAL BALUN. 50 12 TYPE N I 

I ALL ELEMENTS INSULATED FROM BOOM- 
NO GAlN LOSS FROM WEATHERING1 

13FT SELF-SUPPORTING BOOM I 
I WEIGHS ONLY 2.314 POUNDS1 

.PATENT PENOINU 

MODEL 432-19.. 559.95 
441 MHz CF ATV MODEL 441-19.. IS#.% I 
I - \ Y A Y  SPLIT. MOIIEL 4P02. . .S24.Y5 
l 4-WAY SPLlT,MOUEL 4PD4.. . $29.95 

&WAY SPLIT.MODEL 4PD8.. .S49.95 I 

7 P. 
6 db INCREASE INAVERAGE =-- POWER • . 
MAINTAINS VOICE QUALITY 
IMPROVES INTELLIGIBILITY 
NO CABLES OR BENCH 
SPACE REQUIRED 
EXCELLENT FOR 
PHONE PATCH 
NO ADDITIONAL ADJUST- 

::p % 

MENTS- MIKE GAlN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT- NO 
MODIFICATIONS REQUIRED 

.-....- 
h i s  is RF Envelope Clipping- -== t h e  feature being used in new 
transmit ter designs for  amateur 

t-and ml l l ta ry  use. 

Models Now Available 
Collins 32s. KWM.2 .... f 98.50 ea. 
Drake TR-3, TR.4, TR-6, TR-4C. 
T-4, T.4X, T-4x0. T-4XC $128.50 ea. 

Postpaid - Calif. Residents 
add 6% Tax 

I Wakh fm other &als later1 I 
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new approach 
for a 

I-MHz oscillator 

46 march 1979 

A reversion to 
basic oscillator concepts, 

this oscillator 
was built 

with optimized circuitry 
for each stage 

Most of the oscillators built by Amateurs use a 
single transistor to perform several functions. How- 
ever, the basic principles of operation are somewhat 
a mystery. The original analysis of the oscillator, 
done in the 1920s, showecl that it could be divided 
into separate stages (see fig. 1). By actually building 
separate stages, you can obtain a better understand- 
ing of oscillator operation. This article presents an 
oscillator built using those basic concepts. 

circuit description 

The RCA CA3028 differential amplifier, shown in 
fig. 2, is used as an amplifier and limiter. Feedback, 
for the actual oscillator, is the limited sinewave from 
the pin 6 output. Note th~at this is a noninverting 
configuration. The amount of feedback is controlled 

AMPLIFIER LIMITER 

fig. 1. Diagram of the basic 
s t a g e s  needed f o r  a n  RESONATOR FEEDBACK 

oscillator. 'CZES 
by the 5-kilohm pot connected to pin 6. Feedback is 
injected into the quartz-crystal resonator. Because 
the crystal acts as a bandpass filter, the output will 
be a sinewave, in this case at 1 MHz. However, the 
crystal cannot be connected to the limiter without a 
penalty. The input impedance of a limiting differen- 
tial pair is nonlinear. To overcome this problem, the 
crystal must be isolated from the limiter. This is done 
by connecting a common-base amplifier between the 
resonator output and the amplifier input. The com- 

By Thomas V. Cefalo, WAlSPI, 29 Oak 
Street, Winchester, Massachusetts 01890 



fig. 2. Schematic of the 1-MHz oscillator built using separate stages for each function rather than combining functions into a 
single device. All resistors, except R1, can be 118 watt; R1 is a 114-watt resistor. The power requirement is 36 mA at 15 volts. 

mon-base amplifier provides a constant impedance should oscillate. If it does not, increase the feedback 
load for the crystal. Because the output of the limiter until oscillation occurs at 8 volts. After the feedback 
is fixed, regardless of its input, and because the is correctly adjusted, connect the output to a counter 
resonator also sees a constant impedance, the sine- and adjust the crystal fr'equency with the small 
wave at the collector of the common-base stage has trimmer. 

fig. 3. Diagram of a 40-meter LC-tuned VFO built using the same guidelines as the crystal oscillator. 

a constant amplitude. This signal completes the loop 
by driving the limiter. The output is taken from pin 8, 
the unused inverting output. The output from the 
CA3028 is a limited sinewave. To make the output a 
clean square wave, an SD211 DMOS FET was used. 
The FET is driven into saturation, squaring the signal. 

construction and adjustment 
The oscillator was built on a piece of perforated 

board and housed in a 10 x 5.4 x 4.3 cm (4 x 
2-1 I 8  x 1-518 inch) mini-box. Adjust the 5-kilohm 
variable resistor until the circuit goes into oscillation. 
Next, reduce the power supply voltage to zero and 
slowly increase the voltage. At 8 volts, the circuit 

The output is a 4-volt peak signal with a rise time 
of 100 ns. The variation in frequency, at 1 MHz, is 
0.5 Hz over a 1-second interval. This is due to the 
quality of the crystal and thermal effects. This varia- 
tion can be reduced if a higher-quality crystal is used. 
Also, the environment car1 be temperature controlled 
with an oven or the use of insulation. The final fre- 
quency error was adjusted to 0.05 Hz. My present 
application for the oscilla.tor is a time base in a fre- 
quency counter. However, you could modify the cir- 
cuit to act as an LC-tuned VFO (see fig. 3). Since 
the SD211 FET amplifier is inverting, feedback is 
taken from pin 6, the inverting output. 

ham radio 
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novel method 
for matching 

input impedance of 
grounded-grid power-amplif ier tube 

When I was thinking about driving a tube power 
amplifier with my 20-watt transistorized ssb general- 
coverage transceiver, I noticed that uniform match- 
ing from the 50-ohm output of the transceiver into 
the amplifier between 1.8 and 30 MHz might present 
some problems. A circuit with a grounded cathode 
tube wasn't too attractive, because of the required 
neutralization and the various voltages needed for a 
tetrode or pentode. So I decided to use one of the 
modern grounded-grid tubes of the 8873-8875 series. 
Their input impedance is in the vicinity of 100 ohms, 
but since it's a dynamic input, impedance varies as 
drive level changes. 

It's therefore highly recommended to use at least 
one tuned circuit between the exciter and the cath- 
ode connection of the tube to store energy and sta- 
bilize the dynamic input impedance. Since this tuned 
circuit requires retuning when the frequency is 
changed more than 10 per cent, such an arrange- 
ment would be highly impractical. 

Note that this energy-storing circuit, although 
sometimes used in a pi configuration, does not really 
suppress exciter harmonics. Standard practice is to 
have enough harmonic suppression already in the 
exciter, and a 50-ohm output is provided from the 
exciter. 

quency range of between 1 MHz and 60 MHz. This is 
important, because even high-order harmonics must 
be properly terminated, otherwise high transient volt- 
ages can be developed in the driver stages. 

If you consider the fact that the frequency range 
between 1.8 and 30 MHz, on the basis of individual 
filters, must be split into at least seven segments 

\ 
fig. 1. Simple network for constant impedance matching 
and ideal energy storage between a low-level driver and 
power amplifier using tubes in the grounded-grid configura- 
tion. System is a bandpass filter wi,th Chebishev response in 
both bandpass and stop-band regions. Frequency range is 
1-60 MHz. See text for recommended components. 

(and assuming three components per segment), the 
total number of segments would be twenty-one, 
while here only fourteen are required. 

matching network components 
With these things in mind, and using a calculator 

to determine elliptical filters, I constructed a match- 
ing network that provides perfect matching and ideal 
energy storage between 1.8 and 30 MHz (fig. 1). 
This is a bandpass filter, which has Chebishev re- 
sponse in both bandpass and stop-band areas. It 
provides a constant impedance match over the fre- 

By Ulrich L. Rohde, DJZLR, 52 Hillcrest 
Drive, Upper Saddle River, New Jersey 
07458 

All component values are included in the sche- 
matic. You must use 500-vollt mica capacitors to- 
gether with either air-wound coils or coils with suit- 
able ferrite materials, such a!; toroids. The recom- 
mended material for the lattler is either 01 or Q2 
(Indiana General), Part no. FZ625/9 (dimensions in 
inches: D l  equals 0.375, 02 equals 0.187, and H 
equals 0.125). 

A filter of this design has been successfully used, 
and no contribution to inte~rmodulation distortion 
has been measured at a 25-watt drive level. 

ham radio 
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the key-toggle 

Key-toggle, another form 
of fast break-in, 
featuring simple 

but effective 
hand-key control 

of the transmitter 

I wonder  whether  some psychologist won't 
someday discover that ham radio owes much of its 
appeal to the fact that you can say your piece in 
silence and the other guy can't interrupt until you're 
through. Even in most VOX systems, the other per- 
son cannot force interruption. Perhaps this is one of 
several reasons why "full break-in" CW operation 
has not yet become prevalent. It is not difficult tech- 
nically, but there are still those of us who choose 
not to use it. 

For handling commercial traffic on a clear channel, 
full break-in is perhaps best; but for most other 
activities, coupled with reasonable and unselfish 
operating practices, I prefer my key-toggle mode. To 
come on the air, you just start keying. To switch to 
receive, you simply hold a dash a little longer than 

normal (time adjustable). Key-toggle can be just 
about as fast as full break-in, but the other guy can't 
break you. For example, when you are winding up a 
transmission, the last letter normally sent is dah-di- 
dah. With key-toggle, it's dah-di-dahah, click, click. 
The first click switches your transmitter's plate sup- 
ply o f i  and the second click, milliseconds later, 
switches the antenna relay and opens the receiver 
(optional). You are now in receive mode until you 
start keying again. When you hit the key, once again: 
click, click. But this time the antenna relay is 
switched and the receiver muted first; then, milli- 
seconds later, the transmitter's plate supply comes 
on and you are ON again. No combination of letters 
or long pauses will change the relays, switching you 
back to the receive mode. Only a long dash will 
toggle your station back to receive. 

circuit description 
Major components, as seen in fig. 1, include a 

741 operational amplifier configured as a dual time 
constant integrator, a 711 comparator, a 7474 TTL 
flip-flop, a few transistors, and three relays. The 
KEY UP output of U1 is a nominal + 2  volts. 0 1  is 
conducting, which effectively limits the voltage 
across the l-pF timing capacitor to near zero volts. 
With the + 1 volt on pin 2, and 3 volts on pin 3, the 
output of U3 is also low. This places K2 and K3 in 
the de-energized (receive) state. 

When the key is pressed, Q1 is cut off, which lets 

y Don E. Hildreth, WGNRW, Post Office 
ox 60003, Sunnyvale, California 94088 
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the op-amp circuit start ramping positive because of 
the +2 volts and the timing components connected 
to pin 2 of U1. When the level at pin 2 of U2 just 
exceeds the voltage at its negative input, the com- 
parator snaps high (with the help of some positive 
feedback). This toggles the U3, making Q high (pin 
9) and low. With pin 9 of U3 high, a turn-on volt- 

TRANSMITTER OSCILLATOR 
KEYED DURING 
THIS INTERVAL 

KEY P R E S S E D  i E N D  OF KEYED LONG DASH 
TOGGLE TO TRANSMIT 4 TOGGLE TO R E C E I V E  

BASE O F  03 /& 
K2 JANTENMA TO 

+ 
B4SE O F  0 4  

TRANSMIT HIGH VOLTAGE ON 

K3 
T I M E  

fig. 2. Relay keying sequence when switching from 
receive to transmit. 

age is fed to Q3 and Q4 through timing control net- 
works. The base network for 0 3  comes on first and 
causes it to turn on very fast and turn off slowly. 0 3  
operates K2 for antenna control and receiver muting. 
The RC network connection through K3 to the base 
of 0 4  causes this transistor to turn on after 03. After 
K3 is activated, the RC network is removed, allowing 
Q4 to turn off before 03. Fig. 2 shows the timing 
sequence for K2 and K3. K2 is the basic keying relay 
and must be able to follow keying speeds. For some 
keying circuits, K1 may be replaced with a l-kilohm 
resistor for direct keying. 

By using the a output of U3 and Q2 as a switch, 
the system provides a short time constant for switch- 
ing from receiver to transmit and the longer, variable- 
time constant when switching from transmit to re- 
ceive. 

why key-toggle 
Back in May, 1950, Hiele showed a system1 which, 

with variations, has been much used. In Hiele's sys- 
tem, the switch-over from receive to transmit is done 
quickly, just as in key-toggle, but the transmit mode 
switches to receive after your key is up a selectable 
time, sort of a "dead man's switch." This system is 
used in many modern transceivers through an appli- 
cation of the VOX system to CW operation. The 
relay timing system is simpler with this method be- 
cause your key must be up in order to switch, but it 
has its own drawbacks in operation. If you adjust the 

time delay to allow for reasonable pauses when send- 
ing, the time seems like forever when switching over. 
And, if you adjust the timing .for a quick turnover, 
your receiver blasts you when you pause. With key- 
toggle, you are in command. In fairness, however, 
it is recognized that key-toggle is not applicable to 
any automatic type of keyer. 

power supply and construction 
I used an inexpensive wall transformer supply 

system, although the 12-volt units usually supply 14 
volts when lightly loaded, this poses no problem to 
the relays or op-amp. A zener diode is'used to obtain 
+ 5 volts for the comparator and flip-flop. Maximum 
current is approximately 150 mA. Since this device 
is always used where strong rf fields are generated, 
a metal enclosure is probably mandatory. 

connections 
Outputs from Key-Toggle isre contact closures 

intended to operate existing antenna and transmit- 
ter relays. Capacitors have been chosen to prevent 
switching transients from burning contacts and from 
false-triggering U3. For low voltage operation, as is 
the case in solid state equipment, the closures may 
be applied directly to the equipment. 

operating with key-toggle 
Assuming you are in receive status, you switch to 

transmit at the initial touch of y0ur key (the switching 
process will shave a small piece off of your first dot 
or dash). Your transmitter will remain active until 
you hold a dash slightly longer than normal, the 
exact time determined by the TIME DELAY setting, 
which may be set between alpproximately 0.2 and 
2.0 seconds. Adjust the time d~elay pot such that the 
time required to toggle your system is slightly longer 
than the time length of the dashes at the rate you 
intend to send. 

One note, however: If you simply press your key 
and hold it when switching fro'm receive to transmit, 
your transmitter will remain OF1 as long as the key is 
held down. After switching from receive to transmit, 
your key must be released at least once before a dash 
can toggle the relays. 

This system takes a little time to get used to, but 
once you get the hang of it you can actually toggle 
for a quick listen between vvords, even between 
letters when you are not sending too fast. And 
switching will only occur when you choose. 

reference 
1. M. E. Hiele, W2SO. "An Automatic Transmitter Turner-Onner." QST. 
May, 1950. page 56. 
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lntroducina the first 
-I 

price breakthrough 
in amateur radio 

equipment in a decade! 

Self-contained ~ o w e r  supply and speakeh ~nput rating. (250 watt model requires a separate AC . .  . 
All solid state 
Covers 10-80 meters 

power supply.) 
The receive portion of the 110 transceiver is also 
available seoaratelv. as the Atlas RX-110 receiver. The 

20 watt input power 
(250 waft model available) 
SSB and semi-break-in CW with sidetone 

True, it doesn't have all the bells and whistles, but it 
does two things extremely well: 
It does an excellent job of receiving. 
It does an excellent job of transmitting. 
On both SSB and CW. 
Compare the performance of the Atlas 11 0 with any 
other equipment on the market, and see for yourself: 
it is truly a high performance transceiver in every 
respect. 
And it costs only $388. 
Also available is the Model 110 Special, which includes 
RIT, CW Filter, and RF Gain Control. 
Both the 11 0 Standard and the 11 0 Special transceivers 
are available with either 20 watt or 250 watt power 

- - -~ 

TX-110 transmit module may be added later. 
20 W MODEL 11 0 STANDARD TRANSCEIVER. . . $388 
20 W MODEL 110 SPECIALa TRANSCEIVER. . . . $428 
(Illusrrated above) 

250 W MODEL 11 0 STANDARD TRANSCEIVER. . $478 
250W MODEL110 SPECIAL4 TRANSCEIVER. . . $518 
PS-11 OH AC POWER SUPPLY . . . . . . . . . . . . . . $ 89 
(required with 250 watt transceiver) 

*Includes RIT. CW flner. RF Gain Control. 

For complete details see your Atlas dealer or drop us a 
card and we'll mail you a brochure with dealer list. 

w1 ATLAS L 
RADIO INC. 

417 Via Del Monte, Oceanside, CA 92054 
Phone (714) 433-1983 







the weekender 

i-f transformers - 
problems and cures 
A l l  serious communicat ions receivers, trans- 
ceivers, and most transmitters use the heterodyne 
principle for frequency generation. For receivers, 
various frequencies are converted to a single fre- 
quency called the intermediate frequency (i-f), while 

primary and secondary coils are resonated by a ca- 
pacitor) in a shielded can. 

Fig. 1A shows two i-f transformers. Both of these 
are in the now-standard 1.9-cm (0.75-inch) shielded 
can. One of the transformers uses a threaded rod 
attached to the inductor core for tuning, while the 
other uses just an access hole to admit a tuning tool. 
In some cases, the inductor core will have a screw- 
driver slot to permit adjustment, while in others a 
hexagonal hole is cut through the center of each 
core. In the latter case, a special insulated hex align- 
ment tool is used. The hex type offers the advantage 
of permitting adjustment of both primary and secon- 
dary tank circuits from the same side of the chassis. 

Fig. 1B shows the pins at the bottom of the trans- 
former. For an i-f transformer, at least four pins are 
required and some may have five or six pins. Some 
older models used wire leads instead of pins, and, of 
course, transformers intended for printed-circuit 
mounting will have solder tails instead of pins. 

Fig. 2 shows several of the literally dozens of i-f 

fig. 1. Two versions of the standard 1.9-cm 10.75-inch) i-f transformer. showing the different methods of tuning the inductor. IB) 
shows the connection pins at the base of the transformer. 

transmitters, on the other hand, will create the ssb 
signal at an i-f and then heterodyne i t  to the ham 
bands. 

An i-f amplifier is a tuned radio-frequency ampli- 
fier that operates on a single frequency (e.g., 455 
kHz, 3350 kHz, or 9 MHz). In most cases, the tuned 
circuits in the i-f amplifier are tuned transformers (the 

By Joe Carr, K41PV. 5440 South Eighth 
Road, Arlington, Virginia 22204 

transformers used in Amateur Radio gear. The trans- 
former in fig. 2A uses two tuned coils. In a few early 
receivers, the tuning of the tanks was accomplished 
by the adjusting capacitors, the adjustment screws 
being accessible through holes cut into the shielded 
can. Most modern transformers, however, use a 
slug-tuned coil to tune the tank. The version shown 
in fig. 2A is commonly found in vacuum-tube equip- 
ment. Figs. 28 and 2C show transformers designed 
for use in solid-state equipment. The version in fig. 
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28 uses taps on the primary and secondary windings 
to match the low impedances normally found in tran- 
sistor circuits. In fig. 2C the secondary is an untuned 
link. The transformer in fig. 2D is very similar to the 
one in Fig. 2A, except that a built-in bypass capaci- 
tor is provided to decouple the cold side of the se- 
condary. These i-f transformer circuits are not un- 
usual; they represent those most commonly found 
in receivers. 

Fig. 2E shows a pinout configuration used by 
many manufacturers; note the odd sequence for 
numbering the pins. A color dot, usually green, 
identifies pin number one, with pins two through 
four occupying the four corners. These pins are 
usually connected to the tank circuit in the manner 

'shown in fig. 2A. Pins 5 and 6 are reserved for such 
things at taps (fig. 28)  or bypass capacitors 
(fig. 2D). 

Older units, using wire leads instead of pins often 
follow the specific color code: 

blue - plate 
red - B +  
green - grid or detector diode 
black - grid or diode return 

transformer failures 
Fortunately, i-f transformers are relatively simple 

devices, with failures limited to a few problems, 
such as open windings, shorted or open capacitors, 
windings shorted together, and the inability to  
resonate. 

Open windings rarely occur anyplace except right 
at the transformer pins. Fig. 3 shows a close-up 
view of the wire from one winding that has broken 
at the pin. Once the signal tracing gets you to the 

fig. 3. Example of a broken transformer 
wire at the connection pin. 

driver to pry open the metal shield. Most of the trans- 
formers in use have a coil form mounted on a plastic 
base, with the entire assembly slid into the shielded 
can. Tabs on the can are then bent over to form re- 
tainers which keep the coil form and base in place. It 
is a simple matter to pry these tabs loose and then 
gently pull the base from the metal shell. 

Use small long-nose pliers when working on the 
transformer. In fact, it is best if you use tweezers 
instead of pliers. Avoid pulling on the wire; it will 
break, and right at the coil form! It is then almost 
impossible to repair the coil without rewinding it. 

The wire should be resoldered to the pin using a 
small, pencil-type soldering iron, not a gun. There 
will usually be enough pretinned wire left to allow re- 

PLATE 

COMMON 
WETURN 

I 
TUNING ACCESS 
HOLE 

fig. 2. Versions (A) through ID) show different configurations for the i-f transformers. 
The pin numbering system is shown in (El (bottom view). 

correct stage, this type of problem can be diagnosed 
with an ohmmeter. 

The open winding is also the usual cause of the 
intermittent i-f. Interestingly enough, I have seen 
many cases over the years where the wire had never 
been soldered. The transformer worked nicely for 
many years, until either corrosion built up or a 
mechanical jarring knocked the wire loose. 

Repairing the open-winding problem is easy in 
many cases - if you are gentle. Use a small screw- 

soldering to the pin. But, if not, do not try stripping 
the wire or you will break it. Insulation may be re- 
moved by gently scraping the wire with a razor blade 
or sharp knife. Keep in mind that even this is at the 
risk of breaking the wire. The best method is to melt 
the insulation with the tip of the pencil iron. 

Ordinarily, there will be enough slack to make the 
new connection without stretching the wire. If not, 
bend the pin toward the wire - do not try to stretch 
the wire. If this is not possible, then solder a short 
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fig. 4. Technique for isolating a noisy i-f transformer. R 
should be equal to the plate resistance of the tube, with C 
being 0.01 to 0.1 /LF. 

piece of wire to the pin for use as a jumper. A single 
wire removed from a piece of stranded hookup 
seems about right. 

Because of the low coil resistance, it is often im- 
possible to tell if an i-f transformer capacitor is bad. 
Signal tracing will usually isolate the problem at the 
correct stage, and then dc measurements and a tube 
or transistor check will leave you with the fact that 
there is nothing left except the transformer. 

Only one type of problem, the noisy i-f transfor- 
mer, is easily identified as a bad transformer. This 
problem produces a crashing, crackling, static-type 
noise. To isolate the problem, remove the tube from 
its socket or break the plate lead between the trans- 
former and the plate pin on the tube socket. Tem- 
porarily solder a resistor (see fig. 4) between the 
plate and cathode pins (or ground). The value of the 
resistor should be approximately the plate resistance 
of the tube. If noise persists, then suspect the trans- 
former. As a quick extra confirmation, shunt a 0.01- 
to 0.1-pF capacitor across the grid and cathode of 
the following stage. If the noise disappears, then the 
i-f transformer is bad. 

The i-f transformer is bad if the noise persists when 
the tube is removed and the resistor is connected to 
the circuit, or if the noise disappears or is reduced 
significantly when the shunt capacitor is connected. 
In a multi-stage, cascade i-f amplifier, each stage 
may have to be checked separately in succession, 
beginning with the stage that is closest to the de- 
tector. 

In many cases, the noise is caused by a bad tuning 
capacitor inside the transformer can. Some trans- 
formers use individual ceramic or silver mica capaci- 
tors (which rarely go bad), but in most cases the two 
capacitors will be as shown in fig. 5. In fig. 5A, the 
capacitor is formed from a piece of mica dielectric 
with the silver plates deposited on both sides. A pair 
of contact springs connect each plate to its respec- 
tive pin. This arrangement can cause noise by dc 
breakdown of the mica or by noisy contacts. In the 
latter case, cleaning and retensioning often cures 
the problem. The second arrangement, shown in 
fig. 58, buries the fixed mica compression capaci- 
tors inside of a molded plastic base. 

A study by the service department of a major 
automobile radio manufacturer revealed that, in 
humid regions of the country, there are roughly two 
to three times as many trimrner capacitor and i-f 
transformer problems than in dry areas. The best 
remedy for this is to replace the transformer. But, if 
that is impossible or would take too long, try replac- 
ing the bad capacitor with a disc ceramic or silver 
mica capacitor. 

If the original capacitor is like the one in fig. 5A, it 
is a simple matter to use side cutters to clip off the 
top spring clip contact. Then solder a capacitor of 
the proper value across the terminals (see fig. 6A). 
The proper value can be determined experimentally 
(check first to see if the manufacturer gives the value 
in the schematic) using a GDO or signal generator to 
locate a standard value that will allow the coil to 
resonate at the correct frequency. 

If the bad capacitor is not easily removed or dis- 
connected, there is still a possible cure. Disconnect 
the coil wire going to one end of the capacitor, and 
then connect it and one end of the replacement 
capacitor to an unused pin. Olr add a pin in one of 
the blank pin slots (fig. 6B) by forcing a piece of 
hook-up wire through the slot. 

The problem of primary to secondary short cir- 
cuits comes about because the wires from the upper 
coil pass by, and may touch, the winding of the low- 
er coil. The problem almost always results in B + 
leaking through to the grid of the next stage or the 
plate of the detector diode. 

The cure here may be as simple as moving the 
wires apart and then patching up the damaged spot 
using Q-dope, high voltage corona dope, or just 
glue. Replacement of the transformer, however, may 
be required. 

You'll sometimes find a transformer that is not 
causing static, passes all dc clhecks, but signals will 

/ S P R I N G  C L I P  CONTACTS 

PIN 4 I -Q I+ 
I 

1 1 \ I 1, MICA ELEMENT. 

Q P L a s n c  s a s E  t 

C L I P S 1  

0 
fig. 5. The compression trimmer can be one of two types. 
either open or enclosed in the plastic base. Cleaning and 
retensioning the version shown in (A) can cure the problem. 
though replacement is required for the molded version (B). 
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fig. 6. (Al shows a replacement capacitor soldered directly across the pins at the base. To replace a molded capacitor, a new pin 
is inserted in the base of the transformer lsee photograph B). 

not go through or are severely reduced in strength. 
Barring such rare problems as shorted windings and 
open capacitors, it is often the case that one of the 
tanks is off resonance due to a cracked or broken 
ferrite tuning slug. To replace the slug, break it into 
smaller pieces (it rarely will come out by its threads!) 
and then remove them by shaking. A replacement 
slug can then be installed. Find an i-f transformer of 
the same frequency range and with the same type of 
slug. Salvage the slug and install it in the bad trans- 
former. Some electronic parts suppliers stock small 
assortments of tuning slugs for just this purpose. 
Note that 9-MHz ssb transceiver slugs can often be 

replaced with a slug from a 10.7-MHz fm broadcast 
receiver. 

Regardless of the problem, except perhaps the 
open coil repair, the best solution is to replace the 
bad i-f transformer with a new part purchased from 
the equipment manufacturer. However, this is not 
always possible, especially in older gear. Even if the 
company is still in business, the set may be so old 
that they no longer support the product. A few years 
after a model is discontinued, support usually 
vanishes. 

It is possible to buy new i-f transformers. Com- 
panies such as J.W. Miller and others still manufac- 
ture both direct replacements for many types, and 
so-called "universal" i-f transformers. Their cata- 
logues should reveal at least one or two currently 
made models which are good candidates for replace- 
ment of the bad unit in your rig. It's unlikely that a 
cross-reference listing for a piece of ham gear is 
available, but a careful reading of the specifications 
and inspection of the circuit diagram will lead to a 
replacement. 

Older 2.5-cm (1-inch) or larger i-f transformers 
are especially difficult to replace. However, if you are 
willing to make a few mechanical modifications, the 
standard 1.9-cm (0.75-inch) transformers can be 
pressed into service using the adapter plates and 
mounting clips (fig. 7) provided with replacement 

fig. 7. Mounting hardware for i-f transfonners, which can be transformer. 
used to replace older 2.5-cm (1-inch) transformers. ham radio 
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Kenwods TS-820s has everything the 
Amateur Operator could want in a quality rig. 
Time proven over thousands of hours of operating time. 

the Kenwood TS-820s has become the preferred rig for 

those individuals interested i n  high reliability. And. the 

TS820S has every feature any Amateur could want for 

operating enjoyment, on any band. from 160 through all of 

10 meters.. . plus an RF speech processor in the transmitter. 

