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Before you invest your hard earned money in a linear 2KD-5 GENERAL SPECIFICATIONS 
amplifier, consider what's inside. That's where the dif- * I III .'KI, 5 15 ,I >000 w 111 F'f 1' Irlr,trt (l''O0 w 111 F'FF'  i i r ,ni lni I  

ference in quality is obvious. N~ lightweight, o11111i11) H f  l111t.11 .rr i i ,~l t l~er coverttie I t i t .  KO 40 20 , l id 15 t i le le i  
,~ i i id le t t r  b , ~ t i ~ l \  

built  Henry you find I w o  Llrndc 3 5 0 0 7  $1 15s rviv~xlope t r~odws  opernltr ly I n  ,I e r o u i i d r ~ l  
only the best quality. heavy duty components. We build ,3rlij rlrc,,ll 

our amplifiers to  perform at peak level month after yi P, L l,~,~e CI~C,~II  WIII, . 1,,1 sllver pl,rted lank r o l l  lor y re  ,test 

month. year after year. Both the 2KD-5 and the 2K-4 e l f l r ~ e n r y  jr i i l  ~ i i , i x ~ t i i t ~ t i i  t t t ~ r i l ~  111or1 ) t  ~ r r i w ~ r i t e ( l  harmon1c5 

will operate full legal power continuous duty on all * Full IP~J'BI 1111) i r l  In  $ 1 1  t i i o ~ i ~ \  .'OllL) w III\ PEP i11111il 111r SSB 1000 
modes. We offer the amateur the linear amplifier that W"llS "'I'U1 "" LW R' '"Id AM 

we would want in our own stations. * J u n i p ~ r  for 115 or 230 V A L  3 wlre SI~EIP ~)h,ise 

At Henry Radio we know how to build only o n e  kind * lo 5 hl#t1 15 wlrlp ~ 1 7  5 clec'p 

of amplifier ... the best! * P r ~ c e  $ 8 9 5  00 

2K-4 LINEAR AMPLIFIER O l l r~ rs  onqlnpprlnq TEMPO VHFlUHF AMPLIFIERS. Solld slale powpr 1' n'rl" 70002 2 w  70W '70 oO 
r on\ lru< l ~ l l n  and I t  , l lurr5 5 ~ c n n d  l o  nonP Prov~drc  smpl l fwrs  lor U ~ P  In  most land rnob~leappl tca l~ons 1 4  Irllm 40010 l l lW 41lW $ 1  l', 

a lnnq 1111 01 rrltahl+. ctxrvlIP wholl, 01s heavy duty IncrrasPs t h r  rangp r lar l ly  r r l~abt l t ly  andspeed of I r  ns,ln 40D02 2 4nW 5165 00 
romnon6~nls allow 11 I n  loaf alono r ven  a1 lul l  Ic~oal two wav cornmun~cal#ons FCC type acc rp l rd  also Tpmy,o 25D02 2\N 25W s 125 00 
pow,,, Oprra l rc  on all amateur bands 80 lhrhr 15 
rnrtprs If you want to put thal r t ronqr lpar  slqnalon 
I ~ P  alr thal you ve prohahly h m r d  l rom other 2K 
users now IS the llmP M o w  LIP to I ~ P  2K-4 Floor 
( on sol^ 51095 00 

TEMPO 2002. The same f ~ n e  specs and features as 
the 6N2. but for 2 meter operallon only $745 00 

Ufl"P 01111,tlI 
Mr,<l~l Pover Prjwrr P"c' 

LOW 8AND VHF AMPLIFIERS 135 l o  75 MHz1 
C C Z  - .a1 bL:40-03 --. 

Tempo C100C30 30W IOOW 5250 0 0  
Tempo ClOOClO IOW tOOW $240 0 0  
Tempo ClOOCO2 2W lOOW 3285 0 0  
HIGH BAND VHF AMPLIFIERS 1133 l o  175 MHz1 
Trmpo l3OA3O 30W 130W 519900 
T~rnr io  130A10 l0VJ 130W s l 8 9 0 0  

T , . ~ ~ I , ~ ~  1 0 ~ 0 7  2w i r jw  s 7 5  00 

TEMPO 100AL10 VHF LINEAR AMPLIFIER. 
Comolete lv  s o l ~ d  slate. 144-148 MHz Power  
6utp;t o f  100 wa l l s  cnorn . w l h  o n  y 10 wa l l s  
l n o m  ) In  Rrl tat) le and cornpac l  s 2 0 9  0 0  
TEMPO 1OOALlOlB BASE AMPL FlER $ 3 5 9  0 0  

Henry Hadicr a lso oflrr, il hrrrad l ine of rommer -  
cia1 and FCC typv nr repted ampli f iers covering 
the ranqe of 3 M H f  to  500 MHz. Henry ampli f iers 

T~ rnLo  130A02 2W 130W s209 0 0  art* i n  ;;e a l l  around the world. Comin r r r i a l  and 
~ e r n p o  80A3O 30W ROW $1 59 00 export i~ iqu i r iea arv  invited. 
T r m ~ n  BOA10 10W BOW ~ 1 4 9 0 0  Tenipo solid stale amplifiers are available at Tempo 
TernpoBOA02 2W BOW 516900 dealsrs t h r o ~ a g h ~ t r t  I h r  U.S. 
Tcmpo 50Al0 10W 50W 5 99 00 
Temoo50A02 ZW 50W 512900  ~llt..r\t. 4 .Ill 0 1  ivll l l. !<,# < 0111(>11.11' 111f111111.411011 

~ e r n b o  30AtO 10W 30W 5 69 00 
Tern00 30A02 2W 30W 5 89 0 0  
UHF AMPLIFIERS id00 l o  512 MHz1 



ASK ANY H A M  WHO OWNS ONE: 

. . . THE ACCEPTED INDUSTRY STANDARD 
From the seasoned professional operator to the novice . . . a l l  agree that the System 0ne"outperforms anything 

available . . . the ultimate Tribander! Real monoband performance with 4 full elements on 20 and a separate 10 meter reflec- 
tor, a l l  on a 26' boom. 

You can obtain more information on the System OneTMand Wilson's other antenna, radio, tower and rotor products by 
contacting your nearest amateur dealer. 

EIectronics 
Corp. 

4288 S. Polaris I P. 0. Box 19000 1 Las Vegas. Nevada 89119 /(702) 739-1931 /TELEX 684-522 



MFJ INTRODUCES THE 

GRAMIMRSTER 
MEMORY KEYERS 

A t  $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 . . . 
WBOHT CONTROL TO PENETRATE MESSAGE WlTONS SELECT DESIRED 25 CHARACTER MESSAGES. 
ORM. PULL TO COMBINE MSET8 m y  IN 
A A N D B F O R l .  2. OR 3 USE TO BEGINNING. 
CHARACTER MESSAGES. 

m y  L L r n  POSI. 
TlONS 1. 2. 3 ARE EACH 

SPEEDCOWTIIOL8M SPLIT INTO MEMORY SEC. 
50 WPM. PULL TO TlONS A. B. C. D (UP TO 
RECORD. TWELVE 25 CHARACTER 

MESSAGES). SWITCH CW- 
BlNES A AN0 8. WIllTlOW 
K GIVES YOU 100. 75. 50. 

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

NOW Y W  CAN CALL CP, SEN0 YOUR PTW. hmnw imwl or make changes in any control. 8 to 50 WPM. 
NAME. ETC., ALL AUTOMATICALLY. playing message by simply sending. Continue Welqht cmtml lets you adjust dot.dash- 

And only MFJ ofiers you the MFJ-484 by touching another button. space ratio; makes your slgnal distinctive to 
Grandmaster memory keyer with this much Memory m a t s  to beginning with button, or penetrate ORM. 
flexability at this price. by tapping paddle when playing. Touching Tone mhot. R m  filllng volume. Bullt-in 

Up to M e  25 character messages plus message button restarts message. speaker. 
a 100. 75. 50. w 25 character message LEm show which 25 character memory is Tune hMCtlrn keys transmitter for tuning. 
(4096 bits total). in use and when 11 ends. Ultra d a b l a  a*# stale k@yln#: grid block. 

A s d c h  m m M m  25 character messages Bullt-In m e m q  unr .  Uses 9 volt battery, cathode, solld state transmitters ( -  300 V. 
for up to three 50 character messages. no dram when power 1s on. Saves messages 10 ma. max.. + 300 V, 100 ma. man.). 

To m a d ,  pull out the speed contrd, twch in memory when power lass 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 VDC. Automatically switches to ex- 
push in the speed control, select your mes inches. ternal batteries when AC power is lost. 
sage and twch the button. That's all there PLUS A MFJ DELUXE FULL FEATURE EYER. DPTWmAL SWEEZE KEY 
is to it! bmbk rpatlon with squeeze key. Dot.dash for all memory keyers. 

Y w  un Wal any message continuously insertion. Dot and dash paddles have 
and even leave a pause between repeats (up Doldash n*morbs, self-completing dots and fully adjustable tension and 

ten. If no answer. 11 repeats CO again. To cept when recording). 
to 2 minutes). Exampk: Call CO. Pause. Lis. dashes, lamproof spacing, instant start (ex- spacing for the exact "feel" you Ilke. Heavy 

base with non.sllp rubber feet eliminates 
answer simply start sending. LED indicates AH conhols are on front panel: speed. "walking". $29.95 plus $2.00 for sh~pping 
Delay Repeat Mode. we~ght, tone, volume. Smooth linear speed and handling. 

lMS MFJ-482 FEATURES FOUR 25 OR A 50 AND TWO 25 CHARACTER TMS MFJ-481 61VES YOU TWO 50 CHARACTER MSSA6ES. 

Speed, volume. weight, 
tom controls rSlt- 
CDmblne me* s*Mch Tune luncWon 
Repeat. lune lunctlons Built.ln memofy r a m  
Built-in memory saver 

Sim~lar to MFJ-484 but with 1024 bits of memory. less delay repeal. Similar to MFJ.482 but with two 50 character messages, less weight 
single memory operating LED. Weight and tone controls adjustable from controls. Internal tone control. Volume control is adjustable from rear 

panel. 5 x 2 ~ 6  inches. 110 VAC or 12 to 15 VDC. 

Order any product from MFJ and try it. ti 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 Intorrnatlon, orderlrepalr status, In Mlseleslppl, outslde continental USA, call 801-323-5869. 

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

m 

MF J ENTERPRISES, I NC. MISSI~SI.P~ M s ~ s ~ p p l  3!!? 
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The editor of an amateur radio magazine must wear several different and diverse hats. In fact, I 
could use up several pages describing all the details that need attention to keep the magazine running 
smoothly. However, I'd like to talk for a moment about one very important task that sets the tone of 
the magazine: selection of articles. 

~ o s r o f  the articles published in ham radio are contributed by readers who want to share an idea or 
the details of a particularly successful project. Authors range from enthusiastic hams who have never 
written anything more than a short story for their English professor to fellows with engineering back- 
grounds who make their livings in front of a typewriter; all want to share an idea. I welcome the out- 
put of anyone who is interested in contributing something that will benefit all amateurs. 

Prospective authors often ask, "What kind of articles are you looking for?" That's difficult to an- 
swer because new manuscripts arrive in the mail every day, so our needs are continually changing. 
However, I'm always on the lookout for simple construction projects that can be put together in one 
or two weekends. Larger projects are also welcome, but most of our readers must divide their leisure 
time between amateur radio and other interests, so they don't have time to build a Chinese copy of a 
complex piece of equipment. I'm also interested in good technical articles that cover any facet of 
radio communications. 

Although I can accept only technical or construction articles for ham radio, articles for our sister 
publication, Ham Radio Horizons, can focus in on any aspect of amateur radio. In addition to simple 
construction projects for the beginner, I'm looking for DXpedition travelogues, adventure tales, 
articles on getting started in ham radio, and human interest stories with an amateur radio theme. If 
you have something you think would be of interest to our Horizons readers, I would like to have the 
opportunity to consider it for publication. 

Once a month we set aside one or two days to go over all the manuscripts that have come in dur- 
ing the previous month. Since I seldom use more than a dozen articles in any issue, I don't accept 
more than that during any one-month period. This is sometimes a nearly hopeless task because there 
may be three-dozen or more to be considered. The first things I look for are originality and interest 
value. If the contribution passes this test, the next thing I look for is technical accuracy and attention 
to detail. 

The contributed article doesn't have to be a literary masterpiece to be accepted. If you have a 
good idea and it's well documented, if the illustrations and technical discussion are clear and ac- 
curate - you may have a winner! On the other hand, if the article rambles from one topic to another, 
or presents inaccurate or misleading information, you will receive a rejection slip. 

If your article has been accepted for publication, don't expect to see it published in the very next 
issue. The production times for a monthly magazine are probably much longer than you ever imag- 
ined. The articles for this issue, for example, were being prepared for publication during the month of 
May. As you are reading this we are putting together material for the December issue of ham radio. 

In addition to writers, I am always on the lookout for new and unusual ways of looking at amateur 
radio, especially for Ham Radio Horizons. If you are an illustrator, painter, photographer, or sculptor, 
I would like to have an opportunity to review drawings, slides, or pictures of artwork for possible 
future consideration. Media can include airbrush, pen and ink, wash, watercolor, oils, collage, paper 
sculpture, ad infinitum; subject matter includes full-color covers and lead artwork for articles cover- 
ing every aspect of amateur radio: antennas, hamshacks, satellites, vhf fm, DXing, field days, etc. 
Obviously, all artwork which is submitted for publication must be of professional caliber. Artwork 
done on consignment involves preliminary layouts or sketches, and must follow a regimented dead- 
line schedule. If the prospect interests you or any part-time Rembrandts you know who enjoy ama- 
teur communications, write directly to our art editor, Jim Wales, for more information. 

Jim Fisk, WIHR 
editor-in-chief 
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Owning an ICOM LSI radio is a true pleasure for anyone in Ham Radio. Putting two 
of them side by side in a matching station certainly more than doubles the pleasure and 
performance. The compatable styling of the IC-211 and IC-701 provides an operating 
station which is a beauty to look a t  a s  well a s  a joy to operate. The compactness of the 
units and the similarity of controls and switch layout help to take the confusion out of 
knowing which knob to turn. Microphones and other accessories are also compatable 
with both radios. such as  the RM-2 remote microprocessor frequency controller, shown 
above. 

When used with the IC-211 or IC-701 (or IC-245, for that matter). the RM-2 pro- 
vides memory and frequency control, including automatic band change and memories 
for four different frequencies, plus auto-increment or single step tuning in 100 Hz, 1 KHz 
or 15 KHz steps. The RM-2 also provides automatic offset for repeater operation when 
used with the IC-211 or 1C-245. The tone generator accomodates operation of tele- 
phone type devices or a two-tone signal for an external amp that needs to be tuned. 
(Naturally there is no tuning needed on an IC-211 or IC-701.) 

No one could ask for a better Oscar station than the IC-211 and IC-701 together for 
"mode A": and adding a transverter to the IC-701 mode B or mode J opens newer. 
better satellite horizons. Within the ICOM LSI based radios there is the capacity for 
the technically minded Amateur to tune one radio of the pair with the VFO knob of the 
other. (Oscar transceive, anyone?) In addition. the LSI lends itself to being controlled 
by a parallel port on one of the increasing number of microprocessors now available 
for Amateur use. 

The complexity of features built into these ICOM LSI M n s  will be used for a long time 
into the future. The possibilities are so  numerous that even we have not thought of all 
of them vet. 

MICOBI~ . (L I I * . . ( *  
.lad FCC qr- Shoum Idc  to K;Z11. multl-mode 4MHz tnnrr: RM-2. remote mkrop-r: 
Irrtar.prcor - 1 d . r  IG70l. multl-mode HF trxvr: IG701PS. power rupptyl speaker. 

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA 
Sulle 3 Sulte 307 7087 Viclorta Dr~ve 
13256 Norlhrup Way 3331 Towemood Drive Vancouver B C V5P 3Y9 
Bellevue. Wash. 98065 Dallas. Texas 75234 Canada 
(206) 747-9020 (21 4) 620-2780 (604) 321-1833 



EXPANSION OF U.S. AMATEUR PHONE bands, proposed in four Petitions for Rule Making 
( v s  2150, 2828, 2870, and 2999), has been rejected by the FCC. The Petitions were dis- 
missed on the erounds that the subiect had alreadv been covered in Docket 19162 and that 
the subject ha; already been covered in Docket 19i62 and that strong opposition from 
overseas Amateurs made any U.S. subband expansion unwise at this time, just before the 
1979 World Administrative Radio Conference, where the bands are likely to be shaken 
up anyway . 

RESPONSE TO THE EIGHTH NOTICE of Inquiry on WARC 79 was by far the heaviest yet, with 
almost all of the increase apparently from Amateur Radio ranks. In a quick review of 
the 400 or so Amateur submissions, the majority - perhaps 95% - were-concerned prin- 
cipally with potential Amateur losses at 160 and 80 meters and changing 40 to exclusively 
Amateur use. Most said a few words endorsing a new band at 160-190 kHz. The proposed 
new 10, 18, and 24 MHz Amateur bands got surprisingly little comment - though one Ama- 
teur actually opposed them as being ripoffs by Amateur equipment manufacturers so they 
can sell new gear1 

Still Another Notice of Inquiry appears likely, with the end of September the target 
date to permit replies to be in and analyzed before the year's end. This NOI, if it does 
come out at all, would be of limited scope, probably touching only those areas in which 
severe conflicts still remain. 

A COMBINED AMATEUR MEDIA and WARC Advisory Committee for Amateur Radio meeting is be- 
ing considered for sometime in October, following release of the anticipated additional 
WARC Notice of Inquiry. Tentative plans are to have the two-day session in Gettysburg, 
where excellent meeting facilities are available and those attending would have a chance 
to see the Commission's licensing facility in operation. 

Supqestions As To Topics for Ehe media.meeting, timing and location should go to 
John Johnston at the FCC. 

CB RULES VIOLATORS and "HF" outlaws are losing not only their CB licenses but their 
right to upgrade (legitimately) to an Amateur license. FCC releases have detailed a num- 
ber of such cases in which an otherwise qualified applicant for an Amateur license was 
rejected because of a past history of FCC rules violations, plus several cases in which 
the licenses of Amateurs were revoked for operating on the "HF" frequencies just 
below 28 MHz. 

Instructors Of Amateur Radio training courses would do well to warn their students of 
the risks that illegal operating poses to their future Amateur licenses. 

FIELD DAY NETTED AN AIRCRAFT CONTACT for W8TN that won't be included in his Field Day 
score but did generate some nice publicity for Amateur Radio in area papers. He and 
WD8CPN had set up at the Jackson County (West Virginia) airport and were still going 
strong at 4 AM when they heard an airplane circling the darkened field. After attract- 
ing the pilot's attention with a flashlight. Clark was able to contact him by using the 
radio in a parked aircraft and learned he'd been trying unsuccessfully to activate the 
field's radio-controlled runway lights (they were down due to construction damage a 
week earlier). The two Amateurs then positioned cars at opposite ends of the runway with 
their headlights on, and, after making an exploratory pass. the pilot landed safely. 

OSCAR 8's ORBITAL DATA is off 0.00205 minutes per orbit. an error of two minutes. 
55 seconds for orbit 1427, for example, and three minutes and 35 seconds for orbit 1748. 

OSCAR 8's Delta Launch Vehicle's first stage was mistaken for OSCAR 8 by the tracking 
radar, leaving OSCAR 8 unnoticed above and behind the rest of the launch payload and 
accounting for the error in its orbital data. At present OSCAR 8 is about 1700 km behind 
its "imposter." Updated correction data for the OSCAR 8 orbital predictions will be pro- 
vided periodically, rather than by attempting to prepare a predictions booklet this year. 

AT THE JULY BOARD meeting, the Directors approved the CAC's recommendation that the 
1979 ARRL DX Contest be cut back to one weekend per mode, with the specific weekends still 
to be decided. In addition, any submitted log with 2% unpurged duplicate contacts will 
result in automatic disqualification. Also, more than 2% "rubber-clocking" - the prac- 
tice of running over the permitted amount of operating time, will similarily result in 
automatic disqualification. 

ANOTHER SUPER POWER RADAR is reported to be about ready for test in or near unspecified 
Amateur VHF/UHF bands. Any reports of reception of pulse-type signals in the Amateur bands 
should be reported to ARRL and ham radio. The system in question is supposed to be a 10-15 
megawatt over-the-horizon radar- - 

HAWAIIAN USE OF 1800-1810 kHz has been extended indefinitely by IRAC following a one- 
year trial period during which no interference to Pacific area navigational signals was 
noted. 
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The TR-7400A 2-meter F M  transceiver provides 
fully synthesized operation, including 600-kHz 
repeater offsets, over the entire 144-148-MHz 
range. I t  can operate on  any of 8 0 0  channels, 
spaced 5 kHz apart. RF output  is at  least 2 5  W, 
and typically 3 0  W. A low power position produces 
5-1 5 W (adjustable). Included is a dual frequency 
readout with large six-digit LED display plus a dial 
readout. The subaudible CTCSS signaling feature 
may be used on transmit and receive, or transmit 
only. Optional tone-burst modules are available. 
Receiver sensitivity is better than 0 . 4  pV for 2 0  dB 
quieting. Large, high-Q, helical resonators minimize 
interference from outside the band. A two-  ole 

ange, c lual fre 
~baudil 

Iquenc' 
ble ton 

y readc 
e enco - - 

he full1 ,esized T R - 7 4 0 0 ~  2-meter FM 10.7-MHz monolithic crystal fi l l es excelle 
selectivity. Optional active fi lt ' 

trans4 vailable f aperates on 800 channels and 15-kHz -splitw operation, n distortic 
BatUTeb r~paster offset over the entire 144- is down more than 6 6  dB, sourlous rejection 

148-MHz r ,,,t, better than -60  dB. ,n is bett 
than -70 dB. 

,.x-digit display der See your local A~thoharru ~mro~nvuu ".;ah toda 
and decoder. RF output is at least 25 wa' 

:er provid, 
ers are a$ 
nodulatio 

The PS-8 AC power supply matches 
the TR-7400A 2-meter FM trans- 
ceiver. and produces 13.8 VDC at 8 
A lntermtttent (50% duty cycle) and 
5 A continuous. It can also be used 
with other Kenwood VHF and UHF 
mobile transceivers. I t  is well- 
regulated (less than t4%fluctuation), 
has low ripple (less than 10 mV rms). 
and features current limltina (less 

The MC 3 0 G c 1  MC-35s dynarnlc rnob~le rnlcrophones prov~de 
150-5000 Hz frequency response (150-4000 Hz when operated 
as nolse-cancell~ng m~crophones) The MC-30s Impedance IS 5( 
62 and the MC-35s 1s 5 0  k l l  

than 3 A short circuit). 
TRIO-KENWOOD COMMUNICATIONS IN1 
1 1  11 WEST WALNUT/COMPTON. CA 9 0 2 2  
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calculator design 
Dear HR: 

I just have to tell you how much 
I've enjoyed and appreciated your 
articles in the last six months or so on 
various kinds of design approaches 
suitable for use with pocket cal- 
culators. 

The Whyman pi network article in 
the September, 1977 issue; the 
Anderson circuit analysis article in 
the October issue; and the Ball satel- 
lite tracking article in the February 
issue were very good indeed; and you 
really hit the jackpot with the Ander- 
son, Hoff, McNally-Keen, Fisk, and 
MacCluer articles, in March, 1978 
ham radio. While I'm still digesting 
this last batch, you come along with 
several more juicy items in April and 
May; so unless you slacken up a bit, 
I may never catch up. 

I acquired a TI-59 calculator just 
about the time this string started and 
have really enjoyed the task of dig- 
ging into all the design methods and 
programming them for my TI ma- 
chine. Having to "translate" the HP- 
25 program listings into the corre- 
sponding algorithms only added to 
the spice. And, with the 480-step/ 
60-memory capacity of the TI-59, 
there was plenty of room to expand 
and improve the programs. I recall 
that one of the articles mentioned 
that the calculations were awkward 
to handle on non-RPN calculators, 
but I found them to be very straight- 
forward and easy on the TI -59. 

It is a bit ironic that I no longer have 
any real need for any of this. I retired 

from my engineering career about 
three and a half years ago at age 
67, so have no use for it professional- 
ly. I got back on the ham bands at 
about the same time (after being off 
some forty-four years), but am not 
particularly interested in doing my 
own building or design work. There is 
just a very high degree of simple intel- 
lectual pleasure in finding out what 
really goes on in networks, transmis- 
sion lines, and the like. 

The orders of magnitude improve- 
ment in the speed and accuracy with 
which one can do complicated cal- 
culations can really make all those 
equations in our musty old engineer- 
ing textbooks come alive in a way 
they could never do when one had to 
struggle with manual calculations, 
slide rules, and log tables. What an 
incalculable boon the calculators 
must be to young engineers just 
starting out and facing the awesome 
potential range of engineering knowl- 
edge and techniques. 

These marvelous little calculators 
can also be used in ways which were 
never contemplated by their de- 
signers. I've come up with one such 
use for my TI-59, a fairly simple 
little program that will convert the 
TI-59 into an ID timer to let me know 
when it is time to send my call sign 
during a QSO. 

Robert F. White, W6PY 
Palo Alto, California 

noise bridge 
construction 
Dear HR: 

I have just finished constructing 
and compensating the noise bridge 
described in the February, 1977, 
issue of ham radio. I had not ex- 
pected that a major source of trouble 
would be the 180 pF capacitor. First, 
I used a ceramic capacitor, since I 
assumed it would be the least induc- 
tive. But, after a long and often dis- 
appointing search for the source of 
the erroneous behavior of my bridge, 
I found that this capacitor had 1 or 2 
ohms of effective series resistance. 

Since the equivalent parallel resis- 
tance at 28 MHz, was only 500 ohms, 
the Rp reading was too low at the 
higher frequencies. Several different 
types of capacitor were tried, but 
most of them gave the same poor 
results. The only good results were 
obtained with a Philips 82 pF ceramic 
capacitor, and later with a 180-pF 
"micropoco" capacitor of the same 
brand. The latter type is a miniature, 
tubular-molded film capacitor with a 
polystyrene dielectric. 

With this capacitor, the compen- 
sation of the bridge was completed 
as described. It certainly pays to give 
some attention to this detail before- 
hand, as it took me quite a long time 
to find out what was wrong with my 
bridge. 

I built the series range expander in 
a UG-260lU and a UG-10941U screw- 
ed together. The dielectric and the 
center conductor of the UG-1094/U 
have to be shortened, and a little 
hole is drilled into the remaining part 
of the center conductor. The two are 
locked with the large nut from the 
UG-1094lU. 

Arjen Raateland, OHZZAZ 
Helsinki, Finland 

micoder matching 
Dear HR: 

In your May, 1978, issue of ham 
radio, Wesley Johnson presented a 
circuit in the ham notebook for im- 
pedance matching of a Heath HD- 
1982 micoder. It works beautifully. 
However, he specifies miniature 
Calectro coupling capacitors. Like 
many hams, I just couldn't find these 
parts anywhere. I eventually sub- 
stituted 0.47 FF and 4.7 FF Radio 
Shack tantalum caps; they are small 
enough and can easily be purchased. 
I made a 2.5 x 2.5 cm (1 x 1 inch) 
printed circuit board and as he de- 
scribed, it fits perfectly between the 
top mounting posts and the case. 
Using the micoder with a Yaesu 
FT227R yields very good audio re- 
ports. 

R. A. Stellarini, WB8VUN 
Canton, Ohio 
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simple and efficient 
broadband balun 

Construction of a 
new, improved balun 

which introduces 
no reactive components 

to the antenna 
feed system 

Balanced versus unbalanced, balun or no balun - 
how many times have you heard long, philosophical 
discussions on this subject? I must admit I have had 
many sessions on the subject myself. Some of the 
pros and cons on baluns will be discussed in this arti- 
cle; then a new and improved broadband balun de- 
sign will be described. 

Balun vs no balun 
It seems obvious that a ground-plane antenna is an 

example of an unbalanced antenna and therefore can 
be fed directly with an unbalanced feedline such as 
coaxial cable. I t  also seems obvious that a center-fed 
dipole is a balanced antenna and therefore requires a 
balanced feed system. This could be twin lead, open- 
wire line, or a balun fed with coax cable. 

Judging from discussions heard on the air, it isn't 
obvious why a balanced feed system is required or 
what i t  "buys" the user. Reading the advertisements 
of some manufacturers could lead you to  believe that 
a balun is required to  prevent TVI or to lower your 
vswr. This is nonsense, as you will see later. 

By Joe Reisert, W1JR. 17 Mansfield Drive, 
Chelmsford, Massachusetts 01824 
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fig. 1. Three-wire representation of a coaxial feedline. 

Over the years, coaxial feedline has become very 
popular while open-wire lines have practically vanish- 
ed. One erroneous and often-heard story is that 
open-wire lines radiate, while coax does not; this is 
not true. The main reasons coax cables are popular 
are that they do not require special mounting tech- 
niques and they are easily monitored for both power 
and vswr. This has often led to  the use of coax cables 
to  directly feed a balanced antenna, especially on the 
amateur bands below 14 MHz. 

There is a simple way to look at this situation;l.z a 
coaxial cable can be viewed as a three-wire feed sys- 
tem since the skin effect will allow one current to  
flow on the inside of the shield and another, a differ- 
ent current, on the outside (see fig. 1). The current 
on the inside of the shield is equal and opposite to 
the current flowing on the center conductor. The 
current on the outside of the shield, however, is a 
function of the currents induced by the field of the 
antenna (see fig. 2). This current is affected primarily 
by the geometry; the least current on the outside of 
the coax occurs when the feedline is at a right angle 
to the antenna, a rather unlikely situation. 

How does feeding a balanced antenna directly 
with a coaxial cable affect the antenna's perform- 
ance? The most obvious point is that when a horizon- 
tal antenna is used, the feedline re-radiation, if pres- 

- 9 A L I W E D  ANTENNA- _tj:r 
II 

C0AXI.L 
FEEDLINC 

fig. 2. Current on the outside of the coaxial shield, I,, is af- 
fected by relationship of the feedline to the antenna. I, is 
minimum when the feedline is located at right angles to the 
antenna. 

ent, will most likely be in the vertical plane. Hence, 
some of the transmitted signal will also be radiated 
vertically. Below 14 MHz this probably won't de- 
grade performance because the antenna pattern is 
probably already distorted - a little vertical radiation 
may fill in some nulls as well as radiate some power 
at lower angles. Another effect will be to cause rf 
feedback or a "hot" rig. 

When balanced, directional antennas are fed with 
coax, however, especially on 14 MHz and above, the 
feedline re-radiation as described above can be dev- 

UNBA'AWEO 

fig. 3. Construction of the improved broad-band balun. 

astating, since it may cause undesirable high-angle 
signal off the back of the antenna or strong, local, 
vertically polarized signals which interfere with weak 
DX signals. Therefore, if coax cable is to be used to  
feed a balanced antenna, always use a balun. 

balun types 
The most common baluns are the toroid and fer- 

rite-rod types.l.3 The biggest problem with all these 
baluns is that they are all frequency sensitive to one 
degree or another, especially if a wide frequency 
range (3 to  30 MHz) is desired. Personally, I have had 
the best luck with the ferrite-rod type. 

There are several other problems with toroid and 
ferrite-rod baluns: they all have some loss and, if not 
perfectly constructed, can introduce a mismatch: a 



fig. 4. Measured vswr of a THGDXX antenna on 20 meters 
with a ferrite-rod balun compared to vswr with the im- 
proved coaxial balun. The ferrite-rod balun contributes reac- 
tive components to the feed system, as discussed in the 
text. 

less understood problem is the effect of using a 
toroid or ferrite-rod balun with a mismatched anten- 
na, a common situation since a 1:l vswr is only pres- 
ent at one discrete frequency on any band. This led 
me to search for a new type balun which did not suf- 
fer from these problems. 

new type of balun 
In the search for a better balun, I studied the coil of 

coax approach which is recommended by several an- 
tenna manufacturers. This type of balun solves some 
of the difficulties with mismatch loss, since the impe- 
dance is constant, but the thought of using 6-10 
meters (20-30 feet) of coax with its loss was not too 
appealing. 

Looking at fig. 2, it seems that all we have to do is 
prevent rf current from flowing on the outside of the 
coax. In other words, we must devise an rf choke on 
the outside of the coax shield. This can best be ac- 
complished by wrapping the feedline on a ferrite rod 
or a toroid core, but some external field will still be 
present. 

Then I saw an article on a super toroid, one that 
had almost no external field. Voila, an answer to  my 
prayer! I quickly wound some RG-58IU coax on a 
Micrometals T-200-2 toroid, but results were disap- 
pointing. I reckoned that an inductive reactance of 
500 ohms on the outside shield should be a minimum 
requirement. But the permeability of this powdered- 
iron toroid is so low that 14 turns were required on 10 
meters - the toroid was barely large enough for that 
many turns, and 40 turns were required on 3.5 MHz! 
Hence, a search was conducted for a better core. 

Then I looked at lndiana General's Ferramic cores 
and noted that the permeability of their Q1 material 
was 125 and suitable for operation from 3.5-30 MHz. 
The F568-1 core* also has a larger inside diameter - 

'Indiana General toroids and coaxial cable are available from G. R.  White- 
house. 10 Newbufy Drive. Amhent, New Hampshire03031. 

35.5 cm (1.4 inch) versus 28.5 cm (1.25 inch) for the 
T-200 toroid. With the higher permeability, a suitable 
balun could be built at 3.5 MHz with only 12 turns of 
coaxial cable. Also the strays are lower, since the 
balun is based on coax which has the same impe- 
dance as the antenna. 

construction 
The new toroid balun construction is shown on 

fig. 3. Note that an even number of turns is pre- 
ferred, with half the turns going on one side and the 
other half in opposition. Note also that the ends of 
the coax are on opposite sides of the toroid, which is 
very desirable mechanically. 

For a kilowatt balun for 3.5 to  30 MHz, the Indiana 
General F568-1 type core is preferred. R G 8 l U  coax 
is too large and RG-58IU is undesirable except for 
levels below 200 watts. A check of available coax 
cables narrowed the choice to  RG-141/U, which is 
approximately 6.35 cm (0.25 inch) OD with a Teflon 
dielectric and can easily handle 1000 watts. How- 
ever, RG-142lU is also acceptable but is quite costly, 
since it uses a double silver-covered braid. W2DU 
has also suggested RG-303lU. A 12-turn balun re- 
quires approximately 90 to 100 cm (36-40 inches) of 
coaxial cable. 

Table 1 shows the minimum required turns versus 
frequency. Hence, a 10-turn coil would suffice for 
7-30 MHz, but 12 turns are desired for 3.5-30 MHz 
and should also work at 1.8 MHz with slightly poorer 
performance. For lower frequencies the type TC9 
core material would be a better choice with an appro- 
priate number of turns as discussed above. 

Photograph of the improved broad-bend balun. The cast 
aluminum box is a Bud Cup4 or similar. 
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The finished toroid can be placed in an aluminum 
or plastic box. I mounted mine in a Budd-type CU234 
cast-aluminum box with a connector at one end and 
two insulated, ceramic feedthroughs on the sides. 
The coax shield should be debraided at each end and 
then twisted for insertion in the connector and solder 
lugs as shown in the photograph. 

performance 
I reasoned that a simple lab test would be to ter- 

minate the balun in its characteristic impedance, 
measure the vswr, and then measure the vswr with a 
short from the center pin side of the load to ground. 
If the balun is truly balanced, the short circuit should 
not affect vswr to a large degree. Indeed, a 10-turn 
balun tested at 10 MHz showed only negligible 
change when either of the output leads was ground- 
ed. Similar results were noted at frequencies with 
proper turns. Loss was negligible. 

table 1. Minimum number of turns vs. lowest frequency of 
operation for the improved broad-band balun (assumes 500 
ohms reactance for 50-ohm system). 

turns turns 
frequency inductance T-200-2 F568-1 Q1 

3.5 MHz 22.74 H 40 12 
7 MHz 11.37H 28 10 

14 MHz 5.69 H 20 6 
21 MHz 3.79 H 16 4 
28 MHz 2.84 H 14 4 

The supreme test was to replace my ferrite-rod 
balun on a THGDXX tribander to see if the vswr 
would change. You will note from fig. 4 that the orig- 
inal balun had a higher vswr at resonance and a 
somewhat lower vswr at the high end of the band 
than the new improved balun. This confirms that the 
ferrite-rod balun introduces a mismatch at reso- 
nance. The lower vswr at the high end of the band is 
probably due to the increased loss of the ferrite-rod 
balun, which tends to make the vswr look lower than 
it really is. Additional baluns are also now in use on a 
160-meter dipole and several G5RV slopers on 81) and 
40 meters. 

other variations 
This balun is not restricted to 50 ohms; indeed, any 

impedance coax could be used if the turns are calcu- 
lated to yield a reactance at least 10 times the impe- 
dance. Smaller or larger cores or coax can also be 
used if lower or higher power is required. In addition, 
this type of balun is not frequency-limited to the high 
frequencies; it also works well at vhf if attention is 
paid to layout and lead length. The beauty of this 
type of balun is that it does not introduce any addi- 
tional reactive components to the feedline. 

fig. 5. Smith chart plot of a 10-turn broad-band balun built 
by WIJR, as measured by DJ2LR over the frequency range 
from 1 to 30 MHz. Vswr is 1.3:l or less on all high-frequency 
amateur bands. 

I would like to express special thanks to Walt Max- 
well, W2DU, and to Ulrich Rohde, DJ2LR, for their 
encouragement and assistance in preparing this 
material. 
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20 meter 
delta-loop array 

The use 

of a scale model 
and simple, 

but effective, 
construction techniques 

produces an effective 
delta-loop array 

The cubical quad type of loop antenna has been a 
very popular and effective antenna for amateur use 
between 14 and 30 MHz. The Yagi antenna is prob- 
ably the most popular of all amateur antennas, and 
both types have their avid defenders for the most 
"effective" antenna on a particular band. An excel- 
lent comparison of the two antennas is presented in 
an article by Lindsay, WBHTH.1 There is another 
type of loop antenna, however, which is generally 
overlooked in amateur publications - the delta loop. 
The delta loop is simply another configuration of a 
full-wavelength loop antenna like a quad, but the del- 
ta loop offers certain advantages: plumber's delight 
type construction and extremely good vswr band- 
width. 

There have been few articles written on either the 
design or the construction of the multi-element delta- 
loop antenna,*.3 and none describe the antenna for 
use on 20 meters. After reviewing the available infor- 
mation, I concluded that the reasons for neglecting 
the delta loop on 20 meters were the physical size of 
the antenna and the resultant problems with suc- 
cessful construction. I hope that my results will bring 
to light a successful construction technique and a 
proof of performance that will encourage other ama- 
teurs to experiment with and use this antenna. 

delta loop vs quad 
Consider the current distribution of the familiar 

quad loop antenna shown in fig. 1. A current rever- 
sal occurs at the junction of each half wavelength 
section, so there is a current minimum in  each verti- 

C U R R E N T  
X 3  MAXIMUM 
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I fig. 1. Current flow in a one-wavelength square loop pro- 
duces two current nulls, one at the center of each vertical 
side. However, the horizontal current components do not 
cancel, producing horizontal polarization. 

cal leg and a current maximum 180 degrees from the 
feedpoint. The electric field polarization of the quad 
loop is derived from the fact that the vertical compo- 
nents of the current elements produce radiated fields 
that tend to cancel each other, y ,  + y2 = y3 + yq  = 0, 
and the horizontal components of the current ele- 
ments produce radiated fields that are additive, 
x, + x2 + x3 = xo, where xo is the effective field-pro- 
ducing current of the loop. The polarization of the 
electric field is a plane perpendicular to the plane of 
the loop. This same explanation of the properties of 
the full wavelength loop apply whether the loop is a 
square, a diamond, a circle, or a triangle. 

For the case of the triangular or delta loop anten- 
na, the current elements are shown in fig. 2. Again, 

By Glenn Williman, N2GW. 145 Whalepond 
Road, Oakhurst, New Jersey 07755 

the current reversal occurs at the junction of each 
half wavelength. Each current element can be broken 
into vertical and horizontal components. The vertical 

I 
components of the current elements produce radiat- 

1 ed fields that tend to cancel each other. Unlike the 
square loop, diamond, or circle, the delta loop pro- 
duces a horizontal field component (proportional to 
xl + x4) which is 180 degrees out of phase with xo, 



the effective field current. Due to the geometry of 
the delta loop, however, the magnitude of this com- 
ponent, when compared with the magnitlrdes of all 
other horizontal components, yields the same overall 
effective field component as the other types of loops, 
xo. Therefore, although the shapes of different full- 
wavelength loops vary, the effective field produced is 
of the same magnitude and of the same polarization 
when fed at corresponding locations. Admittedly, 
the preceding discussion is a simplistic view of elec- 
tromagnetic field theory, but, without getting 
bogged down in the math involved, the concepts are 
adequate to subjectively describe the radiation of the 
loop antenna. 

I t  is interesting to note that there is evidence that 
for a simple full-wavelength loop, the gain is approxi- 
mately 4 dB above isotropic. In other words, assum- 
ing 2.15 dBi gain for a half-wave dipole, the full-wave 
loop shows a gain of 1.85 dBd (dB above half-wave 
dipole). This predicted gain differential has been ex- 
perimentally supported by Lindsay's results.' The ef- 
fect of this differential is to say that, for a given boom 
length, the loop parasitic array will exhibit a 1.85 dB 
gain above a Yagi array. Stating it another way, Lind- 
say's results show the array length of a Yagi must be 
about 1.8 times as long as the length of the loop par- 
asitic array. This explains why an optimally spaced 2- 
element loop array is comparable in gain to an opti- 
mally spaced 3-element Yagi array. 

antenna model 
Since I was unfamiliar with the delta loop when I 

began this project, I decided the easiest way to ex- 

C U R R E N T  
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fig. 2. In a full-wavelength delta loop, the electric field is the 
same as that of the other configurations due to cancellation 
of the current components. 

270. 