IF shift and sharp filters in the receiver. Al l  combine to give 

optimum performance under all conditions. 

You can always tell who's running a TS-820s. Its superb quality 

stands out from all the other rigs on the band.. .and when the 
QRM gets heavy the TS.820S's adjustable RF speech processor. 

utilizing a 455-kHz circuit to provide quick.time-constant com- 

pression, will get the message through. RF negative feedback 
is applied from the final to the driver to improve linearity. and 
third-order products are  at least -35 dB. Harmonic spurious 
emissions are less than -40 dB and other spurs are less than 

-60 dB. 
RF input power is 200  W PEP on SSB. 160  W DC on CW. and 

100 W DC on FSK. Receiver sensitivity is better than 0.25 pV 

for 10 dB S/N. 
The T S - 8 2 0 s  from Kenwood! See  i t  todav at  your nearest 
Authorized Kenwood Dealer. 



TS-520s and DG-5 
DIGITAL FREQUENCY DISPLAY 

It's an ideal choice for anyone 
looking towards owning a highly 
reliable, highly efficient amateur 
radio transceiver. 
FEATURES: 
Full coverage, 160 through 10 me- 
ters ... digital readout with optional 
DG-5 ... effective noise blanker and 
audio processor.. .RF input power: 
200  watts PEP on SSB, 160 watts 
DC on CW. The TS-520s  transceiver 
provides full transmit and receive 
coverage of all Amateur bands from 
160 through 10 meters. It also receives 
15.0 0 to 15.5 MHz and another 

500-kHz range of your choice in the 
auxiliary band position. With the op- 
tional DG-5, you have a large digital 
frequency readout when transmitting 
and receiving, and the DG-5 also 
doubles a s  a 40-MHz frequency coun- 
ter. The TS-520s  includes a built-in 
AC power supply, and. with the ad- 
dition of the ootional DS-1A DC-DC 
converter, it can function a s  a mobile 
rig. It features a v e y  effective noise 
blanker, RIT. eight-pole crystal filter, 
25kHz calibrator, front-panel carrier 
level control, semi-break-in CW with 
side-tone, built-in speaker, heater 

switch, 2 0 d B  RFattenuator and easy 
phone-patch connection. RF input 
power is 200  W PEP on SSB and 
160 W DC on CW. Carrier suppres- 
sion is better than -40  d B  and side- 
band suppression is better than -50 
dB. Spurious radiation is less than 
-40 dB. Receiver sensitivity is 0.25 
pV for 10 dB (S+N)/N. Selectivity is 
2.4 kHz at -6 dB/4.4 kHz at -60 dB 
and, with the optional CW-520 CW 
filter. is 0.5 kHz at -6 dB/1.5 kHz at 
-60 dB. See  your Authorized Ken- 
wood Dealer now for complete in- 
formation! 

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



updating the Heath HW.2036 
to the HW.2036A 1 Zener bias in the 11-volt regulator. Only very early 

HW-2036s might need any of these changes. Your 

Modifications to the 

Heath H W-2036 
to provide complete coverage 

of the new 
two-meter repeater subband 

Now that the two-meter band has repeater allo- 
cations in the lower half, people with HW-2036 
transceivers are feeling left out in the cold. No 
longer! With a small parts kit available from Heath, a 
few additional parts obtained (through Heath or 
purchased on your own), and these simple instruc- 
tions, you can update your HW-2036 to cover the 
entire band. In fact. the transceiver will oDerate over 
a six-MHz range, from 143 MHz to beyond 149 MHz, 
although with reduced output at the extreme edges. 

updating early HW-2036s: 
Before actually beginning conversion of the HW- 

2036, check to see that your HW-2036 has all the 
updates that Heath has added since this model was 
introduced. There were addendum sheets included 
with the manual, in addition to several changes in 
the manual itself to  reflect parts values different from 
those printed on the circuit boards. On the receiver 
board, R206 and R209 should be 10 kilohms, and 
C214, C215, and C216 should be 4.7-pF NPO disc 
ceramics. Also, 0204 was changed from a MPF-105 
to an EL-131. If you have to replace these six parts, 
you will need to realign the receiver i-f. Wait, how- 
ever, until the rest of the changes have been made. 

On the synthesizer board, R419 should be 10- 
kilohms, C442 a 20-pF NPO disc ceramic, C403 a 100- 
pF NPO disc ceramic, and R445 220 ohms. These 
parts changes reduce drive to the synthesizer loop 
mixer. And finally, on the transmitter board, R141 
should be 180 kilohms, % watt, which increases the 

HW-2036 is now up to date. Table 1 lists all the parts 
needed to convert the HW-2036. 

conversion to the HW-2036A 
There are changes to be made on each board, and 

we found it easier to do one board at a time and then 
do the alignment board-by-board when everything 
was bolted back together. I t  is necessary to have 
some method of removing solder from the double- 
sided boards before attempting to remove the parts. 

Power Amplifier Board. Remove the transceiver 
top and bottom covers and begin with the power 
amp board by removing the heatsinks from the back 
panel. Unsolder and disc:onnect the ground wires 
connected to the corners of the transmitter and re- 
ceiver boards. Carefully pull the molex connector 
apart, remove the two r~uts that hold the power 
amplifier assembly to the back of the chassis, and 
swing the board down on its leads. A 12-pF dipped- 
mica capacitor (C235 in 1:he HW-2036A manual) is 
added to the output conn~ector on the inside of the 
board. 

Prepare this capacitor by cutting the leads 22 mm 
(718 inch) long and slipping 19 mm (314 inch) of 
spaghetti or insulation over each lead. Bend the 
exposed 2-mm (118-inch) lead at right angles away 
from the body of the capacitor. Lay the capacitor on 
the foil of the board and solder one lead to the anten- 
na jack center pin and the other to the foil where the 
ground wire pokes through the board. This forms a 
filter across the output. The lead length is the induc- ' tance part of the filter. Reassemble the board to the 
rear apron, but leave the ground wires to the trans- 
mitter and receiver boards loose for now. Replace 
the molex connector. 

VCO Board. Heath nonr supplies a parts kit for 
modifying the VCO; it cor~sists of two mica capaci- 

By Mike Miller, WBGTMH and Ed Fitzgerald, 
WA6ODR. Mr. Miller's address is 173 Leveroni 
Road, Sonoma, California 95476. Mr.  Fitzgerald 
can be reached at  Post Office Box 75, Cotati, 
California 94928. 
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tors, a coil, and a new varicap diode (parts kit num- 
ber 830-29, $3.95). Begin by removing the VCO cover 
screws and unsoldering the two lugs on the side (a 
soldering gun may be necessary for this step). Break 
loose the epoxy bead between the coil and the cover. 
Remove the nuts and washers and pull the board up 
on its leads to gain access to the bottom. Cut the 
epoxy bond between C503 and L501. If C503 is 
broken it will be necessary to replace it (Heath 21- 
192 $1.35). 

Unsolder and remove L501, C513, C509, and 
VD502. Replace each component with the parts 
supplied in the Heath package. Reglue L501 to the 
board, C503 to the side of L501, and C513 and C509 
to each other. Now, replace the board on its bolts 
and turn on the power. Set the frequency switches 
to 146.000 MHz and run the slug of the new coil up 
and down, checking that the synthesizer lock light 
on the front panel goes out at some point, indicating 
the VCO is operational. Install the cover, gluing the 
coil to the top and soldering the lugs on the side. 
These changes increase the tuning range of the VCO 
by increasing the oscillator LIC ratio and making the 
varicap diode a larger part of the total capacitance. A 
full alignment of the VCO will be completed later. 

Synthesizer Board. First, remove the black wire at- 
tached to point C on the power amp board to allow 
room for the synthesizer board to swing up. Remove 
the thirteen wires that attach the thumbwheel 
switches to the front end of the board and the four 
nuts and washers. Now, swing the board up on its 
remaining leads and remove R427 and R428, chang- 
ing the values so that R427 becomes 5.6 kilohms and 
R428 10 kilohms. Page 61 of the manual can be used 
to locate these two resistors. 

Replace the board on its bolts, attach the black 
wire to point C on the power amp board, and refer to 
pictorials 4-10 and 4-1 1 for color code and wire place- 
ment when attaching the thirteen wires to the fre- 
quency switches. Again turn on the power and check 
to see that the synthesizer lock light goes out. 

C235 
OUTPUT 
FILTER 

table 1. Parts list of components needed to update the HW- 
2036 to an HW-2036A. Unless otherwise noted. all resistors 
are 114 watt, 5 per cent tolerance. 

update parts 

Designation value1description 

C214, C215, 4.7-pF NPO disc ceramic 
C216 
C442 20-pF NPO disc ceramic 
Q204 EL-131 (replaces MPF-105) 
R141 180 ohms, % watt 
R206, R209 10 kilohms 10 per cent 
R419 10 kilohms 
R445 2.2 kilohms 
C403' 100-pF disc ceramic 

conversion parts 

0.1-pF monolithic ceramic 
22-pF 5 per cent dipped mica 
125-pF 5 per cent dipped mica 
5-pF NPO dipped ceramic 
12-pF 5 per cent dipped mica 
0.25 pH 
Motorola MV2110 
100 ohms 
15 kilohms 
5.6 kilohms 
10 kilohrns 

Heath 
number 

21-168 

21-51 
417-241 
1-112 
1-9-12 
6-103-12 
1-4-12 
21-75 

Heath 
price 

$0.29 

0.25 
2.10 
0.22 
0.24 
0.25 
0.24 
0.25 

'Note These parts can be obtained as a kit with instructions 
(Heath Dart number 830-291 for $3.95 

Receiver Board. Remove the four nuts and wash- 
ers, remove the coax from points A and B, and tilt 
the board up on its remaining leads. Referring to 
pages 45-52 in the manual, change the value of R233 
to 15 kilohms. This increases the drive to the receiver 
doubler. 

Next, remove C201 and the shield alongside of 
L201 and L202. Remove 3 mm (1 I 8  inch) of the paper 
insulation from the vertical edge nearest L213. Cut a 
piece of 0.2-mm (0.01-inch) brass shim stock or cop- 
per flashing to 22 x 16 mm (718 x 518 inch), bend- 
ing 3 mm (1 18 inch) of the long side at right angles to 
form a tab. Clean the shim stock and shield with 
steel wool and solder the tab to the existing shield 
where the insulation was removed. Alligator clips will 
hold the pieces together during the soldering. 

Remove L202 and install the modified shield on its 
original pins. Solder the shield pin nearest L204 to 
hold it in place and run a bead of solder along the 
shield extension, joining it to the board foil behind 
C203 and L202. Also, run a bead of solder along the 
back of the shield next to C201. Replace L202, noting 
the polarity, and change C201 to a 5-pF NPO disc 
ceramic; solder both components in place, as well as 
the second shield pin. 

Location of C235 which. in conjunction with its lead length, Bolt the board down again and resolder the ground 
forms a filter on the output of the transmitter. lead from the power amplifier board to the corner of 
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the receiver board. Connect the power, turn on the 
transceiver, and tune in a local repeater to see that 
everything works properly. Full alignment will be 
done last. 

Transmitter Board. Remove the phono plugs from 
J101 and J102, and remove the five nuts and wash- 
ers halding down the board. Disconnect the molex 
connector to the power amplifier board and also the 

This photograph shows the locations of components that 
were changed on the VCO board. 

four large power connections labeled G, P, R, and V. 
Pull off the three-pin connector on regulator IC1 and 
unsolder the lead of the 0.001-pF capacitor from 
ground lug DA (refer to page 106). Carefully tilt up 
the board on its remaining leads. 

Referring to page 74, remove R103 and replace it 
with a 100-ohm resistor. Remove the connectors on 
pins B, L, and N and solder the base of these pins to 
the board foil. These pins are the shield connections 
for interconnecting coax leads and should be rigidly 
grounded to both sides of the circuit-board ground 
plane! 

Pull the red wire from pin S. Clip off and discard 
the O.OO1-pF capacitor from the end and remove the 
two ferrite beads. Strip 3 mm (1 I 8  inch) of insulation 
from the end of the red wire and add approximately 
7.5 mm (3 inches) of wire of a similar size, covering 
the soldered splice with heat shrink tubing or spa- 
ghetti. Now strip 16 mm (518 inch) of insulation from 
the extended wire and slip on the two ferrite beads 
just removed. There should be about 3 mm (1 18 inch) 
of wire sticking out. Solder this end to pin OUT, 
alongside the yellow wire from regulator IC1. Next, 
take a 2.5-cm (1-inch) piece of solid wire, bend a 
3-mm (1 18-inch) tab on one end, and solder this tab 
to the circuit board foil next to pin N. 

Install the board on its bolts again. Be sure to posi- 
tion the long coaxial cable along the top of the front 
of the board, as shown on page 106 of the manual. 
Replace all board connectors, phone plugs, and the 
connector on ICl., Don't forget the shield connec- 

tor to pin 0,  hidden under the wiring harness. Now, 
solder the other end of the 2.5-cm (1-inch) wire from 
the board foil near pin N to solder lug DA on the rear 
apron. Make this lead as short as possible and trim 
off the excess. Reconnect the ground wires from the 
receiver and transmitter boards to the power ampli- 
fier board. 

Install two ground lugs at stud X on the power 
amplifier board. Solder one lug directly to the chas- 
sis. Remove the coax shield from point B on the 
power amplifier board and solder it to the second lug 
on stud X. 

alignment 
VCO Board. Set C511 on the VCO board to mid 
capacity. Attach the dc probe of a VTVM to TP401 on 
the synthesizer board; set the frequency switches to 
146.000 MHz; and set the mode switch on the front 
panel to SIMPLEX. Turn the slug of coil L501 up until 
it shows at the top of the coil. Key the transmitter 
with the dummy load attached and rotate the slug 
down until the V N M  reads 2.2 volts. The SYNTHE- 
SIZER LOCK light should be out at this point. 

With the transceiver not keyed, adjust C501 until 
the V N M  again reads 2.2 volts. This completes the 
VCO adjustments. 

Transmitter Board. Since the transmitter strip is 
already aligned to a center frequency of 147.000 
MHz, an abbreviated procedure is used to center the 
transmitter at 146.000 MHz, providing full output 
over the entire frequency range. First, install the 
dummy load. Set the thumbwheel switches to  
146.000 MHz and connect the rf probe to TP101. The 
kit-supplied probe is fine and can be used with the 
dc scale of a standard VTVM for better sensitivity. 
Adjust L101 and L102 for maximum output with the 
transmitter keyed. Several adjustments may be 
necessary. 

Move the rf probe to TP 102, key the transmitter, 

The addition to the shield can be seen in this photograph of 
thereceiverboard. Part of the paper insulation was removed 
to allow the addition to be soldered to the originel shield. 
When it's installed, the bottom of the new piece is soldered 
to the circuit board. 
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and adjust L103 and L104 for maximum. Remove the 
probe, and, with the transmitter keyed, adjust L105, 
L106, and L107 for maximum output as indicated on 
the front panel's relative power meter. The peak on 
L106 will be very broad. 

Now, set the frequency switches to 144.500 MHz 
and adjust L101 for maximum output at this lower 
ba'nd edge. Then, with the frequency set to 147.500 
MHz, adjust L102 for maximum. Repeat these two 
steps, which are designed to stagger the tuning over 
the full band. Finally, set the frequency to 144.000 
MHz, key the transmitter, and check the relative 
power meter to be sure the transmitter has full out- 
put at the extreme band edge. Repeat this step at 
147.990 MHz. There may be a slight difference at 
each end, but not much. 

P o w e r  A m p l i f i e r  Board.  Set the frequency 
switches to 145.000 MHz, and, with the transmitter 
keyed into the dummy load, adjust the power ampli- 
fier trimmers in this order: A, B, C, D, E, D, C, A, B. 
Do not adjust trimmer capacitor A any further clock- 
wise than is necessav for maximum output. This 
single adjustment series should provide nearly equal 
output across the entire band. Remember to replace 
the heatsinks! 

Receiver Board. Set the frequency to 146.000 MHz, 
connect the rf probe to gate 2 of Q202 on the receiver 
board, and adjust L402 and L403 on the synthesizer 
board and L212 and L213 on the receiver board for 
maximum level. Perform these adjustments in the 
order listed and repeat at least once. This provides 
maximum local-oscillator injection to the first mixer. 

Next, remove the antenna coax from points A and 
6 on the receiver board and connect the kit-supplied 

Close-up of the receiver shield with the addition soldered to 
the right edge. 

jumper from points A and B to  points TP106 and 
TP107 on the transmitter board. Now, adjust L201, 
L202, L203, and L204 for maximum S-meter reading 
with the frequency set to 146.000 MHz. It may be 
necessary to adjust the frequency up or down slightly 
to pick up the harmonics of the reference oscillator 
being used as the alignment signal source. Also, 
since there is a high signal level, C147 on the trans- 
mitter board may be adjusted to  maintain the meter 

GRWND WIRE 
NEXT TO PIN? 

ERRITE BEAD 
ON WlRE CON- 
NECTED TO 
f iN'UT.  

SPLICED Cffl- 
NECTION TO 
RED WIRE. 

Changes to the transmitter board can be seen in this photo- 
graph. Note that the wire extension is now soldered to pin 
OUT instead of pin S. 

reading at half scale or less. If this does not provide 
enough signal reduction, slightly detune i-f coil L207 
on the receiver board. Once L201 through L204 are 
adjusted properly, L207 can be repeaked by re- 
moving the jumper from point A and holding it a 
small distance from the pin. This will provide enough 
signal to peak L207 without overloading the i-f strip. 

At  this point, if you replaced the parts in the i-f 
strip, refer now to the manual instructions for align- 
ing the i-f stages. Few will need this however, and, if 
not disturbed, the rest of the i-f will not need atten- 
tion. This completes the conversion. 

remarks and notes 
We found that the birdies on 146.000 MHz and 

146.520 MHz were slightly decreased in signal 
strength but not eliminated. The reference oscilla- 
tor and offset oscillator should not need attention if 
care was taken not to disturb their trimmers during 
the modification. 

Reducing power consumption. Several ICs can 
successfully be replaced with low-power Schottky 
versions (LS series). IC104, IC105, and IC106 (7490s) 
may be replaced with 74LS90s. IC107 (7492) may be 
changed to a 74LS92. IC405 (7400) may be changed 
to a 74LS00, and IC404 (7473) may be changed to 
74LS73. IC103 (7400) may not be replaced! These 
changes will reduce current drain about 20 per cent. 
It may be possible to change these devices to the 
CMOS series for further power reduction, but we 
haven't yet tried that substitution. 

ham radio 
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OX OSCILLATOR 
Crystal controlled transistor type. 3 

to 20 MHz, OX-Lo, Cat. No. 035100. 
O LI- n=c+n+ 60 MHz, Cat. MXX-1 TRANSISTOR RF MIXER 0 

$5 22 ea. lur slyllal LUIIV~IDIUII  1 1 1  I I I ~  JU LU 

170 MHz range. Harmonics of the OX 
or OF-1 oscillator are used for injec- 

tion in  the 60 to 179 MHz range. 3 to 20 
MHz. Lo Kit. Cat. No. 035105. 20 to 170 A- 

1.1". UdJ IU  I. 

h Specrty when orderrng A single tuned circuit intended '-- ---..--- :-.. :- .L- 

MHZ,'H~-K~~. cat. No. 035106. fl.. L TI- A-2 
Soecitv when orderiflo. . . - 

OF-1 OSCILLATOR $5.80 ea. 
Resistor/capacitor circuit provides 

osc over a range of freq with 
desired crystal. 2 to 22 

MHz. OF-1 LO. Cat. No. PAX-1 TRANSISTOR 
0351 08. 18 to 60 RF POWER AMP 

Specrfy whenordenng. oscillator. Outputs Up to 200 mw, 
depending on frequency and vol- 

tage. Amplifier can be amplitude 
modulated 3 to 30 MHz. Cat. No. 

7 MHZ,OF-I H , A single tuned output amplif ier 
Cat. No. 035109. designed to follow the OX or OF-1 A 

Cat. No. 0351 03. to 150 MHZ with 6 to 30 db 
SPecIfY when ordering gain, Cat. No. 0351 07. 
$5.80 ea. Specify when ordering. 

$6.06 ea. 

.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS 
(HC 61U Holder) 
Cat. No. Specifications 
031080 3 to 20 MHz -for use in  OX : OSC Lo 

Specify when orderrng $6.25 
20 to 60 MHz - For use i n  OX OSC Hi 
Specrfy when ordering $6.25 
3 to 20 MHz - For use in  OF-1 L OSC 
Specify when ordering $5.22 
20 to 60 MHz - For use in OF-1H OSC 

I ea. 

ea. 

ea. 

ll Specity when ordering $5.22 ea. 

Shipping and postage (inside US. .  Canada and Mexico only) 
will be prepaid by International. Prices quoted for U.S.. 
Canada and Mexico ordersonly. Orders for shipment to other 
countries will be quoted on request. Address orders to: 

M IS  Dept.. P.O. Box 32497. 
Oklahoma City. Oklahoma 73132 

INTERNATIONALCRYSTAL MFG CO.. INC. 
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the dasher 
the last dash of a train, making it very difficult to 
handle. I decided to try keying the 9-volt supply to 

Update you r Vib roplex bug the entire circuit, but this caused the first dash of a 
series to be stretched. Then, I tried leaving the 9 

by using the Dasher - Vdc connected to all parts of the circuit and keying 
the lead to pin 8. This got rid of the problems, result- 

a simple circuit ing in perfect dashes. 
The two pots permit adjustment of both speed 

and weight. The only change needed on a Vibroplex 
that ~rovides a C O ~ ~ ~ ~ U O U S  bug is todisconnect the lead under the base from the 

series of dashes 

Back about 1946, during my days as a commercial 
CW operator, I used to spend an eight-hour shift 
sending traffic in strings of 40 or more messages. 
Many of them were weather messages which had 
groups of five digits and many, many groups per 
message. I was getting a glass arm doing this at 40 
words per minute or better every working day. 

I saw a circuit in an Amateur magazine which used 
two tubes in a multi-vibrator circuit that could be 
mounted on top of a regular Vibroplex bug and 
would automatically make the dashes while you 
still get the dots from the mechanical side of your 
bug. I built and used one for years, saving my arm a 
thousand times over. I t  had the advantage that you 
could make the dashes much longer than the tradi- 
tional 3 to 1 ratio. Therefore, you could retain your 
original sending style, yet send perfect code without 
fatigue. 

Since then I haven't been too active - until re- 
cently when I got back into both MARS and CW 
work. That's when I remembered that silly thing I 
once built into a cake pan and mounted on top of 
my old Vibroplex. 

Today, however, with all solid-state devices and 
small parts, one can be built in a small box, using a 
9-volt battery for power. I used the 555 IC as a timer 
and a small 6-volt, dc-sensitive relay. 

circuit description 
Fig. 1 shows the circuit I used for the Dasher. In 

some circuits, pin 7 on the 555 was keyed. I tried this 
configuration but it caused a slight "hangover" on 

By Joseph H. Fenn, KHGJF, 3612 Puuku 
Makai Drive, Honolulu, Hawaii 96818 

dash contact post. Then, use a two-wire, shielded 
mike cable to provide three connections from the 
bug to the input of the Dasher. The shield forms one 
lead from the frame post of the bug, and the other 
two leads connect to the dot and dash contacts. 
Inside the Dasher, the lead from the dot contact is 
connected to the output lead, with the dash contact 
used to control the 555. 

BUG DASH CONTACT 0 -k 
BUG FRAME 

BUG DOT CONTACT 

TO TRANSMITTER 
KEY Cl l 'CUlT 

fig. 1. Circuit diagram of the Dasher. The relay is a small 6- 
volt unit available from Radio Shack. The diode can be any 
small signal switching diode. 

Two things I might add for information. I used one 
of the rechargeable, 9-volt, ni-cad batteries and 
brought leads from the battery to screw terminals 
on the side of the box. This way I can connect a 
charger without opening the box. Also, a note of 
caution. Do not ground any oil the 9-volt points to a 
ground that is common to the relay output or the bug 
common lead. When I tried the Dasher with my Col- 
lins KWM2A barefoot, no problems were en- 
countered. However, when I ran the linear with a 
full kilowatt, rf was induced into the leads, causing 
erratic dash length. Putting ferrite beads on the input 
and output leads cured the problem. So have fun and 
don't end up with a glass arm; use the Dasher. 

ham radio 
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formation 
of passive 

lumped constant 
90-degree 

phasedifference networks 

Construction details 
for designing 

equal amplitude, 90-degree, 
phase-difference networks 

A variety of networks, both active and passive, 
have been used over the years for splitting a signal 
into two equal amplitude signals while maintaining a 
quadrature phase relationship between the two com- 
ponents. Roger Harrison's article1 presented a num- 
ber of such circuits and rekindled my interest in these 
devices. I first became interested in these circuits 
while designing image outphasing systems for 
sweeping microwave receivers about 20 years ag0.2~3 
At UHF and microwave frequencies, 90-degree phas- 
ing networks are readily achieved with coaxial or 
stripline hybrids which can be designed for band- 
widths of several octaves. These distributed element 
hybrids become large and difficult to build for the 
lower frequencies. Sometimes, it is also desirable to 
have circuits capable of greater bandwidth. 

I have prepared a table (see table 1) of prototype 
values from which passive, lumped-constant, first- 
order lattice networks (fig. 1) may be designed. This 
table is an adaptation of early work by Darlington2 
and later work by Bedrosian. Darlington's work is 
basic and requires background in network theory 
plus a comprehensive table of elliptic functions to 
arrive at a practical design. Bedrosian1s3 paper 
included a number of tables of prototype values 
which can be used to calculate inductances, but you 
are stuck with the arbitrary bandwidths he chose 
unless you have access to a table of elliptic func- 
tions. Even then, there are several calculations to be 
done before aaiving at a design. I have chosen a 
number of bandwidths which I believe would be 

most useful for Amateur Radio users, 2 to 1 through 
20to1. 

network description 
The phase-splitting networks consist of two sepa- 

rate lattice networks, a P-network and a Q-network. 
For a given bandwidth, the amount of phase ripple 
(deviation from 90-degree phase difference) depends 
upon the number of lattice sections, the more net- 
works the smaller the deviations. N is the total num- 
ber of lattice sections in both branches. 

Although the first-order networks are simple, they 
may not be the most plractical. This sometimes 
becomes apparent when you try to produce a pair of 
networks operating over a relatively broad range. 

fig. 1. Diagram of a first-order lattice 
network. 

You may discover that the networks, which are oper- 
ating over the low-frequency end of the band as "all 
pass" networks, are also behaving at the higher fre- 
quencies like lowpass filters with a cut-off frequency 
within the design bandwidth. The reason for this is 
the self-capacitance of the inductors, which makes it 
difficult to place the self-resonance of the coils in the 
low-frequency lattices outside the design band. 

Orchard4 presented a transformation whereby two 
first-order networks may be combined in a single 
second-order network as shown in fig. 2. 

description and use of the table 
Once you have determined the bandwidth required 

(ratio of' upper to lower frc!quency) and the phase rip- 
ple that can be tolerated, you are ready to select the 
appropriate prototype design from the table. Assume 
a 3 to 30 MHz 90-degree network is needed, requiring 

y R. 8. Wilds, K U V ,  14633 Ambric Knolls 
oad, Saratoga, California 95070 
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)RSE FINE T - r R l  MODE 

UNE 
RT 

RTTV. 

UNS 
ON ! 

CHECK THESE FEATURES: 
Morse Reception demodulator for "off the air" reception. 
6-60 wpm with automatic speed & Interfaces directly with Dovetron or any 
wordspace demodulator with digital output.) 

RTTV Reception Video Outputs 
4 speeds. unshift on space select, auto. 32 character line x 16 line video with 
soeed readout scrolling 

ASCII Reception 
110 Baud only 

72 character line x 16 line video with 
scrolling 

(For RTTY and ASCII operation, requires 

M-1OOE (32 character video) S355.00 
M - I O O E  (72 character video) 375.00 

For 230v 50-60hz add 10.00 
- -  

Order direct or from these dealers: 
Advanced Electronics Germantown Amateur Supply Rickles Electronics 
1349 W. KingStreet 3202 Summer Avenue 2800 W. Meighan Blvd. 
Cocoa. Florida 32922 Memphis. Tennessee 381 12 Gadsden. Alabama 35904 
305-631 -1 190 800-23861 6 8  205-547-2534 

Cohoon Amateur Supply 
Highway 475 
Trenton. Kentucky 42286 

Dialta Amateur Radio Supply 
21 2 48th Street 
Rapid City. S. Dakota 57701 

Ham Radio Center 
8342 Olive Blvd. 
St. Louis. Missouri 63132 
600-325-3636 

N & G Distributors 
7285 N.W. 12th St 

Universal Amateur Radio 
1280 Aida Drive 
Reynoldsburg. Ohio 43068 
61 4-866-4267 

PANACOM 
P.O. Box 76093 
Caracas 107 Venezuela - -  - -  

Emona Electronics Miami, Florida 331 26 Marcucci-SPA 
661 George Street 305-592-9685 via F. LLI-Bronzetti 
Sidney N.S.W. Australia Milan, Italy 

F/TECH/ Spec~alrzrng M m T E D  rn Drgital - .  