----GAMMA MATCH 
--- 4'1 BALUN 

fig. 3. E-field patterns from the scale-model 2-element delta 
loop. This test was performed at 147 MHz and produced a 
front-to-back ratio of 22 dB and a front-to-side ratio in excess 
of 30 dB. The half-power beamwidth measured 65 degrees. 

periment with a design for the antenna would be to 
build an operating scale model. A model design fre- 
quency of ten times the intended frequency reduced 
the dimensions by a factor of ten. I chose 147 MHz 
for the model because the dimensions were manage- 
able and measurements could easily be made on 2 
meters. 

The generally accepted formulas for element 
length worked very well. 

jo6.' meters driven element = ---- 
~ M H ~  

314 reflector = - meters 
~ M H Z  

An element spacing of 0.17X was chosen, as there 
was no noticeable difference between that and 0.2X 
as seen using the model. Also, 0.17X translated very 
closely to a 3.7 meter (12 foot) boom length on the 
full-size antenna. The model was constructed using 
6.5 mm (114 inch) copper tubing for the sides of the 
loops and wire for the tops of the loops. The size of 
the copper tubing was a poor choice for the model 
because it presented an unrealistic element-diame- 
ter-to-wavelength ratio. But, as it turned out, the 
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vswr was about 1.4:1, as would be expected. A bet- 
ter match was obtained with a conventional gamma 
match, and a vswr of 1.1 :1 was easily obtained. Both 
matching schemes provided an extremely wide vswr 
bandwidth. At  the design frequency of 147 MHz, the 
vswr remained below 1.5:l for 18.4 MHz (-9.4 MHz 
to +9.0 MHz), or a bandwidth of slightly greater 
than 12 per cent. E-field patterns were also measured 
with both versions of the scaled antennas, with the 
,results shown in fig. 7. Using laboratory grade test 
equipment, the gain was measured on both versions 
and found to  be 8 dBd at the design frequency. I was 
very encouraged with these results, and while I 
worked on the design of the full-size version, the 

- - 4. -'-A- : . model was used on 2 meters (vertical polarization is 
Scale model of the 2-element delta loop. This model was obtained by rotating the array 90 degrees - on its 
used for measurements at 147 MHz. side). 

construction 
performance of the model accurately predicted what Each delta-loop element consists of two arms of 
I would eventually find with the 20-meter antenna. aluminum tubing joined together at one end of the 

Two methods of feeding the antenna were also boom, with a third arm of wire completing the loop. 
tried. Measuring a single circular loop of wire showed As determined from an unsuccessful construction at- 
the resistance to be between 140 and 150 ohms. tempt, the critical part of the design is a reliable 
With a 4:l balun feeding the driven element, the method of attaching the delta elements to  the boom 
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- a method which will be stable in high winds and 
remain as light in weight as possible. I devised the 
following solution: 

Two triangular aluminum plates are cut from 6.5- 
min (114-inch) stock and shaped into the form 
shown in fig. 4. These plates are then welded onto 
the boom. (Any local welder with the ability to  work 
with aluminum should be able to do the job inexpen- 
sively.) Care should be taken to  ensure that both end 
plates are perfectly parallel and are not skewed 
around the boom. This would tend to make the as- 
sembled antenna unbalanced and will also degrade 
the front-to-back ratio. 

Next, using fig. 4 as a guide, holes for the galvan- 
ized pipe clamps are drilled in the end plates. The 19- 
mm (314-inch) pipe clamps work very nicely, and are 
a good deal less expensive than 25.5-mm (1-inch) U 
bolts. With respect to the end plate vertical center- 
line, each leg is angled 40 degrees, making a total 
angle of 80 degrees between the two legs. After both 
end plates are drilled and the pipe clamps are loosely 
mounted, one pair on each side of the plate, most of 
the work is done. All that remains is to make up the 
individual arms. 

Each of the four arms is identical, consisting of a 
2.7-meter (9-foot) section, a 2.4-meter (8-foot) sec- 
tion, and another 2.4-meter (8-foot) section, with re- 
spective diameters of 25.5 mm (1 inch), 22 mm (718 
inch), and 19 mm (314 inch). Since this tubing is usu- 
ally supplied in 3.7-meter (12-foot) lengths, the extra 
1.2-meter (4-foot) section of 22-mm (718-inch) tub- 
ing is inserted into the bottom of the 25.5-mm (1- 
inch) tubing. One end of the 25.5-mm (1-inch) and 
22-mm (718-inch) tubing is slotted, with hose clamps 
securing the three sections together. In addition, two 
sheet metal screws are used to secure the piece of 
22-mm (7/8-inch) reinforcing tubing. All the alumi- 
num should be type 6061 -T6. 

fig. 5. Final dimensions for the two-element delta- 
loop array. 

Details of the gamma match system. Moving the tap point 
of the gamma arm and changing the amount of coax insert- 
ed in the gamma arm will allow you to adjust for minimum 
vswr. 

After the four arms are completed, the top of each 
is drilled to accept a small eyebolt. The wire legs are 
then cut to  the appropriate lengths and wrapped and 
soldered to the eyebolts. If the eyebolts are cleaned 
and well fluxed, a small blow torch will ensure a well- 
soldered joint. 

The last item to  be made is the plate that is used to 
attach the boom to  the mast. This should be made of 
6.5-mm (114-inch) aluminum or 3-mm (118-inch) 
steel. The boom is attached to the plate with 5.1-cm 
(2-inch) muffler clamps and the mast is attached us- 
ing U bolts of the size required for the mast. The 
boom is a 3.7-meter (12-foot) length of 5.1-cm (2- 
inch) OD tubing with a 3-mm (118-inch) wall thick- 
ness, also of 6061-T6 material. Fig. 5 shows the di- 
mensions of the assembled antenna. 

final assembly and testing 
The antenna should be assembled either on the 

ground, using a ground-rigged mast, or in a position 
where it can easily be reached. I assembled mine on a 
1-meter &foot) roof tower, but only after I had prov- 
en to myself that everything would fit. 

Fix the boom to the mast and tighten all the 
clamps securely. Then, with someone to help sup- 
port the boom, insert one leg at a time into the end 
plate and tighten the securing clamps. After both 
legs are in place, the completed element will be well- 
balanced and self-supporting. Finally, move the 
other end of the boom and complete assembly of the 
other element. The basic antenna is now complete, 
and all that remains is to add the gamma match as- 
sembly shown in fig. 6. 

The gamma-match assembly is a length of 9.5-mm 
(318-inch) aluminum tubing, slotted at one end and 
bent at the other to  the dimensions shown. The outer 
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braid of the coax feedline is stripped away (about 1 
meter 13 feet]) and the center conductor, with its in- 
sulation, is inserted into the gamma rod. The center 
conductor of the coax and tubing form the gamma 
capacitor, with the coax center-conductor insulation 
forming the capacitor dielectric. The length of coax 
inside the gamma rod is adjusted for minimum vswr 
and then secured by a small hose clamp at the bot- 
tom of the gamma rod. This is a trial-and-error proce- 
dure, and successive lengths of the center conductor 
can be cut off until the right amount of capacitance is 
obtained for resonance. Best results will be obtained 
if the vswr is measured right at the antenna while the 
adjustments are being made. 

One obvious advantage of working with the scale 
model is the ease with which performance tests can 
be made. The measurements are more difficult to 
make with the full-size array, but the agreement in 
results obtained between the model and the full-size 
version was very good, and convinced me of the per- . - 

formance of the full-size version. Fig. 7 shows the 
vswr and the front-to-back ratio measured at a dis- 
tance of about 3001. The reflector is easily tuned by 
loosening the pipe clamps and sliding the tubing 
down, thus shortening the overall circumference of 
the reflector loop. The initial dimensions for the re- 
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Boom length 
Turning radius 

Weight 

Wind load 97 kmlh 
(60 mphl 

Forward gain 

3.7 meters (12feet) 
4.3 meters (14 feet) 

18.1 kg (40 pounds) 

36.3 kg (80 pounds) 

8 dBd 

Front-to-back ratio >20 dB 

1.5:l vswr bandwidth 1 MHz 

Impedance 52 ohms with gamma match 

Half-power beamwidth 65 degrees horizontal 

Cost $100 price range 

fig. 7. Front-to-back ratio and vswr curves for the full-size 
delta loops. 

flector were purposely made long so that tuning 
could be accomplished. 

\ \m\ / conclusion 

GROUND B R A I D  

C E N T E R  
R G - B / U -  

C O N D U C T O R  
T O  

W I T H  I N S U L A T I O N  T R A N S M ' r T E R  

The 2-element delta loop has been a real performer 
for me. It's allowed me to compete in several DX pile- 
ups and compare favorably with others using full-size 
3-element Yagis and 2-element quads. Even after 
my linear was recently sidelined, I was still able to 
work out very nicely just using my exciter. Also, the 
low vswr allowed me to bypass my antenna tuner 
and still enjoy a vswr of less than 1.5:1 across the en- 
tire band. 

references 
1. J. E. Lindsay, Jr., WIHTH, "Quads and Yagis." QST, May, 1968, 
pagell.  
2. Harry R. Habig, KBANV, "The HRH Delta-Loop Beam," QST, January, 
1969, page 26. 
3. Lewis G. McCoy. WlICP, "The Delta-Loop Beam on 15," QST. 
January, 1969, page 29. 

fig. 6. Details of the gamma match for feeding the delta loops. ham radio 
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impedance 
matching 
to coaxial 
feedlines 

Design of a 
f ive-band T-network 

for matching antennas 
to 50-ohm 

transmitters 

The output circuits of almost all high-frequency 
transmitters, transceivers, and power amplifiers are 
designed for use with coaxial transmission lines. 
Most have a nominal impedance rating of 50 ohms; 
this means the equipment would like to see 5 O + j O  
ohms at the output terminals. The transmitter or 
amplifier is then matched to the antenna for any 
length of line; maximum power is transferred and 
loading is easy because the net effect is equivalent to 
connecting a 50-ohm non-inductive resistor across 
the output terminals. Reciprocally, this optimum 
condition also applies to receivers designed for 50 
ohms input - maximum power transfer occurs from 
antenna to receiver. 

It is not difficult to achieve the matched condition 
at a single frequency in a single high-frequency ama- 
teur band, but few amateurs limit their operation to a 
single frequency. Two simple antennas with low 
feedpoint impedance (when cut to resonance) that 
have an input resistance close enough to 50 ohms to 
make a reasonably good match with direct coaxial 
feed are shown in fig. 1. The quarter-wavelength 
vertical operated against a good ground has an input 
resistance near 35 ohms, and the half-wavelength 
center-fed dipole has an input resistance near 70 
ohms. In both cases the standing wave ratio is less 
than 1.5: 1 when %-ohm coaxial cable is used and the 
tuning circuits in the transmitter can easily compen- 
sate for this small amount of mismatch. 

I 
By Jack M. Shulman, WGEBY, 789 Garland 
Drive, Palo Alto, California 94303 
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In practice there are two considerations which 
make the simple direct coaxial feed scheme of fig. 1 
unsatisfactory. First, many low feedpoint impedance 
antennas have an input resistance not equal to or 
even near 50 ohms. In fig. 2A for example, if input 
resistance R, is 17 ohms, a 3:l swr will exist at termi- 
nals JK. The impedance at the sending end of the 
line, terminals AB, will then be a function of line 
length," and, depending on this length, may contain 
both resistance and reactance. Fig. 3 shows impe- 
dances at all line lengths away from antennas which 
have an swr of 2, 3, and 4. These are determined 
from the constant swr circles which cross 2.0, 3.0, 
and 4.0 on the resistance axis of a Smith chart.1 

The second consideration is that operation over an 
entire amateur band is usually desired, not just on 
one frequency. When an antenna with a low feed- 

I TRANSMITTER 
I NOMINAL OUTPUT 

IMPEDANCE - 5 0  
I OHMS 

ANTENNA TERMINALS 

fig. 1. The quarter-wavelength vertical (above good ground) 

fig. 2. Equivalent circuit of an antenna at resonance (A), 
above resonance 18). and below resonance IC). With 50-ohm 
coaxial line, if the antenna resistance R, is not near 50 ohms 
at resonance, the impedance at AB is a function of line 
length and the match may be unsatisfactory with direct co- 
axial feed. 

na impedance at terminals JK look like 50+jO ohms 
at terminals AB. The T network is ideally suited for 
doing just that. Moreover, the T network can be 
made extremely simple with only two active compo- 
nents, one coil and one variable capacitor. The oper- 
ational fundamentals and design of such a network 
will be described in this article. 

impedance matching fundamentals 

Assuming that the impedance at the point on the 
line near AB where the matching network will be 

and half-wavelength horizontal dipole are two popular an- inserted contains both resistance and reactance, the 
tennas which provide a suitable match to 50-ohm coaxial matching process consists of two steps: 
cable ( R ,  = 35 to 700hm). 

1. Inserting opposite reactance at the output end 

point impedance is operated away from its resonant of the network to result in a net reactance of zero 

frequency, resistance changes at a slow rate but 2. Transforming the remaining resistance value to 
reactance departs from zero at a rapid rate as shown 50 ohms 
in fig. 4. This is discussed in detail in reference 2. For 
any given antenna the actual value of R, and antenna The reactance initially present, as represented by 

reactance X, above and below resonance will de- 
pend on many variables: the conductor length-to- 
diameter ratio, antenna height above ground, orien- 
tation (horizontal or vertical), number and spacing of 
elements (if more than one), and proximity to con- 
ducting objects. Figs. 28  and 2C show the equiva- 
lent circuits of an antenna when operated above and 
below resonance. A typical set of swr measurements 
taken at terminals AB is shown in fig. 5. 

Whatever the exact values of R, and X, for any 
low feedpoint impedance antenna at any particular 
frequency in a band, the important point is they are 
low - probably less than 200 ohms in all cases over 
the frequency range of interest. It's the job of the 
matching network to make some low value of anten- 

'The Impedance at the Input of any transmlsslon llne IS a funct~on of the 
length of the l~ne and the Impedance at the load end If the load resistance IS 

purely reslstlve and equal to the characterlstlc Impedance of the Ilne, how fig. 3. Effect of transmission line length on impedance for 
ever, the Impedance at the Input end IS equal to the load ~mpedance, re swr of 2:l. 3:l. and 4:1. Concentric circles are constant swr 
gardless of the length of the llne values of R f JX along the transmission line. 
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OHMS as X,/R, for the series circuit, and Rp/Xp for the par- 
allel circuit. 

The equations relating Rp to R, and Xp to X, for 
any value of Qare as follows: 

R~ = R, (QZ + I )  (1) 

% BELOW rr % ABOVE t r  
Q2+1 

x ~ = x s  ( Q2 ) (21 

If Q is 5 or more, eqs. 1 and 2 can be simplified to 
the following with less than 4 per cent error. 

RP = Q2Rs 131 

Xp = X, (41 
-- - 1 0 0  

h 3 5 - I O  M n z ~  The L network in fig. 7 is the basic matching net- 
l c 7 0 - 7 3 - +  

- 1 4 0 - 1 4  3 5  work for transforming one resistance at terminals A 0  

fig. 4. Typical change in resistance and reactance of an an- 
tenna as the operating frequency is moved away from reso- 
nance. The scales show the corresponding widths of each 
of the high-frequency amateur bands with resonance at the 
center of the band. 

+ j X  or - j X  in series with R at terminals AB, will be 
low as indicated by fig. 3. To compensate for this 
reactance a low equal value of capacitive or inductive 
reactance must be inserted either in series or in paral- 
lel. If inductive reactance is needed, it can easily be 
provided with a small coil. If a small amount of capa- 
citive reactance is required, however, the size of the 
capacitor may be impractically large. 

A simple way to take care of the reactance com- 
pensation for either case is to incorporate a series in- 
ductance leg at the output end of the matching net- 
work, and vary that inductance a small amount 
above and below the design value. This can be done 
by adjusting a tap on the output end. A T-network 
inherently provides this series inductance leg. 

Having compensated for reactance at the output 
end of the network, the second step is to transform 
the remaining resistance to 50 ohms. A network con- 
taining inductance and capacitance is capable of do- 
ing this because for any series circuit containing R, 
and X,, fig. 6 ,  there exists an equivalent parallel cir- 
cuit containing Rp and Xp where in general Rp is dif- 
ferent from R,. 

By definition, equivalence is the case where both 

to another at CD. The pi network and T network in 
fig. 8 can be thought of as two L networks con- 
nected in series. Because of the practical limitations 
on the size of capacitors for Xp, L networks are best 
suited for matching a low resistance to a high 
resistance or vice versa. The pi network is best suited 
for matching a high resistance to a high resistance, 
and the T network for matching a low resistance to a 
low resistance. 

If a pi network is best suited for matching one high 
resistance to another high resistance, you might logi- 
cally question why it is so universally used in the out- 
put stages of transmitters and amplifiers where the 
output resistance to be matched is 50 ohms. One of 
the reasons the pi network is popular is that, if a set 

SWR - I 
/' 

4 0  

% BELOW l r  % dBOVE Ir 
F R E O U E N C l  

series and parallel circuits exhibit the same magni- 
fig. 5. Plots of .rnnding wave rat.o as mwsured at the trans- 

tude and phase angle of impedance to an external mitter output terminals for an 80-meter inverted vee (1),40- 
circuit. TO state this another way, both circuits must meter inverted vee 121, and three-band Yagi for 14 MHz (3). 
have the same external circuit Q where Q is defined 21 MHZ (41, and 28 MHZ (5).  
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of fixed coil taps is used for all high-frequency bands 
and if the resistance on the input side is near 50 ohms 
and there is little or no reactance, adjustment of the 
capacitor on the output side is noncritical for proper 
loading. 

If, however, the resistance is not near 50 ohms, or 
if considerable reactance exists on the output side 
(as occurs when changing frequency away from 
resonance), the pi network may not be able to pro- 
vide satisfactory loading. Adding a series inductance 
leg on the output side to form a pi-L network is one 
way to take care of this problem. 

T network external to transmitter 
A T-network assembled as an individual unit can 

be inserted in a coaxial feedline at any convenient 
distance from the transmitter, as shown in fig. 9. 
Any reactance which exists initially at AB can be 

fig. 6. Equivalence of series and parallel circuits containing 
resistance and reactance. The equivalent element values 
may be determined from the relationship X, /R ,  = R p / X p .  

tuned out by moving the coil tap on X s l .  Elements 
X p l  and X p 2  of fig. 7 0  are combined into a single 
value of Xb equal to 

The right-hand side of the T network transforms 
the low resistance at AB to  a high resistance at CD. 
The left-hand side then transforms the high 
resistance at EF to 5 O + j O  ohms. The high resistance 
at CD to EF is referred to as the virtual or "appar- 
ent" resistance, transformed from AB and GH, 
respectively. The resultant virtual resistance across 
X, is 

If the resistance at AB in fig. 9 is 50 ohms, and the 
effective resistance at GH is also 50 ohms, the T net- 
work becomes symmetrical; X s I  is equal to Xsz ,  and 

0- 

L N E T W O R K  
RP ' Rs RS ' RP 

fig. 7. L networks are very useful for transforming one resis- 
tance value to another. Design formulas for L networks are 
found in reference3. 

X p  is one half of X s l ;  R p l  is equal to Rp2, and their re- 
sultant, R p ,  is one half of R p l .  

T network with single 
center-tapped coil 

The two series inductance legs of the T network, 
Xs l  and Xs2 (fig. 9), don't have to be separate coils. 
Use of a single center-tapped coil not only simplifies 
construction but also increases the effectiveness of 
the network in its operation as a lowpass filter to at- 
tenuate harmonics. Each of the two series legs must 
have a larger inductance than two separate coils 
would have for a given value of Q, and the extra in- 
ductive reactance additionally impedes the flow of 
harmonic currents through the network. 

Fig. 10A shows a center-tapped coil with connec- 
tions a and c at its ends, and b at the center tap. The 
equivalent circuit is shown in fig. 10B and the coil 
assembled into a T network in fig. 10C. When con- 
nected as in fig. IOC, the coefficient of coupling k is 
negative and the effective inductance of each coil 
half is less than L. 

Inductance of the coil alone, measured between a 
and c, is greater than twice the inductance between 
a and b or b and c by the factor ZLk, where k is 
defined as the ratio of mutual inductance M to  L. To 
obtain a desired value of L for a T network, a relation 
between k and coil dimensions is needed. A curve of 
k vs the length-to-diameter ratio of a center-tapped 
coil is available,' but the same data can be obtained 
directly for any given set of coil parameters by using 
an ARRL L/C/F calculator Type A." 

fig. 8. L networks may also be combined into a pi network 

.The ARRL L/C/  F Calculator Type A is available for $3.00 from the Ameri- /A) or a T network IB). The design of pi networks is dis- 
can Radio Relay League, 225 Main Street, Newington, Connecticut 061 11. cussed in references 4.5. and 6. 
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There are only two active components to be con- The effective inductance of L, L,, is L(1 + k).  
sidered in designing a practical single-coil T network: 
the variable capacitor C1 and the full coil ac center- 

L,= 12.8 (1 - 0.21)= 10.1 p H  

tapped at b. Determination of both depends on the If the resistance at GH and AB is 50 ohms, and the 
lowest frequency at which the network is to be used, full coil is in the circuit at 7.0 MHz, the network com- 

I I I I 

I T R A N S M ' T r E R  

ANTENNA 
1 TERMINALS 

I 

fig. 9. A T-matching network I 
inserted in the line at or near I 
the transmitter output terrni- L - - - - L - - -  
nals. 

so you must decide whether this will be 3.5 or 7.0 
MHz. If you choose 3.5 MHz, a second decision must 
be made as to whether a very large coil should be 
used to give a network Qof 8 to 10 at that frequency, 
or a more reasonable sized coil to give that Q at 7 
MHz. In the latter case an additional fixed capacitor 
must be switched across C1 for operation on the 
3.5-4.0 MHz band. 

An air-wound coil 6.35 cm (2.5 inches) in diameter, 
10.2 cm (4 inches) long, and 8 turns per inch (3 turns 
per cm) is readily available (B&W 3030). It is of rea- 
sonable size, and nearly optimum for 7 MHz, so it 
was chosen with the option of using additional 
capacitance at 3.5 MHz. A transmitting type variable 
capacitor should be used for C1 because the rf volt- 
age across it will be Q times that at the input termi- 
nals GH. The capacitor should be calibrated so that 
values of X ,  can be readily determined from the dial 
settings. A 30-220 pF transmitting unit was selected 
in my case. 

ponents, fig. 7D, are as follows: 

XsI = Xs2 = 2$L, = 444 ohms 

Q = 444/50 = 8.88 

X p l  = X p 2  = 444 ohms 

( X p  = 222 ohms (CI at 7 MHz 

= 1 / 2 q X p  = 102 PF) 

Rpl = Rp2 = 78.85 x 50 = 3942 ohms 

Rp = 1971 ohms 

At 3.5 MHz the network Q is 4.44 and Xp is 111 
ohms, requiring a total capacitance at C1 of about 
400 pF. A fixed transmitting capacitor of 0.0002 pF in 
parallel with the 220 pF variable may be used. 

T network for five-band coverage 
Fig. 11 shows the schematic of a tapped-coil net- 

work built from the above design data. Construction 

Ll l+b l -L I I * * l  

1$5 r/17 1 

Go~T+-p;, r------- i  1 

fig. 10. Inductance of a center-tapped coil is 
O I L  

~4 
shown at (A) with its equivalent circuit at (6). 
A two-component T network with a center- 
tapped coil is shown at (C) .  @ @ @ 

Using a Type A calculator the inductance of half details are omitted because of the large number of 
coil L is determined as follows: possible options in components and additional con- 

Lac = 31 pH venience features such as tap switches. You may 
also want to add a coaxial switching scheme to by- 

L a b = L b c = L =  1 2 . 8 a  
pass the network so that operation with a given 

Lac = Lab + Lbc - 2M= (2L - 2M) antenna can be quickly compared with and without 
the matching network. The main construction criter- 

M =  - 2 . 7  ion is to preserve electrical and mechanical symmetry 
~ = M / L =  -0 .21 between the input and output sides of the network. 
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A good method of determining coil tap locations is 
to connect a transmitter with a nominal 50-ohm out- 
put impedance at J1 and a %-ohm dummy load at 
J2. An swr indicator should be inserted between the 
transmitter and J1. With a %-ohm load the network 
will be symmetrical. For all bands higher than 7 MHz 
where the full coil is used, a set of taps can be found 
which give a 1 :1 swr at any desired Q. The calculated 
values of Xp, X,, and Qfor the coil taps of fig. 11 are 
listed in table 1. 

With the antenna and coaxial feedline combina- 
tions which produce resistance at J2 anywhere be- 
tween 25 and 100 ohms, the capacitor dial settings 
Xp will be close to the values in the table and the indi- 
cated swr will be at or very close to 1 .O: 1. At frequen- 
cies off resonance, where reactance appears at J2, 
the swr will still be close to 1 :1 except at the edges of 
the widest amateur bands. 

Maximum swr readings for antennas 2, 3, 4, and 5 
of fig. 5, without moving any of the coil taps, were 
1.2:1 on the 7 MHz antenna and 1.7:1 on the 28 MHz 
antenna. It is possible to get a 1.1 swr reading with 
any of these antennas on any frequency in the band 
by moving coil taps slightly, but this is not normally 
necessary . 

With a 3.5-MHz antenna you should not attempt 
to use the antenna and network combination at fre- 
quencies where the swr is greater than 3: 1 without 
the network. A broadband or two-frequency antenna 
should be used if full-band coverage is routinely 
required. 

conclusions 
Use of a T network in the manner described here is 

new only in the sense tbat its advantages have long 
been overlooked. I have been using a network similar 

table 1. Calculated capacitance, inductance, and Q for the 
network of fig. 11, with 50 ohms at both input and output. 

frequency Cl ,  or (C1+ C2) Xp xs 
(MHz) (pF) (ohms) (ohms) Q 
3.50 394 115 230 4.60 
3.75 342 124 248 4.96 
4.00 302 132 264 5.28 
7.00 102 222 444 8.88 
7.15 98 227 454 9.06 
7.30 94 232 464 9.26 

14.00 41 277 554 11.08 
14.175 40 28 1 562 11.22 
14.35 39 284 568 11.38 
21.00 49 155 310 6.18 
21.225 48 1 56 312 6.24 
21.45 47 1 58 316 6.32 
28.00 45 126 252 5.06 
28.85 43 128 256 5.14 
29.70 40 1 34 268 5.36 

to fig. 11 at WGEBY for more than 15 years, and it 
has been used successfully on all frequencies in all 
five bands with a kilowatt amplifier. In fact, the ac- 
quisition of the amplifier and the distressing events 
which occurred when its load departed too much 

C1 30-220 pF transmitting type variable 
capacitor 

C2 200 pF, 5000 Vdc 

J 1, J2 SO-239 coaxial socket 

L1 31 FH air-wound coil, 6.35 crn (2.5") 
diameter, 10.2 crn (4") long, 3.2 turns 
per crn (8 turns per inch), BEtW 3030 
or equivalent. 

coil taps 1 2 3 4  

Band, MHz 3.5.7 14 21 28 
Active turns 32 26 14 10 
Turnseach leg 16 13 7 5 

fig. 11. Tapped-coil T matching network for the five high- 
frequency amateur bands, 3.5 through 29.7 MHz. 

from 50 + j0 ohms were the motivations which origi- 
nated the matching network in the first place. 

The network can be just as useful, even essential 
in some cases, with lower power transmitters. Some 
of the new units with solid-state final stages are not 
tolerant of an swr greater than 3:l  and they are 
designed to shut themselves off when confronted 
with high swr. T networks, although they can't 
improve the performance of the antenna, will at least 
allow operation with the antenna as it is. 
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Leading the list of features is low attenuation loss. 
As a result, a 100-watt-output, 420-MHz transmitter, 
feeding power through 30.5 meters (100 feet) of 
0.750' hardline, will deliver 75 watts to  the antenna; 
this is quite an improvement over the 40 watts 
delivered by a comparable length of RGS/U! 

To further illustrate, fig. 1 shows the loss exhibited 
by several different types of cable, starting with the 
relatively lossy RG-58 and ending with 0.750 cable. 
With C A N  cable, even at the lower frequencies, 
impressive gains are available to people who use long 
cable runs. 

75=ohm cable 
in amateur 

installations 

Making use of 
75-ohm CATV cable 

results in 
lower line loss, 

which means more 
power to the antenna 

Many  hams are n o t  aware of one of the best coax- 
ial cables available, the 75-ohm, solid-aluminum 
sheathed cable made specifically for cable television 
(CAN).  The coax used in these systems is character- 
ized by a minimum attenuation loss, minimum ran- 
dom-signal pickup, excellent weather resistance, and 
high structural return loss. All this not withstanding 
the fact that it can usually be obtained as scrap for 
next to nothing. 

'The number assigned to each cable is actualiy the wtside diameter of the 
aluminum sheath in inches. With cable of primarily U.S. manufacture, this 
number has become the generic name of the cable. 

r0 2 0  3 0  4 0 5 0  I@ nx) 3OJ MO rC€U 
P-RtWCUC" Y", 

fig. 1. Loss vs. frequency for several types of cable. The 
CATV cable examples refer to cable manufactured by Sys- 
tems Wire end Cable, Inc., of Phoenix, Arizona. Cable from 
other manufecturers may have different attenuation values. 
but as a rule will be very close to these figures. 

In addition to its lower attenuation figures, solid 
aluminum sheath also reduces random-signal pickup 
and leakage. The best military braid specifications re- 
quire only 96 per cent shielding, as compared to the 
100 per cent provided by seamless C A N  cable. And, 
as it turns out, most braided cable used by amateurs 
has a braid coverage in only the 75 to 90 per cent 
range, and sometimes as low as 60 per cent (see 
photograph)! 

Weather resistance is also greatly improved by 
using cable with a seamless sheath. After a period of 

By Gordon K. Woods, W K ,  6022 North Sec- 
ond Avenue, Phoenix, Arizona 85013 
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connectors 
The major problem encountered by amateurs 

using 75-ohm C A N  cable has been finding suitable 

As seen In this photograph, bmld coverage can vary mdical- 
ly. The two examples are both RG-59/U, except that the top 
cable is normally used in CAN installations. Use of the bot- 
tom cable may result in unwanted signal pickup and/or 
emission. 

exposure to sunlight and air, the copper conductors 
in ordinary braid become corroded; they do not form 
an electrical bond to one another, but function more 
as insulated wires, increasing random-signal pickup 
and radiation losses. This can be easily checked by 
terminating a well weathered RG-8 line and noting 
the background noise level. Then, change to C A N  
cable, equally terminated, and your receiver will 
be dead. 

C A N  cable is normally bare, but it is also produced 
with a black polyethylene jacket if the cable is to be 
exposed to salt spray, fog, or industrial contami- 
nants. It is also manufactured with a "flooded" poly- 
ethylene jacket for underground or underwater 
installation. 

connectors to use between the cable and  ordinary 
UHF fittings. (Special cable connectors which mate 
with type N and F fittings are available, but they are 
difficult to locate and buy in small quantities.) There 
is a practical solution to  this problem, however. This 
is the use of standard C A N  "feedthrough" connec- 
tors, which, fortunately, end up with 6.5 mm (114 
inch) of male 518 x 24 (M16-2) thread, the same 
thread as standard UHF connectors. 

Making the adapter begins, as shown in fig. 2, 
with the installation of the appropriate feedthrough 
connector on the end of the cable. To mate with the 
UHF connectors, a PL258 female-to-female adapter is 
slipped over the end of the exposed center conduc- 

fig. 2. As shown In this photograph, adapting C A N  cable to 
a normal UHF connector requires the use of a C A N  feed- 
through connector attached to the end of the cable. The 
0.500 cable in this illustration hes the brass tubing sweated 
over its center conductor. The threaded coupling cut from a 
PU59 connector attaches the PU58 adapter to the feed- 
through connector. 

tor. Joining the adapter and feedthrough connector 
is accomplished by using the threaded portion of the 
barrel from a PL259 connector. 

On the 0.412 and 0.500 cable, you will have to 
sweat solder a piece of 4-mm (5132-inch) OD brass 
tubing over the center conductor. (The brass tubing 
is available in short lengths from most hobby stores.) 
The center conductor of the 0.750 cable is heavily 

Different examples for using the adapters between =ohm 
C A N  hardline and standard UHF connectors. 

tinned to increase its diameter from 3.7 to 4 mm 
(0.146 to0.156 inch). 

If you want to directly hardwire the C A N  cable to 
an SO-239 chassis connector, prepare the cable end 
as shown in fig. 3. Then, connect the SO-239 to the 
feedthrough connector, prior to inserting the cable. 
The final step consists of inserting the cable into the 
feedthrough connector, making sure that the center 
conductor mates with the SO-239, and tightening 
the cable ferrule. Generally, connectors are available 
from C A N  equipment supply sources, although they 



The Microwave Module 
line of linear transverters. 

Use your present HF equipment on 144 or 432 MHz. These 
units are not the least expensive on the market . . . we believe 
they are the finest! 

The standard IF is 28 to 30 MHz. However. we will provide 50 
to 54 MHz or 144 to 148 MHz upon request. All units are covered 
by a full one year guarantee. 

MMT 432128s $259.95 
, MMT144128S 5198.95 
Recetving converters available for 2 meters. 432 and 1296 

MHz. W r i b  lor complete catalog. 
POWER SUPPLIES 

28 Volt. 18 Amp Regulated Power Supplies (1 lOV in) $75.00 
12Volt, 18 Amp Regulated Power Supplies (1lOV in) 585.00 
Dual 300V D.C. 1 amp fully metered $85.00 

RECEIVERS 
Collins 851F.1. 2 to 30 MHz in 100 cycle steps. digital tuning. 
USBILSBIISB. Stability: 1 part in 108. Completely remote con- 
trolled, with all racks, connectors, control head. $1400.00 
R.3881515 - Collins 0.54 to 31 MHz $375.00 
R.3901 - 0.54 to 31 MHz. overhauled complete $595.00 
Aslrocom SR201.30-300 MHz, all solid state $450.00 
RACAL Model 8217A. 980 kHz. 32 MHz. All Solld State. takes 
about 3 inches of rack space, digital tuning $1600.00 
LTV G l l l  Panoramic Recvr includes CRT display. 100150 MHz 
with converters. Will makeafine spectrum analyzer. $150.00 

$250.00 

CEI type 415. 60-250 MHz. all solid state, modular constr.. xtal 
controlled. 4 channels. Incrediblevalue. $85.00 
635V-1 Collins Preselector band pass Flltem - They're back! 2 
to 30 MHz. 1 kHz steps, with copy of manual and rack and con- 
nector. $275.00 
SX.115 Immaculate with speakerand manual. $450.00 
ANWRR2. 2.30 MHz. synthesized or continuous tuning, com- 
pletely bench checked. $600.00 

TEST EQUIPMENT 
URM.25H Slg. Qen.. 10 kHz to 50 MHz calibrated attenuator. 

$195.00 
TS419IU Sig. Qen. - 900 to 2200 MHz $175.00 
Jerrold 707P Sweep Qen. main frame wlth D51 detector. $125.00 
Blrd 6835 Terminallon Weltmeter complete RF Assy. - NEW! 
1.2 KW. 600 watts, 120 watts full scale. You add oil and meter. 

$95.00 
SPECIAL: Mlcromatch in.llne wattmeters, complete guts. less 
meters. good to 500 MHz. You add 50pA meter. Removed from 
equipment. $24.95 
HP400DR Audlo VTVM - NEW $125.00 
Solartron DA410Transfer Function Analyzer wlth manual. 

$475.00 
Weinschel893-1 Power Attenuators, 30 watt avg., lOKW peak. 

$65.00 
HP764D Dual directional coupler. 200500 MHz. 5100.00 

TRANSCEIVERS 
Colllns KWTEWURC32 - 2-30 MHz. 1 kHz steps, complete xcvr. 
500 watt PEP output. 500 watt CW output. AM capability. 
Complete and running. $1850.00 
PRC 47 Transceiver, 2 to 11.999 MHz. synthesized, 1 kHz steps, 
100 watts PEP. AMICWISSBIRTTY. Built.in antenna tuner. 

$200.00 
or with CV.2455 $235.00 
RTTY Converter CV.245YPRC-47 Built-in loop supply (60 mA or 
20 mA) - requires rcvr audio and 24 volts. It's also an AFSK 

$65.00 
Standard TIT pad mounted in a 
sturdy steel case incl. 2 vo~ume 
pots 8 1 push button labeled 
"Stereo". Also has 2 phone 
Jacks lor headphones, micro- 
phone, etc. Will make a fine 
control head. $24.95 

TIT to Pulse Converter - re- 
quires 12.24 VDC 

Dlsc-cAp, 1434 REYNOLDS ST. rebl 
AUGUSTA, GA. 30902 404-722-1 121 
Ga. Residents - add State Sales Tax. Unfortunately. DISC-Cap 
can only service U. S. customers. 

are not enthusiastic about small-quantity orders. (Try 
these sources only if you can't con the local CATV 
system installer out of a few . )  

installation 
When installing solid-sheath aluminum cable, note 

that all bends should be made over a grooved form 
block. Also ensure that all bends are never made to a 
radius of less than ten times the cable diameter. 
Observing this precaution will prevent wrinkling the 
sheath, which can cause impedance bumps. Too 
tight a bend may also force the center conductor to 
one side, since the foamed dielectric is soft and sub- 
ject to cold flow. 

flg. 3. Attaching the  hardllne t o  a chassis-mounted SO-239 
can be  accomplished i n  the same manner. In this case 
though, the feedthrough connector and the SO-239 are 
mated before the  cable is attached. 

Another item available from equipment supply 
stores is special heat-shrink tubing that slides over 
the entire connector assembly. These tubes are usu- 
ally about 23 cm (9 inches )  long and have a special 
sealant inside that is effective against moisture. 

summary 
Before changing to 75-ohm transmission line, it is 

best to ensure that your transmitter and antennas will 
match the higher impedance. In general, most trans- 
mitters with a pi network will match the impedance 
presented when using 75-ohm cable. Even gamma 
matches on Yagi arrays can be readjusted to match 
the new cable. Unfortunately though, it can be an 
expensive proposition if you try to change your pow- 
er meters to read correctly in a matched 75-ohm 
system. 

Even with the small problems presented by con- 
nectors and, in some cases, matching, the use of 75- 
ohm CATV cable has one big advantage: more power 
at the antenna at a highly economical price. 

ham radio 
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matching 
75-ohm CATV hardline 

to 50-ohm systems 
The previous article by W V K  pointed out the sig- 
nificant attenuation differences between the more 
commonly used RG-8 type coaxial cables and 75- 
ohm CATV type "hardline." In some amateur installa- 
tions, changing to  hardline could mean large 
increases in the power delivered to the antenna, 
especially where long cable runs are being used. As 
Woods pointed out, switching to this type of cable 
usually involves only antenna rematching and retun- 
ing the transmitter. Unfortunately, in some cases, 
rematching the antenna to 75 ohms is not possible, 
and the resultant swr may be intolerable; the ultimate 
isolation between sections of a repeater duplexer, for 
example, can be degraded by a high swr on the line. 
The matchable bandwidth of an antenna can also be 
reduced, since the output pi network was originally 
designed for 50-ohm loads. And finally, 75-ohm 
power meters are not commonly available. 

matching 
The standard quarter-wavelength transformer or Q 

section, one of the most popular forms of matching, 
is unfortunately not readily suited for this task. The 
impedance of the matching section has to be the 
geometric mean between the two impedances to be 
matched, or in this case d m =  61.3 ohms, not a 
common coax impedance value. 

One little-known matching technique, the nonsyn- 
chronous impedance matching transformer, does 
offer a solution to the problem. W5TRS originally 
described this method in ham radio,' though only 
providing basic design information (see fig. 1). In a 

subsequent letter,z W3DVO briefly discussed the 
bandwidth in relation to a standard quarter-wave- 
length transformer. Until now, however, nothing has 
been published on the use of the nonsynchronous 
transformer. Since the required sections are the 
same impedance as those to be matched, this 
method would seem to be an easy solution to the 75- 
to-50 ohm matching problem, and warrants further 
examination. 

fig. 1. Diagram of the basic nonsynchronous match- 
ing transformer as described by WSTRS. The lengths 
of the two matching sections will vary according to 
the impedance ratio. 

To evaluate this method, I decided to compare the 
nonsynchronous transformer to another technique, 
stub matching. Fig. 2 illustrates the situations that 
were considered. (If the load were replaced by an 
antenna, the system would not be too different from 
a typical antenna installation.) The main feedline was 
considered to have a 1 dB insertion loss and be 0.25 
wavelength long at the center frequency. Since there 
will be a perfect match at only one frequency, having 
the feedline 0.25 wavelength long provided the maxi- 

By Charles J. Carroll, KIXX,  ham radio, 
Greenville, New Hampshire 03048 
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table 1. Impedance values along the lines shown in fig. 1 

frequency, MHz 

144 
1 45 
1 46 
147 
1 48 

frequency. MHz 

144 
145 
1 46 
1 47 
148 

nonsynchronous transformer 
point A point B point C 

74.63+j0.63 75.34- 10.50 49.86- j0.44 
74.82+ j0.31 75.15- j0.24 49.93- j0.21 
75.01 - j0.02 74.99 + j0.02 50.00- jO.01 
75.20- 10.36 74.85 +j0.29 50.08 +j0.22 
75.37- j0.70 74.72+j0.56 50.16+ j0.41 

stub matching 
point A point B point C 

75.60-j0.12 75.75- j0.18 50.02+j0.86 
75.31 - jO.06 75.39- j0.09 50.00 +j0.42 
75.02- j0.00 75.03-jO.01 50.00- j0.02 
74.74 +j0.05 74.67 + j0.06 49.99- j0.01 
74.45 + j0.12 74.30+ jO.11 49.97+ jO.04 

final swr 

1.0093 
1.0044 
1.0002 
1.0047 
1.0089 

final swr 

1.0173 
1 .w 
1 .ooo4 
1.0002 
1 .m 

afforded by the 2-meter frequencies (approximately 
1.5 per cent), calculations were carried out for 80 
through 10 meters, with the 80-meter extreme of 6 
per cent bandwidth. Table 2 shows the results for 
the nonsynchronous transformer when applied to 
fig. 2A. 

As a final test, the line was terminated with eight 
different reactive loads, each selected to be on the 
2:l swr circle on a Smith chart (see fig. 3). The inner 
points represent the same impedances, but as seen 
at the generator (transmitter) end after the different 
rotations. Table 3 lists the actual computed values. 

summary 
The nonsynchronous impedance matching trans- 

former can be an extremely valuable tool. With a 
mum impedance change at other than the center fre- bandwidth basically comparable to either stub or 
quency. This, along with the low insertion loss, will 
provide close to the worst-case swr. The matching table 2. Swr velues for the nonsynchronous transformer 

sections were considered to be lossless lines. when used for 80 through 10 meters. 

test results 
Table 1 shows the different impedance values as 

the 50-ohm load was rotated back toward the gener- 
ator. In actuality, the values were determined with 
the aid of an HP-25 programmable calculator; the use 
of the Smith chart was precluded since the final dif- 
ferences were extremely small, and beyond the accu- 
rate resolution of even an expanded chart. 

Because the initial results proved so favorable, 
another set of calculations were performed. This 
time, instead of the relatively narrow bandwidth 

1 NON-SYNCHRONOUS I 

TRANSFORMER 

frequency, MHz 

3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
7.0 
7.1 
7.2 
7.3 
14.0 
14.1 
14.2 

final swr 

1.0571 
1.0322 
1 .0091 
1.0086 
1.0224 
1.0319 
1.0150 
1 .m 
1.0038 
1.0188 
1 .0097 
1 . w 5  
1 .ooo3 

frequency, MHz 
14.3 
14.4 
21 .o 
21.1 
21.2 
21.3 
21.4 
28.0 
28.2 
28.4 
28.6 
28.8 

I N O N - S I N C H R O N O U S  I 

T R A N S F O R M E R  
I 

I 

0 , 0 8 1 5  A  0 . 0 8 1 5  A -A 
I I I 

final SWI 

1 .0048 
1.0091 
1.0063 
1.0029 
1 . m 3  
1.0034 
1 .m 
1.0097 
1 . m 5  
1.0003 
1.0048 
1.0091 

M l l N  F E E D  L I N E  1 
SO OHM I d 8  LOSS 5 0  O H M  7 6  O H M  

\ P O I N T  B 0  Z J *  L O N G  P O I N T  Af 

Z I N  5 0  

Q 

I S T U B  M A T C H I N G  I 
I 

fig. 2. Schematic diagram of the system used to evaluate the bandwidth of the two matching systems. The main feedline, 
as used in both systems, has 1 dB loss. Points A, B, and C correspond to the impedance values listed in the tables. 
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fig. 3. Smith chert presentation of the eight resc- 
tive ioads used to terminate the line. The inner 
points represent the final impedances as seen at 
the transmitter end. 

Q-section matching, it has the added advantage of 
requiring one-third less coax than the quarter-wave- 
length section and one-half less than a stubbed sys- 
tem. Though these differences may not be signifi- 
cant at vhf, they can save a considerable amount of 
cable on 80 through 10 meters. In addition, the con- 
struction of a nonsynchronous transformer appears 
to be inherently easier than that of a stub system 
because of the difficulty in correctly placing a T-type 
connector. Probably the two biggest disadvantages 
are that the feedlines have to be dedicated to a par- 

table 3. Computed swr values at 14 MHz with the line ter- 
minated in reactive ioads. 

termination 

a . o o i  jo 
28.09+j14.90 
40.02 + j30.01 
69.53 + j36.64 
lOO.O+ j0 
69.39- j36.86 
39.95- 129.96 
28.06-j14.85 

computed impedance values 
34.17+j15.90 
48.40+ j26.48 
74.23 + j22.41 
83.89- j10.66 
59.09-j28.80 
39.16- 122.24 
30.58- 19.84 
29.21 +j3.11 

final swr 
1.7097 
1.7040 
1.7080 
1.7193 
1.731 1 
1.7367 
1.7327 
1.7215 

ticular band (since each transformer length is fre- 
quency dependent), and the requirement that the 
coax be the same impedanceas those to be matched. 
These factors certainly prevent its qualifying as an 
all-encompassing matching method, but it more than 
adequately will handle the problem of matching 75- 
ohm CATV hardline to a 50-ohm system. 

references 
1. Henry Keen. M T R S ,  ham notebook, ham radio, September. 1975, 
page 66. 
2. Raymond Aylor. W 3 V D O .  comments, ham radio, May, 1976. page63. 
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BY POPULAR DEMAND - we are contlnulng to offer 
p M i n w f t h  any purchase of $99 or more from ad or 

5 F R y z y e r ,  a Fairchild clock nodule FCS-8lOOA 

l/I'/i4 / (suggested retail price$20). 

C.,. 9 ", .." I *. , -* 
 LOO^ at these Summer Specials 

COMPLETE KITS: CONSISTING OF 
EVERY ESSENTIAL PART NEEDED 
TO MAKE YOUR COUNTER COM- 
PLETE.  HAL-6OOA 7 -D IG IT  
COUNTER WlTH FREOUENCY 
RANGE OF ZERO TO 6 0 0  MHz .  
FEATURES TWO INPUTS: ONE 
FOR LOW FREOUENCY AND ONE 
FOR HlGH FREOUENCY; AUTO- 
MATIC ZERO SUPPRESSION. TlME 
BASE IS 1 .0  SEC OR .1 SEC GATE 
WlTH OPTIONAL 1 0  SEC GATE 
AVAILABLE.  ACCURACY + 
.001%. UTILIZES 10-MHz CRYS- 
TAL 5 PPM. 
COMPLETE KIT. . . $A. . . HZ9 

HAL-3OOA 7.OIGIT COUNTER 
WlTH FREOUENCY RANGE OF 
ZERO TO 300  MHz.  FEATURES 
TWO INPUTS. ONE FOR LOW FRE- 
OUENCY ANDONE FOR HlGH FRE. 
OUENCY: AUTOMATIC ZERO SUP. 
PRESSION. TlME BASE IS 1.0 SEC 
OR 1 SEC GATE WlTH OPTIONAL 
10 SEC GATE AVAILABLE. ACCU- 
RACY t . 0 0 1 % .  UTILIZES 10. 
MHz CRYSTAL 5 PPM. 

COMPLETE KIT. . . $d. . . $109 

HAL-501 8-DIGIT COUNTER WlTH 
FREOUENCY RANGE OF ZERO TO 
50 MHz OR BETTER AUTOMATIC 
DECIMAL POINT. ZERO SUPPRES. 
SlON UPON DEMAND. FEATURES 
TWO INPUTS: ONE FOR LOW FRE- 
OUENCY INPUT. A N 0  ONE ON 
PANEL FOR USE WlTH ANY IN. 
TERNALLY MOUNTED HALTRONIX 
PRE.SCALER FOR WHICH PROVI- 
SIONS HAVE ALREADY BEEN 
MADE. 1.0 SEC AND .1 SEC TlME 
GATES. ACCURACY ? .001%. 
UTILIZES l o - M H z  CRYSTAL 5 
PPM. 

COMPLETE KIT. . . f d .  . . $109 

ATTENTION RADIO CLUBS 
For club or group prolects f q u e s l  FREE 
~nlormallon nMul  our DISCOUNTS on 
any 01 Ihe HAL TRONIX klls O ~ s c ~ ~ n l s  
rnnne from 10.25% deoend~no "con . " .  
16e"q"antsy nee& 
We are exper~enced In supplying klls In 
volume quantrtner 10 schwls. Iabora. 
Iortes. clubs and common-lnleresl 
arouos Nobodv beats HAL.TRONIX 
qual~ly and prlce Just try us and see lor 
yoursell 

TONE ENCODER KIT utlllnng the new 
I(,lra ;illtlr cnlti Provides M l h  VISUAL 
Al.ll Aul!lO 1nd8calionr' Comes ~ 8 t h  81s 
 OH.^ IW(I tone allod8,ed alumlnu,m cab,. 
nct Mi.irures only 7% x 3'h Com- 
plete wllh loucn  Tone pad. board. 
c r y s ~ a ~ .  ~ h , p  and a11 necessary compo. 
nenls lo Ilnlsh the k ~ t  
PRICED AT.  . . . . . . . . . . . . . . -129.95 
For those who wlrh I0  M U n l  Iho enccder 
~n n nand held u n l .  the PC bonrd meas- 
caret nnv 9/16" r 1%" lhls Oanlal kll 

I htii ~C'board.  CVSI~ I .  chip and com- 
ponents 
PRICEDAT.. . . . . . .  . . .  . . .  . 114.95 

I PRE-SCALER KITS 
H A L 3 0 0  P R E  . . . . . . . Sl9.B5 

lPre drilled GI0 board and all 
components) 

H A L  300 N P R E  . . . . . $29.95 
(Same i s  above but wllh preamp1 

H A L  800 P R E  . . . . . . . a 3 4 9 5  
!Pre i l ~ ~ l l e d  G I 0  board and all 
componenlrl 

H A L  6 0 0  N P R E  . . . . .S39.95 
!Sam< na above but wllh p m m p )  
-- 

SPECIAL - d u n t o  
OVERSTOCK (while they last!) 
F A I R C H I L D  FND.70 
commoi i  c a l h o d e  r e a d o u l s  ( c a n  
replace FND-359 . . same pan-oul) 

M y .  Price each Amount 
10 40c $4.00 

100 3% 35.00 
500 30c 150.00 

1000 2% 250.00 

' 
~ * z p  HAL-TRONIX .\ ..- 

$ 2  PO BOX 1101, SOUTHGATE, Mi 48195 
PHONE(313) 285-1782 
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RM.300 Modem 
RTTY modulator= 

demodulator 
for vhf operation 

Design and 
construction details 

for the hardware 
to get started 

in the R l T Y  mode 
on the vhf 

amateur bands 

Operating R m  on vhf fm is a joy. Bothersome 
fading, static crashes, interfering signals, and drifting 
VFOs don't stand between you and a QSO. Whether 
across town on simplex or across the state through a 
repeater, vhf RTTY is a reliable, trouble-free mode 
ideally suited for rag chewing or unattended oper- 
ation. 

I The ingredients for a vhf RTTY station include a 
standard fm transceiver, a Teletype machine, a ter- 
minal unit (demodulator), an AFSK oscillator (modu- 
lator), and a means of sending your call in Morse 
code as required by the FCC. 

The RM-300 Modem (Modulator-Demodulator) 
was developed to  provide a simple way for those in- 
terested in vhf RTTY to get on the air. The RM-300 
contains a phase-locked loop (PLL) demodulator to 
convert the 212512295-Hz tones from your transceiv- 
er speaker terminals to  Teletype keying pulses, a 
stable AFSK modulator to  feed the microphone input 
of your transceiver, a read-only memory CW identi- 
fier, and auto-start logic - all on a single 114 x 152 
mm (4.5 x 6 in.) circuit board. A second board, the 
RP-400, contains loop and low-voltage power sup- 
plies and loop keying circuits. 

A schematic diagram for the RM-300 is given in 
fig. 1. The three major functions mounted on the cir- 

.A complete kit of all parts is available from Eclipse Communications. 5 
Westwocd Drive. San Rafael. CA 94901. The RM-300 kit less PROM cmfs 
$71.25. A PROM programmed with one or two call signs Ispecifyl cmts 67. 
The cost of the RM-3W circuit board alone is $21.25. (The board is double- 

I sided with plated-through holesand a solder mask on both sides. The com- 
ponent side is screened with pan numbers and component values.1 Add $1 
for postage and handling with all orders. California residents add 6 per cent 

I sales tax. 

By Howard L. Nurse, WGLLO, 665 Maybell 
Avenue, Palo Alto, California 94306 
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fig. 1. Schematic of the RM-300 Modem (modulator-demodulator) for those interested in vhf R m .  A complete kit of all parts is available (see text). 
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fig. 2. Schematic of the RP-400 power supply. The design features an auxiliary - 12 V dc supply in addition to power re- 
quired for the RM-300 Modem. Kits are available. 

cuit board are grouped on the schematic. The The antispace circuit prevents space tones longer 
demodulator portion is shown in the top third, the than approximately 200 milliseconds from keying the 
AFSK modulator in the middle third, and the CW loop. The output from U5 pin 8 clamps the voltage 
identification circuitry in the bottom third of the across C11 near ground as long as the PLL is detect- 
schematic. Detailed descriptions of connections ing a mark tone. A space tone allows the voltage 
to and from the RM-300 circuit board are given in across C11 to rise at a rate determined by R18. If the 
table 1. voltage rises above 5 volts, the output of U6-C goes 

demodulator and autostart 
Audio from the transceiver is fed to the XR2211 

PLL through pin 18 on the board edge connector. 
The PLL output on U1 pin 7 is at a TTL-compatible 
high level when the input tone is 2125 Hz (MARK) 
and low when the input tone is 2295 Hz (SPACE). 
The frequency at which the PLL switches from high 
to low is the PLL center frequency as determined by 
center-frequency potentiometer, R3. 

The PLL output signal is inverted by U4 and ap- 
plied to the antispace circuit (U5 and U6-C) and the 
keying inhibit gate, U2-A. 

low, which forces the loop into mark-hold. 
The autostart circuit and standby logic can also be 

used to force the loop into mark-hold. The PLL con- 
tains a carrier detector, which has a TTL-compatible 
output on pin 5 of U1. This output is low when a sig- 
nal within the lock range of the PLL is detected. The 
carrier-detect output, after inversion by U4, can be 
used to control the fast or slow modes of the auto- 
start. The fast mode allows the Modem to respond 
immediately to a detected signal, which is desirable 
when operating fast break-in. The slow mode yields a 
0.5-second delay before the Modem responds, which 
gives sufficient noise immunity on vhf circuits. When 
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a carrier is detected by the PLL, the lock output 
(edge connector pin S) goes low. This output can be 
used to control an LED on the Modem front panel. 

If the auto of f  input (edge connector pin V) is 
grounded or a carrier has been detected, and the 
standby input (pin X) is high, the loop can be keyed 
by the PLL because pin 13 on U2-A will be high. 

The open-collector loop output from U5 pin 2 is 
high for mark and low for space. It  can be connected 
directly to a loop keying transistor or to the serial in- 
put of a UART. 

The motor output (pin P) is low when a signal has 
been detected, the standby input is grounded, or the 
motor input (pin YI is grounded. The motor output 
will remain low for approximately 25 seconds after a 

m RU-rn 
PI* L 0 

?)p 1 o w -  
PI" ' 

I 0 
fig. 3. Two suggested ways of connecting your R l T Y  
machine to the loop supplies and keying transistors. Sketch 
A shows the usual connection. Separate selector magnet 
and keyboard connections are shown in B. 

Interior of the RM-300 Modem. A solid-state motor-control 
relay is near the power cable at the rear of chassis. The 
RM-300 board is below the RP-400 power-supply board. 

signal has dropped. This timing is determined by the 
RC time constant of R21 and C12. 

AFSK modulator 
The heart of the AFSK modulator is an XR-2206 

function generator integrated circuit. I t  produces 
low-distortion sine wave tones at a frequency deter- 
mined by capacitor C15 and the resistance between 
pin 7 or 8 and ground, depending on the control in- 
put on pin 9. When pin 9 is high (mark), R27 sets the 
ouput frequency to 2125 Hz; and when pin 9 is low 
(space), R31 sets the output frequency to 2295 Hz. 
The output frequency can be monitored at the audio 
test output (pin TI, which provides a TTL-compatible 
square-wave replica of the function generator output 
waveform. 

The AFSK modulator output level should be 
adjusted to match the requirements of your transmit- 
ter's audio circuit using potentiometer R32. The out- 
put amplitude can be adjusted to a maximum level of 
approximately 5 volts peak-to-peak. 

All control inputs to the AFSK modulator are TTL- 
compatible. The teleprinter keyboard signals are 
applied to the keying input (pin L). Consistent with 
the design convention used throughout the board, a 
high input yields a mark tone, while a low input yields 
a space tone. Mark and space override inputs are 
provided on pins U and M respectively. These inputs 
can be used to force the AFSK modulator to either 
state despite information present on the keying in- 
put. The remaining control input to the AFSK modu- 
lator is from the CW identifier. 
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The'RP-400 power-supply board. The board Is 114 x 152 m m  
(4.5 x 6 in.). See text for k i t  information. 

table 1. AM-300 R l l Y  Modem input-output descriptions 

namelpln number descrlptlon 

AUDIO IN118 Audio from receiver. 680-ohm impedance. 
Input level 10 mVrms to 3 Vrms. 

PLL LOCKlF l T L  high when PLL locked to input signal. 

MOTORIY When grounded causes MOTORIP to go 
low. 

STANDBY l X  When grounded causes MOTORIP to go 
low and LOOPlR to go high (MARK level). 

AUTO OFFlV When grounded forces Modem into receive 
mode without control by the PLL LOCKlF 
function. 

AUTO SLOW115 0.Ssecond Autostart control line. 

AUTO FASTIW Instantaneous Autostart control line. 

MARKIU When grounded forces AFSK modulator to 
MARK. 

KEYINGIL Normal RlTY keying line. MARK (2125 Hz) 
is high and SPACE (2295 Hz) is low. This in- 
put is overridden by CW IDENT cycle. 

SPACEIM When grounded forces AFSK modulator to 
SPACE. 

+ 1212. B + 12 Vdc at 20 mA maximum. 

+5/1, A + 5 Vdc at 200 mA or less. 

START lDlJ Momentary ground starts CW IDENT cycle. 

MSG MSBlD Logic low for first 128 cycles of CW IDENT. 

MSG CONTROLIC When grounded enables first half of CW 
IDENT memory. When high, enables second 
half. 

LOOPlR Loop control output, high for MARK and 
low for SPACE. Can sink 40 mA at 15 volts. 

MOTORIP Output goes low to turn on motor. Can sink 
40 mA at 15 volts. 

LOCKlS Output goes low when PLL has locked. 

AUDIO TESTlT AFSK oscillator test output, 5V p-p. 

AUDIO OUTIK AFSK modulator output, 600-Ohms, 6 V p-p 
maximum. 

CWONIE Output goes low during CW IDENT. 

CWlN Output goes low during each IDENT key 
closure. 

CW identifier 
The CW identifier output signals include the CW 

keying line, which provides full-shift keying, and a 
CW on control line, which precludes all other keying 
when active. The CW identifier, started by momen- 
tarily grounding the start ID input (pin J), causes 
either 0 or . characters to be printed by the receiving 
station. The timing and memory programming r e  
quired to accomplish this format were described in 
reference 1. 

One new feature, available with the "0" option, is 
the ability to  have two call signs in the read-only 
memory. One call sign is accessed by grounding the 
message control, pin C, while the other is obtained 
by leaving pin C open. If your call is too long to fit in- 
to  half of the memory (128 bits), the whole memory 
can be used by connecting the MSG MSB output, 
pin D, to  pin C on the edge connector. 

On-off control of the CW identifier is accomplished 
with U9, an XR-2240, which contains an oscillator, 
an eight-stage divider, and a control flip-flop. The 
timing of the CW output is established by adjusting 
the ID timing potentiometer, R36. Five of the eight 
divider outputs from U9 address the 32 bytes of 
memory in U10, while the remaining three extract the 
CW characters from the selected bytes with multi- 
plexer U11. Decade counter U12 monitors the CW 
output for consecutive "blanks;" after it detects 
eight, it turns off the control flip-flop in U9. Compa- 
rator U6-A and its associated circuit resets the dec- 
ade counter so that the counter will start with the 
correct count when power is first applied. 

adjustments 
Proper adjustment of the Modem requires a fre- 

quency counter and a voltmeter or oscilloscope. The 
Modem can be adjusted with help f r o n  another sta- 

The RM-300 Modem clrcult board. which Is the same size as 
the RP-400 power supply board. Kits ere available (see text). 

38 september 1978 



tion which has a counter or an AFSK oscilla- with R36 until the other machine prints the encoded 
tor/demodulator that has a known calibration. message correctly. 

AFSK generator. Connect a counter to audio test, power supply 
pin T. Ground mark, pin U. Adjust R27 (M) to obtain The RP-400 power supply was designed to furnish 
a counter reading of 2125 Hz. Move the ground lead the voltages required by the RM-300, in addition to 

. . . 
'CW ON' TO EXTERNAL 
EQUIPMENT 

FRONT PANEL MODEM W A R D  W W E R  SUPPLY REAR PANEL 

x m 1 r 6  

y T c T ~  I I 4UOlO IN 

I' 

ALIWO FROM RECEIVER 

PUSH FOR 
AUDIO TEST 

SPACE 

START I D 

x+ 

fig. 4. Interface wiring for the PC boards, front-panel controls, and rear-panel connectors. 

8 r n S S Q  

AUTO I 

SLOW 

FAST --O- 

from pin U to space, pin M. Adjust R31 (S) to obtain an auxiliary - 12 Vdc supply for other circuits you 
a counter reading of 2295 Hz. Use a voltmeter or may wish to add, such as a UART. Included on the 
oscilloscope connected to audio out, pin K, to adjust board are the following: 

4 

START 1.0 LOOP 

AUTO FAST +5 

AUTO SLOW + I 2  

R L  LOCK GND 

Is 

~ t - ~ .  

the output to a level compatible with your transmitter 
audio input using R32 (A). Remove the ground lead. 

Phase-locked loop (Ul).  Use a jumper to connect 
audio out, pin K, to audio in, pin 18. Connect an 
oscilloscope or voltmeter to hex inverter U4-8. (This 
voltage will swing between ground and approximate- 
ly 3 volts.) Ground mark, pin U, and adjust R3 (CF) 
until the hex inverter output goes high. Remove the 
ground from mark, pin U, and ground space, pin M. 
While counting turns, adjust R3 until U4-8 just goes 
low. (R3 should be adjusted in a ccw direction.) 
Divide the number of turns by two and adjust R3 in a 
cw direction by that number. 

CW identifier timing. This adjustment is most easi- 
ly made with the aid of another station. Initiate an 
ident while the other station monitors your signal 
with his printer. When the timing is adjusted correct- 

I 

LOOP + a 0  VDC 
6OmA 

COLLECTOR 
+5 

+I2 

GROUND 

N- 

!'* PL! 
*" k' 

- 2 2 . 2  

two 80 Vdc, 60-mA loop supplies 
one + 12 Vdc, 100-rnA supply 
one + 5 Vdc, 300-mA logic supply 
one - 12 Vdc, 100-mA auxiliary supply 

I 

A# 

A high-voltage loop keying transistor is also lo- 
cated on the RP-400 power-supply board. A sche- 
matic for the board is given in fig. 2.* 

The loop supplies run from a voltage doubler con- 
sisting of C101, CR101, and CR102. The resulting dc 
is filtered by C102 before being sent to the adjustable 
wirewound resistors, R101 and R102. 

Two suggested ways of connecting your Teletype 
machine to the loop supplies and keying transistor 
are shown in fig. 3. The usual connection, with the 

'A complete kit of all the parts for the RP-400 power supply is available 
from Eclipse Communications, 5 Westwood Drive, San Rafael, CA 94901. 
The RP-400 kit costs $71.25. The cost of the RP-400 circuit board alone is 

ly his printer should print 00000000. . . with the num- $21.25. (The board is double-sided with plated-through holes and a solder 

ber of zeroes determined by your call sign. If you've mask on both sides. The component side of the board is screened with part 
numbers and component values.) Add $1 for postage and handling on all 

selected the Baudot ident option, adjust the timing orders. California residents add 6 per cent sales tax. 
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selector magnets and keyboard contacts in series, is 
shown in A of the figure. Resistor R104 provides a 
TTL-compatible low level when the loop is open. If 
you desire separate selector magnet and keyboard 
connections, use the wiring diagram shown in B of 
fig. 3. Split wiring might be used when you wish to 
use the output of a repeater .to provide local copy 
through a demodulator. By operating in this manner 
it's possible to tell instantly if you aren't making it 
through the repeater. 

The low-voltage power supplies are similar in 
design. Each has a half-wave rectifier, filter capaci- 
tor, and three-terminal regulator. 

construction 
The RM-300 Modem board, the RP-400 power 

supply, the solid-state motor-control relay, and the 

power supply fit nicely inside a 30.5 x 30.5 x 8 cm (12 
x 12 x 3 in.) Moduline enclosure. 

Fig. 4 is a schematic showing one way to connect 
the boards, front panel controls, and rear panel con- 
nectors. Variations on this wiring will be determined 
by your requirements. 
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ham radio 

stressed auad line connect the ends of the spreaders to  the extend- 
ed ends of the conduit. With the lines tight, the quad 

1 now has the general appearance of a Zeppelin, but is 

1 stressed to  withstand a large wind load. I also at- 
tempted this method with nylon cord, but it had too 
much stretch; the monofilament fishing line does 
not. Had I used fishing line first, I would not have this 
picture. 

Ira Hargis, W5TIU 

As you can see by the photo, I have a problem. To 
eliminate this problem in the future, I have devised a 
means of stressing a quad (see fig. 1). As seen in fig. 
1, the ends of the spreaders are connected together 
with 3 meter (10 foot) lengths of 45 kg (200 pound) 
test mono-filament fishing line. In addition, three 3 11 . , 
meter (10 foot) lengths of conduit are connected 

fig. 1. Diagram of the stressed quad as described by the 
with sleeve and extended through author. The fishing line is invisible, yet keeps the 

the boom approximately 3 meters (10 feet) beyond s~readere under stress. increasina its survivabiliw durina - - 
the ends of the boom. Additional lengths of fishing high wind loads. 
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good enough to measure up ... to you! 
In choosing the SB-104A you join a pretty select 
fraternity of fellow Amateurs. They're individuals 
whose imaginations were fired by the looks, feel, a n d  
reputation for outstanding performance that, since 
its inception, has  become the trade mark of Heath's 
entire line of famous SB series Amateur equipment. 

You've joined a group of people who want state-of- 
the-art perfection, still insist on building their own to 
insure handcrafted quality, a n d  above all  want a 
rig that's good enough to measure u p  to their abilities, 
standards, a n d  the reputations they've built for 
themselves. 
Heath's SB-104A, it's the only choice when you're 
ready for a transceiver that's good enough to measure 
up.. . . to you! 

Heath Amateur Radio Gear.. . . 
.... the quality that measures up! 

FREE Heathkit Catalog ,- 

1 Genllernen, please send me my free Heathkit Catalog 
I am not on your mailing list. 

I 
I I 

Address I 



integrated circuit arrays 

Using IC arrays 
permits the designer 

reduce size 
and component count - 

without sacrificing 
performance 

Integrated circuits have been around for a decade 
or so; starting off with just a few transistors on a 
single chip, inter-connected in amplifier arrange- 
ments, they have developed into complex circuits in- 
corporating many transistors, diodes, Zeners, and 
other components in a single package, often requir- 
ing a minimum of external parts to perform the func- 
tions of any linear, digital, or logic application. Most 
hams are familiar with the smaller, linear ICs de- 
signed for specific applications. And generally, many 
would not bother to use discrete transistors for an i-f 
amplifier or audio power output stage when a single 
TO-5 can or 14-pin dual inline IC makes construction 
simpler and more reliable. The majority of ICs are 
"committed" devices, developed to perform a 
specific function. Their popularity in amateur con- 
struction projects has long been established from the 
proliferation of articles published on amplifiers, bal- 
anced modulators, and phase-lock-loops, in receiv- 
ers, transmitters, and test equipment. 

Much less apparent is the constructor's use of the 
"uncommitted" IC. These devices are independent 
diodes and transistors on a single chip, individually 
connected to the package pins. Known as IC arrays, 
they are widely used in commercial and industrial 
equipment for minimizing space and assembly effort. 
There are also "semi-committed" arrays, in which 
only two of the transistors have internal connections 
(such as a differential or darlington pair). 

For building equipment, there are several reasons 
why using IC arrays, instead of discrete transistors or 
diodes, can be an advantage. 

I 
1. In many cases, the IC will cost about the same, 
or less, than the equivalent discrete components. 
Due to broad commercial use, many types are fair- 
ly inexpensive and easy to find - even at bargain 
prices from some surplus outlets. 

2. The individual transistor and diode parameters 
are much more closely matched than discrete 
components of the same type, and also retain 
matching over wide temperature variations, due 
to the individual devices being etched on a com- 
mon substrate. Some arrays have two specially 
matched transistors, ideal for balanced-circuit ap- 
plications. 

1 3. Printed circuit board layout may be simplified, 

1 using less space than with discrete devices. 

4. By using low-profile IC sockets, troubleshoot- 
ing and repair can be as simple as plugging in a 
new IC. 

1 Most of the major solid-state device manufacturers 

By Peter A. Lovelock, KGJM, Hughes Aircraft 
Company, P.O. Box 90515, Los Angeles, Califor- 
nia 90009 
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fig. 1. Pinout diagrams for the CA3019 and CA3039 are shown in  A and B, respectively; C and D show two configurations for the 
CA3019, a balanced modulator and a double-balanced ring mixer. A 3-voltage regulator or reference, E, is obtained by using the 
forward-voltage drop across the diodes. By connecting the diodes back-to-back, they will also function as clippers (F). A typi- 
cal application for almost the entire CA3039 package. including temperature compensation, emitter bias, and output limiting is 
shown at G. 
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produce transistor arrays. For the purpose of review- 
ing the more commonly available types, reference is 
made only to the RCA numbers. When a pin compat- 
ible equivalent is made by other manufacturers, the 
RCA number has an asterisk, and the equivalents will 
be found in table 1. Also, this review is divided into 
four logical categories, for easy future reference. 

1. Diode arrays. 

2. Uncommitted-transistor arrays. 

3. Semi-committed transistor arrays. 

4. Hybrid arrays (incorporating transistors and 
diodes, both uncommitted and semi-committed). 

table 1. Pin compatible IC array equivalents 

RCA National Fairchild 

CA3019 LM3019 kA3019 
CA3039 LM3039 kA3039 
CA3018 LM3018 ~ A 3 0  1 8 
CA3086 LM3086 kA3086 

The review includes only essential information, and 
some basic applications circuits for each type, to 
assist device selection. The reader should refer to 
the manufacturers specification sheets, data manual, 
and application notes for complete information on 
any specific device. Some complete IC array circuits, 
both amateur and commercial, are included after the 
device review. 

diode arrays 

1. CA3019* 
Configuration: Six silicon diodes, four internally 

connected as a quad, t w o  
independent. 

Package: 10 pin, TO-5 (fig. 1A). 
Applications: Modulators, mixers, analog 

switches (figs. 1C and ID ) .  

2. CA3039* 
Configuration: Six ultra fast, low capacitance 

silicon diodes, independently 
connected. 

Package: 12 pin, TO-5 (fig. IB ) .  
Applications: Balanced modulators, demodu- 

lators, voltage reference and bias 
regulators, clipper limiters, (fig. 
ID) .  

The inherent advantage of the diode arrays (figs. 1A 
and 1B) is the close matching of the diodes when 
used as single or double-balanced mixers or product 
detectors. While the diodes in the CA3019 and 
CA3039 do not have identical characteristics, they 
are essentially interchangeable in many circuits. Fig. 
1C shows the CA3019 quad as a balanced rnodula- 
tor. For this application, the diode "ring" is more 
commonly used. Fig. I D  shows how the CA3019 

diodes can be connected as a "ring" in a double-bal- 
anced mixer. Since this involves paralleling the quad 
diodes, (CRI, CR2 and CR3, CR4) connecting pins 2 
and 6, and using the independent diodes CR5 CR6 to 
complete the ring, balance will not be as perfect as 
with four individual diodes, though adequate for 
most purposes. If the circuit in fig. I D  is used as a 
product detector, it is recommended that the LO be 
fed into T2 and audio output be taken from the cen- 
ter of T I  's secondary. 

The CA3039's independent diodes lend themselves 
to any circuit requiring up to six fast silicon diodes. 
Figs. I € ,  IF, and 1G show these diodes used for 
low-voltage regulation, varistors, or transistor ampli- 
fier biasing with temperature compensation and out- 
put limiting (clipping). Note that the voltage regulat- 
or is for low current, limited to the maximum forward 
current of the diodes. It is best applied as a voltage 
reference, rather than high current applications in 
which reverse-polarity Zener diodes are used. By us- 
ing one to six diodes in series, low current, stable ref- 
erence voltages of 0.7 V, 1.4 V, 2.1 V, 2.8 V, 3.5 V, 
and 4.2 V can be derived from one CA3039. As 
shown, regulated positive voltages are obtained, but 
by reversing the supply and diode polarity, negative 
voltages for fet or mosfet device biasing can be 
achieved. 

uncommitted transistor arrays 

1. CA3083/3103/3103A* 
Specification: Five general-purpose silicon NPN 

transistors, independent substrate 
connection. Two transistors (01, 
Q2) matched. I,,,, 100 mA, hFE 
76 typical. 

Package: 16 pin, plastic DIP (fig. 2A). 
Applications: Signal processing/switching from 

dc to vhf, lamp and relay driver, 
differential amplifiers (fig. 2E). 

2. CA3127 
Specification: Five high-frequency general- 

purpose silicon, NPN transistors, 
with independent substrate con- 
nection. DC to 500 MHz. Low 
noise (3.5 dB at 100 MHz). High 
power gain (30 dB at 100 MHz). 

Package: 16-pin plastic DIP (fig. 28). 
Applications: vhf amplif iers, mixers and 

oscillators. I-f amplifiers, syn- 
thesizers, synchronous detectors 
(fig. 2F). 

3. CA3096AI3096AE 
Specification: Three general-purpose high- 

voltage silicon NPN transistors, 
and two general-purpose, high- 
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fig. 2. Pinout diagrams for different transistor arrays are shown in A through D; typical applications are shown in E through H. In 
H. the parallel time constant. from the base of Q2 to ground, causes K2 to open only after K1 has opened. This delay is adjustable 
according to the values used for the resistor and capacitor. By using S2 and the drive line from K4, the relays can be activated by 
S1 and de-energized by S2. 



voltage silicon, PNP transistors, capacitor; minimum time is varied by changing the 
independent substrate con- value of the I-megohm fixed resistor in series with 
nection. the pot. The lamp indicator may be replaced by a 

Package: 16 pin, plastic DIP (fig. 2C). relay or audio reminder (such as NE555 oscillator), so 
Applications: D i f f e ren t i a l  ampl i f ie rs ,  d c  long as (25's collector current does not exceed 50 

amplifiers, timers, lamp and relay mA, or a load of less than 30 ohms at 1.5 volts. 
drivers (fig. 2G). Since the CA3724 was meant to be a high-current 

4. CA3724G /3725G/3138G 

Specification: Four high-current silicon NPN 
transistors. I,,,,, 1 A fast switch- 
ing (30 ns at 0.5 A).  

Package: 14 pin, plastic DIP (fig. 2D). 
Applications: High-speed switching, high- 

voltage switching, high-current 
LED, lamp and relay drivers (fig. 
2H). 

The first two devices in this group, the CA3083 
and CA3127, have a lot in common, both having five 
independent NPN transistors which can be used in a 
very wide variety of circuits. However, the transistor 
characteristics in each type are quite different, even 
though there may be some circuits in which either 
could be made to work. The CA3083 has higher 
I,,,,, and is suited more for hf and audio circuits 
which require transistors wi th high-signal level 
parameters. Fig. 2E is a typical application for a final 
i-f amplifier (untuned), second detector, and first 
audio amplifier, using all five transistors in the 
CA3083. Q1 is used for bias stabilization of the first 
i-f amplifier. If 02 was conventionally biased with 
two resistors, 0 1  could be applied to some other 
function. 

In contrast, the CA3127 incorporates transistors 
specifically designed for small signal, high power 
gain characteristics up to 500 MHz, making it ideal 
for receiver front-end use, including r f  amplifierlmix- 
er/oscillator combinations.1 Fig. 2F is such an appli- 
cation, using all five transistors for the rf amplifier 
and mixer stages of a front-end suitable for vhf. 
Needless to say, with the high power gain of the indi- 
vidual transistors, considerable care should be exer- 
cised in the layout of such circuits to avoid building 
only oscillators. 

The CA3096 is an interesting IC which contains a 
mixture of three NPN and two PNP transistors. The 
CA3096AE has more closely matched parameters 
between transistors, useful for complementary pair 
circuits. 

Fig. 2G is the circuit of a ten-minute interval timer 
using all the transistors in the CA3096 - a handy 
device as an identification reminder for ragchewers. 
The time constants allow adjustment of the timer 
from 1.6 to 10 minutes by changing the 5-megohm 
potentiometer. The maximum time can be changed 

driver, an appropriate application is shown in fig. 
2H. Many times it is necessary to close and release 
relays in proper sequence. Closing S1 turns on Q1, 
which closes K1, but two normally-open contacts on 
K1 are employed to put forward bias on Q2. Thus, K2 
can close only after K1. Opening S1 will cause both 
relays to release at almost the same time. 

If reverse sequencing is required, a parallel RC time 
constant, from 0.2's base to ground, will cause K2 to 
open after K1. K3 and K4 are driven by the emitters 
of Q3 and Q4, with the voltage across the coil of K3 
used to drive Q4. This technique eliminates the need 
for a pair of normally open relay contacts as in the 
01, Q2 arrangement. The single capacitor, from base 
to ground of Q4, provides for a time-delay release of 
K4; the time constant is dependent on the value of 
C, the 10-k ohm base resistor, and the resistance of 
K3's coil. 

If a latching relay combination is desired, the nor- 
mally open contacts of K4 can be used to connect 
drive through S2 (momentary pushbutton, normally 
on) to the base resistor of 01. S1 should be changed 
to a momentary pushbutton, normally off. Push S1 
to activate the relays and push S2 to  release. 

The circuits in fig. 2G and 2H can be combined by 
connecting the optional drive output, from pin 8 of 
the CA3096, to the optional drive input of the 
CA3724. With this combination, the timer will acti- 
vate the relay driver circuit after a preset time delay, 
initiated by the timer ON switch. This arrangement 
would be useful for a high-voltage time delay turn on 
in tube-type linears. S1 would, of course, be elimi- 
nated in this arrangement, but S2 may be left as an 
emergency OFF switch. 

semi-committed transistor arrays 

1. CA3018/3018A/3118/3118A* 
Specification: Four general-purpose silicon NPN 

transistors, two independent; two 
internally connected as a Dar- 
lington pair. Independent sub- 
strate connection. 

Package: 12 pin, TO-5 (fig. 3A). 
Applications: General use in signal processing, 

dc through vhf range. Suitable for 
use in circuits similar to CA3083. 

by increasing or decreasing the value of the 100 pF Specification: Five general-purpose silicon NPN 
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fig. 3. Pinout diagrams for transistor arrays which have internal connections between the transistors Isemi-committed ar- 
rays). Various applications for the arrays are illustrated in  E through I. Using the CA3600 mosfet array in I will limit the up- 
per frequency to approximately 5 MHz. Even though the CA3600 has protected inputs. normal precautions should be exer- 
cised while working with the IC. 
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transistors, three independent; 
two internally connected as a dif- 
ferential pair (common emitters). 

Package: 14 pin, DIP package type varies 
with type number. CA3086/ 
314613146A are plastic package 
(fig. 3B). 

Applications: General purpose use for signal 
processing in the dc to 120 MHz 
range. 

3. CA3081 and CA3082 
Specification: Seven high-current silicon NPN 

transistors. (CA3081) All emitters 
internally connected in common. 
(CA3082) All collectors internally 
connected in common. 

Package: 16 pin, plastic DIP (fig. 3C). 
Applications: Lamp, LED, and relay drivers. 

4. CA3600 

Specification: Complementary mosfet array of 3 
N-channel and 3 P-channel 
enhancement mode mosfets, gate 
protected. 

Package: 14 pin, plastic DIP (fig. 3D). 
Applications: High input-impedance linear 

amplifiers, low-power oscillators. 

As mentioned earlier, this group of arrays has two 
or more of the transistors internally connected in a 
partial circuit, but this does not eliminate their use as 
independent transistors, though there are more limit- 
ations than the undedicated group. 

The characteristics of the individual transistors in 
the CA3018 and CA3086 families are sufficiently 
close to the CA3083 so that RCA specifies the same 
application note for all three. The CA3083 has an 
I,,,, of 100 mA, while the CA3018 and CA3086 have 
I,,,, of 50 mA. Otherwise, the parameters are close 
enough to make these three devices interchangeable 
in almost any circuit where the partially committed 
arrangement of the latter two permits. In both the 
CA3018 and CA3086, the four transistors may be 
used independently by allowing the pins of the fifth 
device to float unconnected. Or, in the CA3086, the 
pins of the differential pair may be jumpered (5-1 and 
4-2) creating a single transistor with an I,,,, of 100 
mA. Also, the darlington pair in the CA3018 may be 
used as a single, super-beta transistor by using pins 
11 and 12 as the coilector, 9 as the base, and 1 as the 
emitter. Since applications for the CA3018 and 
CA3086 are similar to the uncommitted CA3083, no 
basic circuits are shown for these types. 

The CA3081 and CA3082 both incorporate seven 
NPN transistors having identical characteristics, the 
CA3081 having all collectors connected together, 

and the CA3082 with all emitters connected. These 
devices were designed to drive seven-segment dis- 
plays as shown in fig. 3E. However, these devices 
can be used for low-current, remote driving of a vari- 
ety of other components including relays, LEDs, in- 
candescent lamps, power transistor switches, fet 
switches, SCRs, and complex devices such as an 
NE555 oscillator. The only constraint is that current 
supplied to the driven device does not exceed the 
I,,,, of 50 mA for each transistor. If a higher current 
rating is required, two or more of the transistors may 
be paralleled. 

The CA3081 may also be used as seven indepen- 
dent amplifiers in circuits where grounded emitters 
are appropriate. Likewise, the CA3082 may be em- 
ployed as seven emitter followers with independent 
inputs and outputs. Such circuits may be used as 
buffer mixers (separate inputs, common output) or 
distribution isolators (common input, separate out- 
puts). 