Electronic Systems 

mEa 
2349 Weldon Parkway St. Louis, Missouri 631 41 (31 4) 576-5489 
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C I  + C P  You are now ready to com~plete the design using 
the P and Q values from table 1. For the P network 
assume Z ,  = 50. 

L l t  L P  

fig. 2. Transformation of a second-order to a first-order lat- 
tice network. 

a phase deviation of less than two degrees. Table 1 
shows that a network with four lattice sections will 
yield a 10 to 1 bandwidth with a phase ripple of 1.08 
degrees. Table 1 also has normalized prototype 
values which are used to arrive at the actual designs. 

denormalization and design 
The lattice networks are denormalized for the 

geometric center frequency, in this case = 

9.487 MHz. The inductances for the P network are 
calculated by: 

P value (Z,) 
L = 

2afo 

where P = value from table I 

Z, = characteristic impedance of network 

f ,  = geometric center frequency 

table 1. Prototype values used for prototype designs. 

BW phase 
ratio N tolerance PI P2 P3 0 1  Q2 Q3 

For the Q network: 

Now the complete circuit can be sketched (see fig. 
3).  An example of an N = 5 network for the same 
bandwidth is shown in fig. 4. 

The first-order lattice is a balanced circuit whose 
unbalanced equivalent requir~es the use of a trans- 
former. Several types of balanced-to-unbalanced 
transformers, which are suitable for adapting the lat- 
tice to an unbalanced circuit, are described in refer- 
ence handbooks. You have the option of choosing 
the impedance level of the lattices to effect the 
desired impedance match at tlhe common junction of 
the networks. 

theoretical and experirnental results 
The values for table 1 were obtained from a BASIC 

computer program (PHASESO) which is capable of 
designing a wide range of first-order networks with 
bandwidths up to 100 to 1. Scweral designs from this 
program were analyzed using a BASIC (GNET) net- 
work analysis program and were found to perform as 
predicted. 

Finally, to prove the usefullness of the theoretical 
design, a four-section (N = 40 network consisting of 
first-order lattices was built for the 20 to 150 MHz 
range. The phase deviations from 90 degrees were 
about 5 degrees, which is greater than the theoretical 
tolerance of 0.7 degree, but adequate for most 
requirements. This experimen~tal data shows that the 
first-order lattices can be used for an 8 to 1 band- 
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0 126?+1 I4OSpH 

P-NETWORK 

fig. 3. Component values for the 3 to 30 MHz, four-section 
metwork. 

width. For greater bandwidths you may have to 
resort to the second-order lattice configuration. 
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ro BALUN 
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fig. 4. A five-section equivalent of the network shown 
in fig. 3. 
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PRE-SCALER KlTS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HAL300PRE 
(Predrilled G.10 board and all componenls) 

HALMONPRE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(Same as above but with preamp) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HAL800PRE 
(Predrilled G.10 board and all components) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H A L W N P R E  
(Sameas above bul  wilh preamp) 

TOUCH TONE DECODER KIT - - - 

HIGHLY STABLE DECODER K T  COMES WITh 2 SIDED PLATED THRU 
AND SOLDER FLOWED G I 0  PC BOAHD. 7 567 5.2 7402 AND ALL ELEC 
TRONlCCOMPONEhTS BOARD MEASJRES 3 112 r 5 1 2 INCHES HAS 12 
LINESOUT ONLY $3995 

DELUXE 12.BUlTON TOUCHTONE ENCODER KIT ulilizing Ihe new ICM 
7206 chap Provldes both VISUAL ANDAUDIO ~nd~cat lonsl  Comes wllh its 
own two.tone anod~zed aluminum cablnel Measures only 2-34' x 3.34'. 
Complete wlth Touch-Tone pad. board, crystal, chlp and all necessary cam. 

b onenls l o  llnish the klt. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RICEDAT SB.95 

For those who wlsh l o  mount the encoder in a hand.held unit. the PC board 
measures onlv 9/16. x 1.314'. This ~ a r l l a l  k l l  wllh PC board. crystal, chlp - ~ - -  ~~ ~ 

and componehts. 
DRlCFn A T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $14.85 . --- 
ACCUKEVER ( K l l l  THIS ACCUKEYER IS A REVISED VERSION OF THE 
VfRY POPULAR WBdVVF ACCJI(EVER ORIGINALLY DESCRIBED BY 
.AMES GARRETT Ih OST MAGAZlhE AND THE 1975 RADIO AMATEURS ....... - - ... 
ACCUKEVER - MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT 
PROVIDES A SIMPLE. LOW COST METHOD OF ADDING MEMORY CAPA. 
BlLlTY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR DIRECT 
ATTACHMENTTO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED 
TO ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY 

$18.95 

6-DIGIT CLOCK 12124 HOUR - -  - 

COMPLETE KIT CONSISTING OF 2 PC G.IO PRE.DRILLED PC BOARDS. I 
CLOCK CHIP 6 FND 359 READOUTS 13 TRANSISTORS. 3 CAPS. 9 RESIS- 
TORS. s DIODES. 3 PUSH-BUTTON SWITCHES. POWER TRANSFORMER 
AND INSTRUCTIONS 
DON'T BE FOOLED BY PARTIAL KlTS WHERE YOU HAVE TO BUY EVERY. 
THING EXTRA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PRICEDAT $12.95 
CLOCK CASE Available and will Ill any one o f  the above clocks. Regular 
Prlce . $6 50Bul Only 14.50 when bough1 wlth clock. 
SIX.DIOIT ALARM CLOCK KIT for home. camper. RV, or lield.day use. Oper. 
ales on 12-volt AC or DC and has its own 60.H~ llme base on  the board. 
Complele wllh all e1ecl;onlc components and Iwo.piece. pre-drilled PC 
boards. Board sne4'  x 3' Complele.w~th speaker and swllches. It operated 
on DC, there 15 nothlng more l o  buy. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P R I C E D A T . .  $18.95 
Twelvevolt AC line cord for lhose who wish to operale the clock from 110. 
voll AC. $2.50 

.':'=,('a\ 
\\ ?.$. 

pJ0 ;be H AL-TRONIX P. O. Box llol .... 
'HAY SOUTHGATE, MICH. 48195 

HAROLD C NOWLAND 

W B Z X H  
PHONE(313) 2851782 
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# UNIVERSAL SOUND EFFECTS BOARD @ 
The SE.01 is a kit that contalns all the parts 
needed to build a programmable sound ef- 
fects generator. Designed around the new 
Texas Instruments 75447 Sound Chip, the 
board provides banks of Mint DIP sw~tches 
and pots to program the various combina- 
tions of the SLF Oscillator, VCO. Noise, One 
Shot and Envelope Controls. Another IC IS 
used to implement an Adjustable Pulse 
Generator. Level Comparator and Multiplex 
Oscillator for even more versatility. The 3%" 
by 5 plated PC Board features a prototype 
area to allow for user added circuitry. Easily 
programmed t o  duplicate Explosions. 
Phssor Guns. Steam Trains, or an almost 
infinite number of other sounds, the unlt has 
a multitude of appltcations. The 816.95 prlce 
includes Assembly Manual. Programming 
Charts. and 76477 Chip spectf ications 
(speaker not included). Available from stock. 

POWER SUPPLY KIT 
PS-14 

REVIEWED IN 7/78 73. 

OVERVOLTAGE PROTECTION KIT  
6.95 

6 6 DKill ZULU CLOCK KIT Y 
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ELECTROCOM@ "SERIES 400" 
FREQUENCY SHIFT CONVERTERS 

Professionally engineered for outstanding ' systems is assured by matched fllters. pre- 
performance, stabil~ty. and reliabil~ty, the cision linear detectors. baud rate selector. 
ElectrocomR Models 400 and 402 add new b ~ a s  compensatlon, and semi-d~vers~ty clr- 
d~mens~ons of compatibility between radlo cuitry. Operation is enhanced by a CRT 
and teletypewritersystems. Manufactured10 monitor. autostart wi th sol~d-state motor 
hlghest quality standards-an Electrocom switching, antlspace. markhold. ElAlMlL 
tradition for nearly two decades-these units output voltages. and a constant current loop 
are Ideal lor military. government. commer- supply. I n  addition. varlous options are 
clal. clvil defense and amateur applications. available including rack mounting and polar 
The Model 400 front panel dlgital knob accu- current output. 
rately selects shifts up  to 1000 Hz.. while two Wrrfe or call us lor complete producl de- 
such knobs on the Model 402 Independently hf ls  and specliical~ons. Learn why Electro- 
set the mark and space Irequencles. Both corn" "400 Converters are desrgned not 
models may also be preset wlth any loneparr only for  today's communication envlron- 
between 1000 and 3200 Hz. ment, but ultimately to fulf~l l  RTTY require- 

Optlmum performance with FSK or AFSK ments for years to come. 

THIS IS IT 
mm 

M O D E L  4431 THRULINE 

RF DIRECTIONAL WATTMETER 
w ~ t h  VARIABLE RF  

SIGNAL SAMPLER - BUILT I N  
I N  STOCK FOR PROMPT D E L I V E R Y  

AUTHORIZED DISTRIBUTOR 

EMEl 
a s s o c i a t e s  

115 B E L L A R M I N E  
ROCHESTER, M I  48063 

CALL TOLL FREE 
800 - 521-2333 

I N  MICHIGAN 313 - 375-0420 

I AVIONICS FOR \ 

I HAM PILOTS I 
I Free catalogue describes high tech- I 

nology, low cost avionics and test I I equipment ottered in kit form. Product 
I line includes audio panel. aircraft band I 

two-channel transceiver, digital chro- I nometer, navigation and comrnuni- I 
cations test equ~pment, bench power I 
supply, and more. Shoot us the coupon I for details. 
Name 

I 
I ,,,,e, I 
I GW slam- zip - - - - r &'$ 
I (916) ' ~ad io  Systems 
\272-220>' Technology, Inc. 

RR5.GRASSVALLEV.CA95945 

. Input 8-18 VDC . ~u~g;?d ,  plastic 
encased with Price $19.95 
leads . AdjustaMe frequency Freq. set  at 
( 9 8 - 2 5 0  Hz), Lower $&tTzYtra 
available 

Excellent stability 

More Details? CHECK - OFF Page 118 
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cabinet construction techniques 
A new construction 

technique which allows 
the builder to build 

a cabinet to fit 
his equipment - 
rather than fitting 

his equipment 
into the cabinet 

Al l  builders of electronic devices eventually come 
up against a continuing problem - what type of cab- 
inet to put their creation in. The magnitude of the 
problem increases in direct proportion to the dimen- 
sions desired. Commercially manufactured answers 
to the problem are few. If a cabinet is inexpensive, it 
is usually too small or flimsy; if it is rugged enough it 
will usually be too expensive. Trying to find a cabi- 
net with the desired size and configuration often 
seems next to impossible. It has been my experience 
that few local dealers ever carry a large percentage of 
a cabinet manufacturer's total line. Therefore, mail 
order must be resorted to, which takes time. 

Many times, the builder must choose "the best of 
the worst" from stock on hand and then tailor con- 
struction of the device to fit the cabinet. This prac- 
tice usually results in unnecessary work and design 
trade-offs. Another problem that occasionally occurs 
is the need to increase or decrease the depth of a 
cabinet, something not easily accomplished. All of 
this adds up to what I call the "cabinet frustration 
syndrome." 

What follows is an idea that evolved from attempts 
to solve these problems. The result is a rugged, in- 
expensive cabinet which is easy to construct in any 
needed size. Fabrication materials are universal in 
that they can be used for rnost any size cabinet. Most 
of the pieces from scrapped cabinets can be used 
again. With this method, the depth of the cabinet 
can be easily extended or reduced. 

fabrication 
The basic cabinet is made of only two items, the 

end plates and the end-plate support brackets. The 
end plates can be the front and rear panels of your 
unit or they can be subpanels, using a method to be 
described later. The two end plates are simply cut 
from aluminum sheet stock to the desired front- 
panel dimensions. A mounting hole for each bracket 
is drilled in each corner. The end-plate support brack- 
ets are the key to this whole method of construction. 
Bolted between the end plates, they provide cabinet 
rigidity, while at the same time allowing construc- 
tion flexibility. 

The brackets are made of aluminum U-channel, 
cut to the desired depth. Aluminum U-channel was 
chosen because it is light, relatively inexpensive, and 
readily available at most hardware stores. My first 
attempt, for which I used 12.5-mm (112 inch) U- 
channel, was acceptable but resulted in a more 
rugged (and heavier) cabinet than was necessary for 
that application. Cabinets; built of 9.5-mm (318-inch) 
channel proved to be best for most of my uses. 

Once the U-channel size is decided upon, the next 
step is to locate or fabric'ate something to lay in the 
channel that will accept the end-plate mounting 
screws. My junk box yielded some threaded metal 
standoffs about 5 cm (2 inches) in length. These fit 
snugly in the channel. lrhe standoffs had a 10-32 

By Bob Thompson, W K D M ,  12213 South 
Oneida, Phoenix, Arizona 85044 
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As seen in this photograph, the standoff was drilled and 
tapped for two additional holes, providing e means of secur- 
ing the standoff in the channel stock. 

(M5) threaded hole through their length. Two other 
mounting holes were drilled perpendicular to the 
length and tapped for a 10-32 IM5) thread. These 
holes are for bolting the standoffs to the U-channel. 

If you don't have any standoffs, square aluminum 
stock is usually sold along with the U-channel. This 
can be cut to length, drilled, and tapped as neces- 
sary. Of course, the square stock can be cut to a 
length equal to  the cabinet depth and used as the 
entire mounting bracket. In that case, only one hole 
must be drilled and tapped in each end. However, a 
solid bracket will have a few disadvantages when 
compared with the U-channel approach; it will be 
heavier, and it will offer less flexibility in the mount- 
ing of parts to the brackets. 

Once each bracket has a standoff mounted at 
each end, the four brackets are bolted to the end 
plates, and the basic cabinet is finished! Component 
mounting plates can be above or below the brackets. 
If a center mounting plate is needed, this can easily 
be accomplished with L-brackets. Incidentally, a 
good source of L-brackets for any project is L-shaped 

Example of a chassis that has been lengthened by using 
additional side bracket pieces. 

aluminum stock, usually sold in the same place as 
the other materials. Merely cut the stock to the width 
of L-bracket desired. The L-bracket will be much 
stronger than one made by bending a piece of flat 
stock. 

The basic cabinet is essentially a frame that can be 
covered by cutting and bending lightweight sheet 
aluminum. The design is such that the cover is not 
needed to provide the basic structural integrity and 
strength. This is a big problem with all but the most 
expensive commercial cabinets. Here again, the 
lightweight aluminum cover material is usually sold 
where all the other materials are. 

Rather than making a cover by bending, cutting 
individual pieces of stock and attaching them to their 
respective sides with small screws is also a possibil- 
ity. Where a heavier gauge metal will be used for the 
cover, it is possible to entirely eliminate the brackets. 

Close-up of the connection between the two sections 
of a side bracket. 

In this case, a central chassis plate is fastened to the 
end plates with L-brackets. Unless the cabinet is very 
small, the aluminum sheeting used for the end plates 
and chassis plate should be heavy enough to provide 
sufficient rigidity. Most of the aluminum that I use 
for chassis and end plates is 3 mm (118 inch) thick, 
although I've also used material 1.5 mm (1116 inch) 
thick with success. 

Aluminum sheeting is used because of its wide- 
spread availability and low cost. In the past, I have 
used some magnesium alloy sheet which provided 
excellent rigidity and light weight. The problem is, of 
course, that it is both expensive and difficult to 
come by. 

As mentioned earlier, cabinets made with the U- 
channel technique can be easily lengthened or short- 
ened. To shorten a cabinet, merely remove the 
standoffs from one end of each bracket, cut the 
brackets to the desired length, and remount the 
standoffs in the ends. 
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What a Combination! 

Whether you're looking for a 
complete "TR-7 System," a TVI 
Filter, an Antenna Tuner or the 
famous Drake C-Line - If 
Drake makes it - Clegg has it! 

Call us today for all of your Drake 
ieeds. CLEGG and DRAKE guar- 
antee you'll be satisfied! 

Communications Corp. 
191 1 Old Homestead Lane 
Lancaster, PA 17601 
(71 7) 299-7221 

The process of lengthening a cabinet is just a little 
more involved. If materials are available, just make 
longer brackets. However, if you don't have a piece 
of U-channel long enough to make four new brackets 
you can use four small pieces and add to the length 
of the existing bracket. This approach will require 
more work, but could be the most expedient and 
most economical under certain circumstances. 

First, cut and fashion four extension brackets for 
the desired added depth. Remove one of the end 

This photograph illustrates a false panel speaker grille using 
standoffs mounted on an end plate. 

plates. Insert adequate lengths of threaded screw 
stock (I favor 10-32 [M51), into the ends of the brack- 
ets to be lengthened. Leave about 12.5 mm (112 
inch) protruding. Screw the extension brackets onto 
the exposed screw stock. Now comes the only tricky 
part: when the two brackets are snugged up tight 
against each other, they should be aligned. If they do 
not align, insert a piece of metal shim stock or a thin 
washer between the two pieces and try again until 
alignment is achieved. Mount the other end plate on 
the extended brackets. If desired, one end plate can 
be used as a subpanel for false front panels or 
speaker grilles. This is accomplished with metal 
standoffs. 

The only item which might prove difficult to pro- 
cure is the aluminum sheet used for the chassis and 
end plates. Sheet metal dealers will usually sell rem- 
nants at scrap value. Scrap metal dealers sometimes 
have acceptable pieces. Your best bet is to get out 
and browse around to see what is available. 

It's my hope that this article has provided you with 
a basic method (plus some variations) for relieving 
"cabinet frustration syndrome." 

ham radio 
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ERICKSON'S 
MOVED! 

Come in and see our new, 
bigger, and better store. 
Just a few blocks south of 
our old location. 
YOU'LL FIND the best from 

l AEA l Ameco l ASP l Atlas 
l Beiden l Bencher l Bird 
l CDE l CIR l CES l Cushcraft 
l DenTron l Drake l Hy-Gain 
a lcom l KLM l Kenwood 
l Larsen l MFJ l Midland 
l Mosley l NPC l Newtronics 
l Nye Palomar l Regency 
l Shure l Swan l Standard 
l Tempo l Ten-Tec Tonna 
l Transcorn Wilson l Yaesu 

NEAR CHICAGO? 
COME IN AND SEE US! 

Tim WBBSBLand Mlks WNBANF 
sewing you! 

, --- 

CALL TOLL FREE 
FOR THE ERICKSON PRICE! 
ILLINOIS. OUTSIDE 3 1  2 1 8 0 0 )  9 7 2 - 5 8 4 1  
OUTSIDE ILLINOIS cewl 62 1 - 5 8 0 2  

Hours: 
9:30-530 Mon.. Tuas.. Wad. 6 Fri. 
9:30-9:00 Thursday 
9:oo-3:00 Saturday 

Modrl ISW - Binourol Syn,hc~izcr-Filter ~ i t h  Tone-Tql 
Uses 8 "0"  Cel l> - LC%% Botler iel  SE5.Wppd. U.S. 

Model 1501 - Require% I? to I S  volt DC inpula I W  mo. 
"om. (inlcrnol rcgulolionl S89.00ppd. U.S. 

Woll Tran,formc. 115V AC wpply r d e d  01 12 vollr, 350 ma. 

. . .  lor utc with Model I501 or s4,vs 

. .  
GET BETTER THAN I W  HZ EFFECTIVE SELECTIVIW O N  CW, A SELECTABLE NOISE BANDWIDTH OF LESS THAN I50 HZ 
PLUS PERIPHERAL HEARING IN BINAURAL SOUND. ALL WITHOUT LISTENING THROUGH THE TINKLING ROAR 

. .  OF t. NARROW-BAND FILTER OR FUSSING WITH SELECTIVE SOUELCHSYSTEMS. EXPERIENCE THE BINAURAL 
FUNCTION O N  SIDE BAND VOICE . . .  Just connect to yov. rsccivcr'r h-dphone oc sp-ksr j ~ k  and dug in two a o)m I . . .  oddltimol iack provided et lower power to potact your stereo hcodso. I I Ssc HR mogorina ~ r l i c l s *  on Nor.'75 and N a . 7 6  . . .  Ask for wr note on listening with binourol and Tone-Tog sysronr 

I I 
1 (HILDRETH ENGINEERING BOX 60003 SUNNY VALE ~ ~ 9 4 0 8 8 1  

CURTIS LSl's 
help you 

/- 

speak -- 
a- 

r 8044; Keyer-On-A-Chipb (rpbcer sots). S14.95 
Apr '75 MR. Feb '76 OST. Radlo Ybh '75. A p  IMbk '17.71 

+ 8044-3; IC.PCB,Socket.Manua1. ..... .24.95 
8044-4;  Semi.Kil ................ .54.95 

* 8045; Morse Keyboard-On-A-Chip IC ... 59.95 
8045-1;  iC.PCB,FIFO.SOCketS.Manual . . 89.95 

............. + 8045.2; SernkKi l . .  .159.95 
.... r 8046: Instructokeyer.0n.A-Chip IC 49.95 

.............. 8046.1; Semt.Kit.. .79.95 
8047;.Message Memory-On-A-Chip IC . . 39.95 
8047-1;  IC.PCR.RAM.Sockets,Manual. .69.95 

(166 S l  75 an above lor porlqs and handllnq) 
...... EK-430; CMOS Keyer* (Fsb'76OSr) 124.65 

lK.440A; Instruclokeyer' (~a1,760sr). .. .224.95 
'now wlth dash memo* e rlrndnd 

Svstem 4 0 0 0  Ham Cornouter ImJ In '78  osn fwr l le l  

.Bremdbmndod J-4OMha. 
HI-0 

*SnmII, lighl, . n m t h e r - ~ d  

.l:l lnpedmr*. rill- "-4.. .- 

.naphres eswfer I n s m l ~ u  I -~ - -  

-HeIPs ellmlnmfe TVI 

.Crlly Owrmnteed s9.95 , 
Van PCD 

Garden 
Engineering 
BOX 21305, I. IUCLID, OHIO 44111 - - - - - -- - - . 

. .  I New I T E M S .  New B A R G A I N S !  I ( FREE U P O N  REQUEST! 
Send lof l .~y lor FREE copy o l  

C u r l s  Electm Dcvlces. Inc. 
L p t  H 1415) 984 3135 !a 
Box 4090. MlnDkl  VKw. CA 94040 

' our l i t t l e  boxes 
replace a lo t  of cable ! 
. s e l e c l  a n y  o f  f l v e  a n t e n n a s  a1 t h e  

t u r n  o f  a k n o b ,  w l t h  l u s ~  o n e  
f e e d l ~ n e  a n d  a c o n t r o l  c o b l e  t o  
t h e  r e m o t e  s w ~ t c h ~ n g  u n t t  - 

. s a v e s  c o a x ,  s l m p l ~ f ~ e s  s t o t l o n  l a y o u t .  

J . h a n d l e s  4 k w  P e p . 
. o t h e r  m o d e l s  lo n l n e  p o s l t t o n s  

- - ,  
m o d e l  s w - 5  h e a v y  d u t y  - 

R E M O T E  C O N T R O L L E D  A N T E N N A  S W I T C H  - $ 1 3 5 0 0  p lus  $ 3  s h l p p i n g  a = . o r d e r  d i r e c t  o r  w r i t e  f o r  b r o c h u r e  - 
ANTENNA MART 5 1 5 - 2 9 2 - 7 1 1 4  

box 1010.  I.S.U. s l o l i o n ,  a m e s ,  i o w o  5 0 0 1 0  
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MICROWAVE MODULES LTD. 
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digital circuits - propagation delay and flip-flops 
So far, the basic gate has been examined under dc 
or static conditions. This part will discuss dynamic 
conditions of switching, propagation delay, and the 
most simple flip-flop, the latch. 

All digital devices have delay from internal charge 
storage. Input and output may switch rapidly, but 
the delay between input transition and output transi- 
tion is usually longer than the transition itself. Fig. 1 
is an example of dynamic conditions in a simple 
Inverter. 

The term t p  or t d  is associated with propagation 
delay and will have a number of different subscript 
letters to distinguish different types of delay. A table 
in the front of the Texas Instruments TTL Data Book 
lists most of them. The term propagation is used, 
since the input-to-output path within a device may 
go through several stages. 

The inverter shows only two delays. t p ~ ~  is the in- 
put transition-to-low delay to output transition-to- 
high state; t f i ~ ~  is the opposite. They may occur at 
different times. Measurement is made at half ampli- 
tude between maximum low-level voltage and mini- 
mum high-level voltage. 

Output-state transition time is also listed, almost 
always at a specified load of maximum capacity. 
Load capacity affects output transition delay strongly 
but has only a slight effect on propagation delay. 

Multi-function devices have a number of different 
delays. Data sheets must be carefully studied to 
understand the effect of delays on the overall circuit. 
Lack of understanding of delays can waste a lot of 
debugging time (most times are too short to measure 
on inexpensive scopes) and also can cause a circuit 
to fail entirely. Delay time can't be underestimated! 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 

the RS latch flip-flop 
Fig. 2 shows the block symbol, waveforms, and an 

equivalent circuit constructed of NAND gates. The 
RS term comes from reset/set. A flip-flop is a bi- 
stable circuit (stable in two conditions) and is either 
set or reset by an external input. Because it's bi- 
stable, it's said to be latched in one state or the 
other. 

The circuit of fig. 2 has active low set and reset in- 
puts, indicated by inversion bubbles on the symbols. 
Outputs are not shown with bubbles, since the flip- 
flop is a bistable device. 

Flip-flop terminology som~etimes refers to the Q 
output as true, a as false, or NOT. Output-to-input 
cross-connection would appear to create an oscilla- 
tor. This would be true with linear devices, but it's 
the key to holding a bistable condition with digital 
devices. 

Assume initial conditions of both inputs and Q 
high, a low. NAND gate GI is held high by the low 
from G2. G2 is held low since both inputs are high 
(the NAND RULE). The initi~al state is stable. Either 
output could have been higlh at power turn-on, de- 
pending on which gate was the fastest. 

The first S low input does nothing; GI is already 
held high. The first R low will1 force G2 high. G1 then 

'PLH 7 +-- -+ 

I I 
'PHL 

TIME --+ 

fig. 1. Propagation delay of an inverter. 
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goes low, since all inputs are high and the latch has 
flipped to a reset condition (Q low). This is the other 
stable condition. 

Note the exaggerated time delays and sequence of 
changes. Each input must hold at a low state long 
enough for both gates to change state. Flip-flop spec 
sheets will give this parameter of time as thold 

A following ?I low will do nothing: the latch is 
already reset. A second low will force GI high. G2 
will go low since all inputs are high; the latch has 
flopped into a set condition. 

What happens if both inputs are low? Both out- 
puts will be forced high as long as that condition per- 
sists. The unknown condition occurs when both in- 
puts return high. Either stable condition could occur 
and, as in power-on, it depends on which gate is the 
fastest. This is the indeterminate state and should be 
avoided. 

a switch debouncer 
All switches and relays, except for mercury wetted 

types, have contact bounce. Contact bounce is the 
opening and closing of contacts because of mechani- 
cal vibration. It lasts between 0.2 and 50 milli- 
seconds, depending on construction, and can raise 
havoc with certain digital circuit inputs; a cure is 
found in fig. 3. 

fig. 2. Simple RS flip-flop latch symbol, circuit, and 
waveform. 

The RS latch is an interface between the switch 
and controlled circuit. The grounded switch arm pro- 
vides the active low latch input signal. Pull-up 
resistors provide a high state for open contacts. The 
4.7k pull-up is for TTL; CMOS values can range from 
'5Sk to 270k. 