The CA3600 may be one of the less familiar ICs. 
This device has three pairs of complementary mosfet 
transistors, with the input gates of each pair con- 
nected. Each pair has one P-channel and one N- 
channel enhancement-mode mosfet. The N-channel, 
depletion-mode mosfet is familiar to most, appearing 
frequently in single- or double-gate versions for r f  
amplifiers and mixers. The depletion-mode devices 
have channels which are normally ON in the absence 
of gate bias. Enhancement mode mosfets have chan- 
nels normally OFF until bias is applied to the gates, 
positive bias for P-channel and negative bias for N- 
channel. Using an ac input signal as bias, the linear 
amplifier shown in fig. 3G will have the P-channel 
transistor conducting on positive half cycles, and the 
N-channel device on negative half cycles. The output 
from C2 will be a complete, amplified replica of the 
ac input. 

One nice thing about complementary amplifiers of 
this type is that they maintain a high-linearity output 
swing, over almost the entire limit of supply voltage. 
Therefore, you can obtain close to 10 V p-p output 
with a 10 Vdc supply. In addition, the input imped- 
ance is very high, with the circuits requiring a mini- 
mum of external components. Fig. 3H shows the 
basic amplifier expanded into a crystal oscillator, and 
fig. 31 illustrates the entire IC connected as a com- 
plete, cascaded 100 dB amplifier. The high input im- 
pedance and high off-resistance of the P and N chan- 
nel enhancement-mode mosfets make them highly 
suited for switching circuits where the load current 
does not exceed 10 mA. For those who are hesitant 
to use CMOS devices, considering their sensitivity to 
static voltages, the CA3600 device has resistor/zener 
diode-protected gates to minimize the chance of 
static damage. 
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fig. 5. Schematic diagram of a product detector, a-m detector, and noise limiter using the CA3039. T I  and T2 are 02 ferrite cores 
wound with 12 turns of no. 26 AWG (0.4 mm) enameled wire. The individual wires should be twisted approximately 1 turn per 
centimeter 13 turnstinch). The carrier oscillator signal ( +7 dBm) must be off when the detector is used for a-m. 

hybrid arrays 
1. CA3093 

Specification: Three independent general- 
purpose, high-current silicon NPN 
transistors - two independent 7- 
volt, 114-watt zener diodes; one 
general-purpose silicon diode. 
Two of the transistors, Q1 and 
Q2, are closely matched at 1 mA. 

Package: 16 pin, plastic DIP (fig. 4A). 
Applications: Signal processing/switching from 

dc to vhf. Temperature compen- 
sated voltage and current regula- 
tors. 

2. CA3097 
Specification: One independent silicon NPN 

transistor. An NPN and PNP tran- 
sistor pair, one zener diode, one 
programmable unijunction tran- 
sistor, and one silicon-controlled 
rectifier. 

Package: 16 pin, plastic DIP (fig. 48).  
Applications: Voltage regulators, timers, cons- 

tant current source, oscillators, 
multivibrators. 

3. CA3084 
Specification: Two  independent general- 

purpose silicon PNP transistors, 
two PNP transistors connected as 

a Darlington pair, combination of 
two PNP transistors and one 
diode connected as a "current 
mirror." 

Package: 14 pin, plastic DIP (fig. 4C). 
Applications: General signal processing, low 

power, low frequency; double- 
balanced mixers/modulators, pro- 
duct detectors. 

4. CA3095 
Specification: Three independent high-voltage 

silicon NPN transistors, five NPN 
transistors, differential amplifier 
array, two of which (Q1 and Q2) 
are super-beta types. 

Package: 16 pin, plastic DIP (fig. 4D). 
Applications: Super-beta preamplifiers, high- 

impedance dc meter amplifier, 
low-noise video amplifier. The in- 
dependent transistors are usable 
for signal processing from dc to 
vhf. 

This group of arrays will test your imagination for 
using different solid-state devices. However, the 
manufacturers were not arbitrary in selecting the dif- 
ferent devices. 

Fig. 4E, one example of a use for the CA3093, is a 
temperature compensated, series voltage regulator, 
adjustable from 8.5 to 15 volts at a maximum of 100 

50 september 1978 



fig. 6. Schematic diagram for a voxlsemi-break-in system using the CA3036. Q6 is an external transistor which must have a 
collector current rating sufficient to control the external relays. CR2 is a 6.2 volt, 1-watt Zener diode. CR3 and CR4 must be ger- 
manium diodes. 

mA. Fig. 4F is a shunt voltage regulator using the 
CA3097, leaving one transistor, SCR, and a program- 
mable UJT for other use. 

The CA3084 includes four general-purpose PNP 
transistors, with Q3 and Q4 connected as a darling- 
ton pair. Also included is a "current mirror" arrange- 
ment of two PNP transistors and a diode. The two in- 
dependent PNP transistors are closely matched, and 
can be employed in separate circuits, or as part of a 
balanced complimentary circuit with NPN transis- 
tors. The darlington pair, having three basic connec- 
tions (base, collector, emitter), can be considered as 
a single super-beta transistor with an hFE of 1250. 

The PNP current mirror is suited as an active load for 
differential amplifiers which use NPN transistors. In 
general, the CA3084 device is used to furnish circuit 
sections for other ICs or discrete devices, rather than 
providing a complete circuit function. 

Three independent general-purpose NPN transis- 
tors are contained in the CA3095, in addition to a dif- 
ferential-amplifier array of five NPN transistors and 
two diodes. Two of the transistors (Q1 and 02) are 
super-beta types with an hFE of more than 1000. The 
differential amplifier and independent transistors may 
be used separately, or combined (fig. 4G) into a very 
high-input impedance, low-noise amplifier. 
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fig. 7. Schematic diagram of a squelch circuit using the CA3018. 

getting the most from practical circuits 

The basic circuits, illustrating the use of each type 
array, were intended as examples of the versatility of 
these devices. Many different uses will be found by 
the enterprising builder. Some of the array devices, 
such as the uncommitted transistor arrays, will find 
many more applications than the more specialized 
wpes. 

Determining whether to build a project with an IC 

array or discrete components is a matter of planning 
and trade-offs. Once you have a circuit to construct, 
research the available devices to see if one of them 
incorporates all, or most, of the active components 
required. After all, it doesn't make sense to use a 
CA3093 to use only two transistors, leaving the third, 
plus two zeners and a diode as spares; though on oc- 
casions, one unused section can come in handy for 
later modifications. The real trick is working all of the 
active IC sections into a construction project, and 

S 
M E T E R  

- MODULATOR 
O U T P U T  

fig. 8. The CA3086 has been used to its fullest advantage in the Atlas series transceivers. This schematic shows the micro- 
phoneJmodulator amplifiers, and S-meter amplifier in the transceivers. 
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this article would not be complete without including 
some practical amateur and commercial circuits 
where this has been achieved to advantage. 

Fig. 5 is a double-balanced, diode-ring product 
detector, a single-diode detector, and a series-gate 
noise limiter, using all the devices in a CA3039. The 
TO-5 package occupies less space than individual 
diodes flat on the board. In addition, the matched 
diodes give superior performance in the product de- 
tector. A module of this type, to  replace the triode 
product detector in a tube receiver, has been built on 
a printed-circuit board measuring only 4 x 4 cm 
(1-112x 1-112inch). 

Fig. 6A is the circuit of a complete vox and semi- 
break-in CW module, including sidetone using a 
single CA3086 IC. One external transistor, Q6, is 
used as a solid-state switch to energize the transmit- 
ter relays. 

The output from Q1, the input audio amplifier, is 
rectified by CR1, applying bias to  Q2. This emitter 
follower (Q2) with a variable RC time constant in the 
emitter lead, sets the vox delay. The differential pair 
Q3 and 04, are connected as a Schmitt trigger, with 
Q4 normally conducting, its collector voltage is about 
+ 2 volt and the 6.2 volt zener (CR2) cannot conduct. 
When rectified audio causes the Schmitt trigger to 
switch, 0 4  conducts and the resultant 10-volt collec- 
tor voltage causes CR2 to conduct, turning on Q6. 
Q5 is an RC coupled, phase-shift audio oscillator, 

with an output from 700 to 800 Hz. When its emitter 
resistor is grounded through the key jack, the tone 
output is fed to  the transceiver (or receiver) audio 
output stages, providing a sidetone in the CW mode. 
The oscillator's output is also fed to  Q1, causing the 
vox circuit to  function in the same manner as with a 
normal microphone input. A manually operated 
mode is provided by grounding the base of 03. CR3 
and CR4 rectify the speaker output, providing the 
anti-vox control. 

Fig. 7 is the circuit of a squelch module, based on 
the CA3018,2 for use with fm  receivers. The entire 
circuit was built on a board measuring only 2 x 3.5 
cm (0.8 x 1.4 inches). 

The circuit for the microphone amplifier, balanced- 
modulator audio driver, and S-meter amplifier stages 
used in the popular Atlas Radio 2101215 series trans- 
ceivers is shown in fig. 8. This is an excellent exam- 
ple of making full use of an IC array. Q1 is a high 
impedance emitter follower, Q2, a voltage amplifier, 
0 3  and Q4, a differential pair strapped to  form a 
single low-impedance emitter follower. 

references 
1. Bill Hoisington, KlCCL. "Two High-Gain RF Stages in One IC for 2- 
Meter FM." 73. May, 1974. page47. 
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page 103. 
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tracking down 
repeater jammers 

I 
ing," or may lead users to believe that a rig or 

Malicious interference repeater malfunction has occurred. 
Amateur clubs (and stations) should have the abili- 

is increasing ty to  track down and identify these jamming 
sources." For one thing, this can lead to the recovery 

on the amateur bands, 1 of a stolen rig and to the word being passed to stay 
off ham equipment. Also, besides leading to a better 
repeater operation, the track and identification capa- pa rticula r l ~  On meters - 1 bility should be of major value in a manmade noise 
program. This can help all hams, not just repeater here are some ideas 1 users. 

I 
Although the operations involved require individu- 

for concerned aI effort, it's probably better to undertake such a pro- 
gram as a club effort. Some reasons for this are dis- 

hams who want cussed at the end of the article. 

to do something about it I interference plan 
For an anti-jamming or interference program to 

work, a plan of action is needed. The basic elements 

Repeaters seem to attract a variety of intentional 
jammers. Kerchunking is by far the most common 
offense, and nearly every 2-meter operator does i t  at 
one time or another to check that the rig is getting 
out. But there are others who do it regularly and 
repeatedly, even to the point of trying to play "Jingle 
Bells." They have been heard to say, "I guess I'll 
wear out another relay." 

are: 

1. Detection 

2. Alerting 

3. Preliminary locating 

4. Spotting 

5. Identifying 

the problem / 6. Acting 

Almost every time a 2-meter rig is ripped off in the 
mistaken belief that it can be peddled as CB, there's 
an epidemic of jamming. It starts with kerchunking, 
progresses to attempts to raise another CBer, then 
often proceeds to false calls, obscenity, or the type 
of operation that's led to the term "Chicken Band." 

Another source of repeater jamming is the malcon- 
tent who's unhappy because the repeater is operat- 
ing on his frequency. Some of his tricks are blocking 
signal levels, noise modulation, endless kerchunking, 
and retransmission of signals from other channels or 
of other services. A really mean trick is to key the 
transmitter at a rate that may simulate "picket fenc- 

Each involves some effort and some time. Several 
elements also involve some skill, but the effort per 
person can be kept low. These factors are among the 
reasons this anti-jamming effort makes a good club 
project. 

detection 
Detection can be left to chance, but it's a good 

idea to have at least some planned effort. In fact, 
jamming detection can also serve another purpose - 
intruder detection: the steps and procedures are the 
same. 

One way to handle the detection problem is to 

'An example of what's being done to stem the vhf jammer problem appears 
By R. P. Haviland, W4MB, 2100 South Nova 

~n reference I .  Editor. Road, Daytona Beach, Florida 32019 
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combine it with another one. At any time a club 
probably has one or more members who are shut in 
for some reason, usually illness. Many of these peo- 
ple are happy to have some light chore to help pass 
the time. Monitoring can help. The club can help by 
having a set of loan equipment available, or possibly 
two sets, one receive-only for nonlicensed members. 

While any reasonable antenna and receiver combi- 
nation is suitable for monitoring, a comprehensive 
plan should be based on the use of scanners. Very 
good commercial scanners covering up to ten chan- 
nels or so are available at reasonable cost. Panoramic 
vhf receivers can sometimes be found in surplus 
sources, or a Panadaptor can be added to a vhf 
receiver. Incidentally, it doesn't make much differ- 
ence whether an a-m or fm receiver is used. So older 
rigs can serve the monitoring function. A mechanical 
dial drive along the lines of the General Radio 1521 
drive unit could be worked out for older, continu- 
ously tuned rigs. 

Owners of synthesized rigs are in a good position 
to check all or at least a good number of the chan- 
nels. However, doing this by throwing lever switches 
becomes very tedious. The procedure can be mech- 
anized by the simple addition of a counter chain that 
feeds the rig's internal counters. The basic principles 
are shown in fig. 1. The OR gates can be mechanical 
switches, but a diode or IC OR gate is simpler. Some 
form of level changing will be needed to allow the 
squelch to stop scanning; it can be a relay. The same 
circuit can start a recorder. 

A few simple logic circuits can be used to give a 
no-noise, unattended monitor system, which can 
also reduce time in checking for interference. The 
trick is to use two tape recorders. One would be set 
up to run when a signal is detected. Ideally it would 
be a two-track unit with time on the second track, 
say by digital clock readout or WWVJCHU recording. 
The other recorder would start when a signal is 
received and run for about thirty seconds. Then it 

Public awareness of personal two-way radio communication is 
keeping pace with the population - both are increasing. Adding 
fuel to the fire is the increasing availabil~ty of low-cost equipment, 
which means that almost anyone who wants to own a two-way 
radio can be in business with little effort and a modest outlay of 
cash, often without bothering to obtain a license. Along with this 
upsurge of personal radio activity is the inevitable: an increase in 
malicious interference by those of marginal mentality who seem to 
enjoy disrupting legitimate communications. The problem exists in 
the Citizen Band radio service as well as the Amateur service; the 
problem is particularly severe on 2 meters. 

Radio amateurs are noted for policing their operating frequen- 
cies. In this article, author Haviland offers some ideas for those 
interested in ferreting out jammers on two meters. He presents an 
interference plan and suggestions for implementing it together with 
suggestions on avoiding legal pitfalls during final action. The theory 
behind the program is that, once the program is working and the 
pressure is on, jammers will give up and disappear. Editor. 

, 
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fig. 1. Adding scan-capability to a synthesized radio. 
Switching can be mechanical or by logic elements. 

would not restart until the signal had been off for, 
say, fifteen seconds. This avoids recording most 
legitimate contacts and long patches of interference. 
The compression allows fast review of a day's 
record. If suspicious signals are found, the full tape 
can be reviewed. 

This type of system doesn't permit immediate 
action, but it is good for uncovering the operating 
habits of intruders, or of intentional jammers. It also 
gives a useful record for analysis and possible action. 

alerting 
The purpose of alerting is to bring the locating and 

identifying resources of the interference plan into 
play. For several reasons it's best to use a small num- 
ber of alerters. This helps prevent false alerts and 
callup for marginally traceable interference. Also it 
helps prevent annoyance to a number of people - if 
a dedicated, intentional jammer is around it's virtually 
certain that he'll try to harass all concerned by trying 
to break up contacts by 3 AM phone calls or even 
dirtier tricks. 

The alerters must be prepared to put up with such 
tricks and should be ready with appropriate counters 
- fast frequency change, power increase if neces- 
sary, and call monitoring by the phone company. In 
severe problems it may be necessary to go to a two- 
tier alerting plan - a fairly large number of people 
who will relay a detection notice to the actual alerter. 

The alert should be in stages. The first step is to 
determine if further effort will be worthwhile. This 
can be done by one or two stations who can tell if the 
signals are strong enough to get a good DF bearing, 
if the interference source is fixed or moving, if it's 
distant or local, or if the problem warrants further 
action. 

If further actions seems in order, enough direction- 
finding stations should be alerted to get a good fix. 

september 1978 57 



One situation needing fast action is that of a ripped- 
off rig being tested. This is almost always a local 
fixed-station problem. Chronic and intentional inter- 
ference may be local or distant, but doesn't require 
immediate action - it may be better to wait, perhaps 

fig. 2. Skewed Yagis for direction finding. Feed may be 
switched between antennas or at the receiver. 

until a key DF station is available or until signal levels 
increase so that a good DF bearing and good identifi- 
cation are possible. 

Overall, the alerting must involve decisions on: 
1. Preliminary evaluation 

2. DFing 

3. Mobile DFing 

4. Identification 

5. Urgency 
Some of these decisions can be handled by land- 

line but others require coordination and passing of 
data. A "jammer net" is good, with the alerting sta- 
tion acting as net control. Obviously, coordinating 
operations should not be on the channel subject to 
interference. Probably the operations should be sim- 
plex, although the net alert can be called by a 
repeater. 

direction finding 
The DF techniques will vary somewhat for fixed 

and mobile interference and for local and DX signals. 
The standard rules apply, of course: a minimum of 
two bearings are needed. A minimum signal-to-noise 
ratio is needed for good angle accuracy, and for 
good geometric resolution the bearings must cross at 
angles approaching 90°. 

For preliminary evaluation, bearings can be ob- 
tained from any station with a rotary beam. Two 
such stations may give sufficient accuracy on local 
signals to justify dispatching one or more mobiles for 
pinpointing the source. 

Better DF accuracy can be secured with a special 
DF antenna setup. One simple method, shown in fig. 
2, is to mount two identical beams at an angle of 40° 
to 60° using two feed lines to a switch, which may be 
at the receiver. Rotating the array until the signals 
from the two beams are the same gives the signal 
bearing as the bisector of the angle between the 
arrays. 

Somewhat better accuracy can be obtained with 
phased antennas. The Adcock array of fig. 3 is very 
good. For this antenna the bearing is the angle giving 
a null signal and lies at right angles to the plane of the 
elements. Watch the 180° null. 

For distant signals working at the null is not too 
accurate, and it may be necessary to use lobe- 
switched arrays as shown in fig. 4. As for the 
skewed array, (fig. 2), the bearing is that giving 
equal signals as the switch is operated. 

Various refinements to these simple techniques 
can be made, such as fast switching, synchronized 
indicator switching for right-left indication, and visu- 
al presentation. See the various handbooks, such as 
Terman's Radio Engineers Handbook for ideas 
and data. 

If the interference source is moving a special prob- 
lem exists, which is related to the problem of relative 
motion for ships at sea. See Dutton's Navigation for 
solution to these problems by use of the maneuver- 
ing board. 

pinpointing 
Sometimes bearings from fixed stations will give 

sufficient accuracy to pinpoint a source, but it's 
often necessary to call on mobiles. 

fig. 3. Simplified Adcock array. Matching mey be omitted 
for receive only. The feed impedance is low. System can be 
made from simple materials. 



Fair results can be obtained with mobiles having 
simple antennas if the receiver has an S-meter.' The 
procedure is to drive in directions that give signal- 
strength increases. Driving around a suspected area 
may confirm that the signal source is enclosed, and it 
may be possible to spot an antenna system. Mobiles 
doing this should remain on public access roads or 
areas and probably should not stop for any reason. 

Better and faster results can be secured if the 
mobile has DF capability. Probably the simplest DF 
unit is made of two half-wavelengths of wire mount- 
ed on a wood pole, as shown in fig. 3. It's not too 
difficult to work out a window mount, which will 
allow DFing while in motion. 

With this type of antenna, a very close fix is possi- 
ble by using the process called "doubling the angle 
on the bow," a nautical technique. Drive in a straight 
line past the suspected location. When the angle to 
the signal is 4 5 O  to  the line of motion, note the posi- 
tion along the route. Continue driving until the bear- 
ing is 90°. The signal is coming from a point at right 
angles to the route, and its distance from the route is 
equal to the distance from the first position, as 
shown in fig. 5. See navigation texts for variations in 
the technique. 

This mobile pinpointing can be speeded up if the 
fixed-location DFing stations track the mobiles with 
respect to the interference. Angle differences can be 
measured more accurately. 

identification 
While locating and pinpointing are going on, steps 

that will permit identification of the signal can start. 
One element of this procedure is to show that harm 
to communications actually results from the interfer- 
ence. Another part is to show that the signal is com- 
ing from the pinpointed location. A final goal is to 
identify the transmitter causing the interference, or 
even the person responsible. This identification is not 
just for information - it may be crucial if action is to 
be taken, as discussed later. 

The first element of identification is complete and 
accurate logging. This should show as a minimum 

1. Date and time 

2. Band and frequency 

3. Station or communications being interfered 
with 

4. Description of interference 

In addition it's desirable to record any analysis of 
the interference, including bandwidth, center fre- 
quency, results of a-m and f m  reception, and approx- 
imate or exact spectral distribution. Each log entry 
should be signed, and, if possible, witnessed. 

The use of tape recordings for interference detec- 
tion has been mentioned. These records are valuable 
in identification, especially if some simple precau- 
tions are taken. Each tape should start with an 
announcement of the fact that it is an interference 

R Y I  F O R  R I G H T  L O B E  \L 0 7 6 m m f 3  1N. I  R G - B / U  T Y P .  

R Y 3  F O R  L E F T  L O B E  b ANY L E N G T H  R G - 8 / U  

R Y 2  F O R  C E N T E R  L O B E  c E Q U A L  L E N G T H S  R G - B / U  
( N O R M A L  USE1 

Q 
fig. 4. Lobe-switched system for DXing. Sketch A shows the 
antenna arrangement. Booms are parallel; spacing is typi- 
cally one wavelength. The connection harness is shown 
in B. 

record, and the date, time, operator, and place giv- 
en. It is well to  state the make and serial number of 
equipment used in reception and in recording. Before 
the recorder is shut off, the date and time should be 
repeated. Strip charts are also useful. These may 
give the pattern of interference, including times of. 
occurrence and relative levels of wanted signal and 
interference. 

Recordings should also be made by the mobiles 
used in pinpointing. Signal level at various locations 
is helpful in showing the extent of interference and 
the general location of the source. When the source 
location has been identified, simultaneous recordings 
at the locating mobile or mobiles and the tracking 
stations should be made. Each should be identified, 
of course. 
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In many interference cases pinpointing the loca- 
tion of a jammer, and showing by records that the 
interference does come from that location, is suffi- 
cient for action. However, cases may arise where fur- 
ther identification is needed. 

ldentification of a particular transmitter or person 
is not easy but possible. Two types of material are 
needed: the interference records and identified 
records of suspected sources. The identification 
rests on "signature" analysis and matching, that is, 

D I S T A N C E  T R A V E L E D  = D I S T A N C E ,  S T A T I O N  T O  R O U T E  

fig. 5. Method for pinpointing source location by using the 
navigational system of "doubling the angle on the bow." 

an identifiable element of the signal that forms an 
identifiable characteristic. For example, the bias fre- 
quency in recorders varies. The frequency can be 
determined by comparing it to the 60-Hz hum fre- 
quency when present. Recorders, receivers, and 
transmitters may be identified by comparing the rela- 
tive magnitude of hum components at 60 Hz, 120 Hz, 
etc. Sometimes special components are present, 
such as parasitics, peculiar background noise, or 
peculiarities of off-on characteristics. 

ldentification of individuals is also based on a form 
of signature analysis. For CW, this may be the ratio 
of dot to dash lengths, the way dash length changes 
from character-to-character, or individual tricks in 
spacing. For voice, the relative strength of compo- 
nents in the three major speech bands form identifier 
elements, as do word choice, syllable rates, and 
many other factors. I t  requires some detective work, 
but it can be done. 

Signature analysis is certainly beyond the capabil- 
ity of most amateurs, and probably beyond the capa- 
bility of most clubs. Those groups in areas with good 
laboratories can probably do the work or get it done: 
arrangements might be made to call on one of these 
groups if simpler steps are not sufficient. In any 
event, recordings should be made with the thought 

that analysis may be required as a part of the remedi- 
al action taken. Make at least some records with 
good-quality tape recorders; and, if there's reason to 
suspect an identified station or individual, make 
recordings of this station, giving identification. 

action 
In many cases interference of the type considered 

here disappears when the fact of an anti-jammer pro- 
gram becomes known. When this happens the plan 
should go into standby. It's a good idea to demon- 
strate that it works, say by a hidden transmitter hunt. 

Unintentional interference will probably be cor- 
rected when the source is advised of its existence. If 
this type appears, a letter or telephone call discussing 
the problem appears to be in order. 

Casual interference, say by kids, is usually not a 
great problem. If i t  persists, tracking down and noti- 
fying parents, the organization concerned, or even 
passing the information along the grapevine usually 
clears up the matter. 

Interference caused by stolen rigs doesn't usually 
last long. If an attempt is to be made to recover the 
rig, however, fast action is needed. Several accounts 
of approaches to this problem have been published. 

If interference continues and appears intentional or 
willful, there may be grounds for complaints to the 
FCC. Such factors as unidentified signals, or illegal 
forms of modulation, are direct grounds. However, 
interference per se is not necessarily adequate 
grounds. No amateur station has prior or exclusive 
rights to a frequency, and it's necessary to show that 
willful or malicious intent exists, which is difficult. In 
these continued interference problems, it's probably 
best to review the matter and the available records 
with the Commission field offices. But remember 
that these offices are understaffed and busy, so 
make sure you have a legitimate problem. 

Some states have laws intended to apply to fran- 
chised communication services, which also apply to 
at least some amateur communications. Competent 
legal advice should be sought before any action is 
taken. 

One thing should be watched. Individual action is 
not only unwise - it may even be dangerous. The 
news accounts of CBers' quarrels show this. Even 
group or club action should be carefully considered. 

Fortunately, most interference problems can be 
handled without too much trouble. As noted, they 
tend to go away when there is a program to take care 
of them. 

reference 
1. Alf Wilson, WGNIF, "Happy Flyers - Helping People," Ham Radio 
Horizons, March, 1978, pages 12-22. 
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The standard ofstation excellence 
Any NEW Hf Ham Bands l Ham Bands or MARS 
Choice of Selectivity for Ssb, RTTY. Cw, or A-m 
DX Chasing or Traffic Handling 160 t hru 10 

...  he Drake C-Line 
is ready for 

NEW and EXPANDED amateur frequencies by using Drake 
bands will be proposed at the 1979 selectable range crystals. 
World Administrative Radio Drake C-Line equipment is 
Conference! designed for you to use-without 
If you have the Drake C-Line, you fear of obsolescence-year after 
are ready NOW for any of these hf year after year. 

A recent C-Line addition: 

Drake MN-4C Antenna Matching Network 
160-10 meters. 250 watts continuous rf output TM Out-of-band coverage 

for future expansions TM Unique "low-pass filter" design of MN-4C provides 
significant harmonic reduction to help fight TVI TM Built-in rf antenna switch 
allows unit to be by-passed regardless of antenna in use. No need to 
disconnect feedlines. Switch also permits front panel selection of various 
antennas. TM Built-in rf wattmeter/VSWR bridge 

Other C - ~ ~ n e  Accessones: 
Standard Range Crystals for T-4XC or  R-4C Accessory Selectivity Filters 

Matching Speaker Antenna Matching Networks Ac Power Supply 
L-4B Linear Amplifier W-4 Wattmeter Noise Blanker 

To receive a FREE Drake Full Line Catalog, please send name and date of this publication lo. 

R. L. DRAKE COMPANY r-m 540 Richard St., Miamisburg, Ohio 45342 
Phone: (513) 866-2421 Telex: 288-017 

lB 

Western Senrice Center, 2020 Western Street, Las Vegas. Nevada 89102 7021382-9470 
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PICK YOUR OWN PACKAGE 

160-10M TRANSCEIVER 160-10M TRANSCEIVER 160-10M TRANSCEIVER 

BUY ANY ONE OF THE ABOVE RIGS AT PRICE SHOWN 
AND SELECT ANY ONE OF THE FOLLOWING FOR $5.00 

CD-44 Rotor 160-1OAT Tuner 
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WHERE THE HAM IS KING # FOR OVER 30 YEARS 

LET US QUOTE YOUR SPECIFIC NEEDS FROM 
OUR $2,000,000.00 AMATEUR GEAR INVENTORY. 

AEA 
ATLAS 
350 XL 
350 P.S. 
305 VFO 
DD6-XL Digital 
DMK-Deluxe Mobile Mt 
210X 
215X 
Also All Accessories 

B&W 
COLLINS 
KWM2A 
32S3A 
75s3c 
516F2 
Also All Accessories 

DENTRON 
MLA 2500 B 
160-10AT 
MT2000A 
MT3000A 
Jr. Monitor 
Also All Accessories 

ICOM 
IC245 SSB 
IC280 
IC211 
IC701AC 
Also All Accessories 
NPC 
W M  NYE 

List 
1195.00 
229.00 

List 
3533.00 
3250.00 
3000.00 

440.00 

List 
899.50 
129.50 
199.50 
349.50 

79.50 

List 
599.00 
425.00 
749.00 

1499.00 

KENWOOD 
TS820S 
TS820 
TS520S 
TS700SP 
TR7400A 
VF0820 
VF0520 
SM220 
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MIDLAND 
13-510 
13-513 
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R. L. DRAKE 
T4XC 
R4C 
TR71DR7 
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STANDARD 
SRC146A 
C.6500 
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SWAN 
3508 
3500 
350A 
750CW 
Also All Accessories 
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1098.00 
919.00 
739.00 
729.00 
399.00 
155.00 
139.00 
329.00 

List 
399.00 
499.00 

List 
699.00 
699.00 

1072.00 
165.00 
250.00 

List 
259.00 
379.00 
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649.95 
749.95 
599.95 
679.95 
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ALLIANCE List I CDE 

TEMPO 
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Tritan IV Dig 
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VIBROPLEX 

WILSON 
Mark II 
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1402SM 
1405SM 
1407SM 
Also All Accessories 

YAESU 
FT-1O1E 
FT-101EE 
FT-101EX 
FL.21008 
FT.301 
FT-301 D 
FT-901 DM 
FT-901 D 
FT-901 DE 
FL-101 
FR-1O1D 
FR-101s 
FRG-7000 
FT-227R 
FT-225R 
FT-625RD 
Also All Accessories 

List 
699.00 
869.00 
299.00 
399.00 

List 
229.95 
259.95 
254.95 
329.95 
384.95 

List I ROHNTOWERS 

List 
799.00 
759.00 
699.00 
529.00 
769.00 
935.00 

1459.00 
1259.00 
1259.00 
649.00 
749.00 
599.00 
655.00 
349.00 
840.00 
895.00 

MOSLEY TH3MK 111 219.95 WILSON List CL33 
TH3JR 11 ROHN TOWERS H Y O ~ A D  

144.50 274.95 I CL36 
229.95 219.95 

I 
VVV. IV..,-.. . - 

HY-GAIN HD73 179 95 
U-100 69 95 

HUSTLER 
MORGAIN HY-GAIN L ~ s t  

TClRnXX 9 9 6  OFI 

I' WILSON 18 GTIWB 97.00 79.95 

I ALLIANCE lBHT 299.95 WRlOOO ROTOR 469.00 I Wv-l 
75-10HD 

WR500 ROTOR 149.95 I MORGAIN 

I and ask him to quote your requirements from this ad 

HAM Ill 194 93 
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BT 1 11495 

1-a Division of TREVOSE ELECTRONICS. INCI 4033 Brownsville Road. Trevose. PA 19047.1 
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high-performance 
rf-agc amplifier 

Presenting a 
small step forward 

in front-end 
receiver design - 

an amplifier 
with high power gain 

and good agc 
characteristics 

During construction of a 6-meter ssb transceiver, I 
needed an improved rf-agc amplifier. My require- 
ments called for 15-dB minimum power gain, low 
noise figure, and good signal-handling capability that 
wouldn't deteriorate with the application of agc. Fur- 
thermore, a good input/output match to 50 ohms 
had to be maintained over the agc range. The well- 
known circuits I had used or seen in the past 
wouldn't meet all these requirements simultane- 
ously. What follows is my approach to the problem 
of compatibility between a high-gain rf input ampli- 
fier and really good agc control. Also offered are 
some suggestions on further improving inputloutput 
linearity, and some equations for calculating power 
gain and impedance. 

initial experiments 
The dual-gate mosfet amplifier worked fine with 

constant bias, but signal-handling capability deterior- 
ated with agc. Also, this circuit required a high-input 
impedance transformation for a match, a no-no in 
good front-end design. Next I considered the 
grounded-gate circuit, where an input match was 
easily obtained with a low-impedance transforma- 
tion. Available power gain was disappointingly low, 
however, and input-impedance change with agc was 
totally unacceptable. From this initial investigation I 
reached two conclusions: A new amplifier configura- 
tion was necessary to meet gain, impedance match, 
and signal-handling requirements; and agc control 

By Andy Borsa, WAIFRJ,  6 Colby Lane, 
Pelham, New Hampshire 03076 
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must not involve changing amplifier bias level in turn on, shunting more and more signal current away 
any way.' from Q2, decreasing stage gain accordingly. Maxi- 

final circuit design 
To make a long story short, the circuit evolved into 

that shown in fig. 1. The basic arrangement is a cas- 
code jfet amplifier. However the input fet, 01, 
receives drive at both gate and source terminals. This 
provides two advantages, the first being an input 
match with a transformation only slightly higher than 
that of a simple common-gate stage. Second, this 
type input permits a choice of gain in the range 
between common source and common gate arrange- 
ments. 

fig. 1. Schematic of the 50-54- 
MHz rflagc amplifier. The in- 
put transformer is wound on a 
small toroid core; total second- 
ary inductance is 0.5 pH. Coil 
data are sketchy because of the 
use of surplus cores and forms 
of unknown origin and charac- 

mum gain cut is determined by the saturated ON 
resistance of Q3 in series with the coupling-capacitor 
impedance, together with the g, (forward transcon- 
ductance) of Q2. With a good high-current switch at 
0 3  (such as a 2N22223, a very respectable agc range 
of at least 35-40 dB can be achieved. 

There are other, less obvious, advantages with this 
agc circuit. First, control takes place at the point of 
smallest signal voltage, or lowest impedance. Sec- 
ond, the control element operates with increasing 
forward bias as gain decreases (input signal 
increases). Both points are extremely desirable from 
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ZN4416 " I (PO RF OUT 

D 6.8 
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teristics. /h - 
In a related fashion, noise figure follows a similar 

relationship. The output fet, Q2, is conventional. 
Any reasonable output network may be used to meet 
gain and impedance requirements. The circuit isn't 
original with me, as a bipolar version is mentioned by 
Rheinfelder.2 A similar arrangement has been 
described for use in vacuum-tube linear power ampli- 
fiers;3 however, I've never seen its excellent capabili- 
ties put to use in modern ham equipment. 

agc control 
The method of agc control is unconventional (as 

far as I'know) for an fet amplifier. It does bear some 
resemblance to a bipolar cascode circuit using a dif- 
ferential pair with current source, although operation 
does not involve changing amplifier bias level. In fig. 
1, a transistor is ac-coupled to the interface between 
the fets. As long as this transistor remains biased off, 
it has little effect on the signal current passing from 
01 to Q2. With increasing agc voltage, Q3 begins to 

a dynamic-range point of view. Finally, circuit com- 
plexity is only slightly greater than that of a standard 
cascode or mosfet stage. 

circuit description 
The circuit of fig. 1 uses low-Q input and output 

networks to achieve an almost flat 16-dB power gain 
over the entire 6-meter band. A high-value shunt 
resistor across the output coil was sufficient to limit 
the gain to the desired value because of the low 
unloaded Q of the miniature coil I used. (A h igh4  
coil here would have resulted in a much lower shunt 
resistor to keep the gain down.) Input and output 
amplifier ports provide a very good match to 50 
ohms, an important consideration for low-input vswr 
presented to the vhf antenna and cable and for the 
following multi-pole bandpass filter. 

The agc transistor, a 2N2222A, receives its base 
drive through a nonlinear resistor-diode network. 
This arrangement linearizes the dB gain cut versus 
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control voltage characteristic over the range I 
required. This or similar networks (using zeners, for 
example) can be used to tailor the agc levels and 
response curve to meet your specific requirements. 

I found no need for parasitic suppression with this 
circuit; however, the layout is very compact with 
good bypassing and grounding, so other construc- 
tion methods might require resistors or ferrite beads 
applied to Q2 gate and drain. A further point in this 
circuit is that 02 was selected for a slightly higher 
IDss (zero-bias drain current) than Q1. This would 
not be necessary with sufficient source bias at Q1. 

test results 
Fig. 2 is a plot of the agc characteristics for the cir- 

cuit. The linearity is acceptable but could be further 
improved by operating on the base drive to Q3. My 
test setup was limited to the 30-dB of gain cut 
shown, but at least 40 dB should be achievable. 

Further tests of input-output linearity revealed a 
1-dB gain compression level at + 7 dBm output to 50 
ohms, corresponding to a - 9 dBm input level. Even 
at a gain cut of 30 dB, the input level for I-dB com- 
pression didn't drop more than a couple of dB. 
Although this performance is good, further work is 
indicated, since this rf stage is still (on paper) the lim- 
iting strong-signal factor in my receiver. 

Some possibilities for improvement: operate 03 
with some collector-to-emitter-current bias; use 
higher g, fets; and maybe substitute PIN or rectifier 
diodes for Q3. Noise figure and IMD measurements 
are still awaiting completion of the receiver section, 
although I expect performance in this area to be 
good, at the very least. 

calculating gain 
and impedance 

When looking at published schematics, I've often 
wondered how other authors arrived at particular cir- 
cuit values. So, at the risk of being blamed for too 
many technicalities, I'd like to present some equa- 
tions and information for those wishing to experi- 

AGC VOLTAGE (VOLTS) 

fig. 2. Agc characteristics for the circuit of fig. 1. 

fig. 3. Simplified ac equivalent circuit for power gain and 
impedance calculations. 

ment. For this, I'll use the simplified ac equivalent cir- 
cuit of fig. 3: 

where 

no = output voltage step down ratio 
nc = gate winding step up ratio 
n, = source winding step up ratio 
g, = ac forward transconductance 
RD = combined resistive loading and coil losses 
Rin = input impedance presented to  input 

transformer primary 
RL = load resistance 

Normally, Rin= RL= 50 ohms. In eq. 1 it's assumed 
that sufficient resistive and coil loading exists so that 
RD = (no)zRL, which makes the circuit output 
resistance equal to that of the load. Once Rin is set, 
the following equation should be used to define the 
input turns ratios: 

1 
ns(nG + ns) = ----- 

gmRin 
(2) 

A few iterations between these equations may be 
required to achieve reasonable proportions for the 
input and output turns ratios. But reasonable num- 
bers usually result by choosing n,=I so that 

1 nc = ------ - I .  Then all that's left is to solve eq. 1 
gmRin 

for the output turns ratio corresponding to the 
desired power gain. 

It is my hope that the data presented here will help 
produce some small advance in communications- 
receiver performance. Obviously, this amplifier cir- 
cuit isn't limited to the 6-meter band; in fact, I use 
similar versions for my receiver's 9-MHz i-f chain. I'd 
truly appreciate hearing from anyone who either uses 
or further evaluates this circuit. 

references 
1. Sabin, "The Solid-State Receiver," QST, July, 1970, pages35-43. 
2. Rheinfelder, Design Of Low-Noise Transistor Input Circuits, Hayden 
Book Co., 1964, page 25. 
3. Pappenfus, Bruene, and Schoenike, Single Sideband Principles and Cir- 
cuits, McGraw-Hill Book Co., 1964, page 159. 
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modified quad antenna 
If you haunt the 

20-meter band for DX 
you've no doubt 

heard ZF1 MA - 
here's a description 

of the antenna 
that puts out his 

big signal 

The quad has long been acclaimed a great OX 
antenna ever since Clarence C. Moore, WSLZX, 
made history with it in the mountains of Ecuador in 
1939. Very few articles have appeared in the litera- 
ture regarding its design changes. This article 
describes some novel changes to the quad, which 
makes it an efficient DX antenna. 

construction 
Fig. 1 illustrates the basic design of the quad. This 

antenna was made from locally available materials. 
Its design departs from conventional quads in several 
respects. 

The spider. The first part to be constructed is the 
spider, which must be lightweight and strong. I made 
several spiders using different materials (aluminum 
and galvanized iron). These spider designs were 
abandoned as being either too heavy or too weak. 
Finally, a spider made from a 61-cm (24-inch) length 
of 51-rnm (2-inch) diameter galvanized tubing had 
the necessaty structural characteristics. This spider 
was cut as shown in fig. 2. The photo shows the 
spider in the half-finished stage. 

--x - 4 8 

.-d 
-. 

- -.k . - ' ",.\ -- A 

. i 

Details of the spider used in the modified quad showing 

I hose-clamp connections for the elements. All materials 
were obtained locally. 

By ~ o s e ~ h  B. W. Jackrnan, ZFIMA, P.O. Box 
459, Grand Cayman Island, British West lndies 
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/ 
- END I N S U L A T O R S  MADE FROM 

L A M I N A T E D  O L D  C A R  T I R E  
(SEE F I G  61 

A L U M I N U M  T U B I N G  O R  
F I B E R G L A S  ROD 

S P I D E R  

T H R E E  D R I V E N  E L E M E N T S  

R E F L E C T O R  I 

R E F L E C T O R  2 

U M A S T  Q 

R E F L E C T O R  I  

R E F L E C T O R  2  

T H R E E  D R I V E N  E L E M E N T S  

U- M A S T  0 

fig. 1. The modified quad antenna used at ZFlMA. Design uses three driven elements, which are fed with 450-ohm open-wire 
transmission line. Front view is shown in sketch A; side view in B. 

Spider template. A template was used to bend the (112-inch) conduit was welded between each bent 
cut sections of tubing to the required angle consist- arm, so that the 108-degree angle, or whichever 
ent with the spacing used. The angle can be between angle you choose, is maintained. See fig. 4. The 
108 and 112 degrees. The template was made of stiff drawing is simplified for clarity. 
cardboard, which was cut as shown in fig. 3. The spider can either be used as is, with only the 

addition of a mast-to-spider plate, or you can do as I 
did and weld a 0.9-meter (3-foot), 51-mm (2-inch) 
diameter pipe onto the spider, as shown in fig. 5. 
The mast is welded to the spider, depending on the 
shape quad desired. 

fig. 3. Template used for forming spreader-to-spider angles. 

When tube bending has been completed, the sp'id- 
er should look as shown in the photo. The photo also 
shows how the spreaders are attached to the spider 
with stainless-steel 7.5-cm (3-inch) hose clamps. 

To strengthen the spider, four pieces of 12.5-mm 

Spreaders. Spreaders can be made from any of the 
conventional materials. In the tropics bamboo is the 
most available and is gratis; however, fiberglass, alu- 
minum, or wood can also be used. This, of course, 
will depend upon where you live and what materials 
are most available. I had a few lengths of aluminum, 
so these were used. However, to prevent the spread- 
ers from resonating, the horizontal spreaders on the 
driver and reflector elements were broken with insu- 
lators. For years I used wood, and at least one 
commercial company uses Bakelite. I decided to use 
rubber from old car tires cut into small strips and lam- 
inated together with contact cement. Incidentally, 
the same idea can be used to make standoff insulat- 
ors or center insulators. Eight insulators were also 

2 5 5 m m f l O  IN I 2 5 5  m m f 1 0  IN I I 

6 1 2 m m ( Z 4  IN I fig. 2. Method of cutting the gal- . 
vanized tubing used for the spider. 5 1 m m ( 2 1 N . I  o D .  
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one of my car-tire insulators inserted. This was also 
done on the number-one reflector only. The feed- 
point was connected with 450-ohm open-wire trans- 
mission line to a universal transmatch, thence to a 
standing-wave-ratio meter, thence to the trans- 
mitter. 

performance 
The quad was mounted on a 12-meter-high (40- 

foot) mast and vswr checks were made. Having sat- 
isfied myself that all systems were go, I tuned up to 
20 meters, pointed the antenna toward Europe and 
called CQ DX. I called only once, and all Europe 
seemed to call me! The first callsign I picked out was 

fig. 4. Galvanized conduit, 12.5 mm (112 inch) in diameter, is 
my longtime radio friend Paul, M7CMC, who gave 

welded between spreader attachments for structural me a 5-9 +20 report, and 2 nce it has been ever thus. 
strength. That night I pointed the beam toward Australia and 

made to put into the end of the aluminum tubing 
(fig. 6). This practice proved to be well worth the 
time spent in making them, as the flexible rubber 
moves with the wind and precludes broken elements 
on the quad. The three holes spaced 51 mm (2 
inches) apart are for the driven-element spreaders 
only (fig. 6). 

The per-side dimensions I used for the quad were: 

three driven elements 5.3 meters (17.3 feet) 
reflector 1 5.4 meters (17.8 feet) 
reflector 2 5.6 meters (18.3 feet) 1 
The three driven elements (fig. 7 )  were made up and 
passed through the holes in the end of the spreader 
insulator.  he middle wire was open at the top and 

2 5  5 m m  11 I N  I 

153mm 
16 1N.I O L D  CAR T IRE 

I 

WELD C O M P L E T E L Y  AROUND ---I 
7 6 - I O 2 m m f 3 - 4  I N  I D I A  

o o o fig. 5. Method of welding spider-to-mast section to obtain a 

square or diamond-shaped quad. 

the same thing happened. It seemed that all the Pa- 
fig. 6. An old auto tire. which moves with the wind and elim- 
inates broken elements, can be used for insulation material. cific stations were lining up to say what a great signal 

Small strips of tire rubber were cut and laminated together I had, including ZL and VK, but also P26, DU, F08, - 
with contact cement. and others. At this time I ran tests with some of these 
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stations. From their observations the following an- 
tenna performance figures were deducted: 

20 meters 15 meters 10 meters 

Gain 8.5 - 9 dB 9.5 - 10 dB 10.5 - 12 dB 
Front-to-side ratio 40-45dB 35-4048 40dB 
Front-to-back ratio 30 - 35dB 25 - 30 dB 25 dB 

The next morning at about 4:30 AM I crawled into 
bed, tired but contented, and next day I tried the 
beam first on 15 then on 10 meters. Needless to say, 
the results were even better than those received on 
20 meters. 

Since that time, whenever I get on the air on any 
' of these bands, there's a pileup. So many amateurs 

have asked about my antenna system that I decided 
to  write about it, and this is the story. 

fig. 7. View looking down on the quad elements. Three 
driven elements are used; the center element is separated 
with an insulator to  which a 450-ohm open-wire transmis- 
sion line is connected. Reflector 1 is 3 per cent longer than 
the driven elements; reflector 2 is 6 per cent longer than the 
driven elements. 

closing comments 
I'd like to thank the many amateur radio operators 

around the world who have helped in testing this an- 
tenna. It's my hope that any amateur who decides to  
build this antenna will have as much pleasure with it 
as I've had. 
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ICOM's mobile IC-22s 
has won tremendous 

approval in the 
Amateur world. 
So much in fact 
that it has been 
the most popu- 
lar radio offered 

Swclflcallone: 

ll Frequency Range 146-148 MHz 
Vollage 13 8 v DC neg ground 
Number of channels 22 selecled from 256 posstble II 
S~ze  2 3 ' H  x 6 2 ' W  x 8 6 ' D  
We~ghl 4 2 lbs 
Llsl Prtce $299 00 

PRICE $229 I 
A DIVISION OF JREVOSt ELELTRONICS 

New Low Price! 
2 Meter Portable 

G.E. MASTR PR 36 
132-150 MHz - 5 Watts 

ALL SOLID STATE 
with Ni-Cad Battery 

Rea. 

- 
Vehicular Charger 4EP63A (sold only wtth I J ~ ~ I )  $25- 
A.C. Charger (subject to availability). ............... $25- 

....................... Speaker/Mike Type EM36 $1 59 



Even without the digital display, Kenwood's TS-820 
provides extremely sensitive and accurate tuning, 
plus all of the electronic and mechanical advantages 
found only in the TS-820s. Its reliability has been 
proven through thousands of hours of use under 
all environmental conditions. 
The TS-820 stands out from all the other rigs on 
the band. Its adjustable RF speech proce---- 
utilizing a 455 kHz circuit to provide quick-t 
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the pile ups. RF negative feedback is applied 

YOU can still the final to the driver to improve linearity. 
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WHY SHOULD M E  TL-B2U BE PART OF YOUR 
STATION? COMPARE THESE FEATURES AND BPEW . . .THE ANSWER WILL BE OBVIOUS. 

Instant heating filagonts - The 3-5002 tubes require 
no warm up period. Just turn it on and go1 
Time delay fan cimuit - Even after you turn the TL-922 
off, the super quiet fan continues to work for approxi- 
mately 2 minutes to greatly enend tube life. 
Mjustabfe ALC output voltage - Lets you tailor the ALC 
voltage to your exciter. 
Standby position - Provides amolifier bvoassing without 
having to turn the AC pow( 
Two independent u f a t y  sconnects 
AC iine voltage and the to ground 
when tripped. 
Vernier plate control - For smooth. 
Diecaat side panels - Includes fun1 
dles for easy transponation. 
Thmrrnsl protection of power transformer -Amplifier 

laticallv switches to standbv if Dower transformer 

THE KENWOOD NAME HAS GROWN TO REPRESENT 
THE FINEST AMATEUR RADIO EQUIPMENT 

AVAILABLE. THE TL-922A LINEAR AMPLIFIER 
CARRIES ON THAT TRADITION. AS A LINEAR IT 

GETS YOUR SIGNAL THROUGH TODAY'S CROWDED 
ANDS AND PROVIDES THE POWER TO REACH 

THOSE FAR AWAY PLACES WlTH EASE. AND 
USE IT'S KENWOOD YOU CAN COUNT ON ITS 

DEPENDABILITY. THE TL-922A IS FCC TYPE 
ACCEPTED. IT  RUNS THE FULL LEGAL LIMIT ON 
ALL HAM BANDS FROM 160-15 METERS AND IS 
COMPATIBLE WlTH MOST AMATEUR EXCITERS. 

REST AUTHORIZED KENWOOD 
HPLETE SPECIFICATIONS AND 

THE BEST DEAL. 
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fm demodulator 
using the 
phase-locked loop 

Another application 
of the PLL 

for fm circuits, 
including design notes 

and theory of operation 

The phase-locked loop has been around for some 
time and has many applications including frequency 
synthesis, clock synchronization, and a-m detection. 
IC technology has made the design of PLLs available 
at low cost and in small packages. This article pro- 
vides some nonmathematical background on PLL 
theory and describes its application as an fm demod- 
ulator. 

operation 
A PLL is a loop circuit with feedback. It may be 

viewed as an electronic servo with the ability to lock 
onto and track a reference signal. The lock-and-track 
process is accomplished through phase-comparing 
circuits. However, because frequency is the rate of 
change of phase with respect to time (h =dO/dt), 
the PLL lock-and-track mechanism is meaningful in 
terms of frequency. 

Basic PLL operation is as follows (fig. 1). The volt- 
age-controlled oscillator (vco) output frequency 
depends on dc-voltage value from the phase detector 
and loop filter. As long as the phase difference 
between vco output and the reference signal is con- 

stant, the vco control voltage will be constant and its 
output frequency won't change. However, when the 
phase difference between vco output and reference 
signal begins to change (as would happen as the vco 
output frequency changes), the phase detector and 
loop filter provide a dc error voltage, which shifts the 
vco frequency to re-establish the original phase rela- 
tionships. In this manner the vco output frequency is 
maintained at the value of the reference frequency. 
This is the lock condition of the PLL. 

Even during lock a finite phase difference exists 
between output frequency and reference frequency 
because each PLL has a characteristic free-running 
frequency. That is, with no reference voltage applied 
to the PLL, some quiescent output frequency exists 
at which it rests. Hence, with a reference signal, 

PHASE LOOP 
r n T A G E -  

DETECTOR FILTER 
CONTROLLED OUTPUT 
OSClLLdTOR 

SIGNAL I ""NcE 

fig. 1. Block diagram illustrating PLL operation. A phase 
detector, filter, and voltage-controlled oscillator (vco) form 
an electronic servo in which vco output frequency and ref- 
erence frequency are constant. 

some phase difference between vco output and the 
reference signal must be present to provide an error 
voltage that will shift the vco output from is free-run- 
ning value to the reference value. Often, terminals on 
the IC package are included for an external capacitor, 
which can be used to trim the free-running frequency 

By Tim Daneliuk, KL7IPS, Room 0-408A, 820 
North LaSalle Street, Chicago, Illinois 60610 



PHASE -N-+++q-ti 
CONTROLLED 

fig. 2. Example of a PLL with a phase detector used as a mix- 
er so thatf;, * fL,,, applied to a lowpass filter results in an out- 
put with a dc component that drives the vco so that loop 
lock is established. 

as close as possible to the reference frequency. This 
action reduces pull-in time - i.e., the total time re- 
quired for the PLL to establish the locked condition. 

a different perspective 
Fig. 2 shows the phase detector as a mixer whose 

output isf,,+ fvc,. At  lock, fvco is such that the differ- 
ence between the two frequencies is zero. The low- 
pass filter (LPF) attenuates the sum frequency and 
passes the difference frequency. Hence, at lock, the 
LPF output is a dc voltage (since the difference fre- 
quency is zero at lock). From this point of view it's 
seen that, if the PLL is not in lock but the difference 
frequency is within the LPF passband the filter out- 
put will not be dc but will be an ac beat frequency. 
This ac voltage is applied to the vco control terminal 
and, in effect, frequency modulates the vco output 
frequency. During the time fvc, is modulated so that 
it's closer to&, the error between the two signals 
decreases and the resulting beat frequency at the 
LPF output is lower. Thus the amplitude at the filter 
output is greater because, in a lowpass filter, less at- 
tenuation occurs for increasingly lower frequencies 
(fig. 3).  

This entire process results in a filter output that is 
sinusoidal but decreases in frequency as a function 

FREOUENCY 

fig. 3. Amplitude as a function of 
frequency in a lowpass filter. 

of time while increasing in amplitude (fig. 4). This 
waveform has a net dc component that drives the 
vco frequency to establish lock in the loop, which in 
turn results in a continuous dc output level from the 
filter. If the pull-in time is shorter than the period of 
the beat note appearing at the LPF output, the loop 
can lock without this oscillating error transient. 

capture and lock range 
It's important to understand the terms capture and 

lock and their mutual relationship. Consider the situ- 
ation where the loop is not locked and the difference 
frequency is outside the LPF bandpass. The vco re- 
mains at its initial free-running frequency, and no real 
change occurs in the loop. However, as the differ- 
ence frequency becomes smaller (ash, approaches 
f,,,,), a point is reached where an error voltage is 
passed by the LPF to the vco control terminal, which 
in turn shifts fvco so that the difference frequency is 
even lower. This is a positive feedback mechanism, 
which causes the loop to become locked. 

-- 
TIME 

fig. 4. Lowpass-filter output response with time. The signal 
is sinusoidal but decreases in frequency while increasing in 
amplitude. 

The capture range, then, is "the frequency range 
centered about the vco initial free-running frequency 
over which the loop can acquire lock with the input 
signal."' It is determined primarily by the LPF band 
edge and the system closed-loop gain. This action is 
contrasted with the loop lock range, which is "the 
frequency range usually centered about the vco ini- 
tial free-running frequency over which the loop can 
track the input signal once lock has been achieved. "1 

The limiting factor of the lock range is the maxi- 
mum amount of error voltage available and the corre- 
sponding maximum frequency swing the vco can 
produce. Because, in lock, the error voltage is a dc 
voltage, the lock range is not a function of the LPF 
bandpass characteristics. Note that the capture 
range is never greater than the lock range and is, in 
fact, often less. That is, a PLL may be able to track a 
signal and maintain lock over a greater frequen- 
cy range than over which i t  was initially able to 
acquire lock. 
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table 1. Characteristics of several PLL ICs used for fm 
detection. 

distortion upper frequency 
device (per cent) (MHz) 

NE 560 0.3 30.0 
N E 562 0.5 30.0 
NE 565 0.2 0.5 
NE 567 5.0 0.5 

fm detection using the PLL 
The basic circuit of a PLL fm detector is shown in 

fig. 5. Here, instead of a constant reference frequen- 
cy, a frequency modulated signal is applied to the 
phase detector. The PLL is locked to the fm carrier 
frequency. With no modulation no frequency devia- 
tion occurs and the LPF output is a constant dc volt- 
age. However, as soon as the wave is modulated and 
frequency deviation occurs, an error voltage appears 
at the LPF output which is proportional to the fre- 
quency deviation. The circuit demodulates the in- 
coming fm signal. It's essential that the filter have a 
bandpass characteristic that doesn't attenuate the 
highest expected modulating frequency - i.e., for a 
high-fidelity system, a bandpass all the way to 20 kHz 
would be desirable. 

linearity 
Another important consideration (particularly in 

high-fidelity systems) in the design of PLL fm detec- 
tors is linearity. The loop must detect the signal with- 
out introducing excessive distortion. Also, the PLL 
must operate at a frequency equal to the carrier fre- 
quency plus the maximum positive frequency devia- 
tion encountered. With modern devices this is usual- 
ly not a great problem, since detection occurs after 
mixing and i-f amplification. For example, common 
i-fs are 455 kHz and 10.7 MHz. Table 1 shows the 
distortion and upper frequency limits of several com- 
mon PLLs used in fm detectors. 

response in noise 
One of the side benefits of this system of fm 

demodulation is its ability to detect signals in noise. 
Since the error voltage is filtered, the control voltage 
to the vco is "devoid of phase deviations produced 
by noise."2 The main requirement is that the incom- 

ing signal be strong enough to activate the phase 
detector. This is not, perhaps, overly critical in the fm 
broadcast situation, where the receiver is in an area 
of fairly high signal strength (since fm broadcast is 
intended primarily for local coverage). However, 
incoming signal amplitude becomes exceedingly 
important, for example, in high-frequency RTTY 
FSK demodulation. Here, the incoming signal is 
often plagued by atmospheric noise and other distur- 
bances. Unless the demodulated signal is an exact 
reproduction of the transmitted signal, the resulting 
printout will be gibberish. A similar application would 
be in the vhf fm telemetry systems. 

conclusion 
Since the introduction of the initial IC PLL, tech- 

nology has produced complete fm stereo demodula- 
tors available on one IC. Fig. 6 shows one of these 

12v 
0 

I 
COMPOSITE - -C7 

'--.033 

,, 2J8F 2 15 
R4 

12 0 4 7  

19 kHz MDNITDR 
PIN 

10 
--I c5 
9 0 3 3  

fh- 
TOP VIEW 

fig. 6. Typical fm detector using an IC chip from National 
Semiconductor. Additional data is available from their 
Linear Applications Handbook, Vol. II. 

circuits. It's from National Semiconductor's Linear 
Applications Handbook Vol. 11. This approach 
decreases parts count and improves reliability. It's 
safe to assume that this approach will be the industry 
trend in the future for such applications. 
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fig. 5. Fm detector using the PLL principle. 
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Incredible.. . 

Incredible, that's the word people are using to 
describe the CT-50 frequency counter. Why? Simple, 
the CT-50 is an achievement ~n design: exceptionally 
low in cost, compact, easy to use and unmatched in 
performance and reliability. 

Features of the CT-50 Include; easy pushbutton 
operation, fully automatic declmal point positlonlng. 
quality shielded metal case, and dependable LSI 
circuitry. Full eight dlgit readout allows resolution 
to 1 Hz at 65 mHz. 10 Hz at 650 mHz. and the decimal 
point is always correct. lnput protection to 50 volts 
insures agalnst accidental burnout or overload. And. 
the best feature of all is the easy assembly Clear, step 
by step instructions guide you to a finished unit you 
can rely on. 

Use the order blank below or call us direct and 
order yours today' 

CT-50, 60 rnHz Counter Kit 589.95 
CT-SO WT. 60 rnHz counter. wired. tested 159.95 

SPECIFICATIONS 
Frequency range 5 Hz to 65 mHz 600 mHz w ~ t h  CT-600 
Resolution 10 Hz @ 0 1 sec gate 1 Hz (ii, 1 sec gate 
Readout 8 d ~ g l l  0 4" h ~ g h  LED dlrect readout In mHz 

Accuracy adjustable to 0 5 ppm 
Stab~l~ty  2 0 ppm over 10 lo  40 C temperature 

compensated 

lnput BNC 1 megohm 20 pf dlrect 50 ohm wlth CT-600 
Overload 5OVAC maxlmum all modes 
Sensttlvlty less than 25 mv to 65 mHz 50-1 50 mv to 

600 mHz 

Power 11 0 VAC 5 Watts or 12 VDC (ii, 400 ma 
Slze 6" x 4" x 2" h ~ g h  qual~ty alumtnum case 2 Ibs 
ICS 13 unlls all socketed 

CT-600 600 mHz prescaler opt~on ftts lns~de CT-50 

CB-1 Color burst adapter use w ~ t h  color TV for exlreme 
accuracy and stabll~ty typtcally 0 001 ppm 

CT-600. 600 mHz prescaler option r--------------------- 
for CT-50, add 29.95 

1 

I Ramsey Electronics 
I Box 4072 716-271-6487 
I Rochester. NY 14610 

I 

ACCESSORIES 
DC probe dtrecl Input general purpose type $12 95 

Hlgh ~mpedance probe does not load clrcult 15 95 

Low pass probe used when measuring aud~o  15 95 

Htgh pass probe reduces low freq plckup 15 95 

VHF flex~ble rubber antenna BNC connector 12 95 

Color burst adapler for callbratton hlgh accuracy 14 95 
typ~cally 0 001 ppm accuracy s tab~l~ty  

ramsey electronics 
PO Box 4372 Rochester NY 14610 

(71 6) 271-6487 

- - - - 

Sh~pptng handl~ng. Insurance $5 00 
- 

N Y state res~dents add tax 

Total I 
- I 

Name - I 
Address 

I 
I 

ctty - - -  state Z I P - _  I ----------------------- 



For t ickets  & info.  write: Radio Expo, Box 305, Maywood,  IL 60153 

RTTY for ALL Systems,-, 
I 

ELECTROCOM@ "SERIES 400" 
FREQUENCY SHIFT CONVERTERS 

Professionally engineered for outstanding systems is assured by matched fllters, pre- 
performance, stability, and reliabll~ty. the clsion linear detectors. baud rate selector. 
Electrocom" Models 400 and 402 add new b~as compensatron, and semi-daversaly cir- 
dlmenslons of compatrbility between radlo curtry. Operataon is enhanced by a CUT 
and teletypewritersystems. Manufactured to monitor, autostart with solad-stale motor 
hlghest quality standards-an Electrocom switching, antlspace. markhold, EIA/MIL 
trad~taon lor nearly two decades-these unlts output voltages, and a constant current loop 
are Ideal for military. government, commer- supply. In  additton. various optlons are 
ctal. cavil defense and amateur applications. available including rack mounting and polar 
The Model 400 front panel dlgital knob accu- current output. 
rately selects shlfts up to 1000 Hz.. while two Wrrle or call us lor complete product de- 
such knobs on the Model 402 Independently tarls and spec~frcaf~ons. Learn why Eleclro- 
set the mark and space Irequenc~es. Both cornm "400 Converters are designed not 
models may also be preset wlth any tonepalr only for today's communlcat#on envlron- 
between lDMl and 3200 Hz. ment. but ultfmately to ful l~l l  RTTY requare- 

Ootimum oerformance with FSK or AFSK ments lor vears to come. 

We have the worlds largest selec- 
tion of synthesizers for receivers. 
transmitters and transceivers. For 
complete details see our 113 page 
ad in the April 1976 issue of this 
magazine or call or write for sddi- 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 
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calibrating 
meter 

amplifiers 

Meter amplifiers 
help provide 

increased sensitivity 
for high-current meters, 

but not without 
the need for 

a final 
accurate calibration 

Meter-amplifier circuits have been around for sev- 
eral years, generally using conventional transistors, 
field-effect transistors, or operational amplifiers. If 
you want increased meter sensitivity in a wavemeter 
or grid dip meter configuration, then calibration may 
not be of much concern. In these cases you're more 
apt to want sensitivity (in the microampere range) to  
detect small radio-frequency currents. 

When using meter amplifiers for absolute read- 
ings, however, several questions arise. How much 
amplification is expected, and in conjunction with 
what meter? What will be the final calibration of the 
new meter? 

The data presented in tables 1, 2, and 3 should 
provide an indication of what to expect from a meter 
amplifier, as it relates to current measurements. 

The circuit used is shown in fig. 1. It is a common- 
source configuration using an MPF102 field-effect 
transistor.' For testing purposes, I constructed the 
circuit in a mini-box, with six insulated binding-posts 
for the input, output, and 9-volt supply to the circuit. 
The amplifier was mounted on a small printed-circuit 

ZERO 

4 7 0 0  

fig. 1. Schematic diagram of the simple meter amplifier. The 
pot connected to the fat's source is used to zero the meter 
to be calibrated. 

board. The I k  pot was mounted in the center of the 
front panel. Fig. 2 shows a block diagram of the 
interconnections used to calibrate the meters. 

As can be seen from table 1, you should expect a 
seven- to eight-time increase in the readings of a 

CURRENT 
SlUPSON 

ANPLfFlER 
N L l 8 R A l E O  

260 YOU 

fig. 2. Test set-up for calibrating a meter movement. Using 
this system, the final calibration end accuracy will be deter- 
mined by the current monitor. 

y Howard J. Stark, W40HT, 9231 Caribbean 
oulevard, Miami, Florida 33189 
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table 1. Calibration for a COMCO 604 meter. 

reduced to 
Simpson 260 meter readings pA unity pA 

1 m  7.0 7.0 
2 m  14.0 7.0 
3 m  24.0 8.0 
4 m  33.5 8.37 
5 d  44.0 8.8 

50pA meter. The popular 1 m A  meter is more likely t o  
be used w i th  an amplifier t o  raise its sensitivity. No t  
having a 1 m A  meter available, I calibrated two  iden- 
tical 1.5 m A  meters made by Marion Electric Com- 
pany. Table 2 shows the results of  the calibration. 

table 2. Calibration readings for the Marion Electric 0-1.5mA 
meters. 

meter 1 
divisions p A  per 

meter on scale 
Simpson 260 reading scale division 

10 PA 48 8 1.25 
a m  90 19 1.05 
mm 128 28 1.07 

meter 2 
divisions p A  per 

meter on scale 
Simpson 260 reading scale division 

10 m 43.0 8.5 1.17 
am 93.0 18.5 1 .08 
mm 135.5 27.0 1.11 

The significant points t o  note are that 30 p A  pro- 
duced near full-scale deflection on  the meters and 
that each division was slightly more than 1pA. As a 
final step, I checked Simpson 500 p A  meter (see 
table31. 

table3. Simpson 0 to 500 pA meters calibration. 

meter divisions pA per 
readings on scale 

Simpson 260 0-500 scale division 

5m 127 17 .29 
10 m 325 35 .28 
14 m 500 50 .28 

If the meter amplifier is t o  become a permanent 
part of  the metering system, some relabeling of the 
face will be required t o  reflect the increased sensitivi- 
ty. When using an amplifier w i th  other meters, the 
basic resistance of the meter wil l  effect the final sen- 
sitivity and calibration. 

reference 
1. Doug OeMaw. WIFE. editor. ARRL Elecrronics Data Book. American 
Radio Relay League. Newington. Connecticut, 1976, page 22. 
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GUNNPLEXER" 
"FRONT END" BY 

MICROWAVE ASSOCIATES 

Featurns 
Low Cost Hlgh Sensitivity 
Integrated Assembly Electroni- 
cally Tunable High Reliability 
Low Operating Voltage 

THE GUNNPLEXER SYSTEM 
The lasc~nat~on of amateur mlcrrmave IS unlque 
M~crowave systems have an exotlc rlng to them 
Unt~l the appearance of the Gunnplexer, getttng 
Into mlcrowaves requ~red ellher a SIX loot rack of 
surplus gear or a lrlend on the lnstde ot a micro- 
wave hardware supply company The Gunnplexer 
has changed all 01 lhal now you don t need any 
trlends In Ihe mlcrowave buSlneSS (In fact 11 may 
be better tt you don I have any prlor mlcrowave 
knowledge because Ihe Gunnplexer pretty much 
throws away the book on standard mtcrowave de 
stgn pracllcest) 
Equally lasclnattng IS the wlde band capabtltty o( 
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the weekender 

I -GHz prescaler 
for frequency counters 
Amateurs fall into many categories - operators, 
experimenters, contesters, and so on. In addition, 
they may be full- or part-time mobile radio service or 
television technicians. These technicians, as well as 
the experimenters, often find themselves unable to 
measure frequencies in the low uhf region, especially 
between 500 and 1300 MHz. 

While the 1-GHz prescaler described in this article 
will not quite reach 1300 MHz, it can be of consider- 
able use in the range just above the limits of many of 
the inexpensive frequency prescalers available com- 
mercially. Although the Fairchild 11C05 used in this 
prescaler is guaranteed only to 1000 MHz, two that I 
have used have functioned well above 1200 MHz 
but couldn't make it to 1300. 

In addition to possible application in the new 900- 
MHz mobile band, the prescaler may help you if you 
have to repair your TV set. The FCC's requirement 
for positive-detent tuning of the uhf N channels 
has resulted in a proliferation of exotic front-end 
circuits. The use of digitally tuned oscillators and 
frequency synthesizers no longer permits us to check 
oscillator output by means of an electronic volt- 
meter. This will indicate only that the circuit is 
oscillating - but at what frequency? One of the solu- 
tions to this problem is this 1-GHz frequency pre- 
scaler, which can be used with virtually any counter 
and costs but a fraction of the price of a complete 
counter capable of operating at that frequency. 

The prescaler will accept a signal between 25 and 
1000 MHz, probably as high as 1200 MHz, and scale 
(divide) its frequency by either 10 or 100, depending 
on the position of a front-panel SCALE switch. Thus 
the frequency to be measured can be converted to 
one within the range of the counter which is con- 
nected to the prescaler. The accuracy of the meas- 

urement remains a function of the counter's accu- 
racy multiplied by the scale factor. 

If the prescaler is used with a 30-MHz counter, for 
example, frequencies between 30 and 300 MHz can 
be read on the counter by scaling by 10, which will 
result in read-outs between 3 and 30 MHz. Frequen- 
cies above 300 MHz can be scaled by 100, so that a 
1-GHz signal can be read as 10 MHz on the counter. 
Obviously, it is necessary to multiply the counter 
reading by the scale factor to determine the input 
frequency, but multiplying by 10 or 100 should not 
tax anyone's mathematical prowess. 

circuit operation 
A block diagram of the prescaler is shown in fig. 1, 

and the overall schematic appears in fig. 2. U1 is an 
Amperex ATF417 broadband hybrid amplifier de- 
signed to operate from 40 to 860 MHz, and is usable 
from below 25 MHz to over 1200 MHz. Because the 
amplifier has a nominal input impedance of 75 ohms, 
a minimum-loss pad consisting of resistors R1 and R2 
is incorporated to convert the prescaler input to 50 
ohms. R2 also affords overload protection in con- 
junction with hot-carrier diodes CRI and CR2. As 
shown in fig. 3, the input vswr (referenced to 50 
ohms) is less than 1.5:1 below 1 GHz, and is less than 
2:1 at 1.2 GHz. The sensitivity of the overall pre- 
scaler also appears in fig. 3. 

The amplified signal is applied to U2, a Fairchild 
11C05" divide-by-four circuit. The output of U2 feeds 
U3, a Fairchild 95H91 divide-by-fivelsix which is 

DETECTOR U 4 8 .  

fig. 1. Block diagram of the 1-GHz prescaler. 

arranged to divide by five. Thus, the input frequency 
has been divided by twenty at the output of U3. To 
scale by 100, the frequency is again divided by five, 
this time in the quinary section of U5, a 10138 bi- 
quinary counter whose output is connected to the 
100 position of SCALE switch S2. Gate U4B buffers 
the output of U3 from the loading effect of U5. 

Since the input frequency has been divided by 
twenty in U2 and U3, it is necessary to multiply it by 

By Robert S. Stein, WGNBI, 1849 Middle- 'The Plessey SP8610 is a recently announced pin-for-pin replacement for 
ton Avenue, Los Altos, California 94022 the Fairchild 11 C O ~ .  
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two to obtain a scale factor of 10. This is accomplish- the complementary outputs of U3, as well as the 
ed in U4A, one section of a 101 13 quad exclusive-OR slight difference in the propagation delays from in- 
gate. Frequency doubling is achieved by taking ad- put to each output. Because an exclusive-OR gate 
vantage of the finite rise and fall transition times of produces an output only when one, but not both, of 

C 1 0.001 pF, 50 V ceramic capacitor (Erie 8121-100- 
W5RO-102K, Centralab CY15C102M) 

C2, C4 0.1 pF. 50 V ceramic capacitor (Erie 8131-100-651- 
104M. Centralab CY20C104P) 

C3 0.01 pF, 50 V ceramic capacitor (Erie 8121-050-651- 
103M. Centralab CY15C103P) 

C5. C6, C12, 
C13. C15, C17 0.01 pF, 50V disc ceramic capacitor 

C7, C8 0.001 pF, lOOOV disc ceramic capacitor 

C9 1000 pF, 16V electrolytic capacitor 

C10 4.7 pF, 10 V tantalum capacitor 

C11 470 pF, 35 V electrolytic capacitor 

C14 0.05 pF, 50 V disc ceramic capacitor 

C16 1 pF. 50 V disc or tubular ceramic capacitor 

CR1, CR2. 
CR6, CR7 hot-carrier diode (Hewlett-Packard 5082-28351 

DS1 117 V pilot light assembly (Radio Shack 272-328) 

J 1 Amphenol 86350 or Kings KC-19-54 BNC 
connector 

Amphenol 27-800 or Sealectro 50-051-0000 
miniature coax connector 

UG-1094lU BNC connector 

UG-1465lU miniature coax connector (Amphenol 
27- 106, Sealectro 50-007-0000) 

l k  trimmer potentiometer (CTS X-201-R1020, 
Radio Shack 271-227) 

SPST slide switch 

SPDT slide switch 

Triad F-91X transformer 

Amperex ATF417 amplifier 

Fairchild 11 C05 divide-by-4 (or Plessey SP8610) 

Fairchild 95H91 divide-by-516 

101 13 quad exclusive-OR gate 

10138 bi-quinav counter 

7905 negative 5-volt regulator, TO-220 case 

78L24 or National LM340L-24 positive 24-volt 
regulator, TO-92 case 

741C op amp, 8-pin mini-DIP case 

fig. 2. Prescaler schematic diagram. All fixed resistors are 114 watt, 5% composition or carbon film. 



10 100 1000 2000 

F R E Q U E N C Y  M H z  

fig. 3. Prescaler sensitivity and vswr, plotted against fre- 
quency. Test equipment limitations precluded vswr meas- 
urements below 400 MHz. 

its inputs is high, there is a very short period of time 
during the input transitions when both inputs are 
high or low, resulting in the output of the gate going 
low for this brief time. This is shown in fig. 4, as is 
the fact that two output pulses are generated for 
each cycle of the input frequency. 

The extremely short time period during which the 
output pulses are developed prevents them from 
reaching full ECL-output level. Therefore, they are 
amplified by 0 1  to a peak voltage level of at least 
300 millivolts before being routed to the 10 position 
of switch S2. When S2 is set to the 10 position, the 
25- to 1000-MHz input range is scaled to 2.5 to 100 
MHz. When S2 is set to 100, the same input fre- 
quency range is scaled to 0.25 to 10 MHz. 

As with all logic devices, U2 has a minimum input 
level below which it will not clock. However, at fre- 
quencies below 50 MHz, it may also divide by two or 
three just below this critical input voltage. To prevent 
this from appearing as a false reading on the counter, 
a threshold detector comprising CR6 and U8 is in- 
corporated, which inhibits the output of U3 when- 
ever the input voltage to the prescaler is below a 
predetermined level. 

The output of amplifier U1 is sampled and rec- 
tified by diode CR6. The resultant dc is filtered and 
applied to the inverting input of U8, a 741C op amp 
configured as a dc comparator. The non-inverting in- 
put is connected to a voltage divider (R15 and R16) 

across the negative 5-volt supply; R15 establishes 
the reference voltage for the comparator. If the pre- 
scaler input level is insufficient for proper operation 
of U2, the voltage applied to the inverting input of U8 
will be less than the reference voltage at the non- 
inverting input. This will cause the output of the op 
amp to go high, activating the master reset (pin 14) 
of U3 and inhibiting its output. As soon as the input 
signal reaches the required threshold, the op amp 
input conditions reverse, and the resultant low out- 
put enables U3. 

construction 
Except for power transformer TI, the primary 

power circuit, the INPUT and OUTPUT connectors, 
and the SCALE selection switch, the entire prescaler 
is built on a printed-circuit board measuring 8.9 x 
7.9 cm (3-112 x 3-118 inches)." The board is two- 
sided; one side contains the printed-wiring traces, 
while the opposite side, on which the various com- 
ponents are mounted, provides a ground plane. I 
chose to mount the board vertically, parallel to the 
front of the cabinet, with the component side of the 
board facing the front. Two small right-angle brack- 
ets were used for mounting feet, as shown in the 
parts layout, fig. 5. 

The first step in assembling the board is to mount 
connector J2. A complete bead of solder must be 
made to the ground plane around the entire peri- 
phery of the connector. Next, capacitor C1 must be 
soldered between the center pin of J2 and the adja- 
cent trace, as shown in fig. 6.  This arrangement is 
necessary to keep the lead inductance of C1 to an 
absolute minimum. The capacitor leads must be 
carefully bent and trimmed as shown. Then the 
shorter lead is soldered to the trace so that none of 
the wire is visible, and the longer lead is wrapped 
around the center pin of J2 and similarly covered 
with solder. 

To keep the cost of the printed-circuit board 

fig. 4. Waveforms showing operation of the exclusive-OR 
frequency doubler. 

'If there IS suffic~ent Interest, the author will supply PC boards at nominal 
cost Please enclose a SASE wrth all tnqulrtes. 
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down, plated-through holes were not used. Instead, 
ground connectors are made by soldering the appli- 
cable component leads directly to the ground plane. 

Before installing regulator U6 on the board, attach 
a TO-220 type heatsink to the tab of the regulator. 
Use a thin layer of silicone heat-transfer compound 
between the heatsink and the tab. The heatsink must 
not be grounded to the board, since the tab is inter- 
nally connected to the input terminal of the device. 

fig. 6. PC board component layout and wiring to trans- 
former and output circuit. 

Be sure that the polarities of the electrolytic capac- 
itors and diodes are correct, and that none of the in- 
tegrated circuits are reversed. After completing the 
board assembly, examine it carefully for solder 
bridges between traces or for any other foreign mat- 
ter that might cause a short circuit. 

Next, fabricate the input cable assembly which 
runs between the board and the front panel. Using a 
7.6-cm (3-inch) length of RG-174/U coaxial cable, 
terminate one end with INPUT connector J1 and 
the other end with connector P2. Instructions for 
assembling the connectors to the cable appear in 
figs. 7 and 8. 

A recommended arrangement of the overall pre- 
scaler is shown in fig. 9. OUTPUT connector J3, 
POWER switch S1, SCALE switch S2, pilot light DS1, 
and the input cable assembly (terminated by INPUT 
connector J1) are mounted on the front panel. 
Transformer T1 is mounted directly behind the 
printed-circuit board, and capacitors C7 and C8 are 
wired to a terminal strip located near the transformer. 

Before mounting the circuit board in the cabinet, 
solder a short length of insulated wire to each of the 
output pads, designated 10 and 100, on the board. 
Then solder the secondary leads from transformer T1 
to the pads marked G, R, Y, and BL on the board, 
matching the wire colors to the appropriate pad. 
Mount the board in the cabinet and connect the 
wires from the output pads to  the corresponding 
terminals of SCALE switch S2. Finally, connect the 
input cable assembly between the front panel and J2 
on the board. 

operating considerations 
It would appear obvious that after the prescaler 

has been wired and checked, all that remains is to 
connect it to the counter and plug it in. Maybe - 
and maybe not! Unfortunately no prescaler is all 
things to all counters. This one produces outputs of 
two types: the scaled-by-10 output is a train of very 
short, fast positive pulses having a peak-to-peak 
amplitude of 300 to 400 millivolts; the scaled-by-100 
output is a square wave of approximately 800 milli- 
volts peak-to-peak amplitude. Both are supplied 
from low-impedance sources. 

Without going into a detailed explanation of tran- 
sient response and reflections from improperly ter- 
minated transmission lines, it can be stated that what 
appears at the counter end of a coaxial cable con- 
nected to the prescaler output depends on the char- 
acteristic impedance of the cable, the length of the 
cable, the input impedance of the counter, and the 
frequency and waveform of the prescaler output 
signal. Since only the last of these factors is estab- 
lished (and varies over the prescaler's range), there 
may be considerable differences as to  how the pre- 
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F O R M  A N D  T R I M  L E A D S  O F  C l  

W R A P  AND S O L D E R  1 6  4 m m J  
1 1 4 "  L E A D  TO C E N T E R  S O L D E R  I B " l 3  2 m m J  L E A D  TO TRACE 
P I N  OF J 2  I G R O U N D  / 
P I N S  O M I T T E D  F O R  
C L A R I T I J  

fig. 6. Method of installing capacitor C1 on PC board. 

scaler will perform in conjunction with different 
counters and different cable lengths. 

Now for the good news. Although you cannot 
tell how the prescaler will perform with your counter 
until you try it, there is a simple remedy if it does not 
appear to work properly. And that is merely to ter- 
minate the connecting cable in its characteristic im- 
pedance. Assuming that the connecting cable is 
%-ohm coax (RG-58/U or equivalent), you need 
only to terminate it with a %-ohm load at the counter 
end. If the counter already has a %-ohm input im- 
pedance, the cable will automatically be properly 
terminated. However, most low- and medium-fre- 
quency counters have a high input impedance. 
Therefore an external termination may be required. 

The simplest way of terminating the cable is to 
use a %-ohm feedthrough termination, such as the 
Heath SU-511-50, Tektronix 01 1-0049-01, Hewlett- 
Packard 10100C, or Systron-Donner 454. An alter- 
nate method is to use a tee-connector at the counter 
input, with the connecting cable on one side of the 
tee and a %-ohm termination on the other side. Or 
if you are ingenious, you can fabricate a cable with a 
51-ohm composition resistor shunted across the 
counter end. 

Another factor which enters into the picture is the 
characteristic behavior of the counter's input signal 
processor. All counters must convert the input signal 
to an appropriate logic level over the specified fre- 
quency range of the counter. Of the infinite variety 
of signals that can be applied to a counter, a sym- 
metrical waveform is the easiest to process. Thus, 
your counter may exceed its specified maximum fre- 
quency when measuring the sine-wave output from 
a signal generator, but may not perform as well when 

counting an asymmetrical pulse train. Therefore, 
even if the counter's frequency range appears to be 
better than the published specifications, do not ex- 
pect it to be so on the scaled-by-10 output from the 
prescaler. 

As an example, on two different 80-MHz counters 
(one home-built, the other a Hewlett-Packard Model 
5381A), the upper frequency limit when checked 
using a signal generator was well over 120 MHz for 
each. However, the maximum scaled-by-10 count 
from the prescaler which could be measured was 
between 80 and 90 MHz, corresponding to a pre- 
scaler input between 800 and 900 MHz. Of course, 
switching to the scaled-by-100 output permitted 
measurements to the limit of the prescaler. On the 
other hand, a counter specified to perform at 120 
MHz should permit use of the scaled-by-10 output 
over the entire frequency range of the prescaler, as 
did a 500-MHz counter used to verify the prescaler 
output. 

threshold-level adjustment 
Before initially operating the prescaler, fully rotate 

the thumbwheel of potentiometer R15 toward the 
top of the board. This effectively disables the thresh- 

n B l  u L d  9 - FEMALE ~[ZI  
NUT WASHER GASKET CLAMP CWTACT Ul 

&CK BODY 

h 

Cut jacket to 9 /32  inch 
(7.1 mm). 