Contact bounce still exists, but the controlled cir- 
cuit does not see it. The firsl: contact closure will flip 
the latch. Subsequent bounce will not affect the 
latch as long as the switch is break-before-make. 
Compare this circuit with that of fig. 2 for full 
understanding. 

GOES LOW WHEN 
SWITCH OEPRESSEO 

GOES HIGH WHEN 
SWITCH OEPRESSEO 

\ / O P E N  

- -  
L-- - 

BOUNCE BOUNCE 

NORMALLY-OPEN CONTAL'I 

fig. 3. Switch debouncer. 

Fig. 3 could be made with CMOS NORgates, 
switch arm to V,, and pull-down resistors. Try this 
on scratch paper. A hint: Us'e the gate truth tables in 
Part 1.1 The same thing won't work well with 
TTL. Why? 

The difference lies in the high-TTL logic:O current. 
Pull-down resistors would Iiave to be 180 ohms or 
less for 0.4 volt maximum a t  1.6 mA. It's fine if you 
can afford to waste 28 mA when the pull-down is 
connected to V,,. A 4.7k pull-up resistor wastes 
only 1.1  mA. 

Can a single-throw switch be substituted? The 
thought comes to mind that an inverter could be 
used for the other latch input. Sorry, this won't 
work; the same bounce is repeated in the latch. A 
single-throw switch can be applied only to static 
switching inputs or those unaffected by bounce. 

clocked flip-flops 
The term clock refers to <a timing signal and came 

from early computer work, when the clock synchro- 
nized all functions. Applied to flip-flops, the clock in- 
put is really a trigger to initiate a change of state. 

Fig. 4 shows the most common clocked flip-flops, 
the JK and D, in symbolic: form with truth tables. 
Two things should be noted here: These truth tables 
are time-dependent, and the clock input may or may 
not have an inversion bubblle. The clock edge is the 
trigger. A positive-going (low-to-high) edge is shown 
direct as in the D flip-flop. A negative-going (high-to- 
low) edge is shown with the! bubble. 

J, K, or D inputs are control or data inputs. Each 
truth table shows the effect of these inputs on the Q 
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output after receipt of a clock edge. If both J and K 
are held low, Q of the JK does not change. This is in- 
dicated by Q,. Holding one low and one high will 
force the 0 and 1 condition. With both high, Q will 
flip to the state opposite what it was before the clock 
edge arrived. This is what5, means. 

The D flip-flop is easier to understand. Its Q state 
takes the D input state after receiving a clock edge. 

lCLOCKl 

K a l a  

JK FL IP -FLOP 

0 0 
0 0 

(CLOCK) 

fig. 4. Symbols and truth tables for the 
basic clocked flip-flopri. 

Both flip-flops will change Q based on the control in- 
put state before a clock edge occurs. Control inputs 
do not directly affect output. * 

Clocked flip-flops require an additional time 
parameter: setup. J, K, and D states must exist a 
specific minimum number of nanoseconds before a 
desired clock edge occurs. Too short a setup time 
will result in skipping a clock period for a Q state 
change. 

An output state change is sometimes called tog- 
gling. A JK with both inputs high will toggle on each 
clock. Output period will be twice clock period, and 
the flip-flop becomes a divide-by-two device. Con- 
necting % to D in a D flip-flop will accomplish the 
same function. 

Both flip-flops may have direct set and reset in- 
puts. These override any clock input and may occur 
at any time. As such they're sometimes called asyn- 
chronous. Terms vary and set is sometimes preset; 
reset is sometimes called clez~r. 

The next part of this series will look inside clocked 
flip-flops, present NAND gate circuits, and discuss 
timing. 

'Some old JK types did flip when both .I and K changed together with the 
same state. 

reference 
1. Leonard H. Anderson, "Digital Techniques, Basic Rules and Gates," 
ham radio, January, 1979, page 76. 

ham radio 
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integrated circuit tone generator 

The MKS85186 as shown in the 
February, 1977, issue of ham radio, 
can be used to make a very simple, 
inexpensive, and reliable tone en- 
coder. In fact, with the exception of 
the addition of the transmitter keying 
relay and driver transistor, the circuits 
shown have been taken directly from 
the Mostek data sheet. 

A couple of additional comments 
are in order, however. First, it is 
usually inadvisable to feed the en- 
coder's output into the microphone 
line as indicated in the article. The 
pre-emphasis in the audio amplifi- 
cation circuits will distort the level 
differential between the high and low 
group tones, which should be on the 
order of 3 dB. Thus, the levels actu- 
ally transmitted, i .e. ,  presented to 
the decoders at the receiver, will not 
be correct and decoding difficulty 
may result. In order to use the micro- 
phone input, some kind of rolioff cir- 
cuitry is necessary, and this adds to 
the complexity of the overall encoder. 

A second problem with using the 
microphone input is that of back- 
ground noise; the tones receive as 
much amplification as the ambient 
noise. Since the output of the 
MK5085186 is on the order of 700 
millivolts for the low group and 1100 
millivolts for the high group, these 
high-level signals do not need high 
amplification. 

The chip was primarily designed 
for telephone application, and to feed 
a load of approximately 600 ohms. In 

the telephone application, a conve- 
nient output load is the telephone line 
itself. However, the line is also the 
power source. With this background, 
it is easy to see that the chip really 
prefers to deliver its output right into 
the power line. Using an independent 
power source, this characteristic can 

power where the 12-volt line enters 
the rig, and not directly from the rig's 
power supply. The temptation to do 
the latter may be great in view of the 
less-than-10 volts allowed by the 
MK5085J86. The diode in fig. 1 is 
not really necessary if power is taken 
directly from the car battery, but it 

I N 4 0 0 1  

MK5085/86 
52559 

fig. 1. Diagram of the meth- 
od used to eliminate tones 
from the power line. 

be ignored. Powered from the radio, 
however, the effect will be to modu- 
late the entire primary power. In 
short, the tones will wind up in all 
kinds of places where you don't want 
them. 

A simple solution is shown in fig. 
1. A large capacitor will swamp the 
tones, provided the power source 
impedance is low enough; take 

should be noted that the MKS85186 
is (mostly) CMOS and can generate 
appreciiable spikes. 

I prefer the AM1 S2559 over the 
Mostek 5085/86 primarily because of 
its ability to stand power of up to 15 
volts, eliminating the need for the 
Zener and dropping resistor shown in 
fig. 1. The S2559 is pin-compatible 
with th~e Mostek chips and can direct- 

fig. 2. Schematic of a more 
satisfactory method for 
generating a variable drop- 
out time. CR1 through CR3 
are all IN914 diodes. R3 is an THRESH 

appropriate current limiting 
resistor for the LED used. 
The maximum operating 
current permissible for the 
relay is 150 mA. Varying the 
1-megohm resistor wil l  
change the dropout time 
from approximately 0.1 to 
1 second. 
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ly replace them. It is also driven from 
the standard 3.58-MHz color-burst 
crystal. Aside from the wider power 
tolerance (down to 3 volts or so), 
there is yet another advantage: The 
S2559 can be used with either a Class 
A or 2-of-8 (or 2-of-7) DTMF key- 
board. The choice of which Mostek 
chip to use is dictated by the key- 
board key configuration. 

A final observation concerns the 
transmitter keying arrangement 
shown in the article. It will work, and 
is simple and inexpensive, but it does 
have a potential drawback. The two- 
second time delay is too long (easily 
changed by choice of capacitance), 
but it is not very constant or reliable. 
This could cause problems when the 
circuit is used with an autodialer or 
repertory dialer. 

In my opinion, a better (and only 
slightly more expensive) arrange- 

is low, holding the threshold voltage 
at pin 6 of the 555 low. The trigger 
voltage at pin 2 of the 555 is also 
low, the capacitor having discharged 
through the timing resistors. The 555 
output, pin 3, is high (because trigger 
went low), charging the capacitor 
through CR2. This does not change 
the timer state, even though trigger 
is now high, because threshold stays 
low. The 555 is stable in this state: 
threshold low, trigger high, output 
high, and capacitor charged. K1 is 
not energized. 

When a key is pressed, the MUTE 
output from the encoder goes high, 
tripping the threshold of the 555 and 
driving the output low. This energizes 
K1. Full charge is maintained on the 
capacitor through CR1. When the 
key is released, the capacitor begins 
to dischage through the timing re- 
sistors. If no key is pressed before the 

12 

I I T I M E R  
* O L D  

fig. 3. Circuit for a complete tone decoder. The AM1 S2559 is a pin-for-pin replacement, 
featuring the capability of a higher input voltage, 15 vs 10 volts. Pin 15 is grounded for dual 
tones only. When left open, a single tone is generated when two keys in the same row or 
column are generated. For all practical purposes. the 330-ohm load resistor on pin 16 can 
remain the same value when Vdd is changed, though the optimum value is 270 ohms for a 
12-volt supply and 628 ohms for a 5-volt supply. I f  an audible side tone is desired, a 4- to 8- 
ohm speaker can be inserted in the supply line. 

ment can be made using the work- 
horse 555 timer. The circuit, as 
shown in fig. 2, gives an easily ad- 
justable hang time of from 0.1 sec- 
ond, to about 1.1 seconds, by adjust- 
ing the 1 megohm pot in series with 
the 100k fixed resistor. Once set, the 
hang time is extremely consistent. 

The circuit works as follows. With 
no key pressed, the MUTE output at 
pin 10 of the MK5085186lAMIS2559 

capacitor discharges to 113 Vcc (ap- 
proximately one time constant) the 
555 triggers, returning the 555 to its 
previously stable state. The capacitor 
recharges virtually instantaneously 
through CR2. If another key is 
pressed before the capacitor dis- 
charges to 1 I 3  of Vcc, it immediately 
recharges to full voltage through CR1 
and remains there until the key is 
released. 

CR3 is transient suppression for 
K1. I found it useful to use a rela- 
tively low-voltage relay with series 
resistance because fa) I got a real buy 
on 5-volt reed relays and (b)  by ad- 
justing the resistor the timing circuit 
will operate down to the lower func- 
tional limit of the 555 and the S2559. 
The LED anti its associated series re- 
sistor are optional. 

If this timing circuit is used with 
the MK508,5/86, an 82k resistor 
should be used in series with CR1. 
The MUTE output current is capable 
of providing 10 (The S2559 will 
provide a couple of mils.) However, 
since the capacitor never discharges 
below 1.3 L'cc and because the ma- 
jority of charging current comes 
from the 555, the 82k resistor sug- 
gested isn't really required. However, 
it is cheap insurance to protect an 
$8.20 IC. 

It is preferable to use a pot in 
series with the encoder output (see 
fig. 3). This provides both level ad- 
justment arrd isolation concurrently. 
Taking the output from a pot in the 
output emitter line (as shown in the 
article) is not recommended, as it 
more greatly affects the impedance 
the chip is working into. I have found 
a 25K pot to be about the right value, 
using it in place of the 20k isolation 
resistor previously mentioned. 

One final thought: A useful addi- 
tion would be to short out the micro- 
phone (or open the microphone audio 
line) when, the encoder is active, 
eliminating background noise. This 
can be done in a variety of ways, the 
most obvious being to use another 
pole on the keying relay connected 
to the 555 timer. 

Concerning the relay, the 10 mA 
operating current does not include 
the relay current. Care must be taken 
if a 9-volt battery is used; they're 
not made to drive current-hungry 
devices like relays. Also, the 10 mA 
figure is with Vdd equal to 6 volts, 
but the cirlcuit shows a 9-volt source. 
Under these conditions the current 
will be around 20-25 mA. 

Frank Bates, WGIPB 
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looking for the Foreign Callbook 
with alinost 285,000 calls, 
names and addresses of ama- 
teurs outside of the USA. 

U.S. Callbook $15.95 

Foreign Callbook $14.95 

(Plus Shipping) 

O r d e r  f r o m  y o u r  favor i te  e lec t ron-  
I c s  dea le r  o r  d l r e c t  f r o m  t h e  pub- 
Ilsher. A l l  d l rec t  o rders  a d d  $1.75 f o r  
sh lpplng.  l l l l n o l s  res lden ts  a d d  5% 
Sales Tax. 

RAOIO AMATEUR 

lake  wun. III. ~ ~ ) ( 4  

TR-7400A "KENWOOD" 
OWNERS: SCANNER KIT 

Installs completely ins~de rlg. No 
obtrusive external connectlons. 
Scans the complete band or only the 
portion you select on the MHz switch of 
your rlg (e.g. 144-148 or 146-148 MHz). 
Scan Irequency 1s displayed on digital 
readout. 
Two miniature toggle switches supplied 
w ~ t h  kit (scanner: on-011. scan-lock may 
be mounted externally or on the top or 
bottom cover of the rig. 
In the scanner otf mode the TR-7400A 
behaves normally. In the scanner ON 
mode the scanner locks up on an 
occup~ed frequency, pauses for a preset 
time (3-30 seconds) and then resumes 
scanning. This means you can eavesdrop 
all over the band w~thout lift~ng a finger. 
When you hear something interesting you 
flip the switch to the lock mode and Ihe 
rlg is ready to transmit. 
Scans at the rate of 50 kHz per second 
Complete with detailed instructions (even 
lor the beginner). 

Kit $39.95 Preassembted $59.95 
add $1 50 POSlaQe and handllnq 

FT-227 "MEMORIZER" 
OWNERS: SCANNER KIT 

Selectable sweep w~dth (up to lull band). 
Scans only the portion ol band you select 
Scans at the rate of 200 kHz per second 
Switch modilication on mike allows you to 
scan past, or lock on, any occupied 
frequency. 
Complete kit with detailed instructions. 
Installs inside rlg: no obtrusive external 
connectlons. 
Rig can easily be returned to original 
condition whenever desired. 
Scans to preset limits and reverses. 
Automatic bypass of locked lrequency in 
3-11? seconds unless you press lock-on 
switch. 
You can eavesdrop all over the band 
without l i f t~ng a I~nger. 

Kit $34.95 preassembled and tested $54.00 
add St 50 portage and handling 

-- - -- 

IC-22s Scanner Kits also available 
K I ~  $34.95; $54.00 assembled. 

add st 50 POSIA~) and nandlcng 

dealer lnaulrles lnvlted 

AED ELECTRONICS 
I 750 LUCERNE RD., SUITE 120, MONTREAL, QUEBEC, C A N A D A  H 3 R  2 H 6  

TEL. 514-737-7293 

GERMAN DEALER 
I 'm looking for a wholesaler or manu- 
facturer of transceivers and of all other 
accessories for Amateur Radio and CB. 
If you are interested in direct export to 
Germany, please send u s  your pro- 
posal. 
I am also interested in taking charge of 
an outlet, for example a dealership 
carrying your items, if possible wi th 
your participation. 

Amateur- und CB-Funk 
Orlsnbsrgsr Str. 58. P.O.B. 2226 
0 7600 Oltanburg. West Germany 

Karl Rauchallss. OF 9 UK 

"RUBBER DUCKIES" 
FROM 

g & C (lnnrmun~c.nt~on.: 
A MUST FOR 2-METER HAND HELDS 

Model Ocscrbptlon Price 
GC 1 5 16 K n t r r l ~ d  Stud Frts 

lLOm Molclrola and many 

GC 4 PL 159 ConnecIo~ 5 6 5 0  

GC 5  Type F Conneclor 101s 
Wal.on Id02 and Tempo 5 9 50 

E g ~ ~ ~ p m r n l  made In USA by OEM MFRS 

Send lo 
( I  I cc 2 G (L C C O M M U N I C A T I O N S  

730 Cottonwood Llncoln. NE 68510 
Arld 5 1  Oil I<,! hdndlcnq ~ n d  s t l # p ~ # l l q  
(Dedler and OEM RFOs Welcome, 

Iron Powder and Ferrite 

TOROlDAL CORES 
Wide selection - Large stock 
Fast, one-day service 
Technical data with each order 
Write for free Tech-Data Flyer 

12033 Otsego Street, ~ o r t h ~ o l l ~ w o o d ,  Calif. 91607 
In Germany. Eleklron~kladen. Wllhelm - Mell~es Slr 88. 4930 Detmold 18. West Germany 
In Japan Toyomura Eleclronlcs Company. Lld.. 7-9. 2 Chome Sola-Kanda Ch~yoda-Ku. Tokyo. Japan 



'NEW! NEW! 

FM2016A 
All Solid State-CMOS PL digital synthesized - No Crystals to Buy! 5KHz steps - 144-149 
MHz-HUGE YE" LED digital readout PLUS MARS-CAP and MULTIPLE OFFSET BUILT IN. 

5 MHz Band Coverage - 1000 Channels (instead of the usual 2 MHz to 4 MHz-400 
to 800 Channels) 4 CHANNEL RAM IC MEMORY WlTH SCANNING AND 
AUTO TRANSMIT MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO 
TUNING - TRANSMIT AND RECEIVE INTERNAL MULTIPURPOSE TONE 
OSCILLATOR RIT RF ATT DISCRIMINATOR METER - 1 6  Watts Output- 
Unequaled Receiver Sensitivity and Selectivity - 15  POLE FILER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END, COMPARE! 

Superb Engineering and Superior Commercial Avionics Grade Quality and Con- 
struction Second to None at ANY PRICE. 

INTRODUCTORY 
PRICE FMwc 1 '  M ~ o .  

$3590° 
phoM r l t h  au,t,.,n 
Twch Tonepad 
WHY BUY LESS? 

THE FMMC-1 
HAS IT ALL1 

New' Auto key up 
Snap-Actam K e y b u d  
Aat lml i)M1tm 

R . p u h t d  AC/PS balance 
Model FMPS4R . . . $39.96 . - • Usewtthanytrsnl~e~~ . only 3*".  2 .39.. 

SHOWN WlTH OPTIONAL pP-800 MICRO-PROGRAMMER' 

FREQUENCY RANGE: Receive and Transmit: 144.00 to 148.995 . TRUE FM: Not phasemodulation - fwsuporbemphesired hi-fi audio 
MHz. 5 Khz steps (1000 channels) + MARS-CAP and MULTIPLE quaI11y semnd to none. 
OFFSET BUILT IN. l RIT CONTROL. Used to improve clarity when contacting stations 
l HUGE W" LEO DIGITAL READOUT. with off frequency carrter. 
l 4 CHANNEL RAM SCANNER WlTH IC MEMORY AND AUTO MONITOR U M P S .  2 LED'S on lront panel indicate (1) inarming 

TRANSMIT: Program any 4 frequenc~es and reprogram at any ttme s~gnal-channel busy. and (2) Transmit. 
using ~h~fr~ntpanelcontrols-searchforoccup~edlclosedlchannel . FULLY REGULATED INTEGRAL POWER s u p p l y :  operating or vacant (went channels Internal NI-Cad lncluded to retam memory 
(no dlode matrtx to wtre or change) voltage for all 9v circults independently regulated. Massive 

l MULTIPLE FREQUENCY OFFSETS: NO CRYSTALS TO BUY - Commerc~al Hash F~lter. 

EVER Any offset any splltl 'Odd Ball"splits accornpllshed bydlgi- l 
COMMERCIAL GRADE CONSTRUCTION: Unit- 

tal programming Never any need for crystals1 lzerl modules ellmmate stray coupl~ng and factl~tate ease of maon. 
INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT IN: tenance 
Sine Wave 1750 Hz tone burst for ' whistle on operat~on'and sub. l ACCESSORY SOCKET: Fully wired lor touch tone. phone paah. 
aurltble lone operatjon Internal 2 posltton swllch for automatic and and other accessortes. Internal swltch wnnect l  receiver output to 
manual operatdon. tone burst or subaud~hle tone PL - adjuslable60- tnternal speaker when connector 1s not in usa. 
203 Hz (100 Hz Pre.Setl MULTI-PURPOSE METER. Triple Functlon Meter Provider 

AIRCRAFT TYPE FREQUENCY SELECTOR: Large and small Dtscr~m~nator Meter. "S" Resdtng on remlw and Power Out on 

coax~ally mounted knobs sale* 1OOKHz and 1OKHz steps Transmot 

respecttwly, Swlfches ~ 0 t h  a home position facilitate Ihan .25uvsensit'vity. l5 'OLE " " 

frequency changing w#thout need to v ~ e w  LED'S while drivlno and monol#thlccTvstel lttter and AUTOMATICTUNED LCcircults provide 

prov~des the stghtless amateur wtth full Frequency Selectton as superlor skin selectlvlw - COMPARE1 
standard equtpment. l HIGH/LOW COWER OLlTPUT 16 welts and 1 watt, swltch se- 
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND Iectrd Low power may be adlusted anywhere between 1 and 16 

TRANSMITTER CIRCUITS. DC output of PLLfedtovaractordiodes watts Fully protected - short or open SWR. 

10 all lront end RF tuned clrcults provldes full senstt~vity and 
RF  L've 'Ight next lo K'ng Repeaterand can'toperate' 
With the 2016A You Can - Just Ill& the RF A l l  sw~tch. Only the 

optlmum lnlermodulatson rejectoon over theenllre bend.APC(AUT0 2016A has t h ~ s  feature. 
POWER CONTROLJ - Keeps RF output ConStan1 from bend edge to OTHER FEATURES: Dynamlc Microphone. butlr ~nspeaker, mobile 
band edge. NO OTHER AMATEUR UNIT AT ANY PRICE hanhesw rnountrng bracket. external 5 pan accessoryjack. speaker lack. and 

features whlch are found In only the most sophistrested .nd much. much more S~ze 2% x 7 x 7%. All cords. plags, fuses. mrcro. 

expensive atrcratt and commercial transce~verr. 
phone hanger, etc. ~ncluded. Wetghl 5 Ibs. Re~lonal Sales bServ~ceCenlen - - 

E& Sanfaa Cornrnunra(tmr. IN 
r r l l v l ~ a  N j 
A)l, 5'74 m3 

Manufactured by one of the worl&s most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Lrd b,!8",uEzz Ew Ehmcs 
First in the world with an all solid state 2 meter FM transceiver. ~~9 3!?6 

The Radm S k q  
h%vt.rlon Otah 

AMATEUR-WHOLESALE ELECTRONICS E $ % h ? ~ ~ ~ - -  
GLy~::2Sml -cc 8817 S.W. 129th Terrace, Miami, Florida 33176 I ( ~ ~ r n t i n r  ohlo p& Hbh 4;'h7 

Telephone (306) 233-3631 Telex: 51 -5628 t rctrlxlc ~ r m ~ ~ w l -  

\ U.S. DISTRIBUTOR 
t+&P;;17Sk>ys Vlr%!nla 

DEALER INQUIRIES INVITED J 

More Details? CHECK- OFF Page 118 march 1979 91 



products 

For l iterature o n  any o f  t he  new 
products ,  use o u r  Check-Off 
service o n  page 118. 

NDI 800-channel 
2-meter transceiver 

NDI, Incorporated, of Torrance, 
California, has announced the 
HC-1400, a new, high-performance 2- 
meter fm  mobile transceiver of ad- 
vanced design. This microprocessor- 
controlled, digitally synthesized unit 
has 800-channel capability within the 
Amateur 144-148 MHz band, and 
offers 5- or 10-kHz channel spacing. 
A fast-acting, single-knob selector 
shifts LED digital frequency readout in 
10-kHz steps; the HC-1400 also has a 
100-kHz "speedup" button. 

Transmit frequency offsets are pre- 
programmed, and are switchable to 
plus or minus 600 kHz. Simplex oper- 
ation is also available. The HC-1400 
can be programmed to hold three 
transmit-receive frequency pairs in 
memory, with the capability of in- 
stant recall. The transmitter delivers 
25 watts output, and requires 13.8 
Vdc for operation. 

The receiver is sensitive, selective, 
and uses an FET front-end with three 
coaxial resonators. The dual i-f has a 
crystal lattice filter and multiple tuned 
circuits. 

For more information write to NDI, 
Inc., 22125% South Vermont, Tor- 
rance, California 90502. 

350-watt solid-state 
amplifier 

R.F. Power Labs, Inc., of Kirkland, 
Washington, is proud to  announce 
their newest amplifier, Model V350. 
This solid-state vhf amplifier is de- 
signed for the Amateur Radio 2-meter 
band, but can be used (on special 
orders) over a 5-MHz bandwidth 
from 135 to 170 MHz. It is capable of 
producing more than 350 watts of rf 
output power into 50 ohms when 
driven with 10 to 15 watts. The ampli- 
fier weighs only 23.5 kg (52 pounds), 
including the bui l t- in ac power 
supply. 

The V350 is priced at $895.00; de- 
livery is one to three weeks. For con- 

tinuous-duty operation the F135 (115 
Vac) or F235 (230 Vac) fan kit should 
be used, priced at $59.00 each. 

For more information, contact 
R.F. Power Labs, Inc., 11013 - 118th 
Place N.E., Kirkland, Washington 
98033. 

Cushcraft 
vertical antennas 

Many hams are convinced that to 
work a lot of DX they need a couple 
of thousand watts and a monster an- 
tenna array. While that undoubtedly 
helps, where is it written that the ham 
suffering from a money or space 
cramp can't compete for his day in 
the DXCC sun? 

The three new Cushcraft verticals, 
the AN-3,  AN-4,  and ATV-5, pro- 
vide a common-sense solution to a 
commonplace problem. Specifically 
designed for the DXer, these anten- 
nas provide the low angle of radiation 
necessary for long-haul DX commu- 
nications, along with the perform- 
ance and quality long associated with 
the Cushcraft name. The ATV-3, 
ATV-4, and A N - 5  operate over the 
10, 15, and 20 meter Amateur bands. 
The ATV-4 has built-in 40-meter cov- 
erage, and the A N - 5  is all set for 
complete five-band operation. 

All antennas feature a built-in 
PL-259 coax connector and stainless- 
steel hardware for all electrical con- 
nections; all are matched to 50 ohms 
and rated for a full 2000 watts PEP. 
Factory-marked tubing and plain 
English instructions make assembly 
a snap. 

Built to withstand the severest 
weather, the A N s  feature specially 
designed, high-Q traps employing 
large diameter enameled copper wire 
and solid aluminum, air-dielectric 
capacitors. The trap forms are manu- 
factured from fiberglass for minimum 
dielectric loss and high strength. 

Available from dealers worldwide, 
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the ATV-3, ATV-4, and ATV-5 retail 
for $49.95, $89.95, and $109.95 re- 
spectively. For more information and 
a full-color catalog highlighting the 
entire Cushcraft antenna line, write to 
Cushcraft, P.O. Box 4680, Manches- 
ter, New Hampshire 03108. 

B&K model 820 digital 
capacitance meter 

Dynascan Corporation has just an- 
nounced the introduction of the 
B&K-Precision Model 820 portable 
digital capacitance meter. The 820 
is a compact instrument capable of 
measurement over the wide capa- 
citance range of 0.1 pF to  1 farad. 
Accuracy will greatly exceed the tol- 
erance of most capacitors. The unit 
features a bright, four-digit LED dis- 
play for easy reading in laboratories, 
product lines, or field applications. 

The capacitance of virtually any 
capacitor can be measured quickly 
and accurately wi th the 820. Be- 
cause the accuracy of this unit great- 
ly exceeds the tolerance requirements 
of most users, required values can be 
"hand selected." Matched capacitors 
can also be singled out for use in 
bridge circuits and other critical ap- 
plications. Ten ranges cover from 0.1 
pF to 1 farad with resolution up to  
0.1 pF. 

The 820 allows quick measurement 
of unmarked capacitors or verifica- 
tion that a capacitor is within toler- 
ance. Virtually any type of capacitor 
can be measured, from miniature 
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ERC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 
WE'VE DONE IT FOR 1979 

F O U R  S I M U L T A N E O U S  F I L T E R S  I N  O N E  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  (SSB & CW) 
'PLUS A S P E C I A L  P A T E N T E D  CW P R O C E S S O R *  

-. .... . . . . . . . . . . 
i ~ M u i r a h l E o i i  ACTION OF A 6 POLE 2 0 0  Hz F I X E D  HIGH: 
PAS< FIITFR ANn A fi P n l r  1600 +I, F l x r n  LWPA<C FII-  . ... . - -~  . .. .~ 
TER-UI?~ - A  6 0  dB NOTCI< WHICH IS TUNABLE 0V fR  ii~ 

2 0 0 - 1 6 0 0  Hz RANGE. T H I S  3 F I L T E R  COMBINATION I S  UNBEATABLE FOR THE ULTIMATE II ORM FREE SSO 
RECEPTION. ADJACENT CHANNEL ORM I S  EL IM INATED ON THE H IGH AND LOW S IDES AT THC SAME T IME A l l 0  DOE5 
NOT INTRODUCE ANY HOLLOWNESS TO THE DESIRED SIGNAL. ON CW THE S L - 5 6  I S  A OREAM. THE LOWPASS. 
I ' IGHPASS A l l 0  NOTCH F ILTERS ARE ENGAGED ALONG WITH THE TUNABLE OANOPASS F I L T E R  ( 4 0 0 - 1 6 0 0  H z )  PRO- 
V I D I N G  THC NECDEO ACTION OF 4 SIMULTANEOUS F I L T E R  TYPES. THE RANOPASS WIY BE MADE AS NARROW AS 
1 4  Hz ( 3 d B ) .  ADDITIONALLY. A SPECIAL PATENTED C I R C U I T  FOLLOWS THE F I L T E R  SECTIONS WHICH ALLOWS 
ONLY THE PEAKED SIGNAL TO "GATE ITSELF"  THROUGH TO THE SPEAKER OR HEADPHONES ( 4 - 2 0 0 0  OHMS). 
RECEIVER NOISE. R ING AND OTHER SIGNALS ARE RE~IECTEO. T H l S  I S  NOT A REGENERATOR, BUT A MODERK NEW 
CONCEPT I N  CW RECEPTION. THE S L - 5 6  CONNECTS Ih  SERIES  WlTH THE RECEIVEF SPEAKER OUTPUT A110 DRIVES 
AllY SPEAKER OR HEADPHONES WlTH ONE WATT OF AUDIO POULR. REQUIRES 1 1 5  VAL. EASILY  CONVERTED TO 1 2  
VOC OPERATION. CCLL INS  GRAY CABINET AN0 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 D 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. VIIQIUIA IESIDEUTS ADD 6% SALES T A X .  

A T T N  S L - 5 5  O W N E R S :  THE C I R C U I T  B O A R D  OF THE S L - 5 4  I S  COMPLETELY C O M P A T I B L E  
W I T H  THE S L - 5 5  C H A S S I S .  O U R  R E T R O F I T  KIT I S  A V A I L A B L E  A T  U5.M) P O S T P A I D .  

n u o o n  
ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 

OF VSWR AND POWER ACCEPTED BY THE LOAD 

R E Q U I R E S  115 V A C  A T  L E S S  
T H A N  1/16 AMP.  
-- TWO 5 0 - 2 3 9  COAX CONNECTORS 

ARE A T  T H E  R E A R  P A N E L .  

C O L L I N S  G R A Y  C A B I N E T .  
W R I N K L E  P A N E L  - B R I G H T  

D I M E N S I O N S  3.5 x 5.5 x 7.5 

R E D  L E D  D I G I T S  ( . 3 3 " ) .  
I N C H E S .  

D E C I M A L  P O I N T  I S  T H E  
P I L O T  L I G H T .  W E I G H T  I S  2 POUNDS. 

1 . 8 - 3 0  M H z  

THE MODEL SL-65. ( 2 0 - 2 0 0 0  WATTS) AN0 THE ORP MOOEL SL-65A' ( 0 . 2 - 2 0  WATTS) D I G I T A L L Y  INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MODE -- SSB. CW. RTTY. U E t c .  THERE I S  NO CAL IBRATION RE- 
%)UIREO AN0 NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT I S  THE VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC .  P S T A N T L T  CAUSES THE VSWR TO BE O I S P U Y E O  THROUGH- 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE P O S I T l O l l  OF A FRONT PANEL TOGGLE SWITCH AND THE 0 1 5 -  

I S  CONSTANT YET FL ICKER FREE AS YOU KAY CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE I S  NOTHING 
L I K E  T H l S  QUALITY INSTRUMINT AVAILABLE WYWHERE ELSE. I T  I S  THE ONLY VSWR NET POW INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AND TRANSMITTEO POWER AT d E  TRANSMITTING. 
E ITHER M O L L  I S  A SOPHIST ICATE0  OEVICE CONTAINING FOUR C IRCUIT  BOARDS AND THIRTEEN INTEGRATED 
C IRCUITS .  

discs to pole-mounted power types. 
Even the small amounts of capa- 
citance encountered in cable or 

S L - 6 5  W A R R A N T Y  ONE Y E A R  S L b 5  
V S W R  INDICATOR NET POWER INDICATOR 

switches can be measured. 
For production-line applications, 

the 820 is an excellent means of pre- 
testing critical capacitors or accurate- 
ly adjusting trimmer capacitors. The 

TWO D I G I T  D I S P L A Y  S H W S  VSWR 

simplicity of operation allows even 
untrained workers to be quickly in- 
structed in proper operation. To facil- 
itate fast incoming component sort- 

", 

ing and selection, slot-type front 
panel lead-insertion jacks are used. 
The slot jacks eliminate the time- 
wasting step of guiding a capacitor 
lead into the type of small lead inser- 
tion holes commonly found on other 
instruments. 

In classroom applications, the 820 
can be used to verify capacitor net- 
work calculations by measuring the 
actual value of a network. The opera- 
tion of a variable capacitor can also 

T H E  POWER D l S P L A Y E O  I S  THE DETECTED 

be demonstrated, as can the temper- 
ature effects on a capacitor. 

The B&K-Precision Model 820 
comes wi th  a 26-page detailed 
manual. Optional accessories include 
the BP-28 rechargeable battery pack, 
BC-28 charger, and LC-28 carrying 
case. The 820 is now available for 
immediate delivery at local B&K- 
Precision distributors at a price of 
$130.00. For additional information, 
contact B&K-Precision, Sales De- 
partment, 6460 West Cortland Street, 
Chicago, Illinois 60635. 

T O  A N  ACCURACY OF  .1 FOR VALUES 
FROM 1.0 A N 0  2.2. ACCURACY 1 5  TO 
. 2  FOR VALUES FROM 2 . 3  TO 3 . 4  
AND T O  . 3  FROM 3 . 4  T O  4.0.  F R O n  
4 . 1  T O  6 . 2  T H E  I N D I C A T I O N  MEANS 
THAT VSWR I S  VERY H I G H .  

FOR VSWR VALUES NEAR 1.3, THE 
PGUER RANGE FOR A V A L I D  READING 
I S  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
H l G H E R  VALUES T H E  UPPER POWER 
L I M I T  FOR A F L I C K E R  FREE V A L I D  
R E A D I N G  I S  SOMEWHAT L E S S  ( 3 5  - 
1 0 0 0  WATTS FOR VSWR A T  2.0) .  

D I V I D E  T H E  ABOVE PGUER L E V E L S  
BY 100 T O  O B T A I N  THE PERFORMANCE 
OF  THE S L - 6 5 A  ORP MODEL. 

Yaesu two-meter 
transceiver 

P R I C E :  1 1 8 9 . 5 0  P O S T P A I D  IN USA (L C A N A D A .  VA. RESIDENTS ADO 45 S A L E S  TAX .  

BOOKLET A V A I L A B L E  A T  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  
52.00 REDEEMABLE TO - 
W A R D  PURCHASE. 

P. 0. B O X  2394 

PATENT PENDING. V I R G I N I A  BEACH, V I R G I N I A  23452 
TELEPHONE (8041 463-2669 
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A new state-of-the-art, two-meter, 
all-mode transceiver, the FT-225RD. 
has been added to Yaesu's quality 
line of Amateur Radio equipment. 

PEAK OF THE PEP FOR ANY MODULATION.  
T H I S  I S  THE POWER T H A T  T H E  TRANSMITTER 
I S  "TALKED"  U P  TO. D I S P L A Y  DECAY T I M E  
I S  ABOUT ONE SECOND. 

T H E  POWER D I S P L A Y E D  I S  T H A T  WHICH 
I S  ACCEPTED B Y  THE ANTENNA . (FORWARD 
L E S S  REFLECTED) .  

P W E R  I S  D I S P L A Y E D  ON THE SAME TWO 
D I G I T S  AS VSWR I N  TWO AUTORANGED 
SCALES.  2 0  T O  5 0 0  WATTS AND 5 0 0  T O  
2 0 0 0  WATTS. TR IPOVER AT THE 5 0 0  WATT 
L E V E L  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 .  

ACCURACY I S  TO 10 WATTS I N  T H E  L M R  
RANGE AND 100 WATTS I N  THE UPPER RANGE. 
O l Y l O E  POWER SPECS B Y  100 FOR SL-65A .  

The new transceiver covers the en- 
tire 4 MHz and provides for USB, 
LSB, CW, fm and a-m. Power output 
is variable, 1-25 watts. Squelch, VOX, 
PTT, semi break-in CW with side 
tone, and tone burst are standard fea- 
tures of the FT-225RD. A superb 
noise blanker permits mobile ssb 
operation, and a discriminator zero- 
center meter allows precise tuning of 
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f m  signals. Repeater splits are the 
standard 600 kHz; however, any 
split up  t o  1 MHz is possible wi th  op- 
tional crystal. Provision has been 
made for up  t o  eleven fixed channels 
using optional crystals. 

The transceiver uses high-quality, 
plug-in circuit boards throughout, 
and an optional memory unit enables 
the storage and recall o f  any fre- 
quency within the range of the unit. 
This allows instant programmable 
QSY t o  a favorite repeater or calling 
frequency w i t h  just a flick of  the 
switch. The digital frequency is ac- 
curate t o  0.1 kHz or t o  1 kHz wi th  the 
FT-225R. which offers the analog dial 
readout only and at slightly less cost. 

A built-in power supply provides 
taps for operation on 100/110/117/ 
2001220 and 234 volts 50160 Hz; dc 
operation covers 11.5 t o  16 volts, 
negative ground a t  6.5 amps o n  
transmit, 1.2 amps on  receive. 

A n  attractive, four-color brochure 
is available at  your nearby authorized 
Yaesu dealer or f rom Yaesu Elec- 
tronics Corporation, 15954 Downey 
Avenue, P.O. Box 498, Paramount, 
California 90723. 

second generation 
VMOS 

Siliconix has introduced the first of  
a new family of  high-current and 
high-voltage VMOS power fets, serv- 
ing both analog and digital applica- 
tions. The VNWGA has a rated out- 
put  o f  12.5 amperes, 80 volts, and 0.4 
ohms - about sixfold current in- 
crease over previously available units. 

The VNWGA, wi th  input power in 
the microwatt range, produces up  t o  
80 watts output at  lower frequencies, 
or as much as 50 watts at  30 MHz. 

I All Palamar E r q l n r n  poducta arm 
Md. In U.S.A Slnn 1 1 5 .  n u n u l r t u n n  
ol Amatbur Rdlo wqulpmml only. 

Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 

I f  there is one place in your station where you cannot risk uncertain results 
it Is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you i f  your antenna is 
resonant or not and, if it is not, whether i t  is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because i t  
gives perfect null readings even when theantenna is not resonant. I t  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 
Palornar Engineers R-X Noise Bridge. Use it to check your antennas from 1 
to 100 MHz. And use it in your shack to adjust resonant 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 $2.00 
i shippinglhandling. California residents add sales tax. 

Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 
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SPECIAL FEATURES - SO1 I O S l A i E  ELECIRONICALLY REGULATED 
t.OLO-BACK CURRENT LIMITING Prolecls Power Supply lrom 
excesslve current & conllnuous shorled oulpul. 
CROWBAR OVER VOLTAGE PROTECTION on Models RS.7A. 
RS-12A. RS.2OA. & RS-35A. 
MAINTAIN REGULATION & LOW RIPPLE a1 low line lnpul Voltage. 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

PERFORMANCE SPECIFICATIONS 
ASTRON 12 AMP REGULATE0 
POWER SUPPLY Model RS-IZA 

INPUT VOLTAGE. 105 - 125VAC 9 Amps c o n t ~ ~ u o u s  
OUTPUT VOLTAGE: 13.8 VDC 2 0  05vol ls  12 Amps ICS 
Ilnlernallv Adlustable: 11-15 VOCl 4" IHI x R" lwl  x 9' rm 
HIPPLE ~ e s s l n a n  5mv peak l o  peak l lu l l  load 8 low I lnel s n  b i n g  %elqni 13 Ibs '-' 
RF( i J~A l l 0h l  t 05 volts no load l o  tu  I oad 8 low lhne l o  hlgh lone Price . . . . . . . . . . . . . . S72.95 I I Other popular WWER SUPPLIES also available: (Same lealuresand spec~lbcal~onr as above) I 

'ICS - lnlermlllenl Communlcallon Sewlce (50% Duly Cycle) 
I f  no1 avallabls at your local dealer, please contacl us dirscllv. 

I -- -- 

A d d r e s s  - - - - 
I 

Sla le  - ZIP - I - t h r m n t e n n r  
m p s c i a l i e t e  co. I 

I . ,., . I  ... ' rn. l i l t " "  Clou.In; ' .  $ 3 .  I ,,.,,:._,. Ot.,,2.41"6 
8 .  . 1 .I1.II1, ... I I I 1 " % .  WI..lll"l* I 1  N."""ll 1,540 
<,,, ,<,> n c , . , . , , , , , , , , I .  6 ,$,,", ,,,, 

HAM RADIO 
BINDERS 
Don'l let your valuable 
Issues of HAM RAOIO get 
dog.eared or scaltered 
who knows where' Get a 
handsome, durable buck- 
ram bfnder from HUB 
CornDlete w ~ t h  dale labels. 
O H R - B O L  Each $6.95 

3 for $1 7.95 
TO order, lus l  send check. 
money order or credlt card 
~nformallon to 
(~nclude $1 00  shlpptngl 

Ham Radio's 
Bookstore 
Greenville. NH 03048 

This input power is several orders of 
magnitude less than that required by 
Darlington bipolars of equivalent out- 
put power, yet the new VMOS re- 
tains the benefits of fast switching, 
high gain, and high-input impedance 
that are characteristic of lower 
power VMOS units. The VN84GA 
also provides inherent fail-safe opera- 
tion with no failure from secondary 
breakdown and no thermal runaway; 
it has the ability to current limit by 
controlling the gate voltage. 

The VN84GA is meant to satisfy a 
designer's need for a universal high- 
power device for switching regula- 
tors, motor controllers, audio amplifi- 
ers, and as an interface for micro- 
processor logic outputs. It interfaces 
directly with CMOS, TTL, DTL, and 
MOS logic families. 

The VN84GA is available in a TO-3 
package from franchised Siliconix 
distributors. It is priced at $19.76 in 
single quantities. For additional infor- 
mation, contact Siliconix Incorpor- 
ated, 2201 Laurelwood Road, Santa 
Clara, California 95054. 

Newnes Radio and 
Electronics Engineer's 
Pocket Book 

In this, the latest edition of this 
handy pocket book first published in 
1940, author H. W. Moorshead has 
succeeded in keeping this standard 
reference book up to date. Obsolete 
material has been eliminated to make 
room for the most current informa- 
tion. The section on ICs, in particular, 
has been expanded to  cover the 
many recent advances in the field. 
Among the other topics contained in 
the book are transistor and diode data 
and basing diagrams, transistor cir- 
cuits, transformer data, and many 
tables of information useful to  the 
working technician and engineer. 
Pocket-notebook size (5 inches long 
and 3 inches wide), hard cover, 191 
pages. $5.95, plus $1.00 per order for 
shipping, from Ham Radio's Commu- 
nications Bookstore, Greenville, New 
Hampshire03048; order NR-PB. 
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soldering-tool holder 
and mini-soldering 
station 

EDSYN, Incorporated, o f  Van 
Nuys, California, announces a low- 
cost soldering tool holder which also 
serves as a compact soldering sta- 
tion. Designated the Idle-Rest TL194 
General Purpose Holder, the unit 
holds most available soldering tools 
due to its specially designed tool 
cradle. The exterior of the holder re- 
mains within safe skin-touch temper- 
ature limits because of the low heat 
transfer characteristics of the molded 
Bakelite housing. Also, an efficient 
heat shield and ventilating-grill sys- 
tem helps keep heat concentrated to 
the soldering tip area. 

The holder sits securely on the 
bench top without tipping. If desired, 
the integral fastener nut may be used 
for permanent installation to  the 
bench top. 

In addition, the holder contains a 
supply of desoldering wick and solder 
(included with purchase), parts or tip- 
storage tray, and a large tip-cleaning 
sponge which self-wets at the touch 
of a finger. The sponge may be re- 
moved if desired to obtain an addi- 
tional storage tray for components or 
soldering supplies. 

For more information, contact an 
authorized Edsyn distributor; for tha 
name of the one nearest you, write 
Edsyn, Incorporated, 15958 Arminta 
St.. Van Nuys, California 91406. 

Mirage MP1, peak- 
reading wattmeter 

Mirage Communications is now 
offering the MPI high-frequency 
(1.8-30 MHz) peak-reading watt- 
meter. It is designed to  provide the 
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SCR 
Repeater of Your Dreams! 

Like - 
Full Autopatch. wlth or wlthout Reverse patch and "Landline" or Radlo Remote Control o l  
the Repeater. 
Radio andlor Landllne Touch-Tone' Rsmole Control of  such repeater functions as HllLO 
Power. Patch InhlbitlReset; Switch ID Tracks; Repeater ONIOFF; PL ONIOFF, etc. 
65Wt. Transmitter! 
"PL"-CTCSS; HllLO Pm.; Mulll.Freg.; Up t o  4 diffemnl IDS: Aulometlc switching to 
"Emergency Power I D  when on battery pwr. 
Ultra-sharp 10 Pole Xlsl Filter. Xmtr. Xtal oven - for the "ultimate" in stability. 
Tlmeout.Timer Reset Tone Annvnciator. 
And many other "custom.designed" options per your request - such as auxiliary 
receivers. radio I~nks. etc. Please Inquire. 
Along wllh a complete llne of  Repeater System Acceeeories . . . such as - The Flnest 
Duplexers. Cavities. Cab~nets from 7 '  to 7'. Antennas. "Hardline". Cables, etc. 

nn ScRtoao - simply tho rhost npwtor ovo~~obk on tho morkot - obrolutolv Top Ourlltv throughout 
and o l t ~ n  compared lo (lesser lealuredl unlts $el ~ n p  lor 2 3 t,mes the prlcel Thls $ 3  a MWI un I. w~th a very 
sen3 lwe h selecllve receleer Included 0s a bul tnn AC Supply. NEW E~panded Memory CIN IDer. ILI meter. 
~ n g  and Iaghted slalus ndlcatorslconlrol pushb~ltons. crystals. local m C. etc 

Jdn Ih. thwsonds of ray p(oand S p c  Comm customm rorldwld. - knowledgeable Amateur Radio 
proups. Commerc.al 2X Rad o users. MI ftary 6 Government Agencies. Red Cross. Unwersotues. elc 
So, make your dnsm a reallly Cal or wr~le Spec Comm today Gfve us a,l 01 your repealer system r e .  
qu,remcnts - wnelher moonst. or Super De ure".and lel send youaquole 

'Registered Trade Mark of A.T.6T. 

I A Full Line of SCR1000 Re~eater Boards & Com~lete Sub- I 
Assemblies Are Also Available: inquire. 

Exporl Orders - Contac t  our In te rna t iona l  Department 

SPECTRUM COMMUNfCATfONS 
Dept. HM - 1055 W. Germantown Pk. 
Norrlstown, PA 19401 (215) 631-1 710 
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NOT TOOTING OUR OWN HORN BUT- 
WE TRY HARD TO PLEASE YOU v THE 
CUSTOMER ! ! 
F O R  F A S T  R E L I A B L E  D E L I V E R Y  A N D  S E R V I C E  
L E T  U S  S H O W  YOU OUR S T U F F  ! ! 

"c lz~at iccf  ~ C f c t ' t t w i c & "  
P O  B O X  7 0 5 4  
MARlfTTA, G E O R G I A  30065  
P H O N E  (404) 9 7 1 - 2 1 2 2  OR O U T S I D E  GA. (800) 241-4547 

ASK FOR N E I L  OR l U D l  
D E A L E R S  & DISTRIBUTORS F O R :  

* V H f  ENGlNEfRlNG 
eHAMTRONICS 
* P H E L P S  D O D G E  
* W A C O M  

wc aee€+C 

[ml m1 
a Z 

p :-:: A" , .. 
Zd. iccktatrd S. " 

dbCCaze ! , 
L.,,...!. . ~ ) ~ , l . p r . #  s c-#dm-8 

1 RECITAL THEATRE CONSOLETTE fl SPINET I 

Schober Organs 
I -and save 50% off store prices. I 
1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I - I ) m I I I ~ ~ q  

I This coupon will bring you the 
! fascinatins Schober color cata- ' log which-describes the organs 
I and shows you how easy it is to 
I assemble them from Schober's 

complete kits. Include $1 if you 
I want a 12-inch demo record. 
I 

The $&d& Organ COrp.. Dept. HA-1 I 
43 West 61.1 Stmet. N.w York, N.Y. 10023 I 
U Please send me the Schober Organ KII , Catalog. 

Enclosed is my $1 tor the 12-inchdemo 1 
record. I 

Name I 
Addr-s I 
citv s t a t e t i p  I 

Amateur Radio operator with a ver- 
satile fixed or portable wattmeter, 
without having to use cumbersome 
plug-in or add-on accessories. 

Thiee power ranges are available 
(25, 200, and 2000 watts), providing 
reading convenience whether you 
use it for low-power operation or with 
the biggest DX setup. The wattmeter 
will read both forward and reverse 
power at the flip of a switch. The 
MPI, like its vhf predecessor, the 
MP2, has the ability to display either 
average or peak power reading. The 
peak-reading feature is a must for 
ssb transmitters. The MPI also will 
display swr, which is measured di- 
rectly, without having to use extra 
charts or graphs. For ease of installa- 
tion, the MPI has a removable r-f 
coupling unit that may be placed up 
to 1.2 meters (4 feet) from the in- 
dicator. 

The MPI is portable, containing 
the latest in low-power ICs and pow- 
ered by a 9-volt battery. For long-term, 
fixed-station operation, an optional 
ac adaptor is available. A low-battery- 
voltage indicator has been built into 
the wattmeter to indicate when the 
battery needs changing. 

For more information please con- 
tact your local dealer or Mirage Com- 
munications, P.O. Box 1393, Gilroy, 
California 95020. 

J. W. Miller catalog 
A new 100-page catalog w i th  

specifications for more than 5,000 
coils, filters, and communications 

L m r m - - - - - - - - r - - r - - r m ~ ~ ~ m ~ m - ~ ~ m I m . I  
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essentials is now available from the J. 
W. Miller Division of Bell Industries, 
Compton, California. 

Newest additions to their catalog 
include direct reading SWRIpower 
meters, an rf speech-processor, and 
coaxial switches. Included also is the 
broad line of high pass, lowpass, 
audio, and ac power-line filters. 

Catalog 79 gives detailed specifica- 
tions for rf coils, chokes, filters, and 
related communication components. 
To assist in selection, coils are cate- 
gorized by frequency from 0 through 
500 MHz in the table of contents. 
Schematic diagrams for all shielded 
and unshielded coils, showing adjust- 
ment accessibility, are given. 

For additional information, contact 
Jerry Hall, Operations Manager, Bell 
Industries, J. W. Miller Division, 
19070 Reyes Avenue, P.O. Box 5825, 
Compton, California 90224. 

Astatic amplifying 
microphone 

A microphone designed for repeat- 
er-control and phone-patch opera- 
tions has been introduced by the 
Astatic Corporation, Conneaut, Ohio. 
It's the new Astatic T2M amplified 
microphone with touch-pad encoder. 

For fingertip convenience, the 
touch pad encoder is an integral part 
of the microphone itself. It has a tac- 
tile twelve-key keyboard and provides 
visual feedback through a front- 
mounted LED. 

Priced comparably to a conven- 
tional microphone, the T*M is of an 
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CUSHCRAFT 
IS THE HF 
MULTIBAND 
ANTENNA 
COMPANY. m 

4. 

ATBJA. Three Bond 

20 meters. 

0 Cushcroft frequency manufactures antennas which a full are range performance of high- 

engineered for the most discriminating amateur. 
For the amateur who demands top performance 
in a multiband Yogi beam there's the 
incomparable ATB-34 three-bond beam for 
broadband. high-gain coverage on 10. 15 and 

And for the Amateur with limited antenna space 
and budget who wants reliable, multiband 

radio communications there are three Cushcroft 
multibond verticals to choose from: the three- 

band AN-3 for 10. 15 and 20: the four-bond 
AN-4 for 10. 15. 20 and 40 meters: and the AN-5 

for low VSWR five-band performance from 80 
through 10 meters. HF 

Cushcroft high-frequency antennas are quality 
AN-4, Fwr ,, ,,,d engineered for top performance: they are often 

imitated. but never duplicated. 

dli!iii- UPS SHIPPABLE 

In Stock With Dealers World Wide Box 4680. Manchester, N. H. 03108 



NEW . . . . . .  Coaxprobe*. . . . . . NEW 
Coaxial RF Probe for Frequency Counters and 

Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

- . 

Only $12.95 
plus .50 postage 

FINALLY! A RF PROBE that lets you connect USE IT ON 2 METER RIGS TO ADJUST 
Into your coax cable for frequency FREQUENCY. The CoaxProbe* has a range 
measurements and modulation waveform of 1.8 to 150 mhz. 
checks directly from the transmitter. MONITOR YOUR MOOULATION 
JUST CONNECT THE CoaxPmba* into WAVEFORM. With an oscilloscope of prop- 
your transmission line and plug the output er bandwidth, you can check your modula- 
into the frequency counter or oscilloscope. tion lor flat-topping, etc. Ideal for adjusting 
Insertion loss is less than .2db so you can the speech processor. 
leave it in while you operate. NOW YOU CAN MONITOR SIGNALS when 
A NECESSITY IN ANY WELL-ORGANIZED connected to the dummy load, eliminating 
HAM SHACK, the CoaxProbe* eliminates unnecessary on-the-air radiation. 
"ierry-rigging:' and hassles when tapping AVAILABLE FOR THE FIRST TIME TO 
into the coax l~ne is des~red. AMATEURS. Try it for 10 days. If not 
A SPECIAL METHOD OF SAMPLING satisfied, send it back for refund (minus 
keeps output relatively constant with a wide shipping charges). 
variation of power. Power output of 8 watts Order today from: 
gives .31v out, while 800 watts will give 
1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts PEP Coaxprobe CO. 
rating too! 
'Trademark of CoaxProbe Co. lor rf sampllng devke. 

P.O. Box 426, Portage, MI 49081 
Q 1978 by CWPWM co Michigan Res. Add 4% Sales Tax 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal f i l ter is  stan- 
dard. Use w i t h  our CHAN- 
NELlZER o r  your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con. 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and bullt in  TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prlces start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

advanced design that has such high- 
quality features as a preamplified 
electret element wi th tailored re- 

MILITARY 
SURPLUS WANTED 
St.,,, e t ) ~ , , ,  ,+ ,mC I , , , , , ,  ~ ~ w r ?  Wqh- 
esl orli.t,i r v t - r  U S  M l l l l d r y  sur- 
p l u s  eslieclall) on Colllns equlpmenl 
or parts We pay lrelgnl Call collecl 
now lor our h q h  oller 201 440.8787. 

SPACE ELECTRONICS CO. 
d ~ v  ol Ml l l tary Eleclrontcs COrP. 

35 Ruta Courl. S. Hackensack. N.J. 07606 

DIPOLE /ANTENNA CONNECTOR 
avr gur IHQ 8 1  s,os,rv i,.c~ne,,,,r h i l l  

P, .',,.> , , , , ,v ,," t,."..,,"? ",,,,.," .s*m. 
<,,,,, <,,,,,,h.. ,,," #,#%t<,c,,L,s*, ,~>,,".<,.C* 

I.,i.,.nl,!l.L.ll A l  l. u l  13v.Ovll III S1 91 
po .,.. #d , ,.nlD".i,nn In..,,lrlorr ,,I11 

BUDWIG MFG. CO. PO R., 17". ~ a m o n a .  CA 11015 

Antenna Polar Plol Modeltng PrOgrarn *PPM 
Exper~ment wtlh mulllple drlven element anlenna 
destgn on your cornpuler 
See Ffsld Effects due l o  changing' 

Poldr~;dl~on 
Number o l  elemenls 

* Llernenls spaclng 
Elernenls poslllon 
Transrntss~on Itnes delay 
Drlve phaslng 

WPPM - Program Taps 6 lnrtructions . . . $35.00 
714-461-3927 

sponse and integral modulation con- 
trol; a digital, integrated tone- 
generator circuit with 3.5795 MHz 
crystal for stable frequency control; 
and a mixer amplifier with up to 15 dB 
gain for impedance matching and 
audio and tone mixing. 