Fray shield and strip inner di- 
3/32 electric 3/32 inch (2.4 mm). ' h24mm) Tin center conductor. 

Taper braid and slide nut, 
washer, gasket, and clamp 
over braid. Clamp is inserted 

110 

J 

to that ~ t s  Inner shoulder fits 

6 rwlE:,,,J sq~q~? against end of cable 

1 ~ 3 ~ 1 2 4 )  With clamp In place, comb 
out braid, fold back smooth 
as shown and trim 3/32 inch k i L -  (2.4 mml from end. 
S l ~ p  contact In place, butt 
against dielectric and solder. 

1 1  Remove excess solder from 
outside of contact. Be sure 
cable dielectric is not heated 
excessively and swollen so as 
to orevent dielectric from en- 

1 1  tering into connector body. 

Push assembly into body as far as it will go. Slide nut into body 
and screw in place with wrench until tight. For this operation, hold 
cable and shell rigid and rotate nut. 

fig. 7. Assembling connector J1 to input cable [courtesy 
Amphenol). 
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old detector and will permit a check of the prescaler 
in conjunction with the counter. Apply signals of 
known frequencies to the prescaler INPUT connector 
(noting the approximate minimum levels required, 
as shown in fig. 3) and check the counter readings 
in both the 10 and ICK) positions of the SCALE switch. 
Caution: Although U1 will withstand a 10-volt 
peak-to-peak input without damage, it is recom- 
mended that inputs to the prescaler be limited to 1 
volt peak-to-peak (approximately 350 millivolts rms, 
or 2.5 milliwatts across 50 ohms) to prevent clipping 
by diodes CR1 and CR2. 

To adjust the threshold level, apply a 25- to 30- 
MHz input to the prescaler using a signal generator 
or any other signal source whose output level can 
be controlled. Feed enough signal to the prescaler to 
obtain a properly scaled reading on the counter, 
then slowly reduce the signal level until that reading 
is lost; as the signal level is reduced, readings of 
two, three, or four times the correct scaled reading 
will appear. Bring the input-signal level back up to 
the point where the last false reading is obtained, 
just before the correct reading appears, and adjust 
potentiometer R15 carefully to make the counter 

NUT CABLE WASHER REAR FEMALE PLUG BOOI 
CLAMP INSJLATOR OR CONl'ACT W B  -ASSEMBLY 
ASSEMBL I INSULATOR 

ASSEMRLV 

Cut end of cable even. Trim 
c____ iacket to 3/16 inch (4.8 mm). 

4 B M M  * 4 , J ~ , w ,  Be careful not to nick braid. 
Slide nut over jacket. Place 
cable clamp assembly over 
braid and push back against 
cable jacket as shown. 
Comb out braid and fold 
evenly over cable clamp as- 
sembly and trim braid wires 
as shown, avoid~ngbunching. 
Cut cable d~electric to .046 
inch (1.2 mm). Cut must be 
sharp and square. Do not 
nick center conductor. Di- 
mension of bared center con- 
ductor should be as shown; 
trim if necessary. Tin center da- - conductor and remove ex- 
cess solder. 
Place washer over core. 

m :?~'=-g!J) Slide rear insulator or insula- 

I ,rCJ- tor washer over center con- 
ductor. 

Make sure rear insulator or insulator washer butts flush against 
washer and cable core. Solder contact to center conductor - 
contact must butt against rear insulator as shown. Do not get any 
solder on outside surfaces of contact. 
Insert prepared cable termination into connector body. Secure by 
wrench-tightening body while holding nut stationary. 

fig. 8. Assembling connector P2 t o  input cable lcourtesy 
Amphenol). 

REQUIRED 
FOR C 9  

POWER SCALE 

O F F  ON @ I 0  1 0 0  

fig. 9. Suggested layout for complete prescaler. Wiring t o  
and from the PC board is shown i n  fig. 5. 

read zero. Then increase the signal level slightly to 
be certain that a true reading can be obtained. This 
is a critical adjustment, in that it establishes the 
sensitivity of the prescaler from 25 to 900 MHz. If the 
potentiometer is set past the position which just 
eliminates the false counts, the prescaler sensitivity 
will be reduced. 

If you have no need to use the prescaler below 50 
MHz or so, the overall sensitivity of the prescaler 
can be improved below 900 MHz by simply keeping 
the arm of R15 rotated fully toward the top of the 
board, thereby disabling the threshold detector. For 
those who desire maximum sensitivity above 900 
MHz, a slight improvement will result from omitting 
C16 and R12 (in which case all other parts associated 
with U8 can also be eliminated). 

ham radio 
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Mad- 

AND HAS BEEN 
FOR MORE THAN 

2 5 YEARS! 
Regardless of your VHF In- 

terest - FM/CW/AM/SSB 
- Clegg has what you need. 
The Clegg FM transceivers are 
judged tops by experienced 
FM'ers. After 3 years nothing 
has come along to match the 
FM-DX. And nothing repre- 
sents the values of the FM-28, 
MARK 3 or FM-76. 

We also stock all of  the high 
quality MUTLI-MODE VHF 
Transceivers. Like the ICOM 
21 l and 245. Like the n e w  
YAESU FT-225RD. Or choose 
between the WILSON HT's or 
ICOM PORTABLES. We have 
them both with thousands of 
crystals. 

Planning a 220 Repeater? 
We have a complete low cost 
system. Need a n e w  an- 
tenna? We stock KLM, WIL- 
SON, HUSTLER, MOSLEY ASP 
and others. 
Whatever your needs for VHF 
(or HF & UHFJ call Clegg Toll 
Free. ASK FOR OUR LATEST 
CATALOG 1 

TOLL FREE 
1 -(800)-233-0250 

In PA call COLLECT 
(71 7) 299-7221 

Commun~cal~ons Corp 

191 1 Old Homestead Lane 
Greenf~eld lndustr~al Park East 
Lancaster. PA 17601 

)O wptember 1978 

USA & Canada 
Overseas add $3. 

I Battle agalnst ORM! Manual for Installation instructions A bu~lt-tn com. I 
S~nce all cw F~lters are optbnal, why nm get the pke", not a hang-on NO alignment required Sat 
best? Thts new sharo lllter IS Ideal lor DX and Con- lslact~on Guaranteedt Tested and Recommended by 
test work, yet not lob narrow lor regular operatmn ~nternatlonal Fox Tangoclub 
Superlor to audlo l~lters, yet works well wtth lhem to SpHl t l  Ar R-101 SIhs mb: Mlnlature dlods 
Improve Rece~ver perlormance even more. 11 de- swttchtn board perrnlttlng use of BOTH the stan- 
sired dard 601 Hz and the new 250 Hz tllters, swltch- 
Mounts as l l y  on clrcult boards predrllled for the selectable Wlth complete lnstruCttons 0%-1 $10 
purpose by manutacturer ol your rlg See your Allow up to three weeks lor del~verf 

OOOESmTCHIWGBOARDS 
permn easv mountlna 

VI * 
1,s- 
o".Lw = 

ul 

lw~thoul drllllng) ot up to two CyI- 
la1 Illlers 01 any l y p  In addllwn 10 
lhose lor whrch Ihe mnulaclumr 
pralder space Thew boards will 
MCOmmcdate am ol the llllers Itst- 
M and Olher l y b  ptannM tor the 
lulurr To avola error when otder- 
!ng s ~ e c l f y  ttlter number desired as 
well as rjg vrth whoch 11 IS to bs 
used Complete lnslruclfonr SRC. 
IFY SeI wlth whlch b a r d  IS to W 
ured $15 wllh purchase 01 an 111 
ler $20 wlthoul lnlter *~rm~lLpa.  
US 6 Canada Overseas add $1 
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& 
2 

31H250 
31HMO 
31F6W 
3 1 8  
31H2 4 
3lF6 0 

3 
u, nu 

5 

Repeater Jammers Running You Ragged? 

Here's a portable direction finder 
that REALLY works-on AM, 
FM, pulsed signals and random 
noise! Unique left-right DF 
allows you to take accurate (up 
to 27 and fast bearings, even on 
short bunts. Its 3dB antenna 
gain and .06wV typical DF sen- 
sitivity allow this crystal- 
controlled unit to  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 of the transmit- 
ter. It has no 180' ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The DF is battery-powered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. I t  is available in the 140-150 MHz VHF band and/or 
220-230 MHz UHF band. This DF has been successful in locating malicious inter- 
ference sources, as well as hidden transmitters in "T-hunts", ELTs, and noise sources 
in RFI situations. 

Price for the single band unit is $170, for the VHFlUHF dual band unit is $205. plus 
crystals. Write or call for information and free brochure. 

L-TRONICS 
5546 Gathedral Oaks Road 

W6GUX (Attention Ham Dept.) . WD6ESW 
Santa Barbara. CA 931 11 
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o 
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y 
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cw 
CW 
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SSB 
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- 
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31793 
3179 3 
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3180 
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89H250 
89HSW 
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33H1 8 
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8 
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CW 
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CW 
CW 

250Hz 
SWHZ 
6WHz 
8 k H Z  
2 4 kHz 
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8999 3 
8999 3 
9000 
9000 

SbIpunlllOrOXandcmIsn~ 
use ~nslsadolslandard6WMz~nn 
SamsasstandardXF~3OCuntl $40 
O f m r f W S S B  
SubsllIulelorXF 3OA16~llnea~unll 
SameasstandardXF 308unll 110 1 

3395 
3395 
3395 

8830.7 
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8 
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BE PREPARED FOR CYCLE 21 
GET HY-GAIN'S NEW LONG-JOHNS 

"THE STACKABLES" 

5 Element Maximum 
Performance Monoband Beams 

l O , 1 5 ,  and 20 meters for 

With sunspot cycle 21 now in the upswing, you should be prepared for the DX available on the 3 top HF bands, 
if not, our new "Long-Johns" are for you. The new 5 element "Long-John" monobanders are ideal for the serious 
DX'er. Each utilizes Hy-Gain's unique Beta-match for optimum power transfer. Also each antenna uses taper- 
swaged tubing for minimum wind load and maximum strength. For maximum durability each "Long-John" uses 
Hy-Gain's rugged boom-to-mast clamp. 

Specifications: 
order Number 
Model Number 
Gain 
Front-to-back ratio 
SWR [at resonance] 
Impedance 
Power rating 
2:l VSWR Bandw~dth 
Longest Element 
Boom Length 
Boom Diameter 
Turning Radius 
Surface Area 
Wind Load a t  80 mph 
Maximum Wind Survival 

377 
2OSBA 
11.6 dB 
20 dB minimum 
Less than 1.5:l 
50 ohms 
Maximum Legal 
400 KHz 
36'/2" 
34' 
2" 
25' 
9.0 sq. ft. 
230 Ibs. 
80 rnph 

378 375 
115BA 105BA 

12.0 dB 12.0 dB 
20 dB minimum 20 dB minimum 
Less than 1.5:1 Less than 1.5:l 
50 ohms 50 ohms 
Maximum Legal Maximum Legal 
500 KHz 1.5 MHz 
24 %" 7 8 %' 
26' 24' 
2" 2" HY-GAIN ELECTRONICS 
I 7 % "  15' 8601 Northeast Hwy 6 
5.2 sq. ft. 3.9 sq. ft. 
133 Ibs. 100 Ibs. 

Lincoln, Nebraska 68505 
100 mph 100 mph (4023 467-5321 telex: 48-4324 

Mast DIA Accepted I ?/a" to 2 112" 1 114" to 2 %" 1 l/4" to 2 

More Details? CHECK-OFF Page 142 septernber 1978 91 



digital keyboard entry system 

By sampling the signals 
from an inexpensive 

pocket calculator, 
you can build 

a complete 
data entry system 

While working on a recent synthesizer project, it 

became apparent that the conventional methods 
used to enter the frequency control information, 
such as thurnbwheel or rotary switches, are generally 
cumbersome. Keyboard entry has become popular 
with the widespread use of Touch-Tone" phones and 
hand-held calculators - so, it seemed to be a natural 
choice for a new design. This same choice has been 
made by a few manufacturers of digitally controlled 
signal generators and vhfluhf scanning receivers. 
The advantage of a keyboard entry device is that, 
while providing a means of frequency control (as in 
our case), other digital information can be entered. If 
plans for the system change, new functions can be 

.Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 

added by assigning a code to  that particular function 
and inputting the code via the keyboard. In our key- 
board-synthesizer system, we have incorporated the 
ability to step the frequency up or down by a fixed in- 
crement at the touch of a switch. 

After giving the keyboard-system problem some 
thought, the solution became a standard four-func- 
tion calculator with a programmable automatic con- 
stant capability. At  this point it should be stressed 
that our application was a frequency synthesizer, but 
any system that requires digital information in binary 
coded decimal (BCD) format could use the ideas 
presented in this article. 

I 
theory of operation 

There are several problems when trying to build a 
keyboard encoder. First, the information from the 

W A L  WITCH 

fig. 1. Waveforms generated by the ideal switch and a real 
switch which exhibits bounce. 

keyboard is presented in 1-out-of-10 format; that is, 
you must encode the operation of 1-of-10 switches. 
Second, the keys will be  resented in some se- 
quence, and you'must store the information as each 
new key is pressed. Finally, there is the problem of 
key bounce. As you actuate or de-actuate a key, the 
contacts of the switch bounce, giving a fairly noisy 
signal as illustrated in fig. 1. 

A four-function calculator, of course, uses a key- 

By Bruce McNair ,  NZYK, and Glenn 
Williman, N2GW. Mr. McNair's address is 12 
Marion Avenue, Howell, New Jersey 07731; Mr. 

The complete data entry system, with the exception of the Williman's address is 145 Whalepond Road, Oak- 
74175 latches. hurst, New Jersey 07755. 
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fig. 2. Level translators used to transform the signal volt- 
ages from the display to the standard TTL voltage levels. 

board for information entry and has all the necessary 
circuitry to decode, remember the inputs, and de- 
bounce the keys. An added benefit of the calculator 
is the fact that it also displays the entered informa- 
tion. You can take advantage of this fact by using the 
calculator display as a display for the synthesizer or 
system you are controlling. 

However, there are certain problems associated 
with the use of a calculator. The information that you 
need is only present at the calculator display termi- 
nals. The information is not BCD encoded, but has 
been encoded to drive seven-segment displays. Fur- 
ther, to save pins on the calculator chip, the informa- 
tion is multiplexed. Seven lines carry the segment in- 
formation to all the digits while (in the case of the cal- 
culator we used) eight lines enable the correct digit at 
the proper time. 

To use the data from the calculator there are three 
steps to go through: 

6-0 G 5'. 

ALTERNATE 7 SEGMENT REPRESENTATIONS - v SEGMENT USED FOR THE DECODING PROCESS 
L=3 - Y C M E N T  NOT USED 

fig. 3. Segments used for the input to the 8223 PROM to 
convert between the 7-segment display information and the 
BCD code. As can be seen. segments c end d are not needed 
for code conversion. Each character is unique, regardless of 
whether c or dare present. 

1. Shift the voltage levels of the display signals to 
that of the logic devices used in the decoder, and 
buffer these signals to prevent the calculator from 
being loaded down. 

2. Decode the seven-segment information to BCD. 

3. Demultiplex the BCD data and store the data. 

DIGIT 3 n n 

.' n 
fig. 4. Timing diagram for the digit enable lines. 

Each of these operations is accomplished as de- 
scribed in the following sections. 

level shifting and buffering 
The calculator we chose to use was a TI 1265. This 

is a simple, four-function calculator with automatic 
constant, non-blanking display, and low cost (in the 
$10 price range). Automatic constant is a convenient 

1 
b. 

b. 

I 

BCD DATA 1101 

b, ( 1  I I 
I .  I 

I I  I , 
DIGIT I I  I 
ENABLE I 1  

I I  1 I 

LOAD DIGIT I LOAD OCCURS ON 
DELAYED RISING EDGE 

fig. 5. The latches will load the information on the leading 
edge of the respective digit's load pulse. 

feature because by continually adding the fixed con- 
stant to the display, you can increment the synthe- 
sizer frequency by a constant amount. In 2-meter op- 
eration, for example, it would be best to store 0.015 
as the fixed constant. Each time you press + the fre- 
quency goes up by 15 kHz, the channel spacing on 2 
meters. To step down by a fixed amount, make the 
constant positive and the display negative (or vice 
versa), each time you press + you will be subtracting 
a fixed amount. 



fig. 6. The time-constant formed by the R and C values pro- 
vide a delay before the gate is enabled. This allows time for 
the data to settle. 

A non-blanking display is an important feature to 
look for. Some of the calculators on the market will 
shut off the display, or even the entire calculator, 
after a period of inactivity to conserve battery power. 
Since the display conveys all the important informa- 
tion, this is unacceptable. If you already have a cal- 
culator with this feature, it may be possible to "fool" 

fig. 8. Block diagram of the complete 
system for using a calculator keyboard 
as a data entry system. 

5 SEGMENT 
OUTPUT 

CALCULATOR 

the calculator into thinking that there is always activi- 
ty. Find a key that when pressed does not alter the 
memory of the display. If this key is regularly "press- 
ed" by an added circuit the calculator will be under 
the impression that the operator is still there. 

Finally, some calculators display the minimum 
number of digits to accurately represent the stored 
information. For example, 25. may represent the 
sum of 21.58 and 3.42. To be usable for this system, 
the calculator must retain the same number of deci- 
mal places at all times. That is, 21.58 + 3.42 = 25.00; 
the two zeros after the decimal place remain. 

table 1. Truth table for the outputs of the8223 PROM. 

number 

0  
1  
2 
3 
4 
5 
6 
7 
8 
9 

6a 
7a 
9, 

prom address 
7-segment code 
a b e f g  

1 1  1 1 0  
0  1 0 0 0  
1 1 1 0 1  
1 1  0 0 1  
0  1 0  1 1  
1 0 0 1 1  
0 0 1 1 1  
1 1  0 0 0  
1 1 1 1 1  
1 1 0 1 1  
1 0 1 1 1  
1 1  0 1 0  
1 1 0 1 1  

prom outputs 
BCD Output 

b8 b4 "2 bl 
0 0 0 0  
0 0 0 1  
0 0 1 0  
0 0 1 1  
0 1 0 0  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 0  
1 0 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 1  

Now, consider the type of display the calculator 
uses; two of the more popular are LED and fluores- 
cent. Most of the LED displays consume a great deal 
of battery power and blank the display after some 
period of time. The TI 1265 has a fluorescent display 
and is not blanked. Other TI calculators that are 
worth considering are the TI 1200 (very similar to the 
TI 1265) and the TI 1000 (a low cost calculator that 
uses an LED display but meets most of the other re- 
quirements). Since we did use a calculator with a flu- 
orescent display, this is the type of interface we will 

describe. Interface with an LED-type display would 
actually be easier. 

The display voltage levels in the TI 1265 are 0 and 
- 26 volts. This nonstandard signal can be translated 
to CMOS/TTL levels of 0 and + 5 volts with the circuit 
shown in fig. 2. CMOS 4049 inverters are 
used to minimize loading on the calculator outputs. 
The same circuit is used in each data line for seven- 
segment as well as digit information. All resulting sig- 
nals will drive CMOS or a single TTL load. 

segment decoding 
The information generated by the calculator chip is 

coded as a seven-segment signal to be directly used 
by the calculator display. To make use of this data, it 
is necessary to translate it to BCD. At first, it would 
appear that a complicated circuit with seven inputs 
and four outputs would be necessary. As it turns out, 
this will take four chips. Another possibility would be 
to use a special IC to perform the decoding (a 
74C9153. Unfortunately, these chips are not readily 
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O U T P U T  

fig. 9. Schematic diagram of the complete keyboard entry system. 

obtainable from the common parts suppliers ama- 
teurs deal with. 

The approach chosen was to program a 748188 
(8223) PROM. This device is readily obtainable, low- 
cost, and easily programmed. If you examine table 1 
you'll see the code conversion table that must be 
burned into the PROM. It is also interesting to note 
that only five of the segments are needed to decode the information displayed. Segments c and d convey 

no new information. This is shown in fig. 3. 
+5v 

P BCD DATA 
b- b. a= b demultiplexing 

To minimize the number of outputs on the calcula- 
DIGIT N LATCHED 

74175 BCD M T 4  tor chip, most manufacturers multiplex the display 
FOR Nlh DIGIT 

information. The segment lines go to the same seg- 
N - NUMBER OF DIGIT w digit ments in in turn. each For digit example, while the to light digit segment lines enable g of each digit 

fig. 7. Overall diagram of the circuit necessary to demulti- 1 (a minus sign in the first digit) this combination of 
plex the BCD data for each digit. digit and segment lines would be simultaneousty ena- 
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flu. 10. The foll pattern for tho clrcuit board Is shown In A. This doas not include th. 74176 
latches. A parts placement diagram is also shown In 0.  

bled. A representative timing diagram of the digit en- 
able lines is shown in fig. 4. 

Demultiplexing the segment data can be done by 
generating a signal while the desired digit is turned 
on and using this signal to  enable a latch to store the 
data. For this circuit 74175s are used. These ICs are 
four D-type flip-flops in one package, or one for each 
BCD bit. The timing diagram for this circuit is shown 
in fig. 5. The latch load signal is generated by the cir- 
cuit shown in fig. 6. The RC time-constant delays 
the load pulse, so that data will be valid for any calcu- 
lator that might be used. The overall demultiplexing 
circuit is shown in fig. 7. 

If you are going to  be transmitting the data from 
one board to  another in your system (as we were), 

you should do the actual demultiplexing at the data's 
destination. What we did was to locate the 74174s 
right next to the synthesizer's divide-by-N counters. 
In this way, interboard wiring was limited to 4 BCD 
bits plus one line for each digit used. Tying the whole 
system together results in the block diagram shown 
in fig. 8, with its schematic shown in fig. 9. 

construction 
As shown in the photographs, our original circuit 

was patched together on a number of breadboards. 
For our final system, and this article, a PC board was 
designed and is shown in fig. 10A. with the parts 
placement shown in fig. 10B. This board is designed 
for five segment lines, six digit lines, and a spare line. 



SEGYNIS DIGIT L l M S  SEWNTZ 

fig. 11. Connecting point8 on the calculator display board. 

In general, construction is not critical. Just try to  
keep the connections to  the calculator as neat as 
possible to prevent crosstalk and avoid loading down 
the calculator outputs. For those who choose to 
build this project with the TI 1265, the photographs 
also show the location for obtaining the necessary 
signals. A PC board and the 74S188 PROM are avail- 
able from the authors; send a self-addressed, stamp- 
ed envelope for details. 

Connections on tha calculator board. 

What we have shown in this article is a simple, in- 
expensive system for using a calculator and its key- 
board to control a digital system via BCD signals. Of 
course, if your system is not using BCD coding, you 
could devise your own programming for the code- 
converter PROM. 

Once your system is designed, it would be a good 
idea to  remount the calculator board, display, and 
perhaps use a different keyboard tailored to your in- 
dividual needs, eliminating extra keys and labeling 
those with special functions. 

ham radio 

by q' &# K.V.G. 
CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9.A 2.5 kHz SSB TX 533.55 
XF9.B 2.4 kHz SSB RX/TX $47.75 
XF9.C 3.75 kHz AM $51.40 Export 
XF9.D 5.0 kHz AM $51.40 
XF9.E 12.0 kHz NBFM s51.40 Inq~riries 
XF9.M 0.5 kHz CW (4 pole) $35.95 
XF9-NB 0.5 kHz CW (8 pole) $63.95 

Ineited 

9.0 MHZ CRYSTALS (Hc25fu) Shipping 
XF900 9000.0 kHz Carrier $4.15 
XF901 8998.5 kHz USE $4.15 $1.50 
XF902 9001.5 kHz LSB $4.15 
~ ~ 9 0 3  8199.0 I\HZ BFO $4.15 per filter 
F 05 HcZ5/u Socket Chassis .50 
F-06 Hc25/u Socket P.C. Board .50 

ANTENNAS 
UHF LOOP YAGlS 

26 LOOPS GAIN +20 dB1 
1250.1340 MHz 1296.LY $56.95 
1650-1750 MHz 1691-LY $63.95 

4 2 M M  MHz 

MULTIFIEAMS 

48 EL. GAIN -t15.7 dBd 70/MBM48 $49.95 
88 EL. GAIN -1-18.5 dBd 70/MBM88 $73.50 

144-148 MHz J-SLOTS - - -  

8 OVER 8 HORIZONTAL POL. 12.3 d a d  D8/2M $45.95 
8 BY 8 VERTICAL POL. D8IZM-VERT. $53.95 
8 -1 8 TWIST 8XY/2M $47.65 

ANTENNAS 

(FOB CONCORD. VIA UPS) 

RECEIVE CONVERTERS 

MODELS FOR ALL BANDS 50 MHz 

THRU 1296 MHz. LOW NOISE OP. 

TlDNS AT 432 MHz. 

International, Inc. 



HEADQUARTERS 
for 

FT-7 MOBILE FT-227R 
HF TRANSCEIVER MOBILE FM TRANSCEIVER 

I - HF TRANSCEIVER GENERAL COVERAGE RECEIVER 

I HF TRANSCEIVER HF TRANSCEIVER 

NEAR CHICAGO? COME IN AND SEE US! 

1 Tim WBBSBL and Mike WNSANF 
sewing you! - 

Houri: 9:30-9:W Mm. 6 Thun. 
9:30-5:30 Turn.. Wad. md Frl. 
9:OO-3:00 Saturdav 

And.. . All These Other Fine Lines: 
Alda Arneco ASP Atlas Belden Bencher Bird CDE 
CIR CES Cushcraft DenTron Drake Hy-Gain lcom 
KLM Kenwood Larsen MFJ Midland Mosley NPC 
Newtronics Nye Palomar Regency Shure Swan 

Standard Tempo Ten-Tec Transcom Wilson Yaesu 
CALL FOR ERICKSON'S 0 

LOW PRICE TODAY 

E RICKSON 
COMMUNICATIONS, INC. 
5935 North Milwaukee Avenue, Chlcago, lL60646 Te1.(312)631-5181 

Tristao isn't just a trade name... 
it's a man called Lou, and he's 
been designing towers for hams 
all his life...the pioneer. That's 
why Tristao towers above all. 
And because he knows hams, he 
engineers quality at prices you 
can afford. From Mini-Masts to 
the giants. i t 's  TOWER POWER 
all the way with Tristao. 

WRITE RIGHT NOW FOR 
FULL SPECS and dealer nearest 
you. PROMPT DELIVERY. 

JAN CRYSTALS 

ON THE AIR 

CB General 
CB standard Communlcatlon 
2 meter Industry 
Scannen Marine VHF 

Wrrre or phone lor more defaris 

2400 Crystal Dr~ve 

98 september 1978 More Details? CHECK-OFF Page 142 





, k 
tebook 

rarily substitute a 500k-ohm potenti- 
ometer for the 100k resistor con- 
nected to the key. With the monitor 
connected, the transmitter turned on, 
and the pot at maximum resistance, 
the monitor should produce a tone. 
Reduce the resistance of the pot until 
the oscillator just turns off; remove 
and measure the pot, and substitute 
a fixed resistor of the next lowest 
standard value. The monitor will now 
produce a tone when the key is 
closed. 

Bi l l  Clements, K4GMR 
constant pitch monitor across the resistor would have varied 
for.cathode Or grid- and changed the oscillator pi tch 

block keyed every time the transmitter was load- direct-conversion 
ed. A similar problem exists when rf 

transmitters pickups are used. receivers 
After acquiring my old cathode- 

keyed Heath DX-40 transmitter and 
a new Novice ticket, WD4MNR 
found he needed a CW monitor. He 
didn't want to bother with either an 
rf-activated device that required con- 
nection to the coax or a separate 
signal pickup wire. Some published 
monitor circuits have obtained their 
operating voltage across a small 
dropping resistor connected in series 
with the key. This approach was 
tried, but we found that the final 
tube in his DX-40 keyed erratically if 
more than a few ohms were inserted 
in the cathode circuit. Even if this had 
not  happened, the voltage drop 

  he circuit shown in fig. 1 was 
developed to avoid problems. It keys 
reliably and at absolutely constant 
pitch, regardless of transmitter load- 
ing or band, and works equally well 
with other cathode keyed or grid- 
block keyed transmitters and trans- 
ceivers. The open-circuit voltage 
across the key (about 75 volts in our 
case) turns on an optocoupler which 
gates a 555 oscillator circuit. Opera- 
tion of the monitor is unchanged, 
even for manyfold variations in key- 
up voltage, as long as enough is there 
to turn on the MCT-2. 

To use this monitor with rigs hav- 
ing different key-up voltages, tempo- 

MC T- 2 

ZENER 

I read with interest Dick Rollema's 
article on direct-conversion receiv- 
ers (DCR) in your November, 1977, 
issue of ham radio. Since Dick also 
mentioned some previous work of 
mine, I feel compelled to give some 
additional information concerning 
DCRs. 

It seems that the balanced transis- 
tor mixer which I used (as shown in 
fig. 2 on page 46 of ham radio) has 
been surpassed through the work of 
a Soviet amateur, V.  Polyakov 
(RA3AAE). So I must draw your at- 
tention to his basic article published 
in the December, 1976, issue of the 
Soviet magazine Radidlater articles 
appeared in the November, 1977, and 
December, 1977, issues). Using the 
first article, I built an experimental 
receiver and obtained excellent re- 
sults, which I published in the Sep- 
tember, 1977, issue of our Yugoslav 
radio amateurs' magazine, Radio- 
amater. 1 enclose partial copies of all 
those articles; however, I suppose 
you cannot read Russian or Yugoslav 

fig. 1. Schematic diagram of the constant-pitch CW monitor. The optical coupler - SO I shall give you a summary of 
is used to isolate the555 from the actual transmitter circuitry. the texts. 
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Q 0 
fig. 2. Mixer circuit for double-conver- 
sion receivers suggested by RABAAE, 
and its characteristic curve. 

On page 46 Dick Rollema rightly 
concludes that a good mixer for 
DCR should be a switching-type 
detector. Polyakov's solution is based 
on two matched silicon or germanium 
high-frequency diodes, connected in 
parallel and back-to-back. The local 
oscillator (in fact, bfo) must work on 
half of the received frequency, and 
the output from the detector is CW or 
ssb audio frequency. The integrated 
characteristic of the two diodes is 
represented wi th  an inverted S- 
shaped curve (fig. 2A). Theoretically, 
the characteristic is similar to a cubi- 
cal parabola ( I = A V + B V j ) ,  which 

means that this detector does not use 
square functions - thus making a-m 
detection impossible. 

For popular explanation refer to the 
following. The lower cutoff points of 
the two diodes are used to obtain a 
switching device that can be opened 
and closed by the high-frequency 
voltage of the local oscillator (bfo). 
The so-called potential barrier for 
silicon diodes is about 0.5V and for 
germanium diodes about 0.1V. 
Therefore, in the middle part of the 
characteristic, neither of the two 
diodes conducts - which makes the 
switching function possible. The 
switching point occurs when the high 
frequency voltage of the bfo passes 
through zero and comes to one of 
the cutoff points. (Therefore the 
bfo's high frequency voltage, 
brought to the diodes through coil 
L-4, must exceed the potential barrier 
twice or more.) Since there are two 
zeroes in each cycle, it becomes ob- 
vious that the bfo must work on half 
of the received frequency. It can be 
equally said that the diodes CR1 and 
CR2 are closed sequentially when 
positive and negative half-waves of 

AUDIO AMPLIFIER 
9-I," 

fig. 3. Experimental direct-conversion receiver built by YU2HL that uses the im- 
proved diode-mixer circuit. 

the bfo high frequency voltage reach 
their peaks. In those moments, the 
received signal - fed through coil 
L2 - will pass through one of the 
diodes and beat against the bfo volt- 
age. At the same time the matched 
pair of diodes - connected back-to- 
back - cancel any a-m detection or 
a-m breakthrough, so this switching 
mixer is exceptionally insensitive to 
a-m detection. 

In addition to simplicity, this mixer 
has several other qualities. Because 
the bfo works on half of the received 
frequency, it is easier to obtain good 
stability and to prevent unwanted 
radiation through the antenna. It is 
also very resistant to cross-modula- 
tion and overloading. Although 
Polyakov recommends silicon diodes 
- because of their higher potential 
barrier - I found germanium diodes 
to be more sensitive without losing 
other qualities of the mixer. 

In the experimental receiver I built 
the rf resonant circuit C1-L2, for sim- 
plicity, was set on the middle of the 
80-meter band once for ever (see fig. 
3). The number of turns of the sec- 
ondary coils L3 and L4 is one-fourth 
that of their primary coils, L2 and L5. 
Because there is no dc component 
after detection, the usual loading 
resistor was omitted and the high 
frequency components are shorted 
to ground through a 0.01 pF capaci- 
tor. I found it essential to use a low- 
noise audio preamplifier after detec- 
tion - and one BF 173 did the job. 
The audio amplifier can be any inte- 
grated circuit or operational ampli- 
fier with possibility to include nega- 
tive feedback through C, and R, - 
thus peaking the resonant frequency 
of the amplifier at 1 kHz. Later I add- 
ed also an rf stage ahead of the mixer 
- by using an fet - which made 
this little receiver a real marvel of 
clean CW reception, selectivity, sta- 
bility, sensitivity, and resistance to 
cross-modulation and over-loading. 

Because I am too busy for it at the 
moment, I hope that Dick Rollema 
and others will have some more time 
to experiment with this type of mixer. 

Bozidar Pasric, YU2HL 
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Bob 
RPT 508  Kit . . . . Repeater-6 meter-2Sw-complete (less crystals) $499.95 
RPT 1448 Klt  . . . . Repeater-2 meter-1Sw-complete (less crystals) 499.95 
RPT 2208 Kit . . . . Repeater-220 MHz-1 Sw-complete (less crystals) 499.95 
RPT 4328 K i t .  . . . Repeater-432 MHz-lOw-complete (less crystals) 579.95 
RPT 508  W/T . . . . Repeater-6 meter-25w-factory wued & tested 799.95 
RPT 1448 W/T . . . Repeater-2 meter-15w-factory wired &tested 799.95 
RPT 2208 WIT . . . Repeater-220 MHz-ISw-factory wired & tested 799.95 
RPT 4328 W/T . . . Repeater-432 MHz-1Ow-factory wued &tested 849.95 

c engineering 
Dlv~sron of Rrownran Flrcrronrcs Carp. 

320 WATER STREET / BINGHAMTON, N.Y. 13901 / Phone 607-723-9574 
Prices and spedfimtfons subject to change wirhour nof in .  / Export prlna sl&hfly higher. 

NOISE FILTERS 
THEY REALLY WORK! 
MOBILE OR FIXED 

Alternator Whine 
Ignition Noise 
TV & FM Saturation 
Power Line Coupling 
Xrntr Harmonic Radiation 
Hi Fi & PA interference 
SpeakerlAudio Lead Pickup 

also ask about our 

Get the most 

your antenna! 

antenna performs a1 11s optimum. Use 
the Noise Bridge to trim RF llnes for &st 
performance, too. 

This patented design uses your sensi- 
tive receiver as a bridge detector, out- 
performing more expensive test ~quipmenls. 

Reduce power loss due lo mismatch - 
now! Get more defails or order today. 

Modal TE741.. . I-1W MHz muen: $34.95 
Model T E 7 a . .  . I - -  MHz Mg.: S44.95 

SYSl7EMB. INC. 

P.O. BOX 1359 
RICHARDSON. TEXAS 75080 
TELEPHONE (214) 231-9303 



OX OSCILLATOR MXX-1 TRANSISTOR RF MIXER PAX-1 TRANSISTOR 
Crystal controlled transistor type. 3 A single tuned circuit intended for RF POWER AMP 
to 20 MHz. OX-Lo. Cat. No. 035100. signal conversion in the 30 to 170 A single tuned output amplifier 
20 to 60 MYz. OX-Hi, Cat. No. MHz range. Harmonics of the OX or designed to follow the OX or OF-1 
035101. OF-1 oscillator are used for injec- oscillator. Outputs up to 200 mw. 
Spcc~iy when ordering. tion in the 60 to 179 MHz range. 3 to depending on frequency and vol- 

$4.95 ea. 20 MHz. Lo Kit, Cat. No. 035105. 20 tage. Amplifier can be amplitude 
to 170 MHz, Hi Kit. Cat. No. 035106. modulated 3 to 30 MHz. Cat. No. 
Spec~ty when orderrng. 0351 04. 

m $5.50 ea. Spcciiy when ordering. 

OF-1 OSCILLATOR SAX-1 TRANSISTOR RF AMP BAX-1 BROADBAND AMP 
Resistor/capacitor circuit provides A small signal amplifier to drive the General purpose amplifier which 
osc over a range of freq with the MXX-1 Mixer. Single tuned input may be used as a tuned or untuned 
desired crystal. 2 to 22 MHz. OF-1 and link output. 3 to 20 MHz. Lo Kit, unit in RF and audio applications. 
LO, Cat. No. 035108. 18 to 60 MHz, Cat. No. 035102. 20 to 170 MHz. Hi 20 Hz to 150 MHz with 6 to 30 db  
OF-1 HI. Cat. No. 035109. Kit. Cat. No. 035103. ain. Cat. No. 035107. 
Specify when ordr:ring Specrfy when ordering. 8 peofy when order~rlg. 

$4.25 ea. $5.50 ea. $5.75 ea. 

Shipping and postage (inside U.S., Canada and Mexico only) 
will be prepaid by International. Prices quoted for U.S.. 

.02% Calibration Tolerance 
Canada and Mexico orders only. Orders for shipment to other 
countries will be quoted on request. Address orders to: 

EXPERIMENTER CRYSTALS MIS Dept.. P.O. Box 32497. 
(HC 6/U Holder) Oklahoma City. Oklahoma 73132. 

Cat. No. Specifications 
031080 3 to  20 MHz - for use in OX OSC Lo 

Specify when ordenng $5.95 ea. 
031081 20 to  60 MHz - For use in  OX OSC Hi 

Spec~ly when ordering $5.95 ea 
031300 3 to 20 MHz - For use in OF-1L OSC International Crystal Mfg. Co., Inc. 

Specify when ordering $4.75 ea. 10 North Lee 
031310 20 to  60 MHz - For use in OF-1H OSC Oklahoma City. Oklahoma 73102 

Specify when ordering $4.75 ea. 



products 
For l iterature on  any o f  the  n e w  
products ,  use  o u r  Check-Off 
service o n  page 142. 

Triplett 100-T 
pocket VOM 

Two very useful measurements are 
beyond the capability of most ama- 
teur and commercial workshops: 
temperature and ac current. The 
temperature of a device can be an 
important indicator of proper or 
improper operation. For instance, 
the relative temperatures of a transis- 
tor and its heatsink can tell you if the 
thermal path between the two is 
adequate, or whether or not  the 
transistor is operating within its safe 
dissipation rating. The same is true of 
resistors and other components in a 
circuit - too often the extra dissi- 
pation is detected by the "scorched 
finger" method. 

The need to  measure the amount 
of current f lowing in ac circuits 
comes up often enough that most 
amateurs and engineers wish they 
had an instrument designed for that 
purpose. A clamp-on ammeter will do 
the job, if it is available. 

The new Triplett model 70-T VOM 
is a welcome addition to  the lab or 
workbench because it includes the 
capability of measuring temperature 
and ac current in addition to  the 
standard VOM functions that you 
w o u l d  expec t  f r o m  th i s  f i ne  
instrument. 

A first in versatility and tempera- 
ture sensitivity for its size, the new 
model 100-T features a hand-size 

VOM with -WO to  +3W°F tem- 
perature ranges. It is contained in a 
handy leather carrying case that 
includes the  temperature probe, 
VOM leads, a clamp-on ac ammeter, 
plus a plug-in line separator for cur- 
rent readings on standard line cords. 
The IOU-T is designed for checking 
motors, ac and dc lines, machinery, 
electronic circuitry, appliances, and 
temperature. 

The basic Model 390 "shirt pocket" 
VOM includes five ac ldc  voltage 
ranges from 0-1200 volts, four dc 
milliamp ranges from 0.6-600mA, 
and four resistance ranges from 10k 
to 10 megohms. Two direct-reading 
temperature scales from - W°F to  
+ lW°F and +W°F to  +300°F are 
also included for use with the tem- 
perature probe. 

The Triplett Model 10 Clamp-on ac 
ammeter permits current readings in 
6 ranges (up to 300 amps) to  be 
performed without circuit interrup- 
tion. And, the Model 101 plug-in line 
separator "divides" a standard line 
cord to permit clamp-on ac current 
measurements at directed and extra- 
sensitive 0.6 and 0.3 amp full scale 
readings. An extension for the ac 
clamp-on probe is also included. 

Temperature readings are accom- 
plished by using the Triplett therm- 
istor probe. The bare probe is used 
for surface temperature measure- 
ments. An  aluminum shield is pro- 
vided to  protect the sensitive probe 
from damage when taking air temper- 
ature measurements, or when the 
probe is stored in the VOM case. 

For further information on this new 
ultra-compact, versatile, model 
70-T, priced at $120 complete with 
accessories, contact Triplett Corpora- 
tion, Department PR, Bluffton, Ohio 
45817, or ask your local electronic 
distributor for a demonstration. 

Wayne Bracket 

The Wayne Bracket Communica- 
tions Command Console provides a 
way to  mount and install expensive 
communications equipment in any 
vehicle. The rugged, solid-aluminum 
bar-stock frame and crossmembers 
allow you to position all sorts of elec- 
tronic equipment for convenience 
and safety. An investment in this in- 
finitely practical bracket makes the 
installation neat, quick, easy, and 
economical. It fastens over the drive 
shaft tunnel i n  any nonconsole, 
column-shift vehicle using only four 
sheet-metal screws. Models are avail- 
able for flat-surface installations. 