The attractive Cycolac housing re- 
sists abusive treatment. It also fea- 
tures shielding to reduce external in- 
terference and rf feedback. The T2M 
operates from filtered 6 to 16 volt dc 
sources. Included is an eight-foot, 
three-conductor (one shield) cable 
and coiled cord. 

For additional information on the 
new Astatic T2M amplified micro- 
phone with touch pad encoder, write 
The Astatic Corporation, Conneaut, 
Ohio 44030. 

communications 
equipment catalog 

Harrison Radio is pleased to an- 
nounce the availability of the all-new 
1979 Harrison Radio Communications 
catalog. The catalog has 120 pages of 
illustrations, descriptions, specifica- 
tions, and prices covering several 
hundred transceivers, antennas, and 
accessories for  Amateur Radio, 
marine radio, business-band radio, 
public-service-frequency equipment, 
and CB. 

The catalog is free and available by 
writing to Harrison Catalog, 22 Smith 
Street, Farmingdale, New York 
11735. 

receiver preamplifier 
Telco Products Corporation an- 

nounces two new mobile in-line re- 
ceiver preamplifiers. Known as Mod- 
els VHF 144 and UHF 450, they are 
specifically designed for amateur, 
police, emergency, business-band, 
and Class A CB transceivers. 

These new computer-designed 
preamplifiers boost receiver sensi- 
tivity. A unique rf-sniffer circuit al- 
lows the preamplifier to  sense when 

GLB ELECTRONICS 
195?Cltnton St Buffalo N Y 14206 
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mit cycle. This feature allows the pre- 
amplifier to  be connected directly 
into the coax line with no modifica- 
tion to the existing mobile system. 

The VHF 144 has20 dB gain over a 
5-MHz band in the frequency range 
of 140-180 MHz. Model UHF 450 
features 10-12 dB gain over any 1- 
MHz band in the frequency range of 
400-512 MHz. The VHF 144 will safely 
handle transmitter output of 40 
watts, and UHF 450 will work with 
100-watt transmitters. 

Suggested retail price for the VHF 
144 is $49.95; and for the UHF 450 is 
$59.95. For additional information, 
contact Telco Products Corpora- 
tion, 44 Sea Cliff Avenue, Glen Cove, 
New York 11542. 

solderless breadboards 
Continental Specialities Corpora- 

tion is probably best known for their 
popular line of versatile and easy-to- 
use solderless breadboards. One of 
the best is their Proto-Board model 
203A, which is actually more than a 
solderless breadboard. In addition to 
offering a very large socket-type sol- 
derless breadboard array to work on, 
Proto-Board 203A has three separate, 
regulated, power supplies built into 
the box. They offer 5 Vdc at 1 per 
cent regulation and up to 1 amp of 
output current, and + 15 Vdc (nomi- 
nal) supplies, each good for 0.5 amp 
and each independently internally ad- 
justable over a 9-18 Vdc range. 

The statistics on the Proto-Board 
203A are impressive. The whole 
package measures only 25 x 17 x 8 
cm (9.8 x 6.6 x 3.3 inches). It fea- 
tures 2250 tie points for a 24-DIP (14- 
pin package) capacity. The + 5, f 15 
Vdc and ground connections are 
available at four five-way binding 
posts. The power switch and a power 
pilot are adjacent to the power supply 
terminals. 

The PB-203A is designed for 117 
Vac, 60-Hz operation and carries a 
suggested amateur net price of 
$129.95. For further information, 
contact Continental Specialties Cor- 
poration, 70 Fulton Terrace, New 
Haven, Connecticut 06509; or phone 
(203) 624-3103. 

More Details? CHECK-OFF Page 118 

CUSHCRAFT 
IS THE VHF-UHF 
ANTENNA 
COMPANY. 
Cushcrafl preclslon engineered VHF/UHF Yag~ beams 
have become the standard of compar~sion the world 
over for SSB ond CW operation on 6 meters through 432 
MHz. Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability. 

-7- -- 
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Cushcroft's Quad Arrays for 144. 220. 3 rn~ lo~11  rnct~vtti ot,ovc id Mu? whether 
and 432 MHz use four matched loc,>l rOgct,t?wlr ly 7, larig h ~ k r l  Dvifr the 

I I -element Cushcrafl Yagts and are hon;on L)X nrl n?wii.is n . ~ ~ ~ . .  t ~ w n  

the ultlmote In a hlgh-performance COIO~UII.V op l# rn l :~~  I:n rvnr8rnurn 
Yogl orrq These arruys have been loword gnrn watt, t3lgri fton! ttr)  oock 

carefully eng~neereci for maxlmum ~ ~ J ~ I I J  lht. h ~ u i y  v i l~ l l  D11-2ht h : l r i j  qruwn 
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UPS SHIPPABLE 

In Stock With Dealers World Wide PO. Box 4680. Manchester. N H 03108 



Here's a portable d~rectton f~nder  
that REALLY works-on AM, 
FM, pulsed s~gnals and random 
no~sel Untque left r ~ g h t  DF 

Repeater Jammers Running You Ragged? 

allows you to take accurate (up I 'q 

QUARTZ CRYSTALS 

to  ?"land fast bearings, even on 
short bursts. Its 3dB antenna 
galn and .06pV typical DF sen- 
s i t~v i ty  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 to  
within a few feet o f  the transmit- 
ter. I t  has no 180" ambiguity 
and the antenna can be rotated 
far horizontal polarization. 

4 *...- 
LC'~ me.. .  

..me am** ," * 
The DF is battery.powered, can be used with accessory antennas, and is 12124V for 
use in vehicles or aircraft. I t  is available in the 140-150 MHz VHF band and/or 
220.230 MHz U I iF  band. This DF has been successful in locating malicious inter- 
ference sources, as well as hidden transmitters in "T.hunts", ELTs, and noise sources 
in RFI situations. 

Price for the slngle band unit is $195. lor the VHFIUHF dual band unit is $235. plus 
crystals. Write or call for information and free brochure. 

L-TRONICS 
5546 Cathedral Oaks Road 

W6GUX (Attention Ham Dept.) WD6ESW 
Santa Barbara. CA 931 11 

Q ' I N  A HURRY" 

SINCE 1970 

CRYSTALS AVAILABLE FOR: 

CB - Synthesizers 

Amateur - HF, VHF, UHF 

Industrial 

Scanner 
Marine - LB & VHF 

Conversion Crystals 
Special Attention to R & 0. 

Micro-processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

CALL "BONNIE" FOR 
PRICES & DELIVERY 

VISA & MASTER CHARGE 
credit  cards accepted. - 

E 
CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 

GREAT CIRCLE BEARINGS 
$loo Poslpd8d Wl l l t lwlde IS2 lW'10,  il8: Mdl l l  $loo 
r Centeredon your O I H  Iilver ieluro bearlous also 
t 660 Locattons lhsted * IJ~sIances In mlles k km 

Bill Johnston, N5KR 

1 6 - POLE j?,?>=\ 
R-4C SSB!,L_I kA 

lmprwc !ha early llaqc rcIecuv8w of your Draks R-4Cwhile 
ddtng 8 a1dlllon.l wl- l l o la l  161 wnlh an ~nlsrn.lly-mount- 
Cd, m n ~ l l d b t ~  OLI of l tml  I F  crystal lille(l. Redwe ORM. 
leaksg~,  werlosd. Ideal lor DX and mntm work. Ovsrall 
Ihaue lsctor beffrr than 1.4. Marmum sknn ~ l ~ c l t v i l y  ~ 8 t h  
maxtmum ~ntc~ll~g~b~l~t~. Total lundwtdlh with CF 21KI8 :  
2100 Hz at €40. 29M) Hz st .W dB. M c d n t  varlablc hand 
wodth. Othar I!nndw#dlhs ma118ble. Ftlter y l  can be mounted 
in r n e l n r  arr t  relay rw~tched wach our k ~ r r  whach rtan ac 
533 m. 3 and 4 f,tt.t w,eh,ng option, can lnclvdr our 
CF 50016 andlor ex-t~ng B kHz Ilnt I F  Illter, a l l  8nlcmally 
mounfod. confrollcd lrom rear or front wnel USB and LSB 
CF 2 l K 1 8  palr 8 %  $120 W per MI. Money I w k  11 not v t l s  
l ied Adrt $3 ~ ~ p t * n q  wr order: 56 ovencas air. Dn lc r  4". 
4"lrin ~ I E O ~ T I C .  

1268 South Ogden St. 
Denver. Colo. 80210 

(303) 722-2257 1 6 a ~  

Just Release 
? 

CONFIDENTIAL 
l d e n t ~ f ~ e s  those th 

WORLD RADIO TV HANDBOOK 
The "b~ble"  of  the shortwave listener 
- most comprehensive directory of 
stat ions p lus last-minute in fo  o n  
skeds, new band allocations, best 
bands due to  sunspots. $14.95 ppd. 

SPECIAL COMBO OFFER: 
Both books only $20 ppd. molded. .e.~ed. w..th.rpmot, ramonam vmp. I"XB"-YOU wt .wlleh t o  band d e ~ C e d  tw .xs.tl.nt wo*~dwldo 

NEW FREE GILFER opmratlon - transmnth. and r.clevlnpl WT. LESS THAN 5 LBS. 

SHORTWAVE CATALOG 
180-80-40-20-16-10 bandl 2 trap--149 11 Wth 90 11. RGdeU - connector - Md*TTTBU . . .S64.96 
80-40-20-16-10 band. 2 tr.p -- 102 (1. wnh 90 n ucseu - sonn.ctor - ~ ~ d . 1  SSBBU . . .s49.95 

Receivers Arilennas . Preselectors 40-20-16 -10 band. 2 trap ---64ft. wnh 90 ft. RG6BU so.i - conn.nw - Modal 10018U. . .148.95 
Tuners Headphones Clocks Cali- 20-15-10 bands 2 trap --- 28 11. wnh 90 fl. RG5eu so.. - o o n n e n w  - Modal 10078U . . . . 147.95 

brators AM. FM 8 TV Director~es . Logs SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. CCannd. b 55.00 ..Ira for po.1. e 
and OSL Albums . Report Forms cl.rls.l - sumtom. - atc.1 or o r d r  using VISA 6.n~ A m n b d  - MASTER CHARGE - AMER !XI 



CommunicationsCenter CommunicationsCenter 
443 N 48th Street I WeSt 

Lincoln, Nebraska 68504 I 1072 N. Rancho Drive 
In Nebraska Call (402)466-8402 Las Vegas, Nevada 89 106 

@ -1 Antenna 
HY-GAIN Regular S p e c i h  

1 THE-DXX Su~er  Thunderbird $296.95 $209.95 
T H ~ - M K ~  3 e'le. 10, 15, 20 Mtr. beam 219.95 179.95 
Hy-Quad 2 ele. Quad 10, 15, 20 Mtr. 229.95 199.95 
TH3-Jr. 3 ele. 10, 15, 20 Mtr. beam 144.50 129.95 
18 HT Hy-Tower 10-80 Mtr. Vertical 299.95 259.95 
14AVQlWB 10-40 Mtr. Trap Vertical 67.00 57.00 
18AVTlWB 10-80 Mtr. Trap Vertical 97.00 84.95 
205 BA 5 ele. "Long John" 20 mtr.beam 289.95 249.95 
203 3 ele. 2 Mtr. beam 14.95 
205 5 ele. 2 Mtr. beam 16.95 
208 8 ele. 2 Mtr. beam 24.95 
214 14 ele. 2 Mtr. beam 31.95 

MOSLEY 
Classic 33 3 ele. 10, 15, 20 Mtr. beam 304.75 219.95 
Classic 36 6 ele. 10. 15, 20 Mtr. beam 392.75 289.95 
TA-33 3 ele. 10. 15, 20 Mtr. beam 264.00 199.95 
TA-36 6 ele. 10, 15, 20 Mtr. beam 392.75 269.95 
TA-33 Jr. 3 ele. 10, 15, 20 Mtr. beam 197.00 149.95 
TA-40KR 40 Mtr. add on 119.50 89.95 

CUSHCRAFT 
ATB-34 4 ele. 10, 15, 20 Mtr. beam 259.95 209.95 
ARX-2 2 Mtr. Ringo Ranger 36.95 32.95 
A147-20T 2 Mtr. Twist 59.95 52.95 
A144-10T 10 ele. Twist 2 Mtr. 39.95 32.95 
A144-20T 20 ele. Twist 2 Mtr. 59.95 52.95 
A147-1 1 1 lele. 146-148 MH2 34.95 30.95 
A147-22 Power Pack 22 ele.146-148 MH2 99.95 88.95 
A432-20T - 430 -436 MH2 20 ele. TWIST 54.95 49.95 
ATV-4 10.1 5,20,40 MTR Vertical 89.95 79.95 
ATV-5 10,15,20,40 MTR Vert~cal 109.95 94.95 

HUSTLER 
4BTV 10-40 Mtr. Trap Vertical 99.95 82.95 
RM-75 75 Meter Resonator 16.95 14.50 
RM-75s 75 Meter Super Resonator 31.95 27.50 
G6-144-A 6 db. 2 Mtr. Base Colinear 79.95 64.95 
G6-144B 7 db. 2 Mtr. Base Col~near 119.95 99.95 

W l LSON 
System One 5 ele. 10, 15, 20 Mtr. beam 274.95 239.95 
System Two 4 ele. 10, 15, 20 Mtr. beam 219.95 189.95 
System Three 3 ele. 10,15,20 MTR beam 179.95 159.95 
wV-1 Vert~cal 10-40 MTR Vertical 79.95 69.95 

CDE ROTORS 
18HT Ham Ill $1 25.00 T2X Tail Twister $225.00 

CUSHCRAFT 
ATB-34 

W e  carry all m afor brands of ham radio's 
- A T  D~SCOUNT PRICES 

Yaesu - Kenwood - Drake - ICOM- Dentron -- 
Ten-Tec- Swan - Tempo - Midland - E.T.0.- Wilson 

More Details? CHECK-OFF Page 118 march 1979 103 



CRYSTAL FILTERS and DISCRIMINATORS 
10.7 MHz FILTERS, 8 POLE 
XF107.A 14kHz NBFM 
XFIO7.B 16kHz NBFM 
XFlO7-C 32kHz WBFM 
XFln7.n 1 R k H 7  WRFM . . . - - . - .- . . - . . . . 
XF107.E 42kHz WBFM 

10.7 MHz  FILTERS. 4 POLE 
XM 107-SO4 14kHz NBFM $23.05 

OSCILLATOR CRYSTALS, 1 kHz t o  200 MHz available. Wri te 
for Data Sheet and prices. 

SOCKET (for XMI07.SO4) type DG1 $1.50 

10.7 MHz  DISCRIMINATORS 
XO107-01 30kHz NBFM 
X0107.02 50kHz WBFM 

l : x r ~ , w l  I,tqtt;rie$ lr8cited 

Shipping $1.50 per  fi lter 

432 MHz SSB TRANSVERTERS 
Use yout HF Transceiver on the 432 MHz band w8lll the addltion of the 
MMt432 linear Tranrv~rter. The MMt432 operates on all modes; SSB, CW, 
AM, FM. I t  tonlaanr BOTH the Itnear lmnsnril up.converler and the re. 
tewe dawn.convertrr. AII inlernal PIN dlode T/R connects lo your Trans- 
cetver T/R liae. The MMt432 i s  FTlOl and similar HF rig compatible. Add 
the 70/MBM48 MULTIBEAM 
Write for nppl~cat~on nale. 
Specifications: 
Output Power 10 W PEP 
Drive, 10 Meters % W max 
Receiver N.F. 3.0 dB typ 
Receiver gain 30 dB typ 
Prime Po~er  12 V D.C. 
Shipping: $3.50 
MMt432.28S $290.00 MM1144.28 $230.00 
MMt432.50 $299.00 Also Available: 
MMt43R-ATV $ 310.00 FMt440-146 $175.00 
MMt432.144 $340.00 QMt432.144 $175.00 

I RECEIVE CONVERTERS I 
MODELS FOR ALL BANDS 5 0  MHz  

THRU 1296 MHz. LOW NOISE OP. 

" TlONS AT 432 MHz. 

STANDARD I.F. 1OM. I.F. OPTIONS 6M & 2M AVAILABLE 
POWER 12V D.C. S h i p p ~ n g  52.50 
MMc5O N. F. 2.5 d b  typ. $59.95 
MMc144 N. F. 2.8 d b  typ. 559.95 
MMc220 N. F. 3.0 d B  typ. $69.95 
MMc432 N. F. 3.8 d B  typ. $69.95 
MMc432.S N. F. 3.0 d B  typ. $84.95 
MMc438/ATV Ch2 or Ch3 IF $94.95 
MMc1296 N. F. 8.5 d B  typ. 589.95 
- -- 

Send 30C (2 sl~mps) for full delalls of KVG crystal products and all 
your VHF & UHF rqulpmenl requirements. 
Pre-Selector Fillers Amplifiers SSB Transverlers 
Varactor Tri lers Crystal Fillers FM Transvertm 
Decade Pre-fcalers Frrqurncy Meters VHF Converlers 
Antennas O~cillator Crystals UHF Connrters 1-1 - 

International, Inc. 
Post Office Box 1084 

Concord Mass. 01742 USA 

Save 
$20 

I Motorola Motrac I 
U43HHT-1100E, 12 volts, 150-170 MHz, 40 
watts, Single Frequency, Fully Narrow 
Band, with accessories. 

NOW 

A l l  D a v i s  F r e q u e n c y  C o u n t e r s  d e l i v e r  l i ~ g h e s t  q u a l i t y  a t  
low cost. But S e r i e s  7200 p l u p - i n  or b a t t e r y - p o w e r e d  
Mini C o u n t e r s  a r e  truly n i i n i m a l  cost, g e n e r a l  p u r p o s e  
i n s t r u m e n t s  t h a t  s a c r i f i c e  no basic p e r f o r m a n c e  c h a r .  
ac te r i s t i c s .  No o t h e r  counter o f f e r s  such superior fea- 
tures at Mini C o u n t e r s '  prices. O n e  year w a r r a n t y  on 
assembled units. 90-day on kit components. 
2 MODELS: Kit $149.95 Assembled $199.95 

A l l  Metal Cabmet - 115 V or 12 V operation . 8 Digit .4" LED Display . Selectable Gale Timer. .I & 1 sec 
Crvstal Time Base (1 oom after cal.) . . .  1 OPTIONS: Portable w;~I.~ad Battery (Built.in ~harger)$39.95 

Cmtal Oven (1 ppm 10 to 50'C) $39 95 Handle $5.00 
I 

Order dlrect f r o m  factory. Add $3.00 f o r  shipping. $1 W extra 
for C.O.D.. and 7% sales tax  ~n N.Y. State. Pavrnent bv  certif ied 
check. money order. M lster Charge. VISA Credo1 r a t e d ~ c o m ~ n n ~  
P 0 accepted Money back Kuarnnlee 01  rel .$rned n good con 1 drtaon on 10 days K ~ l s  relurnable onlv unaswmh led  
For mo re  information, request FREE DESCRIPTIVE LITERATURE. 
o r  for in.deDth preview, send $3 00 for 32page INSTRUCTION 
MANUAL. Detailed. ~ l lus t ra ted.  Credlted agalnst purchase o f  
ei ther unit. 
? - -- 

DISTRIBUTOR INQUIRIES INVITED 

D A V I S  ELECTRONICS i 636 Sherldnn D r~ve .  Tonawanda. N.Y. 14150 7161874.5848 
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SOLAR CELLS 4 inches diameter 2 amps .4 volts $6.75 
each or 10 for $65.00 plus shipping. WBQDFS, 1742 Dowd 
Drive, St. Louis, Missouri 63136, (314) 522-6667. flea market 

' 1 4  Pin DIP extender cable. . 
1% 

36" long with MOLDED 
plug each end.  Highest Ffi-l, 
quality $2.00 ea. N> 

6 for $10 .00  

CARTRlVlSlON Video recorders, parts, accessories and 
service (408) 224-0606. 

FREE CATALOGS: P.C. Boards f rom artwork or 
magazine. 300 a sq. in. Also artwork, dr~lls, parts and 
klts. Hauck Electronics, 1928 Fairacres Avenue, Pltts- 
burgh, PA 15216. -- 

- - 

Molded bridge rectifier. 100 
volt PIV @ 2 amps. 4% ea. or 

5 for $2.00 ppd. 
WANTED. Any of Ihe fol owlng Items ot ml ltary s ~ r p l ~ s  
commdn cat lons eau oment AN ARC.5lBX. R 
7611ARC-58, T - 7 3 0 1 ~ ~ ~ - 5 6 ,  or Wilcox 607 AIB. Will con. 
sider non-working units in repairable condition. Geoffrey 
W. Jones PSC 3, Box 6. APO NY 09692. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 

Photocell -- first quality plastic 
encapsulated. Dark resistance 
1 0 0  megohrn; Lite resistance 150  
ohms. 20c ela. 6 for $1.00 ppd. ": RATES Non-commercial ads 106 per 

word; commercial ads 608 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad ( s u b j e c t  to our e d i t i n g ) .  Repeat inser- 
tions of hamfest ads pay the non- 
commercial rate. 

COPY No spec ia l  layout  or ar- 
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
capitals) and must include full name and 
address. We reserve the right to r e j e c t  un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

WANTED: Chassis for 'Broadcast Quality Telev~sion 
Camera' (Ham Radio. January 1978) with same spec~fica- 
tlons as shown in mechanical drawings for article. Will 
pay for professional-type job. SSGT Larry L. Garrison, 
PSC Box 2713. APO New York09123 

Single RCA type jack. High 
quality factory new. 15C ea. 

8 for $1.00 

7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 hi!lh. Real nice. 

7% each 

HAM STATION EQUIPMENT plus test equipment. Send 
SASE to Len. W1ZTL. 22 Abbott Rd., Waltham, MA 02154. 

SST ANTENNA TUNERS - your best buy. SST Elec- 
tronics, Box 1. Lawndale, CA 90260 

- 

ROHN TOWERS - Buy wholesale from World Wide 
distributor 25G sections $35.97 each - 45G sections 
$54.89 each. 100 foot tower kit $628.22. 48 foot fold over 
tower $515.50, freight paid - 40 foot free stand~ng BX 
$171.97 - H ~ l l  Rad~o, 2503 G.E. Road, Bloomington. IL 
61 701. (309) 663.2141 

SOLAR PANELS. Amateur group has l~mited number of 
very high quality panels for sale or trade for 220 rptr or 
rigs. Perfect for solar rptr. For info send SASE to Don, 
l lOAmigo Rd., Danville, CA 94526. 

Jumbo LEDs. . 2  inch diameter. Color- 
Red. Prime lactory units. Not seconds or 
retests. 20c ea. ppd. I 

- - - - 

4PDT Relay, 12  VDC coil, Potter 
Brumfield, 5 amp contacts, fac- f:G!b 
tory new of course. a beauty. Also (7 1 
available with 24  VDC coil. 

$1 .90  ea. ppd. 
4- QSL CARDS 5001$10. 400 illustrations, sample Bowman 

Printing, Dept HR, 743 Harvard, St. LOUIS, MO 63130. 
- 

EMCIRFI. Quick-Look analysis, low cost, military and 
commercial specifications. EMC Comp-U-Scan, Box 
861-A, Valley Forge, PA 19481. 

ELECTRONIC BARGAINS. CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo, industr~al, 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 

Vertical Mount Trimmer Pots - All higlhest quality. No 
junk. 100  - 1000 - 2000 - 
5000 - 101( - 20K - 25K - 
50K - 250K - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1 .OO ppd. 

VERY in.ter.est-ing! Next 3 issues $1. "The Ham Trader", 
Sycamore, lL 60178. - 
2FM - HR.212: 24 watts. 12 sets crystals. Microphone. 
Factory Service Manual. Excellent condition. $125, 
delivered. TR-2200A: Batteries, Charger. Microphone. 
Case. 11 sets crystals. Manual. Mint condition. $150, 
delivered. 2.5120 watt M-Tech Ampl i f ier ,  $27.50, 
delivered. W8QX, 467 Park, Birmingham. M~ch igan  
48009. 

FOR SALE: One G E. Master Pro in outdoor cabinet with 
duplexer. B. M. Ellison, 111, 222 Bramblewood. Surnmer- 
ville, SC 29483. 

-- - - - 

Highest Quality E. F. John- 
son Trimmc!r Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmftl. No junk. 
90c each; 1 0  for $7.50 ppd. 

EZ deals are the best! Try me and see for Yaesu, Drake, 
KLM, Swan, Cushcraft, DenTron, VHF Eng.. ICOM, CDE, 
Hustler, Wilson and more. Call, see or wrlte WOEZ, Bob 
Smith Electronics, RFD 3, Hwy 169 8 7, Fort Dodge, IA 
50501. (515) 576.3886. 

- 

RTTY PARTS AND MACHINES: Model 28RO's, KSR's, 
ASR's, typing reperfs, TD's. Gears - all mach~nes. 
Underdome reperf for 28ASR, single-speed, $285.00 PP. 
Auto CR-LF non-overline kit for M28. $12.75 PP. M28 
stand-alone TD, single-speed, $170.00 PP. Model 15 
covers, gears, etc. l4TD, $50.00 PP. MI4  keyboard typing 
reperf, $95.00 PP. Much more. Send SASE for complete 
list machines and parts. Lawrence R Pfleger. KgWJB, 
1715 E. McPherson St., Kirksville, MO63501. 

CANADIANS: 1,000,000 surplus electronic parts. Hun- 
dreds of lantastic bargains! Good deals on Yaesu & 
Icom. Free catalog. ETCO-HR. 183G Hymus Blvd., Pointe 
Claire, Quebec H9R 1E9. 

FOR SALE Excellent Ciegg FM-28 synthesized 2 meter 
FM transceiver 25 watts output and Clegg 12 amp 
regulated power supply $300. Excellent Ameco 
preamplifier Model PT-2 for 1.8 to 54 MHz $45. Shipping 
paid; offers considered. George Konnick Apt. C-5. 1750 
West Main Street. Riverhead, New York 11901. (516) 
727-6294. 

\ S;UPER-BUY - 5000 mfd. @ 
\ 4.0 volt electrolytic cap. factory 

nlew and complete w/all hard- 
\\\ .fS vuare. $1.35 ea. ppd. 

1 0 0 0  volt PIV 2 amp diodes .10 ea. 
MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessories. Literature. Estes Engineering, 930 
Marine Dr., Port Angeles, WA93862. 

8 8  mHy unpotted toroids 5 for $3.50 
RM.300 RTTY Modem, the complete TU and AFSK 
generator on one board. This modem featured Sept '78 
Ham Radio. Complete documentat~on $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com- 
plete RM-300 or RP-400 kit less PROM $71.25. PROM oro- 

SO239 Coax Fittings. . . . . . . . . 5 0 c  ea. 
PL259 Coax Fittings. . . . . . . . . 5 0 c  ea. Foreign Subscript ion Agents 

for Ham Radio Magazine 
Ham Radto Austria Ham Radto Holland 
Kann Uaber MRL Ectronjcs 
Postfaeh 2454 Postbus 88 
0-7850 Loerrach NL-2204 Delft 
West Germany Holland 

Ham Radlo Belglum 
Stereohouse 
Brusselsesleenweg 416 

Ham Radio Italy 

8.9218 Genl 
STE. VlaManlago 15 

Betglum 
1-201 34 Mtlano 
Italy 

Ham Rad~o Canada 
BOX 114, Goderlch 
Ontarlo, Canada N7A 3Y5 Ham Radlo Sw~lzerland 

Karl" Ueber 
Ham Radto Europe PoStfach 2454 

BOX 444 0-7850 Laerrsch 
S-19404 UpplandsVasby West Germany 
Sweden 

Ham Ra,l#o France Ham Radio UK 
ChrlstlaneMtchel P 0 Box 63, Harrow 
F-89117 Parly Mlddle~er HA3 6HS. 
France England 

Ham Radro Germany 
Karln Ueber Holland Rad~o 
Postlacn 2454 143Greenway 
0 7850 Loerrach Greenslds. Johannesburg 
West Germany Republic of South Africa 

grammed wltn your call $7 00 WA6DtvR Ecl~pse Commd. 
nlcat ons. 5 Westwood Dr~ve. San Ralael. CA 94901 

- 

Transformer: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 1 0  Amps intermittent 
duty. Ideal tor 2M rigs! $8.00 ea. ppd. 

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 921 18. 