The bracket provides an ideal place 
for a first-aid kit, fire extinguisher, 
and flashlight. It completely elimi- 
nates dash-mount hassles and 
mickey-mouse floor rigs. The Wayne 
Bracket's low center of gravity and 
central location protects expensive 
equipment while providing maximum 
front-seat room. For more informa- 
tion, request our "10 basic benefits" 
brochure at no obligation. Write to  
E. Lee Reid, Wayne Communica- 
tions, Inc., Post Office Box 57, Doc- 
tors Inlet, Florida 32030. 
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tunable ATV converter 

Science Workshop has introduced 
a new tunable ATV converter, which 
connects between an ordinary uhf 
antenna and the vhf input of any 
television set. 

Features and specifications of the 
model ATVC-10 are a low-noise, 
high-gain rf amplifier stage w i th  
varactor-tuned input and outputs, an 
active mixer with varactor-tuned in- 
put, a varactor-tuned oscillator stage, 
and adjustable rf gain control. 

The built-in ac power supply uses a 
transformer for power line isolation 
and a full-wave bridge, supplying a 
regulated voltage for the four tuning 
varactors. The converter is electrical- 
ly tuned from 420 to  450 MHz, with 
outputs on vhf TV channels 2 
through 6. 

The ATVC-10 comes completely 
wired and tested and guaranteed for 
two years. It is housed in an attractive 
two-tone (walnut and beige) finished 
aluminum cabinet which measures 
only 4.75 x 10.85 x 10.5 cm (1-718 
x 4-1 /4  x 4-1 18 inches). 

The prices: factory wired, only 
$49.95; semi-kit (critical circuits pre- 
wired and aligned), $39.95. Full in- 
structions are included. 

For additional information write to  
Science Workshop, Box 393, Beth- 
page, New York 11714. 

Hiram Percy Maxim - 
a biography 

Probably Hiram Percy Maxim has 
contributed more to  amateur radio 
than any other single person. 
Historically, he founded QST Maga- 
zine, the American Radio Relay 
League, and the International Ama- 
teur Radio Union. He pleaded the 
amateur's cause very successfully 
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CUSHCRAFT 
IS THE FM 
ANTENNA 
COMPANY. 

Cushcraft manufactures the  world's most 
complete llne of qua l~ ty  antennas for 
amateur VFH-FM repeater servlce tncludlng 
h tgh-ga~n multi-element vertical beams, 
stocked arrays, 518-wavelength 
moblle wh~ps, half-wavelength Ringo " 
vertlcals, and the world-famous Ringo 
RangerR, whtch features stacked vert~cal  
half-wavelength elements for 4 5 dBd 
omntdlrect~onal galn Whether your favorite 
repeater IS next door or across the state. 
Cushcraft has a VHF-FM antenna whlch is 
exactly engtneered to your needs 

"- ---- 

- 

I i l l  I )It> 518 m e  M jt)lI i  R~ngo I>ur~qer' 

UPS SHtWABLE 

In Stock WIM Dealen World Wlde PO Box 4680. Manchester, N H 03108 
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before American and international 
forums bent on abolishing the hobby, 
and he held one of the most famous 
ham callsigns of all time: WlAW.  
Taken together, he organized, nur- 
tured, defended, and disciplined the 
hobby in its critical formative years; 
amateur radio still bears the distinc- 
tive stamp of his gentlemanly per- 
sonality. 

Maxim is best known outside the 
world of amateur radio for his inven- 
tions and pioneering work in the 
development of the automobile and 
noise-control devices. A holder of 49 
patents, he was also a pioneer in avia- 
tion, air conditioning, motion pic- 
tures, and radio astronomy. He was 
an accomplished international diplo- 
mat, screen writer, urban ecologist, 
and nationally-syndicated newspaper 
columnist. In short, he was a true 
Renaissance man; the embodiment 
of the line from The Amateur's Code, 
"an amateur is balanced." 

This is the only available biography 
of a great and unique American char- 
acter. It is a fascinating and painstak- 
ingly well-researched account that 
brings his personality to  life. The 
author, Alice Clink Schumacher, 
avoids dull scholarship and makes the 
reader feel that he is overhearing a 
collection of treasured family anec- 
dotes told by  close friends and 
relatives. 

The book provides a unique insight 
into one man's life and an era of un- 
precedented technological progress 
in dozens of fields. Perhaps the 
feature which most commends this 
book to every amateur's library is the 
lengthy excerpting from Maxim's in- 
comparable series of "The Old Man" 
editorials. Printed anonymously in 
early issues of QST, they are amus- 
ing, humorous yet thought-provoking 
carictures of radio amateurs and 
their foibles. They are still amazingly 
accurate today. 

Certainly few men were as well- 
liked and respected, nor did as much 
to  make amateur radio the most 
gentlemanly of hobbies, than The Old 
Man - Hiram Percy Maxim. 
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Sof t  cover, 153 pages, $4.50 
from Ham Radio's Communications 
Bookstore, Greenville, New Hamp- 
shire 03048. Order catalog HR-HPM. 

Bristol electronics 
10-meter transceiver 

Bristol Electronics o f  New Bed- 
ford, Massachusetts, now offers two 
mobile transceivers for the amateur 
10-meter band. The HAM-10 is a 
10-watt, @-channel unit that covers 
40 channels with 10-kHz spacing, 
starting at 28.965 for channel 1. The 
HAM-100 is a 100-watt version of the 
same synthesized transceiver. 

Frequency control is by means of a 
patented Phase-Lock Loop synthe- 
sizer, and the receiver may be tuned 
between channels for better recep- 
tion of off-frequency stations. 

These transceivers are not worked- 
over CB units, but are, according to 
Bristol Electronics, designed and 
engineered for amateur 10-meter 
band use. The equipment is of the 
same lightweight and compact style 
that amateurs are accustomed t o  
using in the vhf part of the spectrum. 

Additional features include an 
automatic noise-limiter, combined S- 
and rf-power meter, LED modulation 
monitor, and a jack for an external 
speaker. A microphone and all 
mounting hardware are included. 

The modulation system is a-m, 
with a capability of 95 to 100 per 
cent modulation. Spurious signals 
are suppressed better than 60 dB, 
and harmonics are suppressed better 
than 45 dB. The HAM-100 has a se- 
lector switch for either full power or 
a 10-watt level for local work. 

For more information, contact 
Bristol Electronics, Inc., 651 Orchard 
Street, New Bedford, Massachusetts 
02774. 

CUSHCRAFT 

engineered for the most discriminating amateur. 
For the amateur who demands top performance 
in a multiband Yogi beom there's the 
incomparable ATB-34 three-bond beam for 
broadbond. high-gain coverage on 10. 15 and 
20 meters. 
And for the Amateur with limited antenna space 

and budget who wants reliable, multibond 
radio communications there are three Cushcraft 

multibond verticals to choose from: the three 
bond 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-bond performance from 80 

through 10 meters. 
Cushcroft high-frequency antennas are quality ,,, Four 
engineered for top performance; they are often 

imitated, but never duplicated. 

UPS SHIPPABLE &a 
In Stock Wlh Dealers World Wlde P.O. Box 4680, Manchester, N. H. 03108 
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New! Broadband antenna matching. 
Convenient switch selection of impedance taps. 
For verticals and mobile whip antennas. 
Taps at 8, 12.5, 16, 22, 32 and 50 ohms. 
Full  500 watt capability. No t ime limit. 

Here is the answer to the matching problem for vertical antennas and 
mobile whips. A broadband transformer that really works. Plenty of 
taps to match your 50 ohm transmitter to any short vertical. 
And with no tuning or other adjustment. The 500 Watt RF Transformer 
is completely broadbanded 1-30 MHz (1-10 MHz below 20 ohms). So 
when you change frequency within a band you need only retune the 
antenna loading coil to resonance; not fiddle with a matching network. 
Also, more power goes into your antenna. The 500 Watt RF 
Transformer is more efficient that a matching network or tuner - less 
than .1 db loss. 
As always, when you buy Palomar Engineers you get the best; large 
ferrite toroid core, teflon insulated wire, rugged ceramic switch, heavy 
die cast aluminum case, full 500 watt CW capability. 
Free descriptive brochure on request. 
Improve your mobile operatlon. Simplify your tuneup. Get better 
results with the new Palomar Englnwrs 500 Watt RF Transformer. 
Order yours now! Prlce 535.00 plus $2 shipplnglhandllng U.S. & 
Canada. Calif. residents add sales tax. 

standard C-6500 
general-coverage 
receiver 

The Model C-6500 is a synthesized, 
general-coverage, communications 
receiver; a new "Standard" with 

1 high-quality, low-cost performance 
that will please the most critical lis- 
tener. Reception capability is pro- 
vided for a-m, CW, and ssb. Unusual 
stability is achieved by using a syn- 
thesized, drift-cancelling injection 
system in 30 tunable ranges, covering 
the entire broadcast band starting at 
500 kHz through 30 MHz. A 10-MHz 
reference oscillator provides the fre- 
quency stability necessary for excel- 
lent ssb reception. Dial accuracy is 
better than 5 kHz, which is sufficient 
to locate and identify stations on 
known frequencies. 

There are two separate detectors, 
product and diode, to provide excel- 
lent performance for both ssb and 
a-m signals. A mode switch provides 
wide or narrow selectivity. A tunable 
preselector allows the user to adjust 
for maximum sensitivity and inter- 
ference rejection. Completely solid- 
state in design, the Standard C-6500 
operates from ac mains as well as 
eight internal type "D" flashlight 
cells. Automatic switchover to bat- 
tery operation is accomplished if the 
ac power should fail. For information 
write Standard Communications 
Corporation, Post Office Box 92151, 
Los Angeles, California 90009. 

two-volume course on 
microcomputer 
programming 

A two-volume course that inte- 
grates introductory experiments in 
digital electronics with programming 
and interfacing an 8080A-based 
microcomputer is now available. 
Bugbooks V and V/ by D. G. Larsen, 
P. R. Rony, and J. A. Titus are lab 
experiment-oriented texts that are 
intended for study and guidance in 
the performance of "hands on" 
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experiments with the aid of a low- 
cost microcomputer, breadboarding 
kits, and readily available compo- 
nents. The books may be purchased 
individually. 

The course material is organized 
for teaching microcomputer pro- 
gramming and the interfacing of a 
microcomputer to external digital de- 
vices for practical applications. The 
course content is derived from the 
authors' experience in teaching the 
subjects to  college students, scien- 
tific researchers, and engineers with 
a need for mastery of microcom- 
puters but no formal background in 
either digital electronics or computer 
programming. The student or hobby- 
ist is expected to perform the sug- 
gested experiments t o  obtain the 
most benefit from the course ma- 
terial. 

Integrated circuits and the micro- 
processor are treated as functional 
black boxes with specific electrical 
characteristics; semiconductor 
physics and mathematical analysis is 
omitted. Laboratow experiments and 
text review questions and answers 
are included to  test reader under- 
standing of the subjects covered. 

Bugbook V, with 15 units in 493 
pages covers the basics of 8080A 
microcomputer programming and in- 
structions as well as digital codes, 
register, logic gates, and truth tables. 
An  introduction to  breadboarding is 
followed by instructional units and 
experiments covering 7400 series 
TTL integrated circuit chips, includ- 
ing flip-flops and latches, decoders, 
counters, digital signal gates, and 
multivibrators. 

Bugbook VI has eight units in 490 
pages; it integrates the digital con- 
cepts discussed in Bugbook V into a 
treatment of 8080A microcomputer 
interfacing and programming. De- 
tailed instructions and related labora- 
tory experiments cover select pulses, 
the 8080A instruction set, three- 
state bussing techniques, and intro- 
ductions toaccumulator and memory- 
mapped inputloutput techniques. 
Other topics in Bugbook VI include 
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CUSHCRAFT 
IS THE VHFmUHF 
ANTENNA 
COMPANY. 
Cushcroft preclslon eng~neered VHF/UHF Y o g ~  beams 
hove become the standard of comporlslon the world 
over for SSB ond CW operot~on on  6 meters through 432 
MHz Built by skilled croftsmen from the best ovo~loble 
mater~ols. these beams represent that rare comb~na t~on  
of h~gh electrlcol performance. rugged construct~on, 
a n d  durob~l~ty -- 
4r 1 ' r  2 Meter Vagl 

B1 

)Ir 

dw' 
x )r 

C 

t' , /I 1 
4- 

- - 

Quad i \rrav 

'7y 
\I\% 

47-i 
- 4  l-.. .'f + @ ,  
7 s  

20 Element DX Anav 

Cushcran s wde varlehl of VHFIUHF 
Beams Includes on antenna fw evw 

Cushcraft s Quad Arrays for 144 220 amateur octrv~ty above 50 MHz whether 
and 432 MHz use tour matched local ragchmng or long haul over t h e  
I l-element Cushcraft Yagls and are halon DX All models have been 
the ultlmate In a h~gh-performance caretullv opt~mlzed fc4 maxlmum 
Yagl array These arrays have been fonuard gain w~th  h~gh front tc-back 
carefully eng~neered for maxlmum ratlo The heovy wall bnght hard drawn 
fonvard gain h~gh front tczbock ratlo. alummum booms and dements are 
and broad frequency response All combined wth heaq formed aluminum 

brackets and plated mounttng antennas prov~de a low VSWR match hardware tc4 long owat~ng l~fe and 
to 50-ohm coaxial feedl~ne SUNIV~I ~n severe weother 

C O R P O R A T I O N  

In Stock WHh Dealers World Wide PO Box 4680. Monchester, N H 03108 



7 SCR 1000 - 
Standard of Comparison 

IN VHF FM REPEATERS! 
2M & 220 MHz 

Now Available with Autopatch - 
and Many Other Options! 
Now Spec Comm h a s  taken the hassle out of putting an 
autopatch repeater on the air! The SCR10001SCAP is a fu l ly  sel f-  
contained 30 wat t  repeater with built-in autopatch and land line 
control. You  simply plug in the phone line, hook up the duplexer, 
and you're on the air! The usual months of problems are 
eliminated! The SCRlOOOlSCAP has been meticulously 
engineered to prov ide the smoothest performing patch together 
with a positive land line control o f  the repeater. Just look at all 
these features: 

Features: 4 sec. time limit on access 
Built-in adjustable time-out func- 
tion - patch shuts down In 30-90 

Normal patch, or secure "reverse" sec. if no carrier is received 
patch accessed by control op. User can mute phone ilne audio 
3 digit anti-falsing access - single simply by keying his mic button - 
digit disconnect prevents embarrassing language 
3 digit on-off control of repeater from being repeated 
transmitter Patch access and repeater control 
Wide range audio AGC on input - either over the air or over the 
and output land line 

The SCRlWSCAP Is complete Autopatch Repeater - fully assembled. set-up and 
checked.out in our lab. As with all S ~ e c  Comm D ~ O ~ U C ~ S ,  all work mans hi^ and cornDonenis 
are of the very highest quality. The price? A very'reasonable 51605.00 - complete! (~2100.00 
wlWP641 Du~lexer.) (For Rotr.. wlo FL.6 Rcvr. Preselector, deduct 185.00.) Get your order In 
A.S.A.P.! 

The SCR 1000 - the finest repeater avallable on the amateur market . . . often 
compared to "commercial" units selling for 3 times the price! This is a 30Wt. 
unit, with a very sensitive 8 selective receiver. Included is a built-in AC Supply, 
CW, IDer, full metering and lighted status indicatorslcontrol push buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch, etc. 
Custom options avallable: Duplexers, Cable. 'PL', HllLO Power, Touch Tone 
Control, 60-70W. Transmitter. Racks, etc. Inquire. 
The Spec Comm Repeater System . . .a  sound investment.. . available only by 
direct factory order. SCRlMH) wlFL-6 Rcvr. Preselector $1055.00 ($970.00 wlo 
FL-6.) Commercial price somewhat higher. 
A Full Line of Repea te r  Boards & Assemblles Are Also 
Available: Inquire. 

Call or write today andget the detalls! Send for Data Sheets! 
Export Orders - Contact Shere in our lnternatlonal Department. 

SPECTRUM COMMUNICATIONS 
1055 W. Germantown Pk., Norristown PA 19401 (215) 631-1710 

advanced i n p u t l o u t p u t  concepts  
and interrupt servicing. Complete ap- 
pendixes for both volumes a t  the 
back of Bugbook VI include refer- 
ences, definitions, and descriptions 
of available breadboarding acces- 
sories and microcomputer recom- 
mended for use in the experiments. 

Bugbook V and Bugbook VI are 
pr iced a t  $9.50 each f r o m  H a m  
Radio's Communications Bookstore, 
Greenville, New Hampshire 03048. 

feather touch keyer 

The new Kantronics Feather Touch 
Keyer is the world's first commer- 
cially available keyer wi th  no  moving 
parts. The Feather Touch responds 
t o  your lightest touch, not to me- 
chanical connections or switches. N o  
moving parts means the end of slap- 
ping and bouncing. There are no ad- 
justments t o  be made before each 
contact, and no mechanical parts to 
wear out. 

Feather Touch sends self-complet- 
ing dots and dashes, with a speed 
range of 7-112 to 50 words per min- 
ute. The keyer operation is semi- 
iambic, with dot priority. This keyer is 
great for portable or field-day use, 
where it can be powered by a single 
9-volt internal battery. An extra-life 
battery can provide 24 hours of re- 
liable keying under average condi- 
tions. At  home, the unit can operate 
f r om  any 5- to 15-volt dc power  
source. 

The attractive design and compact 
size make the Feather Touch a pro- 
fessional addition to any ham station. 
Price: $69.95 from Kantronics, Inc., 
1202 East 23rd St., Lawrence, Kansas 
66044. For more information, write 
t o  them. 
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I NEW! EXCIT ING!  BREAKTHROUGH! 
DRAKE TR.7 TRANSCEIVER & ACC. 

W TR-7 & DR.7 DIGITAL RIO $1072.00 
PS-7 POWER SUPPLY $166.00 

CALL FOR QUOTES ON: 
YAESU KENWOOD 

FT901 DM TS820S 
FT625 TS520S 
FT225 TR7400A 

ALDA, AMCOMM, ETO ALPHA 
TEMPO VHF ONE PLUS 

1 

ANTENNAS 
Model OJA-146 

T W O  METER AMATEUR BAND 148.148MH~ 

NO GROUND PLANE REQUIRED 
USE FIXED. MOBIL+ OR PORTABLE 1 . M I  OAlN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS 

OVERALL LENOTM: LESS TMAN M INCMES . COLLAPSIBLE TO n INCMES. MAV e~ PACKED IN SUIT. 
CASE FOR TMOSE 0UT.OF.TOWN TRIPS 
STEEL WMlP AND ADAPTER INCLUDED FOR MOBILE AND 
FIXED APPLICATIONS . VSWR: LESS THAN 1.21 

I PRICE $39.95 UPS P r e p r l d  II I 

KLM: Antennas. Linears. Accessories All in Slock F n e  
balun w12 meter base antenna. 

FlNCO AMATEUR BEAMS in Stock - Call! A62.6 and 2 
............................ ............... Meter ... $61.00 

...................................... 2 + 2 Horlrlvertlcal $37.50 
BIRD 43 Wattmeter plus slugs. In stock, prepa~d freight. 
BENCHER keyer peddles rn stock $39.95; chrome $49.95 
YAESU 

.................................. FT.301D+Fne FP301 $935 
................................... FT.301 + Free FP301 $769 
.......................... YAESU Ff.SO1D serles Cell for Ouote 

............................ TELE.TOWER: 40' wlbreakover $299 
55' wlbreakover ........................................ S399 

MICROWAVE MODULES MMT 432.28s.. .................. $259 
UPS Pale. 

; 

FSFT TONNA antennas: 144116 el ........................ $55.95 
...................................... 9119 OSCAR.. ..$53.00 

JANEL Preamp. OSA-5.. .............................. ,539.95 
TECHNICAL BOOKS: ARRL. Sams. TAB. TI. Rlder. Radio Pub. 

. . . . . . . . . .  Callbook. Cowan. TEPABCO, may others.. .Call 
HAM X ROTOR (New Model) Turns 28 sq. I t  o f  antenna. 

......................... l l s t  1325. In stock.. Y w r  Prlca $249 

220 MHz - $37.95 450 MHz - $37.95 

AMATEUR BEAMS-~n stock- 

FlNCO A62 61211-1 $61 .OO 
TELREX TB5 EM $41 5.00 
RIW 432-19 $49.95 

..... 
......................................... CDE HAM411 .St29.00 

SWAN METERS: WM 6200 VHF Wattmeter.. ............ ,549.95 
......................................... SWR 3 Mob~le S9.95 

................................. TELEX HEADSETS: ..In stock 
CETRON 5728 ...................................... 127.95 en. 

....................................... RAYTHEON5728 124.95 
ADEL nlbbllng tool. $8.45: punch $3.50 
CABLE 5/32", &strand, softdrawn guy cable. For mast or 

I~gh t  tower. 3~ foot. 
BELDEN COAX CABLE: 9888 double shield RG8 loam coax. 

100% brald, su~table for direct bury 3W It., 8237 RG8 
21s 11.. 8214 RG8 foam 2Wlt..  8448 8-wire rotor cable 
IBc 11.. 8210 72 ohm kw twinhead S19IlW 11.. 8235 
300 ohm kw twinlead St21100 It.. Amphenol PL.259. 
s~lverplated 5% UG175 adapter 1Bc. PL-258 dbl female 
$1.00. BNC female chassis mount 59s ea.; 

....... BELDEN 14 gauge cop. stranded antenna wire.. $9100 11. 
............ TIMES I/," loam hardllne W f t . .  connectors $15 ee. 

718" Foam Hardllne 1.50 11. Connectors.. ............. $25.00 ee. 
KESTER SOLDER 1 Ib. 60140 ,062.. ...................... S8.50 
LEADER - GDM LOM815 ............................... 589.95 

................ MALLORY 2.5Al1000 PIV epoxy diode.. .19c ea. 
................................... .MI MFD 20 KV CAP.. 11.95 

............................... b E  recelvlng lubea .50% olt Ilst 
....................................... GE8146B.8950 $7.95 en. 

............................. SWAN 750CW + FmPSU.3.. $675 

16 ELEMENTS - F9FT - 144 MHz I 

The 'Tonna' You've been - I 
hearing about I 

1441146 MHz SWR 1.2:l 
17.8 dBi Wt. 4.4 kg. I 
50 ohms Horiz.lVert. 

length 6.4 m. FIB ratio 22 dB 
Side lobe attenuation 60 dB 

Horizontal aperture 2 x 16" ( -  3 dB) 
Vertical aperture 2 x 17"(- 3 dB) 

$55.95 

CALL FOR FAST QUOTES 
SPEClA L ORDERS WELCOME 

TERMS: All  prlcea FOB Houston Prices sublecl lo chanps *Ilhoul notice 
A lterna Gu.ranlwd Some terns sublect lo ~ l l o r  sale Send letterhead for 
4rn.tsul beetera pr~ce 1st Texss resdenls add 5% la*  Please add 
~08tage estlmsta 



WANTED FOR CASH 'Tr*g] 
-\ - 4 

R1051 o r  1027 

We stand on our long term offer to pay 5% more 
490-T Ant  Tun ing  Unit than any other bonafide offer. 618-T Transceiver  
(A lso  known a s  CU1658 (A lso  k n o w n  a s  MRC95. 
a n d  CU1669) See last month's ad for other items available. ARC94. ARC102. or VC102) 

H i g h e s t  price paid for these unlts. Parts purchased. 
Phone Ted, W 2 K U W  collect. We will trade for new THE TED DAMES CO. 
amateur gear. GRC106, ARC105 and some aircraft 300 Hkkory Street  Ar l~ng ton .  N.J 07032 

units also required. 
(201) 998-4246 E v e n ~ n g s  (201) 998-6475 

QUALITY KENWOOD TRANSCEIVERS 
. . .  from KLAUS RADIO 

The TS-820s is the r ig that Is the 
talk of the Ham Bands. Too many 
built.in features to list here. What 
a r ig  and only $1098.00 ppd. in 
U.S.A. Many accessories are also 
available to increase your oper. 
ating pleasure and station ver. 
satllity. 

Super 2.meter operating capability 
is yours w ~ t h  t h ~ s  ultimate design. 
Operates all modes: SSB (upper 
& lower). FM. AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& reliability that is inherent in 

TS-700SP Kenwood equipment is yours for 
2M TRANSCEIVER only $729.00 ppd. in U.S.A. 

Guess which transceiver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment? That's right, the TS. 
520s. Reliability is the name of 
this r ig in capital letters. 80 thru 
10 meters with many, many built- 
in features for only $739.00 ppd. 
in U.S.A. 8010M TRANSCEIVER 

This brand new mobile transceiver 
(TR.7400A) with the astonishing 
price tag is causing quite a com- 
motion. Two meters with 25W or 
10W output (selectable). digital 
read.out. 144 through 148 MHz 
and 800 channels are some of the 
features that make this such a 

TR-7400A great buy at $399.00 ppd. in U.S.A. 
2M MOBILE TRANSCEIVER 

Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or. better still, visit our store Monday thru Friday fmm 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unit to tullfil l your needs. 

&LAUS RADBO I",. 
8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE - Phone 309-691-4840 

tone encoder - . Compatible w i th  

. Input 8-18 VDC . ~ u g g h ,  plastic 
encased wilh Price $19.95 
leads . Adjustable frequency Freq set at 
( 9 8 - 2 5 0  Hz), Lower $&tyz, 
available 

Excellent stability 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards tor a complete receiver. 
4 pole crystal f i l ter is  stan- 
dard. Use w i t h  our C H A N -  
N E L I Z E R  or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. K i t  price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

W e  we lcome Mastercharge or VISA 

GLB ELECTRONICS 
1952Cl in ton  St., Buf fa lo.  N. Y. 14206 



1 T50 Six Chonnei. 2W Exciter Kit for 2M. 6M. or 

, . .  
ure throughout the world on all  types of receivers. 

PP f i t  ~12.95 
Pl4 W& $24.95 

Deluxe vhf model for app- 
lications where r p o c e  permits. 

01-1/'2 x 3" *Covenany 4 MHz bond 012 Vdc 
*Ideal for OSCAR *Diode protection *20dB gain 

MODEL RANGE 

P9-LO 26-88 MHz 
W-HI 88-172 MHz 
P9-220 172-230 MHz 
PI4 Wired Give exact band 

sm.95 

Miniature VHF model for 
*Covers any 4 MHz bond tight -size only 
*20dB w i n  012 Vdc 1/2 x 2-3/8 inches. 

MODEL RANGE 
Fa-LO 20-83 MHz 

FEATURES: Frequency Schemes Available: 
Lineor Converter for SSB, CW, FM, etc. X V 2 - 1  2 8 - 3 0  M H z  = 5 0  - 52 M H z  

*A froction of the p i c e  of other mih X V 2 - 2  2 8 - 3 0  M H z  = 220-222  M H z  
*2W p.e.p. output with 1 M W  of drive X V 2 - 4  2 8 - 3 0  M H z  = 1 4 4 - 1 4 6  M H z  
*Uls low power tap on exciter or attsnuotof pod X V 2 - 5  2 8 - 2 9  M H z  = 145-146  M H z  
*Eon/ to oiigr with built-in test points X V 2 - 6  2 6 - 2 8  M H z  = 1 4 4 - 1 4 6  M H z  

m 2 - (  W ~ R ~ R  KIT S59.95 
A25 Optbnal CabiM for JbwbraPA S20 

let you receive OSCAR signals and other exciting 
SSB, CW,& F M  activity on your present HF receiver. 

-ONLY 94.95 
including crystal 

MooEL RF RANGE (MHZ) I-F RANGE 
C432-2 432-434 28-30 
C432-5 435-437(OSCAR) 28-30 
C432-7 427.25 61.25 
C432-9 439.25 61.25 
Special Other if 4 rf  ragas awilobla ....................................... 
A9 Extruded Alum Cme/Connectors $12.95 

ERCIAL GRADE DESIGN 
EASY TO ALIGN WITH BUILT-IN TEST CKTS 

* LOWER OVERALL COST THAN EVER BEFORE C A T A L O G  OR T O  PLA 
FOR F IE1  
CE ORDE 

I LPA 2 - 1 5  K i t  $ 5 9 . 9 5  
15W out (linear) or 20W (clms C) Solid State 

T/R Switching Models for 6M, 2M, or 220 MHz 

I LPA 2 - 4 5  K i t  $ 1 0 9 . 9 5  
45W out (linear) or SOW (closs C) 
Models for 6M or 2M 

LPA 8 - 4 5  K i t  $89 .95  
For 2M, %TOW in, 45W out 

I O P H O N E  7 1 6 - 6 6 3 - 9 2 5 4 .  r n n n n n  

service evenings ond w w k d s  for your u 
va lmce .  Pervw l  service 9-5 eastern t i  

b u s s  c r e d i t  ca rd ,  c.0.d.. c h e c ~ ,  m.o .  

R70 6-channel VHF Receiver Kit for 2M. 6M, 10M, 
220 MHz, or wm' l  bands. .. . . . . . . . . . 169.95 I N  CAI , TO 5605 Westl 
Odional xtal filter for 100 dB odi chon 10.00 Montm,. -,,, . .-W 2N3 or phone 514-48- -- ... 

- 
NADA, renc 
-1 A,.- U1 

I. - 
uke Ave; 
9 - 9 U  

Add 38% to cover duty, tax, and exchange rate. 

RW UHF Receiver Kit for any 2 MHz segmenr of 
380-520 MHz bond.. . . . . . . . . . . . . . . . $89.95 



We're Pmud of Our Flock! 

ALL MODELS AND TABLE I ELEMENTS IN STOCK. ? WE ALSO CARRY OTHER BIRD PRODUCTS.. .WRITE! 

MODEL 43 

AUTHORIZED BIRD DISTRIBUTOR- DEALERINOUIRIES INVITED. 

We are also Dealers for A&DLAN lNTr ~ N A T ~ o ~ ~ ~  D 

ALL PREPAID a CREDIT CARD ORDERS SHIPPED NO CHARGE IN U.S. 
SALES TAX 4% TO VIRGINIA RESIDENTSONLY. 
SPECIALISTS IN HANDLING FOREIGN ORDERS 

ELECTRONIC EQUIPMENT BANK, INC. 
616H MILL STREET, VIENNA. VA 22180 CALL 70383U-3511 

/ 
SURPLUS Q Wilson GOODIES 

Jennings VaC- TETRA TOWER S PEClALS 
uum Relay 
RFPR 618.1111 "While They Last"  3-  4llO<: 4 - 6 5 A  . . - - - - . - - 
",,ffin Fan Lightweight,  easy t o  assemble tower 3 - 5 0 0 2  4 - 2 5 0 ~  
$7.50 k i t s .  Proper ly guyed, w i l l  handle 3 - 1 0 0 0 2  4 -400A 

10 sq. ft. antenna a t  68 f t .  3CX2500F3 4 -1000A 
Send stamp 4CX25OB 7289 
for catalog 68' Tower ( L i s t  $389.70) $235.00 4CX250BC 

45'4" Tower ( L i s t  $259.80) $160.00 4CX250K 
8873 
8874 

Accessories (Opt iona l ) :  4CX250R 8875 
Guy K i t  f o r  68' tower $137.95 4CX350A 8877 
Guy K i t  f o r  45'4" tower 993.95 4X150A s More 
Rotor P la te  K i t  s29.95 Sockets, chimneys, p la te  

Amateur Radio Center comectors  L f inger  stock 
11 s.M,,~,~s, M ~ ~ ~ ,  AZ 85202 5h~'rv,n'l a lso  ava i lab le .  A l l  tubes 

*I rerldpncr add are new, Eimac guaranteed 
(602)833-8051 I ~ I C I  1.3,. Ca l l  o r  w r i t e  f o r  quotes. 

POSlTNE TOUCH (KEYS DEPRESS) MOBILE HANDHELD 
POSITIVE MOUNT NO WTT€D PARTS ISERVICEABLEI I 
Mii S P ~ C  COMPONENTS NO RFI SELF CONTAINEU 
XlAL CONTROLLED LEVEL ADJUSTMENT FROM FRONT 
Supplied ~ 8 t h  Inslructlons. schernallc. lemplale, hard- 
ware. Operat~ngVollags:4.5 -6OV PP.1 A,deslgnedlor 
Standard Cornrnun+cettons Handhelds. 

[Caltfornta rss8dsnts add 6% sales tax.) 
PP.l=S65.00. PP.Z=SBBOO. P P - l G S S 8 . 0 0  
P P - l M = S 5 5 . W .  PP-ZM=$58.00. M series-Mobile 

K-saris. = Sall Contained Delay Relay 
LElTERING OF UNITS OPTIONAL 

lu.nl.bls a! +l .~rn Ranlo Csntar l8Wl 325.3638 
Dsnver Calo.. CW Elel-lronmcs . .  . (3031893.5525 
MaBord. MA Tuhs . . . . . 161 71 395.8280 
10s Anoelrs. Hen* Redm . . . . . . . . . . . . . . . . I2131 272-0861 

BENCH POWER SUPPLY 
5 to 30 VDC ADJUSTABLE 

qV3 
N ~ ~ r v c ~ \ t .  \ l . ~ l t ' - 0 1 -  
I -  I r ~ * d u l . ~ t o r  
t h ~ p  p r o v i d r t  out- 
qt.lnding 11.alurrr dl 
low co\t. 

. , , , , , , , , I ,  , , $ 1  1 "  . I *n,n LLulrnl l  I ,,l,rnl . yl.i,ll,~ll,m I". , , I  \ c >  NO . Ih?n~#l < k!,!l<h>d 1'1cda-tom 
1 ~ ~ ~ ~ 1  1 0  1 ~ 1 1  I ~ L I C !  . \ h u t  < lcllllr ~ ' ~ n ~ ~ t ~ n a l  

.I* I,,,, I'.,rx.1 \ ~ . I I . I  - \k1.9l I .8h#tm,.l 

An honest value at $48.50 
Prepaid UPS anywhere in USA 
(Please Include Street Address) 

Harpor-Starley b. 
305 University Tower Bldg. , 

Little Rock, Ark. 72104 

NATIONWIDE 

ANALYSIS SERVICE *noloonap* 

FOR ALL LEGAL AMATEUR 
TRANSMlllERS. 

P . 0 1  I(U c." -3 ..., 3.l.. ,.n< 0 ,  ,uu, ""4, ' ,mm,. .* nDYlll,.l!I.U,Il""..~.....I.*II,"O"*Pt..~VI. 



Power Nomlnal 138 voc tnput at 15 amps. SPclrlous Harmontcs betler lhan 45 dB below 
Rsqulrcmenl8: negnlrve ground only Rad~al~an 30 MHz. better than 6 0  dB above 

Power Recelve - 5 5 wslts (~ncludes doal and 
30 MHz 

Conrumpllon: meter Iamprl. Transmot - 260 walls Frequency Less than 1W Hz drlll per hour (Iroma 
cold start a1 room lempersture) 

OPTIONS & ACCESSORIES 
Dlrnensions: 3.114" hjgh 1 9 -  wide r: 12-1/2.. deep S1ablt'ty 

(82 55 mm x 228 6 mm x 317 5 mml M'crophOne H#gh tmpedance 3000 ohm Noise Blanker - 
Welghl: 8-1/4 Ibs 13 66 kg) Recelvec 

Model No. PC 701 . . . . . . . . . . $39.95 
Sensnt~vlty' Better than 0 5 watts audio oulpul lor 100 kHz and 25 kHz 

PERFORMANCE SPECIFICATIONS o 5 vv mput Dual Crystal Calibrator - 
Frequency Range: 80 meter band - 3 5 to 4 0 MHz Signal-to-Nolse Better than 10 dB StNlN lor 

40 meler band - 7 0 lo 7 5 MHz Ratlo 0 5 gV ~ n ~ u t  
Model No. PC 801 . . . . . . . . . . $19.95 

20 meter band - 14 0 lo  14 5 MHz Rat,o Better than - 60 dB 
Portable Power Supply - Model 

Mo&% CW. USE. LSB (typical wsth respect to o 5pV mput 80 meters - NO. ALDA PS 115: average duty 
RF Input power: SSB - 250 watts PEP nom~nal 130 d ~ .  40 mews - too d ~ .  20 melers - 75 a61 15 amp unregulated; input - 

CW - 250 walls DC max!mum IF Relecloon Better lhan -70 dB 1151230 VAC, 50160 HZ; output - 
(adlustable) (lyptcal wllh respect to 0 5pV input 80 melers - 

110 d ~ .  40 meters - 80 d ~ :  20 meters - 75 ~ B I  
13.8 V nominal a t  15 amps. . . $84.95 

Tnnsmltler: 

Antenna lnlermodulstl~n H e a v y  Duty Powersupply - Model 
Impedance 50 ohm. unbalanced Intercept Polnl' Better than 10 dBM NO. ALDA PS 130: output - 
Carrter Selectwity ~ s ~ H z - ~ ~ B . ~ o ~ H z - ~ o ~ B  regulated30 amp at 13.8 VDC;input - 
Suppress*on Better than 4 5  dB Audio Outpul 119230 VAC, 50160 HZ. . . . . $149.95 
Snde-Band Power: More than 3 watts 
Suppresolon- Better than -55 dB at 1000 Hz Aualo O~s lo~ l~on-  Less than 5% at 3 walls 

alda communications, inc. 215 Via EI Centro Oceanside, CA 92054 (714) 433-6123 
EUROPE. Conlacl Oalacom. Box 442. 5-194 04 Upplands Vasby. Sweden 

A D A  103 is completely monufactvred in the USA EXCEPT FRANCE Pousslelgues Dlllus~on Electronlaue Sari. 89 81s Rue oe 
Chefenton - 75012 Par6 
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CANADIANS: 1,000,000 surplus electronlc parts. Hun- 
dreds of fantastic bargains! Good deals on Yaesu 8 
Icom. Free catalog. ETCO-HR, 183G Hymus Blvd., Polnte 
Clalre, Quebec H9R 1E9. - 
UNLIMITED VHFIUHF EQUIPMENT is  at Radios 
UNl lml ted.  F rom transverters t o  specialized 
transceivers, from mobile whips to E W E  arrays. Plus all 
accessories. Authorized dealer for top manufacturers. 
(Also all your needs from 160 to 10) RUN In, write or 
phone - Radios UNlimlted. 1760 Easton Avenue, 
Somerset. New Jersey 08873,201-469-4599 - Hours 1 to 
8 Mon.Fri; 10 to 6 Sat. - 
BUY-SELL.TRADE. Send $1.00 for catalog. Glve name, 
address and call letters. Complete stock of major brands 
new and reconditioned equipment. Call for best deals. 
We buy Collins, Drake, Swan, etc. SSB (L FM. Associated 
Radio, 8012 Conser, Overland Park, KS 66204. 
915381.5900. - 
ELECTRONIC EQUIPMENT HOTLINE is  a new classified 

flea market UHF POWER MODULE 
, /-%. 430-450 MHz - Factory 

New, leading manufacturer. 
4."" 2 0 0  Mi l l iwat ts  input  at 
430-450 MHz will get 12  Watts output. 
Input Voltage is 13.6 Volts DC. No tuned 
circuits required. Hook-up supplied and 
all units tested before shi ment. 

~ 1 0 . 0 0  ea. uud. 

RATES Non-commercial ads 1 0 ~  per 
word; commercial ads 60c per word both 

Highest Quality E. F. John- 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 
90c each; 10  for 57.50 ppd. 

payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser- 
tions of h a m f e s t  ads pay the non- 
commercial rate. 

advertislng newsletter for buying and selling profes. 
slonal, Industrial, and surplus electronlc equipment. 
Subscrlptlons Wyear, ads 50tlword. Prepublication of- 
fer: $1 off subscriptions and 20% off all ads postmarked 
by October 1. 1978. Electronic Equlpment Hotllne, P.O. 
Box 4768, Panorama Clty, CA 91402. In-Line Fuseholder - Complete with 5 

Amp fuse. 50c ea. ppd. L~~ -2 PORTA PAK the accessory that makes your mobile really 
Dortable. $67.50 and 588.00. Dealer inauires Invited. P.O. 
&x 67, Somers, Wlsc. 53171. XTAL Socket - Standard @ HC-6 style 10c ea. ppd. 

Vertical Mount Trimmer Pots - All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K - 250K - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1 .OO ppd. 

COPY No s p e c i a l  l a y o u t  or ar- 
rangements available. ~ a t e i a l  should be 
typewritten or clearly printed (not all 
capitals) and must include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radlo 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 

HAM RADIO HORIZONS, a super new magazine for the 
Beginner, the Novice and anyone interested in Amateur 
Radlo. . . What it's all about, How to get started, The fun 
of ham radio. It 's all here and just $10.00 per year. 
HURRY1 HURRY1 Ham Radio HOIRZONS, Greenville, NH 
03048. 

FREE CATALOG of new merchandise. Resistors, 
capacitors, IC's, semiconductors, and more. Send to: 
Key Electronics, Box 3506H, Schenectady, New York 
12303. - 
MOTOROLA H T m ,  HT200, and Pageboy service and 
modlflcatlons performed at reasonable rates. WA4FRV 
(804) 3204439. evenlngs. 

AUTHORIZED DEALER for DenTron, KLM, Larsen, Bear- 
cat, etc.. Big Catalog 201-962-4695 Namid Electronics, 
81 Bellot Road, Ringwood, N.J.07456. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
5.50. Walter. 2897 Nlckel. San Pablo, Ca. 94806. - 
TELETYPEWRITER PARTS WANTED: for all machlnes 
manufactured by: Kllenschmidt Corp., Teletype Corp. 
and Mlte. Any quantity, top prlces pald send llst for my 
quote. Phil Rlckson, W4LNW, Rt. 6, Box 110302, 
Brooksvllle, FI. 33512. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

Transformer - 1 1 5  
VAC Primary. 12  Volt 
AC 200 mA Secondary. 
PC board type. 

$1.00 ea. ppd. 

Mini-LEDs - Factory New - Color red. 
&ed 15c ea. ppd. 

Germanium Diodes - 1N34A. Factory 
New - full leads. 12c ea. uud. 