MANUALS for most ham gear made 193717970. Send 
only 250 coin for list of manuals, postpaid. HI, Inc., Box 
H864, Council Bluffs, lowa51501. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863.7006 

FERRITE BEADS: wlspecification and application sheet. 
121$1.00. Assorted PC pots . 101$1.00. Miniature mlca 
trimmers, 3-40 pF. . 51$1.00. Postpaid. Includes latest 
cataiog. Stamp for cataiog alone. CPO Surplus, Box 189, 
Braintree, MA 02184. 

12690 ROUTE 30 
L NORTH HUNTINGDON, PA. 15642 

MOBILE HF ANTENNA. 3.5 - 30 MHz inclusive. 750 watts 
PEP, center loaded coil, tuned from the base, eliminat- 
ing coil changing or removing from mount. Less than 1.5 
l o  1 VSWR on all ham bands. $119.95 each - contact 
your local dealer or order from Anteck, Inc., Box 543, 
Jerome. Idaho 83338. (208) 324-3400. Master Charge and 
VISA cards accepted. Dealer inquiries invited. - -- - -  
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STREET ADDRESS mi7 ( 8 ) 2 3 j i . 2  

CITY STATE ZIP 
SPECIAL DISCOUNTS 

AE Vlsa 
PHONE CHARGE CARD # BA MC EXP. CIATE - 

Total Order Deduct 

C . O . D .  WILL C A L L  U P S  POST- NET 10th OF THE MONTH- PO # $35-$99 1 0% 
$1 00-$300 1 5% 

ALL ORDERS SHIPPED PREPAID - NO MINIMUM - COD ORDERS ACCEPTED - ALL ORDERS SHIPPED SAME DAY $30,~$1000 20% OPEN ACCOUNTS INVITED - California Residents add 6% Sales Tax. PRICES SUBJECT TO CHANGE WITHOUT NIOTICE. 
We accept American Express 1 Visa 1 BankAmericard 1 Master Cha~rge 



Is your career on the 
beam? At Cushcraft it could 

be. We are looking for 
good engineers who would 

like to use their expertise to 
create the best 

communications antennas 
in the world. 

We are involved in the 
full spectrum of antennas 

from 3 to 1000 MHz. From 
multiband to single 

frequency we manufacture 
antennas for commercial, 
government and amateur 

applications. 
We have engineerin 

openings for EE's wit f 
experience in antenna 
design and production 
engineering. Cushcraf t 
needs productive self- 

starters who can carry a 
design from concept 

through production, who 
can supervise their 

assistants, and who can 
separate their hobby from 

their professional activities. 
We have advanced 
design lab and test 

facilities, challenging and 
interesting assignments, 

and an excellent working 
atmosphere. 

We are located in 
southern New Hampshire 

which offers suburban 
conveniences and close 

proximity to the rural 
White Mountains and 
Metropolitan Boston. 

Sound interesting? send 
your resume along with 
salary requirements to: 

Glen Whitehouse 

The Antenna Company 
P.O. Box 4680,48 Perimeter Road 

Manchester, N. H. 03108 

603-627-7877 

An Equal Opportunity Emplqver 
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STOP LOOKING lor a good deal on amateur radio equip 
men! - you've found 11 here - at your amaleur radlo 
headquarters In the heart 01 the Midwest. We may not 
have a toil free number but we'll save you more In the 
long run! We are 1actory.authorized dealers for Ken. 
wood. Drake. Yaesu. Collins. Wilson. TemTec. Atlas. 
ICOM. DenTron. MFJ. Tempo. Regency. HyGain. 
Mosley. Alpha. CushCralt. Swan, and many more. Write 
01 cal US today for low quote and t v  OLI persona and 
lrrendly Hoosaer Service HOOS ER ELECTRONICS. P O  
Box 2001 Trrre Haute. Indtana47802 18121 238 1456 

Coming Events 
RADIO EXPO '78 September 15th and 16th. 1979. Lake 
County Fair Grounds. Routes 120 and 45. Grays Lake. 
Illinois. Manufacturers' displays, llea market. seminars. 
ladles programs. Advance tlckets 12.00. Write EXPO. 
P.O. Box 305. Maywood. iL 60153. Exhibitors Inqulrles: 
EXPO Holllne (312) 345-2525. 

MASSACHUSETTS: Unversily 01 Lowell Wireless Soci- 
ety 5th annual ham radio auction. Friday. March 16. 
Doors ooen 5 om. auction starts 6 om. talk-ln on 52. cof- 
fee. donuts. blrections. lrom ~ o " t e  495 take exit 26 
(Route 38) north two mites to route 110 wesl two miles 
rlght on Universlly Avenue. 

ROCHESTER Hamfesl 8 NY Stale ARRL Convention. 
May 25.27. Add your name to mailing list. Send OSL lo  
Rochester Hamlesl, Box 1388, Rochesler. NY 14603. 
Phone (716) 424-1 1W. 

MINNESOTA: Rochesler ARC and the Rochesler 
Repeater Society's Hamlest. Saturday. April 7. St. John's 
School Gymnasturn, 490 W. Center St.. Rochester. Doors 
open 8:m AM. Large andoor llea market. prlze ralfles. 
lree parktng. Talk ~n on 146.22182. For ~n lo :  RARC. clo 
KOTS. 2514 N.W. 4th Ave.. Rochester. MN 55901. 

MICHIGAN: ARRL Great Lakes Division Convention and 
Hamlest. Muskegon Community College. Muskegon. 
March 30-31. Exhibits. technical lorums. large 
swaplshop. dining lacilllies. Friday evening - "Ham 
HoSp!tality" at Muskegon Rarnada Inn courtesy 01 
MAARC, and a Woul Hong lniliat8on. For Info: MAARC. 
P O  Box 691. Muskegon. MI 49443 or WABGVK I6161 
722-137819 

OHIO: First Annual Lake County ARA Hamlesl. April 1. 
8:W AM lo  4:W PM. Lake County Armory. N. E. corner 
Patnesville Falrgrounds. Rt. 20. Palnesvllle. (35 mlles 
east 01 Cleveland). All indoors lor exhibitors and llea 
market. 1:W PM auctlon. Reserved tables - full S2.W. 
half S1.W Admlsslon: S2.W. Under 12 lree. Talk In on 
52I52 and 147.8121. For Info: LCARA. PO. Box 868. 
Pa~nesville, OH 44077 or call 1216) 257.4486. 

WASHINGTON: Pacilic Northwest Hamfesl, July 14 6 
15. HAM Inc .Box 78442. Seattle. WA98178 

OHIO: Teays Amateur Radlo Club Ham Fiesta. March 4. 
Pockaway County Falrgrounds colosseum. Clrclevllle All 
ondoors For inlo Leonard Campbell. 8951 Slate Rt 188. 
C~rclevllle OH 43113 phone(614l474 6687 

- - 
OKLAHOMA: Lswlon - Ft. Sill Amateur Radio Club's 
33rd annual namfest. March 23. 24. 25. Monlego Bay 
Motel. Lawton. Flea market, ARRL oll!cials. technlcal 
rneellngs.. OCWA breaklast. Acllvities lor ladies. For In. 
lo: Lawton.Ft. Sill ARC. P O.Box892. Lawton.OK 73502. 

We h a v e  the w o r l d s  l a r g e s t  selec- 
tion of synthesizers for receivers. 
t r a n s m i t t e r s  and transceivers. For 
complete details see our 113 page 
ad in the April 1976 issue of this 
magazine or call or write for addi- 
t i o n a l  i n f o r m a t i o n .  Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 J A M A I C A  AVENUE 

HOLLIS. N. Y. 11423 

July 28 thru August 10, 1979 
1l ; iv r  t ro t t l ) l v  f in ( l i t ig  t t i i i r  t o  s t u ~ l y  for  

I'pgrncling? 

D o  i t  o n  !.otlr \ac:ttion ;it the 

OAK HILL ACADEMY 

A M A T E U R  RADIO SESSION 

T w o  w ( ~ * k s  of in te t~s ivc .  C O ~ C  ant1 t heo ry  

s ta r t i ng  a t  your Ic.vel. 

Classes fro111 Sovicc. thru Ati1;1tc.ltr E x t r a  

E x p e r t  ins t r t tc tors  

Fr ic*n( l l y  s t ~ r r o t ~ n c l i n g s  

E x c r l l t - n t  Acco t i imo~ la t i o t i s  

C. L. PETERS. KIDNJ. Director 
Oak Hi l l  Academy Amateur Radio Session 
Moulh  of Wilson. Vlrginla 24363 

-- I 

NORTH CAROLINA: Mecklenburg Amateur Radlo Socie. I - 
- ~- .~ ~ Call- . - - 

ty's Melroltna Hamfesl. March 24.25. NC Slate conven. I ~ d d ~ ~ ~ ~  _ I 
lion sole. Charlotte. For info: Ken Wlnslon. Jr.. WA40BO. I I 

Mecklenburg ARS. 2425Park Rd . Rm 023. Charlotte. NC City/State/Zip 
I 

- I  

28203 C-----------------------------------l 
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N E W ! E X C I T / N G !  BREAKTHROUGH! 1 1. YAESU FT7B Transceiver 
1: 

$675.00 
lOOW Input, CW Filter 

f 
Ii /) 

FT7B 

Q 5-QRM Enterprises 
SPRING. TEXAS 77373 

The broad-band characteristics enable you to 
cover theentire phone band with less than 2:l VSWR. 

A distinctive advantage is the low-noise char- 
acteristics of the antenna, especially e f f e c t i v e  in 
reducing static noises since the antenna is D.C. 
Ground design. 

This antenna is constructed of -high.qual~ty" 
materials and many hours o f  pleasurable operation 
can be expected. 

73's Mike WB5UZC 

75 BED - $59.95 
40 BED $49.95 

I 

GROUND GROUND 

... . . . . . . .  . . . . . . . . . ,  ......... . .  .. . I 
TERMS :< ; .  i li! 1 ' -  ;. " 1 1  " O l l i ?  

A l l  ,(ems (;,,,+,a,:l#?~,l 8,+. ,7~5 ,,t,!,,,*, i , r ,  + , 3 , $ ,  a , , ' , !  #o! l~~?hea~ l  , L , C  

A ~ ~ ~ P U I  t r r d ~ e r ~  O C , ~ P  I I ~ I  Tnsd\ re>m,irli~s ,%drl t, 1.3. P'CI~P all,> 
poslaae esllmalr 

WSGJ W5MBB KSAAD NSJJ WSIMJ AG5K WSVVM WDSEDE KSX1 
WD5AQR WASTGU WDSQDX WBSAVF KSRC KSBGB WRSIJSV 

Have A Nice Dar' 
Buv our radios and vou w11l never oer static1 

1 
, ;I MARCH SPECIALS 

4 OMNI-J 8 heavy duty magnet mount complete '111 TRIEX W I I  FT 2.11 Supporl Tower [Reg $825 001 
. . I Your Cosl IF 0 B Cal~ lo rn~a l  

1 Tonna F9FT Anlennas 144116el 

y;id KLlTZlNG VHF-UHF Amplfllers 
2M ?OW I n  - 1OOW Out 
432 10W In - 50 W Oul 

BIRD 43 8 Slugs UPS Pald 
Mtcrowave MO~~IIPS 432.288 UPS Patd 
Telrex TB5EM. In Slock 
NEW Palomar Engr Transcerver Preamp 
Bencher Paddles 539.95; Chrome 
ETO 76 Ampl~ l~ers  
Lunar 6M-2M.220 In Ltne Preamps 
Lunar 2M Amp 10.80 with Preamp. UPS Pald 
Jane1 OSA-5 
CDE HAM-3 5129.00: HAMX 
VHF Engrs blue lrne amps 
Cetron 5728 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Amperex 61468.. 
Motorola HEP I70 
Mallory 2 5AIlM)O PIV Epoxy b o d e  
Aerovox 1000PFl500V Feed lhru 
GE 61468 or 8950 
Technical books AMECO ARRL Sams TAB Rlder 

Radlo Pub. Catlbook. Cowan many others 
NEW BELDEN 9405 (2N161 16U181 8 ware Rolor Cable 

8 '1 heavy duty for long runs 
8448. Sld 8.wlre Rolor 
9888. double Shield RG8 Foam 
8214. RG8 Foam 

I' 8237. RG-8 
8267. RG.213 
Amphonol Srlver Plate PL259 

, 

I Foam Hardlone SO.65,ll Connectors 
BERKTEK RG.8X. 52 ohm. KW 

&, Consol~dated HD-18Ga Galv Tower 10 S e i  
%- Robot 'Slow Scan Now In SIoch 

.f: Alllance HD73 Rotor 
r, Telelower . sell support. 55 IVw breakover.. . . . . . . . . . .  

549.95 

5725.00 
179.95 
159.95 

S198.00 
5198.00 

SloCk 
5329.00 
5415.00 
589.50 
149.95 
stoc* 

549.95 
5198.00 
$41.95 

5249.00 
Stock 

129.50 
. . . .  .$7.95 

50.29 ea. 
50.19 ea. 

51.95 
57.95 

Carl 

50.26111. 
50.16111. 
S0.39111. 
s0.25111. 
so.21111. 
50.25111. 

50.59 
515.00 ea. 

50.16111. 
$29.95 

Call 
5109.95 

. ,5499.00 

- 
1,-. 

. The 'Tonna' You've >qy been 

hearing about 

1441146 MHz SWR 1.2:l 
50 ohms Horiz.lVert. 

length 6.4 m. Wt. 4.4 kg. 
Side lobe attenuation - Superb 

Horizontal aperture 2 x 16" ( -  3 d B )  

Vertical aperture 2 x 17"( - 3 d B )  

$79.95 
9 Element 144-146 . . . . . . . . . . . . . . . . . . .  $39.95 
4 Element 144-146 
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ARUN P JONES 6 ASSOC. 
PO BOX 9023 

RIVIERA BEACH. FLURIOA 
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MARYLAND: Greater Baltimore Hamboree. Sunday. 
Aprll I ,  800 AM. Calvert Hall College. Goucher Bivd. and 
LaSalle Rd.. Towson. (1 male south o l  Ex11 28. Bellway In. 
lerstate 695) Food, prizes, gianl flea market. Admlsslon: 
$3.00 250 tables onside. For Info and reservatlons: Bro. 
Gerald Malseed. W3WVC. Calvert Hall College. 8102 
LaSalle Rd.. Towson. MD21204 or (301)825-4266. 

- -  - 

ILLINOIS: Libertyville (L Mundelein Amaleur Radio 
Soclety's annual Hamlest. March 25. J. M. Club. 708 
Greenwood Avenue. Waukegan. Open 7 AM. Tickets: 
$2 00 gale, Advance: $1.50. Under 10 free. Tables $4 00 
each. Large #"door flea market, Dozens of prlzes In. 
Ciuding W~ison Mark IV Hand8e.Telkle. Hol Lunch. free 
park~ng. Talk in I4694 simplex. For ~nfo :  LAMARS. 1226 
Deer Trail Lane. L~berlyvllie. IL 60048. (3121 367-1599. 
IIncludeSASEI. 

- 

NEBRASKA: Mtdway Spring Ham Convention. Salurday. 
Sunday. March 31. April I .  Holiday Inn - Holtdome. 
Kearney. Over $3.000 In prizes. FCC tesllng. Ladles Day. 
OCWA meellng. Flying Hams breakfast. Code contest. 
flea market. auction, banquel. For free brochure: Mldway 
Sprang Ham Convenl,on. 3606 Thlrd Avenue. Kearney. 
NE 68847. 

TEXAS: Midland Amateur Radio Club's annual Swapfest. 
March 18. Midland County Exhibit Bulldlng. Door Prlzes. 
Talk in on 146.161146.76. Preregislratlon: $4.50 l o  
Modland ARC, Box 4401. Midland. TX 79701 or $5 00 at 
door. 

WISCONSIN: Tri Counly ARC Hamfest. March 18. Jelfer. 
son County Fatrgrounds. Jellerson. (Formerly at 
Whllewater). Advance tlckets $1.50. Reserve 6.11 tables 
$2 00 advance. 6-11 space $1.00. Send SASE l o  Glenn 
Ersenbrandt. WA9VYL. 711 East St.. Fort Atkinson. WI 
53538. 

WISCONSIN: Madison Area Repeater Association's 7th 
annual Swapfest. Sunday. Aprll 8. Dane County Exposi- 
lnon Center Forum Butld~ng. Madison. Open 7:W AM for 
exhlbllors and sellers. 8 00 AM public. Admlsslon: $1.50 
advance, $2.00 door. Twelve and under free. Tables 53.00 
advance. S350door. Flea market, plenly o l  parkbng. over. 
nlght camptng and hotels w l t h ~ ~  walk~ng dbslance. Door 
prtzes. All-you-can-eat pancake breakfast and Bar 6.0 
lunch. Free movies throughout the day. Talk in on 
WR9ABT - 146.161 76. For reservallons and lnlo: MARA. 
P.O. Box 3403. Madison. WI 53704. 

FLORIDA: Ninth Annual North Fiorlda Swaplest. Ft. 
Walton Beach Fairgrounds. March 24 and 25. 8:00 AM to 
400 PM OCWA MARS. ARES meellnos. Talk in 52 and 
19179 ~ o r i t o . ' ~ ~ ~ c I ~ o x 8 7 3 .  FI. Galton Beach, FL 
32548. 

- 
OSO PARTY - NEW ZEALAND: ZL3 CanlerburqChapter 
of the Internattonal 10110 nel. From 0000 GMT Saturday. 
March 31. 1979 l o  1200 GMT Sunday. Aprll 1, 1979 (36 
hours). Contact each station only once, on the ten meter 
band only: exchange call slgn, name. OTH. 10X number. 
If any. Canterbury Chapter number (11 held)and your own 
local Chapter name and number. 11 any. Awards Include 
trophy to highest scorer overall, and a pennanl to Ihe 
hnghesl scorer in  each U.S.. Canadian. Australian. 
Japanese and New Zealand call area; l o  each Central and 
South Amerlcan country; to each European. Astan, and 
Alrtcan counlry. and In three Pacific Ocean zones. Logs 
must be received no later than May 15. 1979. Please wrtte 
clearly, show name. call. address and 10X number. Send 
logs to ZL3ME - C.J. Bramiey. 198 Greers Road. 
Chr~stchurch 5. New Zealand. 

- -. 

TEXAS: "Luckenbach DXpedition". 08W CDT May 12. 
1979 to 1200 CDT May 13.1979. continuous. Call WSTEX. 
CW. 7.110MHzand21.110MH2(+1- 5 kHz); FM. 52.525 
MHz. 29.6 MHz, and 146.52 MHz; SSB: 3.9. 7.235. 14.285. 
21 3M). 28 625, 50.1 10 and 144.200 MHz; ( + I  - 5 kHz). 
Luckenbach slls nestled between two small rivers In the 
heart of the Texas hall counlry. Vlrlually untouched by 
modern c8vtllzallon, lhls 1870's cowlown got 11s first pay 
lelephone only last year. Luckenbach's general 
s t o re l~a loon lp~~ lo t l ~ce  combinallon serves as a com. 
muncty center and galherlng place lor cltlzens l o  watch 
lor the annual return of Ihe mud dauber - a red hornel. 
Don't m!ss the fun 01 our "Dxpedll~on". Send all logs 
and lnqutrles to Bob Schne~der. A150. 7206 Gumtree. 
San Antonlo, Texas 78238. 

Stolen Equipment 
ICOM IC.701, serial number W-2786 :  ICOM matching 
power supply serial number E7802674: Yaesu FT.101. 
Serlal number 7K291710. plus matching accessories. 
Equipment packed #n two bags and checked In at Branllf 
International. Inc.. at Miam, lnlernatlonal Airport on 
January 6. 1979. 11 is belleved that !he equipment never 
reached the airplane, and probably wlll be sold locally. 
Any ~nlormat~on. please advlse Miami Police Depart- 
ment andlor Thomas Roesler. PYZDFR. Calxa Poslal 
6742.01.WO Sao Paulo. SP. Brasil; telephone 288-7232. 

Ham Gear 
Colltns 51J4. general coverage recelver $595 
Collins 516 F2 power supply, new. In box $275 
Coll~ns KWM2A transcetver, e n  rnd. $1375 
Colltns 75A4 ham receiver, vy goad $425 
Coil~ns 31284. Sla Cnli rd. exc $250 
Coll~ns 31285. Vlo Console. exc $550 
Coll~ns 75S3C. rnd, exc $1250 
Coli~ns 18OS1. antenna tuner $295 
Collins 30Ll. uy gd $595 
Coiltns 516F2, power supply 5175 
Coll~ns R-390A rcvrs, overhauled sxc cond 

call lor quols 
Collins 51S1. 2-30 MHz rcvr Special 
Hammarlund SP-BOOJX. rcvr $395 
Collins CP-1 Crystal Pack $195 
Aacal6217E. .5-30 MHz rscelver $1350 
Coll~ns 3213 ham lransmltler. vy gd $650 
HarrlsonO-ZOvo1111.5amplabpwrrupplias.sa $45 
Johnson 2kw Matchbox wlswr meter $195 

Test Gear 
HP-302A wave analyzer $375 
80onton Radto 225A stg pen.. 10-500 MHz $495 
UP-2OOCO w~de-range osctlloscops S150 
Measurements Model 80. 2-400 MHz $295 
Measuremenls Model 658 slgnal gensralor $295 
UP-202H 54-216 MHz AMlFM slg gen 1695 
UP-6080 10-420 MHz slg gen S550 
Tek 564 storage scape wlplug Ins $695 
Tek 545 30-MHz scope $395 
Tek 531A scope, exc 5350 
Tek 851 dtgllal tester new, wlaccsss call lor quote 

We stock Amateur and Professional 
equipment from manufacturers such 
as Collins, Hewlett.Packard, etc. 

Al l  equipment sold checked 
and realigned 

Write f o r  f r e e  c a t a l o g .  

1 1  pos51b le  l e ~  L I ~  k t i ow  l o u i  I n  . IX  w r t ' k i  
b e l o t e  y o u  m o v e  a n d  we w ~ l l  m a k e  su re  
your  H A M  R A D I O  M a g a z ~ n e  a r r i ves  on 
schedule Just r e m o v e  t he  rna~l~nq labe l  
f r o m  t h ~ s  rnagaz lne a n d  affix b e l o w  
T h e n  c o m p l e t e  you r  new add ress  (or  any 
o the r  co r rec t i ons )  I n  t he  s p a c e  p r o v ~ d e d  
and w e ' l l  t a k e  c a r e  o f  t h e  res t  

ham 
Al low  4.6 weeks lor radio cor rec t ion .  

Magazlne 
Greenv~ l le .  NH 03048 

1 serve you better. 
- \  /--- 

L-.I 

AFFIX 

LABEL 

HERE 

r-7 

Thanks for helping us to 
r- 
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I Duns U01-048-6066 I 
Cash plus s h ~ p p ~ n g  p a d  for clean latc 
model Motorola GE. RCA mobiles 
Base Stal~ons. Accessories. We alsc 
sell used and reconditioned equlpment 
For further informat~on contact: 

Jesse La Fleur 
The Communications Center 

1629 Wyoming 
El Paso. Texas 79902 
, (915) 545-1133 

Call lor cash auotation 16 w a r s  ol lair deallnl 

UNPOTTED TOROIDS - Center tapped. 
88 MHY - 5 oz. 5fS2.95; 9 oz. .  5/$3.49 
44 MHY - 51S3.95 ALL PPD. 

h( m. weinnhenkeg 
eleclron~c spec~all~es-BOX 353. IRWIN. Pb 15642 

I : A : .  & I !  ~ ~ ~ t A . l T O ~ ~ . ~ i ' i  ::JKG- 
. A : , <  d;,"m ;,:!;A.?\,:,L,;>;.Fx" ..!.;''..,- 

?g.x.IL*z T ~ I ~ : K : . : : ; - ~ R O : ~ ~ ~ I R B < L ' U ~ Z I ? ~ ;  ;- 
Tfl~!;s?*Y'i( :oF!Rtic:iPS. 

Yo ~ l n l m u r  order-lox cost  shlpolng.  

BROADCAST E Q U I P M E N T  
D E S I G N  E N G I N E E R S  

Join our engineer~ng learn doing 
creative work In the areas of small slgnal 
RF. video, aud~o console. aud~o process. 
tng, cartridge tape equlpment, filter syn- 
thesis, dig~tal. and microprocessor 
design. 

We are a small well established com- 
pany w~th products distr~buted world 
wide. We have openlngs for experienced 
or entry level engineers w~ th  a BSEE 
andlor MSEE degree or equivalent ex- 
perience. We are also looking lor techni. 
clans and engineering ass~stants with an 
associate degree or equivalent tratning lo 
work In the areas mentioned above 

"Hands on" experience with broadcast 
studto or transmitting equipment and 
amateur radio experience are helpful for 
any of these pos~tions 

Broadcast Electronics. Inc. is a sub- 
sidiary of Filmways. Inc and offers ex- 
cellent career opportunlt~es within a small 
progressive company. We ofler a friend- 
ly, tndiv~dual or~ented worklng envlron- 
ment with excellent facilities. competltive 
salaries, and comprehens!ve benefits 

Please direct your inquiry to: 
A H. BOTT. Vice President of Engineer. 
ing - KSHB, or 
G N. MENDENHALL. Manager of Small 
Signal RF Engineering - W9NEZ 

mmmnv -li,rnr 

BROADCAST ELECTRONICS INC. 
4100NORTH241h STREET P 0 BOX3606 

OUINCY. IL 62301 PHONE 1217) 224-9600 
IEgual Opwtkln8ly EmDloyerl 

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

I 

"MONARCH" 10, 15. 2 0  Meter 
Model TB5EM14KWP 

ONLY TELREX GIVES YOU A L L  
THESE FEATURES ... . Power rating 4 KWP ... rafn or 

shine. . Wind rating survival 110  mph - Patented . broad-band coaxial 
"Balun" 
Heavy-duty steel gusset mounting 
plate. - Aluminum boom 2". 2-1/2" O.D. 
x 1 8  ft. - Large dlameter. .058 wall taper- 
swaged dural elements for 
min~mum weight and exceptional 
strength to weight ratio. . Stainless steel electrical hardware. 

I At 50 ft. or more (above ground) a rugged Telrex '7ri-Band" is the only 
answer to longevity ... a true money saver. I 

Illustrated: Rugged gusset mounting 
plate. Broad-Band - non ferrite - 
.'Balun", and Orlven Element center 
section. 

For technical data and prices on complete Telrex Ilne, write for Catalog PL-7. 

TV and Cammuni~tions Antennas Since 1921 

P.O. Box 879 - Asbury Park, New Jersey 07712 Phone 201-775-7252 

More Details? CHECK-OFF Page 118 march 1979 111 



Ham Radio's guide to help you find your locar 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

RAY'S AMATEUR RADIO 
1590 1IS HIGHWAY 19  SO. 
CLEARCYATER, FL 33516 
813-53!5-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Alaska 

RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5 100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. SHAVER RADIO 

3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 

Illinois 
AUREUS ELECTRONICS, INC. 
1415 PI.  EAGLE STREET 
NAPERVILLE, IL  60540 
3 12-420-8629 

Arizona 
"Amateur Excellence" 

HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from beginner 
to  expert. Classes, sales & service. 

Connecticut ERICKSON COMMUNICATIONS, INC. 
5456 PI. 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:tlO-9:00 Thurs; 9:OO-3:00 Sat. 

THOMAS COMMUNICATIONS 
9 5  KlTTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-08 1 1 
Call us tol l  free - See our full 
page ad in  this issue. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
Your Complete Amateur Radio Store. 

- - -- --- 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-8413-6777 
One of America's Largest 
Amateulr & SWL Stores. 

Delaware POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 

DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 Indiana 

I Delaware's largest stock of amateur I - radio equipment & accessories. KRY DEIR ELECTRONICS 

California GEORGETOWN NORTH 
SHOPPING CENTER 

Florida 2810 AAAPLECREST RD. 
FORT \NAYNE, IN 46815 
2 19-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-42 1-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 

AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

Kansas 
- 

REVCOIM ELECTRONICS 
6247 PJ. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 
New - LJsed HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in  Ham Radio. 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty - Full Service. 

MARC'S 
CENTRAL EQUIPMENT CO., INC. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 
See Marc, WD4AAS, for complete 
Amateur Sales & Service. 

TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLE'TON, MA 01460 
61  7-486-3040 
The Harn Store of New England 
you can rely on. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comciete details. 
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TUFTS RADIO ELECTRONICS 
2 0 9  MYSTIC AVENUE 
MEDFORD, MA 02155 
61 7-395-8280 
New England's friendliest 
ham store. 

Michigan 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, MI  49441 
616-726-3196 
Dealer for all major amateur 
radio product lines. 

Minneso fa 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

Missouri 

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 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48 ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

Nevada 

COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3 A  BOW JUNCTION 
CONCORD, NH 03301 
603.224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

New Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

METUCHEN RADIO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

THE BARGAIN BROTHERS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A million parts - lowest prices 
anywhere. Call us! 

New York 

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. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
2 12-682-3869 
Drake, Atlas, Ten-Tec. Midland, 
Hy.Gain, Mosley in  stock 

HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
31 5.446.2266 
We deal, we trade, all major brands! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 31 5-337-2622 
Res. [ 315-337.0203 

New & Used Ham Equipment. 
See Warren K21XN or Bob WA2MSH. 

Ohio 

AMATEUR RADlO 
SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 

Oklahoma 

KRY DER ELECTRONICS 
5826 N.W. 50TH 
MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 
Your Complete Amateur Radio Store 

RADlO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
21 5-659-5900 
Delaware Valley's Fastest Growing 
Amateur Radio Store 

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. 



LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7.343.2124 
ICOM, Bird, Cushcraft, CDE. 
Ham-Keys. VHF Engineering, 
Antenna Specialists. 

Tennessee 
- 

GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS. TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

Texas 

AGL ELECTRONICS 
3068  FOREST LANE. SUITE 309 
DALLAS. TX 75234 
214-241-6414 ( w ~ t h i n  Texas) 
Out-of-State. Call our toll-free 
number 800-527-7418. 

HARDlN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH. TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

TRACY'S ELECTRONIC MODULE 
5691 WEST CREEK DRIVE 
FORT WORTH, TX 76133 
817-292-3371 
We Handle and Service 
All Major Lines. 

E N T R A L  N E W  Y O R K ' S  F A S T E S T G R O W l N G  H A M  D E A L E R  

. ,.. I 
I (LJ ULTRA TUSEIC < 

ULTRA TUNER DELUXE 
The new SST T.4 Ultra Tuner Deluxe Features: 
matches any antenna-.-coax fed or l Matches any antenna . coax fed or 
random wire on all bands (160.10 random wire. 1.8-30 MHz. 
meters). Use it with your dipole, veriical. l 300 watt output power capability. 
beam, etc. It works with any transceiver. l SWR meter. 

T~~~ out the SWR on wr for l Antenna switch on back panel. 
mre of your l Efficient tapped inductor. 
antenna can even be used for all 0208 pf. 1000v. capacitors for flexible. 
bands. The SWR on mobi whip can reliable operation. 

be tuned out from ins& your car. l Johnson binding posts. Four SO-239 
connectors. 

-loread hvo meter l Balun included for balanced lines. 
provides convenient indicatan of SWR 
for easv tunina. A back m e t  antenna OMade in 

~ ~ 

switch klows $u to selec; between two 
coax fed antennas, a rardom wire, or 
tuner bvpass. 

The SST T.4 Ultra Tuner Deluxe is com~ 
patible with any rig.-.solid state or tube. 
It's compact size (9" x 2-V2" x 5") 
makes it &al for mbile, portable, or 
home operation. Features an attractiw 
bronze finished erxlosure and exclusiw 
SST styling. 

Compare features, quality, and price --. 
SST antenna tuners are wr best value. 
This is our sewnth year of manufacturing 
compact antenna tuners. 

only $69.95 
New model T 4 A  rovers 80 10 meters 
Llm~ted range on 80 meters (f~ne for u w  
w ~ t h  any antenna rpwnalit In lhe 80 mr.1t.r 
hand) only $59.95 

Available now at your SST dealer or 
order direct...informat~on on follow~ng 
page. 

ELECTRONICS 
. 1 1  I . .>*. . . . . . I .'. 
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WANTED FOR CASH 

RADIO SET CONTROL 
C.38661SRC 

490-T Ant. Tun ing  U ~ I I  
We s t a n d  on our long term ofjer to pay 5% more 

than any other bonafide offer. 618-1  Transceiver 
(Also known a s  CU1658 (Also known as MRC95. 
a n d  CU1669) See las f  monrh 's  a d l o r  o ther  i t ems  available ARC94. ARC102. o r  VC102) 

H ighes t  price paid for these unl ts .  P a r t s  purchased. 
Phone Ted, W2KUW collect. We wil l  trade fo r  new  DCO, INC. 
amateur gear. GRC10.5, ARC105 and some aircratt 10 Schuyler  Avenue No. Arl ington, N.J. 07032 

un i t s  also required. (201) 998-4246 Evenings (201) 998.6475 

i s  HA-2- 

2 METER SSB 
MOD I LEANTEN NA -- 

The SST HA.2 is a full hall wave. hor~zontally 
polarized omn~directional 2 meter antvnna. W~th  
the hor~zontal polarizatton standard. the HA-2 IS 
a must lor 2 meter SSR rnoh~le. W~th  thevertical! 
horizontal adapter optton, use I! w~th  your FM 
rig tool 
Although the SST H A ~ 2  was des~gned for mobile 
operation it will work well as a lixcd or portable 
antenna-its small size prov~des the Iravel~ng 
ham w~th  an antenna lhal can eas~ly Iw packed In 
a briefcase. 
Features: 

Mobile. portable, or lined operation. 
Hortzontal or vert~cal polar~zat~on wilh 
operal~onal adapter. 
Greater than 3.5 MHz bandwidth 
Less than 1 5 . 1  VSWR. 
H~gh performance-addilional data avail. 
able on request. 
Sol~d conslruction-built lo las~ 

0- 

I . . 
2 u ",T 

1 -::-y*. 

I 
i !  
8s 
I ,  [, 

1.. .. 

HORIZONTALLY POLARIZED ANTENNA 
lmpdanre mschrm 0 r r a g l m M  by man. ol a pre alju.led 
9- mswh a d  a ulruWe tanalto+ The HA 2 c a r  cam&tr 
wlh  RG'YI, A r h  " rr.a,I" I d  rhcaugh the C r n f " ,  01 I n  m.\r 
wl lnn .  PL 2(9<-x cmrn lor. and 3'8 24 $tud movnl Th. HA 2 
lllr rlarxlord movnll Ul, rrrummmdrd mmm wllm rnn8msl m 
aadaht  a, an ovrnn AIX,W~K,MI n n urrlrnl r n . , ~ ~ t ~ l  &r*o 
~h*hal,rrrhanqrM, l o b  marr ," "i.llUlP, u l h d * I E d , l . ~ ,  

only $39.95 
G M ~ I  gutter mount $595 VH-1 vertcall 
hor~zon~al adapter $5.95 

A 

M o r e  Details? CHECK- OFF Page 118 

WIRE ANTENNA TUNER 

All band operatbn (16010 meters) 
uith any d o r n  W h  01 Hme. ZW 
wan wlpul pauer capablily - dl 
work unth vlnually any transceiwr. 
ldcal fa portahk or home orrratlon. 
Great lor ar*lrtments and hotel 
room-smply nln a wre lns&, wl 
a wmdow, or anyplace wabbk. U- 
kient torod d u r l o r  lor s m U  we: 
4.14- x 2%- x 3-. and negl~gble hss. 
Built-m neon tune-up ndbcator. SO 
239 connxtor. Atlrachw hronze fin 
klwd enclosure. 

Imeasa usable bandwidth of any antenna. Tunes 
w t  SWR on robik whips from imide ywr  car. 
USR PffidPnt tapped ductor and s p d b  made ca- 
pmlors fa small sue: 5%' x 2 T  x 2K. R d , y e t  
compact. NegiWMe lhne bss. Amacti~e bronze fin~sh- 
ed exlowre. SO-239 coax connectors are used lor 

ELECTRONICS 
l ' l ~ l 4 l l X  : lA\.;b,,Jl,'".O : 
su:Jl;l, i,81,,l + , ' I ,  ' , l , , i , ,  
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PERATOR'S PACKAGE - NEW! 
Brand New 4th EdHion 
CONFIDENTIAL FREQUENCY LIST 
Here's a necessary companion to any general cover- 
age receiver. This completely new edition of the 
very popular CFL is the most recent listing 01 sta- 
tlon frequencies, call signs, locat~ons, emlssion 
modes and ower for just about any non-ham signal 
you can pic! up from 4 to 26 MHz. Stations are 
llsted by lrequency lor easy idenl~ticat~on and loca- 
tlon. From foreign military to weather broadcasts. 
the CFL is 96 pa es of the most up-to-date short- 
wave listening in!ormation available. 96 pages. 
01979. 
OGL-CF Softbound $6.95 
Available March 1979 - NEW! 
HAM RADlO MAGAZINE FILES 
Your collection of HAM RADIO Magazines is a 
valuable resource. Here's a brand new, inex- 
pensive way to store them. These sturdy 
cardboard magazine files keep them clean. 
neat and up front where you can use them for 
quick and easy reference. 
LIHR-HRMF $1.95 each. 3/$4.95 

- ~ 

Here Is a collection of books which no ham should be wnhoul. Whether you're a begin- 
ner or old-timer. OXer or Ragchewer, you'll find much valuable information In this 
package. Included is: 
1) The 1979 U.S. Callbook with the listings of 374.487 U.S. Hams. including 41.245 new listings 
and over 100,000 llsltng chan es To keep up with all the new hams and new calls. you need Ihe 
lalest ed~l~on of  Ihe Callbook 8) ihe ARRL opmratlng ~uide. Separate chaplers cover bastc operatlng 
skllls needed lor handllng emergency and message Irafllc. uslng repeaters. OXing. contesling. ORP- 
Ing, and other sublecls. 3) Band Aids comp~led by James Dersh. WDBAJE, a collection o l  60 d~llerenl 
operatlng atds, charls. and lables lnclud~ng Ihe Natlonal Trallic Syslem I~sllng, a dec~bel ram charl. 
Ohm's Law lable of lormulas. WWV and W l A W  operallng schedules, and much more. all In one 
handy splral book 4) Two Ham Rad~o Log Rooks - each has space lor over 2.000 enlrles, or a lotal 
o l  over 4.000 OSOs' You alsa gel 0 slgnals, tnlernallonal preltxes. and Ihe amaleur lrequency spec- 
lrum chan - all spiralbound lor  easy use 
The Oparfor's Package - an incredible 
amount o l  information lor $27.95. 

HR-OPER 
U.S. Callbook . . . . . . $15 95 
ARRL OP Guide . . . 4 00 

7 95 """'~$$2~95 JUST s . . . . .  . . 3.50 
$31.40 

Already BEST SELLERS from the ARRL 
FM and REPEATERS FOR 
THE RADIO AMATEUR 

by the ARRL Staff 
Th~s IS a complelely new and updated 
verslon o l  the mob~le operator's favor~te 
Thls new e d ~ t ~ o n  features the latest In FM 
technology and des~gn theory, htghltghted 
by microprocessor control clrcultry and a 
phase-lock loop 2 meter transceiver More 
on FM - receivers, transrnltters. 
antennas and repeater operation If you 
are Into FM, get thts book today1 176 
pages. 01978. 
OAR-FM Soflbound $5.00 

THE ARRL ANTENNA 
ANTHOLOGY 

by the ARRL Staff 
Thts brand new book pulls together a w ~ d e  
selectton of antenna artlcles lrom QST 
Wr~tten lor Amateurs of all levels and 
Interests Included are phased arrays. 
verticals. Yag~  s even the VHF Ouag~ l  
Deta~led lnstructlons and full ~llustral~ons 
make l h ~ s  a really useful book for any 
antenna buff 1 5 2  pages 01979 
I l  AR-AA Softbound $4.00 



Spring has SPR 
Tune Up for Antennas 

el4 ,,\at' 
POP 

'THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr. W6SAI and Stuart D. Cowan. WPLX 

, AP-AH One 01 Amaleut Radto s most notable authors Bltl Orr, 
W6SAl has comblned with W ~ L X  lo  provtae you w ~ t h  a clearly wrltten. 
underslandable book on anlennas All lypes o l  beam, quad, hOr!zonlal 
and sloplnq wtre antenna ~ntormal~on 18 cncluded In t h ~ s  useful volume 
Locallon decls!ons. herghl. ground loss, lowers, rotors. SWR meter 
read~ng - 11 s all here In one greal book 148 ~ l lus l rat~ons.  charts and 
d~agrams An anlenna book you have lust go1 to read' 190 pages 

1978 Softbound $6.95 

HOME-BREW HF/VHF ANTENNA HANDBOOK 
by Willlam Hood, W2FEZ 
7-963 A do !t.yoursetl anlenna book pr~marl ly des~gned lor someone 

wllh .+ working knowledge ot antennas, atlhough the t ~ r s l  chapter ollers 
excellent Daslc reference cnlormal~on Transmtss~on Ilnes, couplers. 111. 
ters moblle antennas compact antennas. dlrecltve anlennas and many 
more A pracrlcal usable book sure 10 gel 101s 01 use 210 pages 

1977 Softbound $5.95 

THE ANTENNA CONSTRUCTION HANDBOOK FOR 
HAM. CB & SWL 
by Rufus P Turner 

1.1054 One 01 t l e  most complele antenna bul la~ng books available 
There 8 Oeslgn data dlagrams and how to bulld 11 tnslrucllons l o  cus 
lomlze and ~nsla l l  your own anlenna Elementary theory tesls and 
measurements and conslruclton noles plus over 50  antenna 1deas1 237 
pages 1973 Softbound 55.95 

- P - m a C t - = - m * N ~  - 1 IFSIMPLE, LOW-COST WIRE ANTEI 
by William I. Orr, WGSAI 
;RP.WA Thls 192.page book descrlbns over 9" I W S ~ L U ~ I W  venteal 
and muttiband Irap anlennas Invlstbte anlennas lor aparlmenl houses. 
hlgh-gatn beam antennas novlce anlennas luners and grot" - - 
terns !I s all here In l h ~ s  exciting revlsed sd l l~on  by the i 
experl 192 pages 6 1 9 7 2  Softbob 

ALL ABOUT CUBICAL QUAD ANTCUUAP 
by Wllllam I. Orr, WGSAI 
I -RP-co Long consrdered "THE BOOK" on  budua, ~ r r m  uc 
more ~nlormal~on on lhese anlennas lhan you wlll l lnd anyw 
Everylhlng you need lo  deslgn. build and adlust your Ouad lor top per  
lormance 112 pages @ I 9 7 7  Softbound $4.75 

BEAM ANTENNA HANOI 
by William I. Orr, WGSAI 
ZRP-BA For many years l h ~ s  book has been the besl-seller on bedm 
anlennas It covers all areas of the subjecl, both theory and pracflce 
Recommended by such famous DXers as W4BPD. W2AB. W4KFC and 
5Z4ERR 198 pages e l 9 7 7  Softbound $4.95 

All 3 Orr Books Just $12.95 

- ,,&& FREE! 
HAM RADIO'S 
BOOKSTORE CATALOG 

' Arl ld l tur  R d d l ~  s mos l  cornplele B7h+$$& sourLe lor l ~ c r n s e  s ludy  gutdes 

' -'*- code prac l lce l apes  a n d  opera l lng 
atds l r o m  every rnalor e l e c l r o n ~ c s  
p u b l ~ s h e r  Send  poslcard w ~ l h  

L- - your name a n d  address or check  
o f f  box o n  order ca rd  

'UNG!!! SAVE 
NOVICE INSPlRATlON OVER 
Great Licensing Aids 1 o O/O 

WlTH HAM RADIO 
by ARRL Stall 

Learn what A-ialeur Radio IS, how lo  pass your Novlce 
exam and how lo  talk to olher hams In the U S and 
around the world Tune In the World Wilh Ham Radlo glves 
an exctttng overvlew o! ham r a m  nlghlightlng warlous 
facets ot lhls great hooby In  addltlon. 11 has everylh~ng 
you need to pass Ihe novlce erdm - lrom d ptam talk. 
baslc radlo eleclron~cs manual and sludy gu~de  to a Morse 
Code casselle lnslructlon course - here In one package 
Tens 01 IhOuSands 01 hams have started w ~ t h  l h ~ s  package 

LJ AR-HR Complete package $7.00 
Includes booklal, study gulds, and casselte lapa 

COMMUNICATE 
WlTH THE WORLD 
THROUGH HAM RADIO 

f r o m  Ameco 
Here s ,i I ornr~lele i r m  
ple novlLe llcefise course 
no1 requlrlng dny lechnl .- 
car backgrouna One o l  
I ~ P  uerv he51 ~ v x t a n l r  II rr(lpdL - , - - - - - - - 
you know enough aboul 
ham radlo to wan1 lo gel slarlrd kmmedlalrly. then t h ~ s  pack 
age IS lor you I1 contains Ameco s popular Nov~ce Theory 
Cuurse as well as a Morse Code Iratn~ng package leatur~nq a 
casselle tape and 32 page ~ns l ruc t~on  booklet Rad~o theory 
Morse Code tratnlng FCC lypr  pracllce code and lheory 
exams 11 s all here ~n t h ~ s  cornplele dnd rconom,cai package 
A weat way to qel your llcket to wolldw~de communlcallon 

I NP-1 Complete package 56.95 

Amateur Radio's 
highly popular Logbook. 
Order yours and see why! 

LOG BOOK 
lrom The Ham Radio Publishing Group 

Ham Rad~o r new ~ o q  Rook 18 d loo1 vou 1x1 cdn I do 
wllhout wl ln  room lor over lwtceasma!ivenlr lesas 
other popu1.11 loq nooks thls ~ o q  tovefr  more than 
2 000 conlrcl, lhere ssharp rultng too lor all FCC- 
requ8fed ~n'Ornlat10~1 plus erira spare 101 the nanlr 
And dddres  01 cdrh sration you contact For con 
te\ters there 1s s con51stent 30 ent,ses per paqe 101 

edsy tcorlrlq In dddllion there 15 a h.rn0y lrequency 
s~ec l run l  cflalt Showlnq Ihe erdct DrivllPges tot e.tch 
Amateur IhrPnse thlnd pravlleqes Iron? novlce lo rxtra 
plus .i Ihrltna 01 d l  worltlw~dt' Aniateuf pret~res cur 
lpnlly In uC.c Anfl 11 s all sptr,tlbound to Ire tlat on 
ynor ~ ~ e r d l ~ n q  tdble Ih l s  IS unaur~sl!Onatrly llie best 
log boor Y.~IIIP dnywhelP 8 ' i  x 1 1  80 page5 

1978 

HR-LB2 Spiralbound $1.75 





Maroon Bells Peaks. Colnradn - In ET0 's  ' back yard ' 

You can buy a so-called "maximum legal power" linear for 
quite a bit less than the price of an ALPHA. What makes 
the ALPHA worth more. . . or the other model less? 

TALK TO AN ALPHA OWNER - Notice how scarce used 
ALPHA'S are? Owners are rarely willing to part with them. 
and will be delighted to tell you why. 
CHECK ETO's TWO-YEAR (limited) WARRANTY-Others 
give you 90 days. But EIGHT TIMES as much protection 
is only part of the ALPHA warranty 
story: there's also a clear message 
about durability. 
NO ALPHA 76/374/77D OWNER HAS 
EVER BURNED UP A POWER TRANS. 
FORMER, despite our No Time Limit 
(NTL), full power key down rating. 
Maybe i t ' s  because  our  '76A 
tratisformer is nearly TWICE the size 

of those in competltlve desk.10~ ampl~f~ers and IS cooled 
by ETO's full-cabinet, ducted-a~r system to boot. 
LOOK INSIDE AN ALPHA - the difference in quality and 
ruggedness is conspicuous. Brg coils . . . axial-flow cera- 
mic triodes thoroughly cooled by a centrifugal blower. . . 
yet ETO's new acoustic-isolation blower systern makes 
the ALPHA 76A series now even quieter than ever before. 
EFFICIENCY, versatility. ease of operation. resale value - 

the story of ALPHA superiority goes 
on. Before you decide on a new linear. 
get all the details from your dealer or 
ETO direct. And ask for our free guide. 
"Everything You Always Wanted to 
Know About (Comparing) Linears . . . 
But Didn't Know Whom to Ask." Finally. 
do talk to an ALPHA owner.. . look for 
him on top of the nearest pile-up. 

.--,~: - --.: 
ALPHAIVOMAX can 
boost the "latk power" 
of any rig up lo ten 
tlmes or more The i a new sp/tt bnd 
speech processor ilses 
the only system more 
ellecrrve lhan r l  clrp- 
prng - AND dlstort~on 

1s extremely low so your vorcc sounds nalu. 
ral. Under tougli cond~t~ons VOMAX can help 
as much as most Ilrrrars. Cot~rb~ne VOMAX 
wrlh a good l~near and WOW1 I t s  slmplc lo 
~nstall and operate w ~ t h  any rtg. 

1 

p'b Ehrhorn Technological Operations, Inc. 
I f P. 0. Box 708 . Canon City. colorado 81212 (303) 275-1613 



I KLM Trlbander KT-34 111 HY-GAIN 5-element monoband 
20m beam antenna 

I KLM 144-148 13LB 
2 meter antenna 

Covers 20m. 15m. lorn. ga ln  768 over's d~pole. VSWR better than 5 elements up to 36' " long spaced on a 34' by 2" dlameler 
1 5 1. 4 elements on each band. 4 KW PEP. wind area 6 sq. I t .  bandwtdth 400 KHz, averagega~n 11 6 boom length 34 11.. l 
boom. 16 11 x 3". lurnlng rad~us 15 I t .  max. element length 24 I t .  elemenl 36 5 turnlng radlus 25 I t ,  w ~ n d  load 230, Surface 
2" o d mast or larger recommended. Fla 20 dB or better I t .  FIB 20 dB lnput ~mpedance 50 ohms 

MOSELEY TA-33 Jr. 
Covers 10. 15.20 meters. 3elemenl beam Has 13 elemenls, covers 144-148 MHz. 
features G a ~ n  10 1 dB (over ~sotroplc galn 15 5dBdVSWR lessthan 1.2 I . feed 
source). F!B 20dB. 1KWPEPSSBlnput. connectors Boom length 144 Ins ~mpedance 200 ohm balanced, boom 
VSWR at resonance 1 5'1 or better. Longest elemenl 40 Ins Ga~nlFiB ratlo length 21 5 11. center mounllng. max 

dB 13 2 Freq 146-148 MHz Wrnd area mas1 stze 2 ins. 4 1 balun for 50 ohm 

The Ultimate trlbander CUSHCRAFT ARX-2 
G a ~ n  8 7 dB . Front-lo-back rallo 25 dB Calch DX Instead of chasbng DX wllh the . SWR (at resonance) less lhan 1 5 1 Three . wavas ~n phase and a ' *  ATE-341 Covers 10.15. and 20 meters. 
Number of elements 6 Frequency 10. wave matchlng stub Extremely Hlgh-0 coax trapsraled for 2 Kw power. 
15, and 20 meters Longest element low angle of radlallon for better D~rect 52 ohm feed Ihru 1-1 balun 
31 I' . ~ o o m  length 24'. W~nd load at 80 s~gnal coverage Tuneable over a Forward galn 7 5 dB. all bands. Front- 
m.p.h.. 207 Ibs . Surfacearea 8 09sq f t  broad freq range Matched lo 52 lo-back ratlo 30dB Turn radlus 18'9" 
Balun EN-86 recommended 15.95 Wlnd survlval 90 MPH 

296.95 cal l  for quote 39.95 Call for yours today 

I coax feed suppl~ed wllh the antenna 
69.95 Call for vours lodav 

I ATB-34 
HF 4-element beam 

I 259.95 C ~ I I  for quote I 

I MAIL ORDERS P O  BOX 11347 RIRMINGkIAM AL 35202 . STREET ADDRESS 2ROH 7TH AVENLlE SOUTH AlRMlNGHAM ALABAMA 35233 I 
I 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 530 PM, Monday thru Friday. I 
120 march 1979 More Details? CHECK-OFF Page 118 



ALL NEW 

HIGH-PERFORMANCE HF TRANSCEIVER 

Today's technology, backed by a proud tradition, is yours to enjoy in the 
all-new FT-101 ZD transceiver from YAESU. A host of new features are teamed 
with the FT-101 heritage to bring you a top-dollar value. See your dealer today 
for a "hands on" demonstration of the performance-packed FT-101ZD. 

st front pawl, plus heavy Dignal plus analog frequency 

:a= -* readout. Delta1 display resollc 
tion to t W Hz 

Rugged 61468 flnal amplifier 
tubes with RF negative I& 
back 

n RF speech processor RFand AF galn controls located 
on concentric shafts for 
operator convenience 

Full band coverage: 160 through 
10 meter4 plus WWVIJJY 
( r e i v e  only) 

TX. RX. or transcelvefrsquency 
Y bandwidth for CW (wlth offset from main dial frequency 
la1 CW filter Installed) 

Select switches for use wnh 
FV4Ot DM synthesized scam 
nlng VFO (option). FV-901DM 
provides scanners plus 40 f rb  
quency memory bank. 

SPECIFICATIONS 

TRANSMITTER GENERAL RECEIVER 

PA Input Power: Flequency Coverage: Sensitivity: 
180 watts DC Amateur bands from 1.8-29.9 MHz. plus 0.25 uV for SIN 10 dB 

Carrier Suppression: W V / J J Y  (receive only) Selectivity: 
Better than 40 dB Operating Modes: 2.4 KHz at 6 dB down. 4.0 KHz at 60 dB down 

Unwanted Sideband Suppression: LSB, USB. CW (1.66 shape factor); Continuously variable be- 

Better than 40 dB @ 1000 Hz. 14 MHz Power Requirements: tween 300 and 2400 Hz (-6 dB); CW (with 

Spurious Radiation: 100/11011171200/220/234 volts AC. optional CW filter installed): 600 Hz at 6 dB 

Better than 40 dB below rated output 50160 Hz; 13.5 volts DC (with optional DC-DC down. 1.2 KHz at 60 dB down (2:l shape factor) 

Third Order Distortion Products: converter) Image Rejection: 
Better than -31 dB Power Consumption: Better than 60 dB (160-1 5 meters); Better than 
Transmitter Frequency Response: AC 11 7V: 75 VA receive (65 VA HEATER OFF) 50 dB (10 meters) 
300-2700 Hz ( 6  dB) 285 VA transmit: DC 13.5V: 5.5 amps receive IF Rejection: 
Stability: (1.1 amps HEATER OFF). 21 amps transmit Better than 70 dB (160. 80. 20-10 m): Better 

Less than 300 Hz in first 30 minutes after 10 Size: than 60 dB (40 m) 
mln. warmup; less than 100 Hz after30 minutes 345 (W) x 157 (H) r 326 (D) mm Audio Output Impedance: 
~ver  any 30 min. period Weight: 4-16 ohms 
Neaative Feedback: 6 dB @ 14 MHz Approximately 15 kg. Audio Output Power: 
~nrenna Output impedance: 
50-75 ohms. unbalanced 

COMPATIBLE W/TH 
FT-901 DM ACCESSORIES 

3 watts @lo% THD (into 4 ohms) 

Prloe And Spectl~catjons Subject To 
Change W~thout Notlce Or Obltgatlon 

YAESU ELECTRONICS CORP.. 15954 Downey Ave., Paramount, CA 90723 (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 PrincetonGlendale Rd.,Cincinnati, OH 45246 



Two EIMAC 3-500Zs 
provide the punch in 

Kdmnood's new am~lif ier. 
.Kenwood chooses EIMAC For more information 
for trouble-free service. Send for the ElMAC Quick Reference 

The new heavy-duty Kenwood TL-922A catalog covering the complete line of EIMAC 
linear amplifier provides 2 kW PEP input for products and for the 3-5002 Data Sheet. Learn 
SSB scrvice and 1 kW input for CW, RITY, and why the important manufacturers of commu- 
SSTV operation. nication equipment choose EIMAC. Varian, 

Kcnwood chose two ElMAC 3-5002 EIMAC Division, 301 Industrial Way, 
San Carlos, California 94070. 

Telephone (41.5) -592-1221. 
dissipation, the two O r  contact any of the more 
3-SOOZs coast along than 30 Varian 

Electron Device Group 
Sales Offices through- 

out the world. 

DX chasing? Traffic 
nets? RTTY? Rag chewing? 

@ varian 

SSTV? The EIMXC 3 - 5 0 a  
provides the power when you 
need it, with ample safety margin. 
Value wise amateurs always look 
for the EIMAC power tube for 
reliability. And equipment mnnu- 
facturcrs, such ;IS Kenwood, 
choosc EIMAC for leadership in 
power tube technology. 
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