WANTED: Magnum 6 Speech Processor for Drake 
Separates. KlXX, 803-8945621 

WANTED: Skyneedle or equivalent crank-up tower, 
mlnlmum 75 feet. Must support 16 square feet unguyed. 
NlGL, 138 Knob Loch Lane. Stamford, CT 06802. (203) 
348-1331 (eves); (212) 9555943 (days). 

VERY In.ter.rrt-lngl Next 3 issues $1. "The Ham Trader". 
Sycamore, IL 60178. 

QSL CARDS 500610.400 Illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 83130. 

1N914- IN4148 Type diodes - full 
leads. 10c ea. or 100 for 58.00 ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 

Parts, equipment, stereo. industrial, educational. Amaz- 
Ing values! Fascinating Items unavailable In stores or 
catalogs anywhere. Unusual FREE catalog. ETCO.012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. - 
MOBILE IQNlTlON SHlELDlNQ provldes more range 
wlth no nolse. Avellable most engines. Many other sup. 
presslon accessories. Literature, Estes Englneering, 930 
Marine Dr., Port Angeles, WA 93882. 

6 foot AC Line Cords. 2 conductor heavy 
duty. Color white. 40c ea. ppd. 

SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/all hard- 
ware. $1.35 ea. ppd. 

HOMEBREWERS: Stamp brings component list. CPO 
Surplus. Box 189, Bralntree, Mass. 02184. - 
CREATIVE QSL CARDS - New designs. Send 50t. 
receive catalog. samples. WlLKlNS CREATIVE PRINT- 
ING, BOX 787-2, Atascadero, CA 93422. 

HAPPY BIRTHDAY1 Now ten years fighting NI. The RSO 
low pass filter. For brochure wrlte: Taylor Communica- 
tions Manufacturing Company, Box 126, Agincourt, 
Ontarlo, Canada MIS 384. 

SELL: Tektronic 5458 wlth manual $495. Plugins and 
callbration equipment also available. WBQJGP. (303) 
722-2257. 

1000voltPIV2ampdiodes .10ea. 

88  mHy unpotted toroids 5 for 53.50 DRAKE SPR.4 RECEIVER. Mint condltion. Includes 
nolse blanker, calibrator and crystals for l W M ,  forelgn 
broadcast. CB. $455. K4KZE, 2337 3rd Place NW, Blrm- 
Ingham, AL 35215. - 
CENTRAL ELECTRONICS l00V $295.00, National NC300 
with Johnson 6 6 2 Converter $150.00, TT-lG/FG Reper- 
forator 525.00, Tape Reader 515.00, HB 2kW 2 Meter 
Ltnear wtth three 4x 150s $75.00, KOPUX. (308) 254-6330. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Red80 Austria Ham Radio Holland 
Karln Ueber MRL Ectron~cs 
Postlach 2454 P031bus BB 
0.7850 Lwrtech NL.22D4 Delll 
West Germany nalland 
Ham Radio Beiglum 
Stereoho~se 
~russelsesleenweg 416 

Ham Radla Italy 

8-QZl8Gsnt 
STE, Vla Manlago 15 

Bslglum 
1-201 34 Mtlano 
Italy 

Ham RadioCanada 
Box 114. Goderlch 
Ontarlo, Canada N7A3Y5 Ham Radio Sultzerland 

Karl" Ueber 

Ham Radio Europe Posttach 2454 
a01 444 0-7850 Loarrach 
S.19404 Upplands Vasby West Germany 

Svsden 
Ham Radio France Ham Radio UK 
Chrlsliane Mlchel P 0. Box 83, Harrow 
F.88117 Parly Mlddlesex HA36HS. 
France En~land 

Ham Radlo Germany 
Karln Uaber Holland Radio 
PD~lfsch 2454 143Greenway 
0-7850 Lwrrach Greenslde. Johannesburg 
West Germany Republic of South Africa 

SO239 Coax Fittings. . . . . . . . . 50c  ea. 
PL259 Coax Fittings. . . . . . . . . 50c  ea. 

Transformer: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good tor 10  Amps intermlttent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 

ROHN TOWERS - Buy Wholesale from National 
Dlstrlbutor - 48' Foldover Tower 5471.50 freight paid - 
2% sections $33.86 each - 45G aectlons $54.89 each 
- 48' BX free standlng $240.87. Order now and beat 
August 1 price increase. Hill Radlo, 2503 G.E. Road, 
Bloomlngton, ILB1701. (309) 683-2141. 

ALL ITEMS PPD USA 
SEND STAMP FOR LISTOF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 YAESU EQUIPMENT OWNERS - Present or Prospec- 

tlve - Joln the seven-year-old 3500 member, 46 country, 
International Fox-Tango Club. Members recelve valuable 
monthly Newsletter, money-savlng purchasing servlce, 
technical committee consultatlon, free ads, FT net, 
more. Back Issues of Newsletter available from 1972. To 
loln, send $6 for calendar year (includes all 1978 issues 
of Newsletted or $1 creditable towards dues. for com- 
plete lnformatlon and sample Newsletter. Mllton 
Lowens. WA2AOQIN4ML. 246 Lake Dora Drive. W. Palm 
Beach, FL 334111. - - 
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The Popular 
CUA 64-12 
by Heights 
Light, 
permanently 
beautiful 
ALUMINUM 
towers 

THE MOST IMPORTANT 
FEATURE OF 
YOUR ANTENNA 
I S  PUTTING 
IT  UP WHERE 
I T  CAN DO 
WHAT VOU EXPECT. 
RELIABLE DX - 
SIGNALS EARLIEST I N  
AND LAST OUT. 

ALUMINUM 
Con ip le te  Te lescop ing  

a n d  F o l d - O v e r  

Series Ava i l ab le  

Sel f -Suppor t ing 

E a s y  t o  Assemble 

and Erect 

A l l  t owers  mounted 
on h i n g e d  bases 

And now. wi th  motorized options. JOU 
can crank i t  u p  o r  down, o r  fo l  rt 
over, f rom the operating positton i n  
the house 

Write for  12 page brochure glvlng doz- 
ens o f  combinations of  height, weight 
and wind load. 

Please include 3 0 t  (stamps o r  corns) 
for postage and handl lng when re. 
quest ing our free literature. 

ALSO TOWERS FOR WINDMILLS b 
H E I G H T S  

MANUFACTURING CO. 
In A l r n o n t  Heights I n d u s t r i a l  Park 

A l rnon t ,  Michigan 48003 
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flea market 
CO AND OST I950 1975 lssues lor sale Send SASE If 
ordering Ham Radlo. 73, or other CO and OST Issues 
One dollar mlnlmum order and all Issues cost 2% each. 
including USA shlpplng Send chronological llst and full 
payment lo W6LS. 2814 Emptre. Burbank, CA 91544 

TECH MANUALS lor Govt surplus pear - $8 50 each: 
SP.BOOJX. URM.25D. OS8AIU. TS17YUR. Thousands 
more avallab.e Send 50r (conn) for 22pape llsl W3IHD. 
7218 Roanne Drive. Washington. DC 2W21 

CUSTOM printed and photo OSL's, very economical: free 
semples Slamp appreclaled. Slu. KZRPZ. Box 412. 
Rocky Polnl. N Y  11778.(5161744.6280. 

-- 
TELETYPE EOUIPMENT lor beplnneo and experienced 
operators. R m  machines, pans, supplies. Beginner's 
speclal: Model 15 Printer and demodulator $139.00. 
Dozen black ribbons 16.50: case 40 rolls 11/16 parl, tape 
$17.50 FOB. Atlantic Surplus Sales. 3730 Nautilus Ave.. 
Brooklyn. N. Y. 11224. Tel:(2121372.0349 

.- 

THE "CADILUC" o l  OSL's! Samples: $1.00 (Refun- 
dab le )  - W5YI. Box I l l 7 l . D :  Gar land.  
Texas 75040. - 
TELETVPEWRITER PARTS, pears, manuals, suppllea. 
1001s. tOr0ids. SASE IISI. Typetronlcs, Box 8873. Ft. 
Lauderdale. FL. 33310. N 4 l l  Buy parts, Isle machlnea. 

EXCLUSIVELY HAM TELETYPE 24th year. RT7Y Journal. 
enlcbs. news. OX. VHF. classll#ed ads. Sample 35.. 
$3 Mwr year 1155 Arden Dnve. Enclnllas. Call1 93M4. 

MANUALS f w  most ham pear made 183711970. Send 
only 2% coln for l lsl of manuals, postpaid. HI. Inc., Box 
H W .  Councll Blulfs. lowa51501. 

- 

OSL FORWARDIN0 SERVICE - 30 cards per dollar. 
Write: OSL Express. 30 Lockwood Lane. Wesl Cheater, 
PA. 19380. - 
RECEIVE PARTS LISTS regularly for Wyr. Surplus Parts. 
P.O. Box 7057. Norfolk. VA 23509. 

WANT UP.TSDATE INFORMATlON~ RadlbHobbylat 
Newsleller Issued every 2 weeks Only $5 00 year W5YI. 
Box 1171 D. Garland. Texas 75040 

€2 deals are the bnstl Try me and see for Yaesu, Drake. 
KLM. Swan. Cushcraft. DenTron. VHF Eng. ICOM. COE. 
Hustler. Wilson and more. Call, see or wrlle WOU. Bob 
Smlth Electronlcs. RFD 3. Hwy 169 h 7. Fon Dodge. IA 
50501. (515) 5753886. - 
THE MEASUREMENT SHOP has usedlrecondltloned 
test equlpmenl at sensible prices: catalog. 2 Wesl 22nd 
St.. Baltimore. MO21218. - 
RADIO MUSEUM NOW OPEN. Free adrnlsaion. 15.W 
piecesol equipment lrom 1850 telegraph inalruments to 
amateur and commercial transmlfters of the 1920s. Ama. 
leur Station WZAN. Write lor Informalion: Anllque Wire 
less Assn.. Maln St., Holcomb. NY 14469. 

AMATEUR MICROPROCESSOR UPERIYENTERS: 10 
MHz t 20 ppm Coldweld crystals. 1 opmlyr 32 pF Co 8 
pF $4 25 ea postpa d Savoy Electron cs. Inc . P 0 Box 
5727. Ft buderdale. FL 33310 3055631333 

AUTHORIZED DISTRIBUTOR F9FT Antennas. 
Microwave Mddule~. RIW Prcducts' nsw tandem reflec. .. - .  . 
tor. 19 element. 432 MHz Yap1 - Radio Clinic - N2MB 
(formerly WAZBIT) 212 327-4952 

SEE S T  ANTENNA TUNERS - Larpe ad this Isaue. 
Builders also send for our catalog of hard.tollnd compb 
nenls and much more. SST WarehouseOutlet. 1215 Man- 
hattan Ave.. Hermosa Beach. CA 902%. (213) 3755887. 

- 
HENRV4K.2 Llnesr 4kW SSB. 2 kW CW, 3.930 MHz floor 
model, used Ilttle, mint $700 K6PS. 4211 Bereslord Way. 
Fllntrldge. CA91011. - 
SWAN 600C wlac supply. good cond.. UW; Swan 350 
wlac, mint.UOO; 12 V supply for eilherU5. Johnson kW 
match box $75; SWR brldge lor above $25. 150 acres 
water front near Baddeck. Nova Scotia. $20,000; K6PS. 
4211 Bereslord Way. Flintrldge. CA91011. 

I 

:.'. 

REPEATER 
AUTOPATCH 

Offer your club COMPLETE 
emergency cornrnunicatlons 

Commercial qual~ty, gold plated contacts, plug 
in. epoxy glass PC boards. 12 volt OC or 115 volt 
AC operation - Power supply included. Four 
digit access - Slngle dig11 releases - held 
programmable. Hybrld network - No switching 
required. FCC cert l l~ed telephone 11ne coupler. 
Auxiliary "In Use" contacts supplied. Land llne 
"call-in" signalling control contacts provtded. 
Price complete 5498 + $3 shipping 8 handling. 
Master Charge. Bank money order, or cert~l ied 
check acceptable. 

Accessories. CES-3W powered tone 
pad - $59 BUS-COM Soft-touch@telephone 
powered mlkelpad element -S34.05. 

MONROE ELECTRONICS. INC. 
410 Housel Ave.. Lyndonvllle. N.Y. 14098 

H.P. BROADBAND 
AMPLIFIER MODULE 

1.75" x I " x 0.31 " .  12 t o  20 
volts. 50 to 100 ohms in/out, 30 
dB gain. 3 dB bandwidth, 10-300 
MHz. 100 mW minimum output. 50 
MHz N.F. = 7 dB: can be used for 
receiver preomp, tronsmitter 
p r e d r i v e r .  TV-FM line amplifier, 
counter preomp, etc. 
New Amplifier, with data 610 ppd. 
NY residents add 6% sales tax. 
Dealer inquiries Invited. 

APPLIED INVENTION 
RFD 12. ROUTE 21 

HILLSDALE. N. Y. 12528 

HAM RADIO HORIZONS, a super new magazlne for the 
Beginner, the Novice and anyone interested In Amateur 
Radio. . .What ll's all about. How to get started. The fun 
o l  ham radio. ll's all here and just $1000 per year. 
HURRY1 HURRY1 Ham Radio HOIRZONS. Greenvllle. NH 
03048. 

TEST EQUIPMENT CATALW llstlng used Tektronlx. HP 
and GR eqiupment at barpaln prlces. PTI, Box 8899. 
Whlle Bear Lake. MN 55110 Prlce $1.00 refundable with 
first order. - 

More Details? CHECK-OFF Page 142 



A NEW GENERATION 
the 
200 

Info-Te 
Series 

Converts Morse, RTTY & ASCII to Video 
Morse Reception: 6-60 wpm with automatic speed & wordspace 

RTTY Reception: 4 speeds. 3 shifts, unshift on space select, automatic threshold select, 
auxiliary baudot loop output, tuning meter, auto. speed readout 

ASCII Reception: 110 Baud with built-in T.U. 
Video Outputs: 32 character line x 16 line video with scrolling 

72 character line x 16 line video with scrolling 

Special Feature: ASCII, Loop or RS232 output on all modes 

Order Direct or From These Dealers 

Advanced Electronics Ham Radio Center N&G Distributors 
1349 W. King St. 8342 Olive Blvd. 4545 N.W. 7th St. 
Cocoa. Florida 32922 St. Louis, Mo. 63132 Miami, Florida 33126 
305-631-1 190 800-325-3636 305-448-7530 
Cohoon Amateur Supply G. Hutter-Kunststofftechnlk Rickles Electronics 
Highway 475 Postfach 2129 2800 W. Meighan Blvd. 
Trenton, Ky. 42286 D-8990 Lindau (€3) Gadsden. Ala. 35904 
Emona Electronlcs West Germany 205-547-2534 

t ~ e a , e r  lor ~ e r m a r l y  Au~troa. Sw,lzsrland) 
661 George St. Universal Amateur Radio, Inc. 
Sidney, N.S.W. Australia International Commercial Sales 280  id^ D ~ , ~ ~  
2 12-481 5 14 Pleasant View Drive Reynoldsburg, Ohio 43068 

Annawan, 111. 61234 
Germantown Amateur Supply 309-935-6567 61 4-866-4267 

3202 Summer Ave. 
Memphis, Tenn. 381 12 Mid Com Electronics. Inc. 

800-238-61 68 2506 South Brentwood Blvd. 
St. Louis, Mo. 63144 
31 4-961 -9990 

Visa & Master-Charge Accepted 

1 NCORPORATED Specializing in Digital Electronic Systems 

2349 Weldon Pkwy. St. Louis. Missouri 63141 Phone (314)576-5409 
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MOLEX PINS 
MJE3055 

.I ohm 

JUMR *ED LEOS 
1 0  i a  F O P  11.00 RLS1' l l i i  

100 c n  F o a  1 7 . 9 5  

PO BOX 9023 1 RIVIERA BEACH. FLORIDA 334.4 I 

120 septernber 1978 

flea market 
OSL CARDS. Design your own and have prlnted lor less 
than 5 each' Complete Instructions. S1.W. Llonel In- 
duslrles. Box 64. Llncoln. MA01773. 

STOP LOOKING lor a good deal on amateur radio equlp 
ment - you've found It here - at your amateur radlo 
headquaners In the heart 01 the Mldwest. We may not 
have a toll lree number but we'll save you more In the 
long run! We are factory-authorized dealers lor Ken. 
wood. Drake. Yaesu. Colllns. Wllson. Ten-Tec. Atlas. 
ICOM. DenTron. MFJ. Tempo. Regency. Hy-Galn, 
Mosley, Alpha. CushCralt. Swan, and many more. Write 
or call us today for low quote and try our personal and 
friendly Hoosier service. HOOSIER ELECTRONICS. P.O. 
Box 2901. Terre Haute, Indiana47802 (812)2381458. 

WANTED - manuals. info. schematics, for: 751871 
Spectrum analyzer. 881.Ml EEC VLF Recelver. R- 
8391FLR-2 Recelver. TPG.2 Pulse Generator. R.1037E 
Recelver. R-1010 AC Regulator. Kernaghan. P.O. Box 
17688. Honolulu. H198817. 

- - 

OUARR CRYSTAL CONTROLLED Clock Movements - 
$1595. Translslorlzsd Movement - $7.85. Hands lnclud 
ed use 'C' cell. Peko. Box 5478. Sherman Oaks. CA 
91413. 

SWAN SW TRANSCEIVER, power supply, speaker and 
home brew RF power meter. All good condltlon 1250. 
You shlp. Ray Foster WA200H. Cranford. N. J. 07018. 
(201) 2758429. 

40' ROHN TOWER. Galv. Steal. HAM.M rotator. Klrk 2. - , -. . . . . - 
element lrl-band Super Quad lor 10. 15and 20 metem - 
Ilberplass All ~n excellent condltlon. $300 Ray Foster 
WA200H. Clanlord. N J 07016 (201)2768429 

COLLINS 7SS3B (SN 17952). 3253 (SN 13555). 31264. 
AC supply. DX Engr Speech Processor. 2.1 and 500 kHz 
lllters, and Halllcralters " T O  Keyer. 512W.W Ilrm, wlll 
shlp. Richard Somers WBNSV. 9197 Crescent Drive. Los 
Anpeles. CA 90M8. (213) 654.7481 

ATLAS 21SX All Factory Mods (SN 5478) wlnolse blanker. 
MBK mobile mount wlth cable. MT-1 antenna matchlnp 
transformer. SWAN a45 All Band antenna wlmounl. 
S5M.W. wlll shlp Rlchard SOmerS W6NSV. 9197 Cres. 
cent Drlve. Los Angeles. CA 90046. (213) 654.7481 - 
MOTOROLA L.63 L L43 VHF FM 30 6 30 watt base st, 
tions less cabinets. 5 units available. $75.00 each Ilrm. 
wlll shlp; GENERAL ELECTRIC UHF FM Pre Prw. Base 
less cablnet. 150.00, will shlp: MOTOROLA FSATR 
250BRA low-band 2 9  watt base In cablnel, pick up only. 
5185.00: MOTOROLA 80 watt VHF Base wlhomemada 
rack mount AC supply less cablnel, will shlp, S50.W: 
Richard Somers W6NSV. 9197 Crescent Drlve. Los 
Angeles. CA 80046. (2131 654.7481. 

HALLICRAFTERS FPM.300 80.10 Meter SSBlCW 
Transceiver wlbullt-In 1211t01220V supply, wlll shlp. 
S285.W Ilrm. Richard Somers WBNSV. 9197 Creacent 
Dr~ve. L o s A n p e l e s . C A ~ 6 .  (213)854.7481. 

Coming Events 
BYTE. Drlnk and be m e w  al the Tldewaler Hamlest. Flea 
Market and Computer Show. Norlolk. Vlrplnla. 
September 2324. Over 60.000 sq. It. 01 exhlblt and Ilea 
market space. All Indoors. All alr.condltloned. Write 
TRCI. P.O. Box9371. Norlolk. Vlrglnla 23505. 

ILLINOIS: The Sangamon Valley Radlo Club 01 Sprlnp 
Iteld. Thlrd Annual Hamlesl Sunday. September 24th. 
Sangamon County Fairgrounds In New Berlln. 18 miles 
wesl of Sprlnglleld. Hear Hugh VandeQrllt WAIWME talk 
on the Clippenon DX.pedltlon! Vartous exhlblts, klds 
actIvIt1es and food. Camplng. First Prize - Bearcal 210; 
Tlckets: $1.50 advance, 52.00 at gate. lnlormatlon - Al 
KQQFR; Tlckets - Carole WB90WR. write CIO 1025 S. 
Sixth. Sprlnglleld. Illlnols 62703. - 
OHIO: 42nd Annual Clnclnnatl Hamlest - Sunday. 
September 17, 1978 at Slrlcker's Grove on State Route 
128. one mlle wesl 01 Ross (Venice) Ohio. Exhlblts. 
Prlzes, Good Food. Refreshments. Flea Market (radio 
related products only) Muslc. Good Fellowshlp. Hidden 
Transmitter Hunt and Sensational Alr Show. No Increase 
In cost. same as last year - 57.50 In advance. For funher 
lnlormallon: Lllllan Abbot!, KBCKI. 1424 Maln Street. 
Clnclnnatl. Ohlo 45210. 

ELMIRA, NFWYORK HAMFEST - September 3Mh lrom 
95. Door prizes. grand prlze. Free Flea Market, tech 
talks. and more! Contact WA2.FJM. John Breese. 340 
West Avenue. Horseheads. New York 1464.5 lor llckets 
and Info. 

( Famous "WZAU" Balun 1 

PARTS BONANZA 
BC-191/  BC-375 TRANSMITTER 

TUNING UNITS 
We I l . i v i~  1:lese i'8ilq-In 
Tuners .Ivallat)c once 
agaln - as an excellent 
source 01 hard-to-llnd 
radlo parts1 Each In- 
cludes a 2%" Vernler 

Dial a rlght angle Orlve three 100 Wan Varlable 
Capac~lor? iexcPol TLI 261 M~ca Capacitors Colls 
ceramlc Bdrid Sw~lches and more All are unused 
L~sllrlg 01 parfc lor each ava~lable w11h SASE 
9 x 17 x 7% Sh Wt 18 lbs 
TU-50, 1500 300 Khz I1295 TU-68 3000 4500 SIPS 
TU-70. 4500 6200 S9*5 TU-100 10000 12500 I915 
TU-260. 200 500 SB'S ALL Pr~ces F 0 B Llma Oh 

Use vour VISA BAC or Master Charoe card1 
Senn tor O L ~  FREE SL~PIJS E ?clron!cS ~ i t a l o ~  WS.78 

Aoorers Oeol nR Pnone 419. 227 6573 

.,".':,<# 4 T H E  EASY WAY! 
B a s e d  o n  m o d e r n  
~ s ~ c h o l o g 1 c a I  lechn i -  
aues - Th is  course w l l l  
take y o u  beyond  1 3  
w.p.m. in 

LESS T H A N  
H A L F  T H E  T I M E !  

. . 
NO Books  TO Read 

Album contains NO v t sua l  Gl rnmlcks 
T o  Dis t rac t  Y o u  three 12" LP's Just L is ten A n d  Learn 

2% hr. instruction 
Available In  Cassette also f o r  o n l y  $10.95. 

P.O. Box  626.  San Jacinto. C A  92383  

)re Details? CHECK-OFF Page 142 



-aarr o-b alze 
*DC 8.2 To 14.! 
*AC Batt. Elirni 

ar MODEL 3550 

DSI OFFERS THE BEST OF TWO WORLDS. .  . SPECIFICATIONS 
An unprecendented DSI VALUE . . .  in a high Time Base TCXO 1 PPM 65" to 85OF 

quality, LSI Design, 550 MHz frequf unter Frequency Range 50HZ to 550MHZ 

kit. And, because it's a DSI innovatio Resolutlon 1 HZ to 55MHZ, 1OHZ to 55( 
Gate Time 1 second - 1/10 second 

it obsoletes any competitive makes, t price Sensitivity 25MV 150 & ~ ~ O M H Z  7 5 ~ ~  SOMHZ 
performance. The basic 550 MHz counter 61 time Display Eight 1/2-inch LEDS 
ase are factory assembled, tested and burned-in. Input Two SO239 Connectors 

i e  problems of bad LEDS, IC's, capacitors, are 6C-Size 15HR, or 8.2VDC 3C 
thing of the past with DSI QUIK-KIT@. But you Current 150 Ma standby 300 Ma operat 

an take pride in assembling the power supply, PC 3550 KIT INCLUDES 

ounted selector switch, input connectors, and the *Pre-assembled, tested counter board 

l..lal mechanical assembly of your 550 MHz : ~ : $ i ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ ~ ~ t 0 r S s  hart 
counter, into its' handsome cabinet. G O  WITH THE *Gate Light - Automatic Zero Blanking 
LEADER.. . BUY A DSI FREQUENCY COUNTER *Automatic Decimal Point 
KIT. SAVE TIME & MONEY AND BE ASSURED *One to two hours assembly time 
I T  WILL WORK THE FIRST TIME. *One Year Warranty on all parts 

*All new parts - not factory seconds or surplus 

VISA. MC 3550 Kit .  ............................ $99.95 
SEE YOUR LOCAL DEALER :?yAy,"Er:,":,"," T-101 Telescopic Antenna.. .......... 3.95 

OR COD AC-9 Battery Eliminator.. ............ 7.95 
CALL TOLL FREE (800) 854-2009 

C~li lorna Rnsidents. Call Collect 1714) 565-8402 ........ Cigarette Lighter DC Adapter 2.95 

DSI INSTRUMENTS, INC. TERMS: Ordam to U S and Canada, add 5% lo rnaxwnern of S t 0  W pmorunr 
~pcng, handltng and nnrlrrsnce l o  nll othsr counlrloa, add ' 

14 Ronson Road No. G,  San Diego, Cf C . I ~ I O ~ , ~  Re9iden19 D M  6% stet~ S B I ~ P  Tax 

5 VDC 
nator 

to 14.5VI 
ional 

lware 



PILE-UP 
TESTED! 

MODEL TBR - - 160 Meter bare resonator vntt 

The most choice 
in vertical antennas from 

ROUTE 1: LN. CRYSTAL. MN. 56055 

AT .IWR DEALER OR FACTORY DIRECT.. . 
FREE INFO1 

flea market 
UNSINQ. MI CMARC Swap-Shop. Ocl. 1. 1978. Grand 
Ledge Hlgh School. Prizes - Food - Tables. CMARC 
Box 10073. Lansing. MI 48901. 

ILLINOIS: Rockford ARA Hamlest and AARL Slate Con. 
vention. September 10. 1978, Wlnnebago County 
Falrgrounds. Pecalonlca. 10 mlles wesl of Rocklord on 
U.S. 20. Large Inside and oulslde dlsplay areas: lnslde 
lables available $3. Snack badlree camplng (electrical 
hookup $4). Prlzes, microcomputer seminar. ARRL 
technlcal discussion, OSCAR presenlatlon, contest talk. 
Midwest Country Couslns meeting, many others. Come 
one. come all lor FUN. Talk.ln on 14601ffi1 and 146.52 
simplex. Tlckels $150 advance. $2 a1 dwr .  SASE to 
Rockford County Amaleur Radlo Assoclatlon. P.O. Box 
1744. Rockford, llllnolS61110. 

WASHINGTON. DC - 1978 ARRLTechnlcal Symposium 
Saturday. September 16. 1978 at the Tysons Comer 
Ramada Inn. Falls Church. Vlrglnla In conlunctlon wlth 
the National Capital DX Assoclallon's DXPO 78. The 
Symposium Is managed by the Amaleur Radlo Research 
and Development Corporation (AMRAD) and sponsored 
by the Northern Vlrplnla Amateur Radlo Councll 
(NOVARC). Previously unpublished papers are Invited on 
all technical subjects relating l o  amateur radio. Prospec 
live contributors are asked lo lorward Informal sum- 
marles along with a pholo 01 the author and a onepage 
blo sketch of the aulhor's amaleurleleclronlc 
background by July 15. Manuscrlpls are due by August 
15. Please write or call: Paul Rlnaldo. W4RI. 1524 
Sprlngvale Ave.. McLean. VA 22101. (703) 3568910 eves. 
or weekends. 

NINTH ANNUAL DELTA OM) Pany sponsored by the 
Della Division of the Amerlcan Radlo Relay League, lmm 
18032 Sept. 23 l o  24002 Sept. 24.1978. No Ilme or power 
restrlctlons. Amateurs oulslde 01 the Delta Dlvlslon wlll 
attempt to contact as many amateurs lnslde 01 the Della 
Dlv,slon (Ark.La.Mlss-Tenn) as posslble. Delta Dlvlsion 
Amateurs wlll atlempt to contacl as many amateurs as 
posslble both lnsideoland outsldeol the Delta Oivlslon. 
The exchange wlll consist of OSO Number. RST, and 
OTH (ARRL section for non.Delta Dlvlslon, county and 
slate lor Delta Dlvlslon). Logs musl Include daldtlme. 
station worked, exchange, band, emlsslon, and 
multlpller. Stations may be worked on each bandlmode. 
Ponables and moblles may be reworked on the name 
bandlmode il they change counlles. Suggested Frequen. 
cles. CW 50 kHz from low end and SSB 10 kHz lrom hlph 
end. 28590; Novlce center of each novice band. Lops 
musl be postmarked no later than Oct. 21 lo be ellplble 
lor award constderatlon. Lops will be relurned If r e  
quested. Sand togs to Malcolm P. Ksown. W5RUB. 213 
Mwnmlsl. Vicksburg. Miss. 39180. 

WESTERN ELECTRIC KEARNY RADIO CLUB wlll k t  
11s 19th annual CQWE contest October 2829. 1978. All 
amaleurs employed by or retlred from Western Electrlc. 
Bell Labs. Teletype Corporation, and AT&T, as well aa 
their club slatlons, are invlled lo parllclpate. The phone 
sessions are Saturday. October 28th lrom 1700 lo 2200. 
and 23W to 0300 GMT CW end R l l Y  sessions are 
Sunday, October 29Ih from lBOOto2MOandWW to0300 
GMT The Ilrsf hour of each CW session Is reserved for 
contacting Novlces and Technlclans only on el least one 
end o l  the lwoway OSO Delalled Informallon and log 
sheets lrom the local WORKS COORDINATOR. A1 
Kearny: John Markunas. W2JVJ. Blll Rodney, W2lKH or 
wrote Amateur Radlo Club. WEKEARNY Club Olllce. 
Western ~ l e i t r l c  Company. 100 Cenlral Avenue. ~earny; 
New Jersey 07032. - 
LOUISIANA: New Orleans HamlesllCompuler Fasl. 
September 16th and 17th. AIrpon Hllton Inn. Kenner. 
Louislana. DX Forums, antenna dlacusslons, computer 
seminars, salell l le demonstrations. Navy MARS 
meet~ng. FCC exma Sunday momlnp (make resene- 
llons through the commlllw in advance). Salurday.nlghl 
luau for 300 parsons. Special amateur radlo informal~on 
lor CBers. Reserve early because the All.Splnks flghl is 
the same weekend. Talk.ln on 34/94, Detalls lfom New 
Orleans HamlesllCompuleflesl. P.O. Box 10111. Jelfer- 
son. Louisiana 70181. 

OHIO: 36TH ANNUAL FINDUY HAYFEST - Riverslde 
Park. Flndlay. Ohio - Sepl. 1Mh. Ona of Ohlo's Flneal 
Hamfesls. Giant Flea Market. Two Meter Xmltler Hunt. 
MARS, P.O. Buckeye Belles. SSB. Net Mwllnps. Talk.ln - 7Y15 and 5852. Advance llckets 11.50 at the gale 
12.00 For llckets and addltlonal information send a 
SASE to Clark Follz WBUN. 122 W. Hoban. Flndlay. OH 
45840. 

COLLINS & MORE 
Ham Gear 

Collins 180SI  Antenna tuner $295 
Collins 31284. Sta. Cntl. rd. exc. $250 
Collins 31285. Vfo ~onsA le .  Ly g d  $495 
Collins 31285, Vfo Console. new, orig. box 

Collins 3253. ~ranrm1tt;r r nd  exc. $% 
Collins 75538. H a m  receibcr ;; d $695 
Collins 75/14, Ham receiver, by gf $425 
Collins 51S1.2-3OMHz rcvr Specla1 
Collins R.388/51J3 receiver. vy  g d  $425 
Hamrnarlund SP-BOOJX, rcvr $395 
Collins CP-1 Crystal Pack $195 
Racal 6217E. .5-30MHz receiver Special 
New R390A rcvr avail. Cal l  fo r  quote. 
Collins 32S3A Transmitter. md.. new. 

orig. box $1495 
Collins 31284 Console. md.. new, ortg. 

box $325 
Collins 3OSl Llnear, wing. excellent 1695 
Collins 3OSl Llnear, round. excellent f 1995 
National NCL 2000.2kW Llnear. exc. $550 

Test Gear 
Boanton Radio 225A 10-5OOMHz slg. en.. 

l ike new f 550 
B w n l o n  Electronics 91CA rf voltmetar. no 

probe $225 
Gertsch FM-9 freq./dw. meter $795 
HP-2OOCD wide-range oscillator $175 
HP.202H 54.216MHz AM/FM slg. gen. $695 
HP.608D 10-420MHr sig. gen. $550 
Power Designs 

,Y605. BVDC, 500mA. lab. p /s  $60 
# I 2 1 0  I2VDC 10A lab. p /s  $95 

~ e a s u r e r k n t s  d d .  6 i 8 ,  LFslg. gmn. $325 
260A Q.rnetar, sxc. $450 
Model 80. 2.400 MHz slg. gen. $350 

We stock good, used cqulpment lrom Collins, 
Drake, Heath and other manufaclumrr. Hundreds 
of test itentr also available. Call for spcific re- 
quirements, or 

write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201-9984256 

10 S C H U Y L E R  A V E N U E  

NORTH ARLINGTON,  N. J. 07032 

I 
All Guiprnent sold checked 

and r e a l i g n e d  

1 6 - POLE (fmzyy~7 
b .* R-4C SSB!_?-c . !. 

lmp(m th4 wlv  lplm#v#ty ol your Drska R-4Crrtlil. 
air. 8 lldil lmll pols  Itotal 161 ~8 th  an ~ n t ~ r l ~ l l y m ~ n l .  
M. wtchabtr 2 1  ol  ltm I F  c-l f # l t a  Red- ORM. 
1cak.0~. Ovcrlm. Ida81 lor DX and c m t s l  m r k .  Orsrall 
thaw lr tor htta than 1 1  Mammurn rkln alcrtwity wtth 
max8rnum mrall~gtb#l~~y. Total bnduidih with CF-Z.lK18: 
2100 HI at hl8. SlX H? at RO d8 M& uarldla b a d -  
wldlh. Othn bmdrnclfhr wallable Filter sl can be mounled 
In r e -  sm raw n*#tehM ~8th our kf!s v h c h  nan at 
$33.00. 3 and 4 liltsr n*#trh#ng apllont can on~lude Our 
CFbW18 andlor ex!ll#ng 8 kH7 i8-t IF tiltar. a l l  lnlemslly 
mounted. mnrrollrd from rear or Imnt wml. US0 and LSB 
CF 2.1K18 mn it S1ZO.W I" M. Mom" l u k  11 ml rlnr 
IoM Add $3 ~hipysm pn ore , :  $6 wtmn at,. Dealer m- 
qUIII=MIcDml 

s h € r w o o d ~ k  
1268 South Ogden St. 
Denver, Colo. 80210 

(303) 722-2257 

I C E N T R A L  N E W  YORK'S FASTEST 
G R O W I N G  H A M  DEALER 

. . 

Fealurlng - Yaesu. ICOM. Drake. Atlas. Den. 
Tron. Ten.Tec. Swan. Regency. Standard. 
Temoa. KLM. Hv.Galn. Moslev. Larsen. 
~ ~ d l i n d ,  w ~ ~ s b n .  sou lh ies t  ~ e c 6  ~ r o t l u c t s . ~  
We rerrtcc cvrrything we YII' Wrrte or call for 
quote. YOU WON'T BE DISAPPOINTED. 

We are jusl a few mnnuler ofl the 
~Ufma NVS Thrm~wav 11-90) . Exit 32. 
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I --- v n a  RANDOM WIRE ANTENNA TUNER 1 
AU band operation (160-10 meters) with 
any random length of wire. 200 watt 
m e t  power aqmblllty-will work with 
virtually any transcclver. Ideal for port- 
able or home oneratlon. Great for mart- 
mmtu and hoicl moms-slmply n ~ n  a 
alre imlde, out a wlndow, or anyplace 
a\.allable. Emdent tnmid Inductor for 
small sLze: 4- 1/4" x2-:3/V x3",and ncgli- 

I @blc Im.Bullt-inneon tune-up Indicator. 
SO-Z39 conn-r. AtCracUve bn~rva 

.. nnlshecl enclm~lre. 

THt ORIGINAL Random W~re  Antenna 
Tuner In use by amateurs for 6 years 

I 

SST T-2 ULTRA TUNER 
Tunes out SWR on any coax fed antmna as well ao random 
wlres. W& great on all bands (80-10 meters) with any 
tranncetver mmhg up to 200 umtb power outplt. 

Incr~asee useble bandwidth ofany antennaTune~out SWRon 
moblle whIp from Inside your air. 

Uses &dent tomid Inductor end spedally made capadtors 
b r  small s h :  6-1/4" x 2-1/4" x 2-1/2". Rugged, yet compact 
Negllglble llne l m .  Attrectlve bronze finished enclmure. 
SO-239 coax connectow arc used for transmitter Input and 
cnax fed ant-. Cmnvenlent b tndlq  pmts are pm\lded for 
random wlre and mind mmectlcms. 

SST T-3 
Mobile Impedance Transformer 
Matcha -52 ohm coax to the lower Impedance of a moblle 
whlp or vertical. 12-ponltlon switch -4th tap spread 
between 3 and 52 ohms. I~madband fmm 1-.70 Mhz. M'LII 
work ulth \lrlually any tran~cel\~er-.W) watt catput 
power capablllty. SO-279 connectors. Toruld Inductor for 
small R ~ Z :  2-:1/4" x 2" x 2-1/4". AtCracUve hn~rvx nnl~h. 

All SSf'pmducts are guaranteed for 1 year. In mlcll t l~~~i~ 
thcy may be returnedwlthin loday3 fora full refilncl (Icsci 
shlpplng) if you are not satlsned for any reanon. l lcnw 
ackl82 for ~hlpplng and handling. Callf. mldenta, plcnw 
sckf 4 i n l c n  tax. CYN) orrlers OK hy phone. 

%S.IIFi wirc and tmted 

SST A-1 VRF Amplifier Kit 
1 umtt I n p t  gives you 15 watts output a c m ~ ~  the en& 
2 meter band w l t h t  r e -hmlq  This a.y-to-bulld Wt 
(appmx. 1/2 hr. awembly) Inclodm evefilng )7n1 need 
f i r  a mmplete ampllner. All trip quality cnmpnnents. 
Compatible ulth all 1-3 watt 2-meter transceivers. Shc~rt 
and open pmtertcd-not damaged 1 ~ y  hlgh S\\'R. 

Klt Includen: 
Etched end drllled G-10 epoxy molder plated bnard. 
Ilcat sink and mounthq hanlware.Al1 components- 
Including prc-a.m~nd mils. 
Top qunlltv T R W  RF power tmmlstor. 
Complete amcml~ly InstruNon with detatls on a 
carrlcr operated T/R sultch. 
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BIG REGENCY 
FM CLOSEOUT 
Don't pass up the Savings! 

HR-20 2n1 Fm Xcvr 15w. 12ch w/ 94 crystals. 
mlc R rnt (Reg $2291 CLOSEOUT $139.00 

HR.312 2m FM Xcn. 30w. 12th T/R w/.94. 
mlc & mt (Reg $2691 . . CLOSEOUT $169.00 

HR.6 6m FM XCW. 25w. 12 ch T/R w/52.525. 
mlc & mt. (Reg. $2391 . . . .CLOSEOUT $149.00 

HR-220 220 MHz FM Xcn. 12 ch T/R w/223 5. 
mlc & mt. (Reg. $239) . . . . CLOSEOUT $149.00 

HR-440 440 MHz FM Xcvr low. 12 ch w/ 446.0. 
mlc 8 mt. (Reg. $349) . . . .CLOSEOUT $249.00 

AR-2 2m FM Power Ampl~lier. 138wdc. 9 A. max. 
5db power galn. 10 to 25w input lor 32 to 80w oat. 
put (Reg. $119) . . . . CLOSEOUT $99.00 

HRT.2 h i e  2m FM Hand-Held Xcw. 2 or Iw. 5 ch 
W /  94 crystals. Wh~p antenna. No other accessa. 
rles (Reg $1791 . . . . . . .CLOSEOUT $99.00 

HRT-2 Deluxe. As above, but ~ncludes N~cad Bat- 
tery. Charger. Flex~ble Antenna. External 
M~crophone. Earphone. Case and DC Cord w~ th  plug 
(Reg $2951 . . . . . . . . . . . CLOSEOUT 1195.00 

All NEW - Full Warranty! 
Extra crystals for 2161-11 - $5.00 each, 2201440 
MHz . $10.00 each. Quintitias Limited. Order 
direct from this d. Send Check. Money Order or 
use your Mastercharge or BankAmericard (VISA). 
Allow 15.00 for UPS shipping charges. 

Write for FREE 
1978 CATALOG 

I 
BANKAMIRICARO 1 

AMATEUR 
ELECTRONIC SUPPLYdD 

4828 West Fond du Lac Avenue 
Milwaukee, Wisconsin 53216 

Phone (414) 442-4200 
BRANCH STORES: 

28940 Ewlid Avenue: Wicklilfe. Ohio 44092 
Phone: (216) 585.7388 

621 Commonwealth Avo.; Orlando. FIa. 32803 
Phone: (3051 894.3238 

Note: Branch Slores are sel~up lo handle Walk-in 
busmess or telephone orders only They oonot have 
f a r ~ l ~ t ~ e s  l o  respond l o  wrllten lnqulrles. 

flea market 
NEW HAMPSHIRE: Evans Redlo. Inc.. of Concord. New 
Hampshlre, celebrates Its' 45th anniversary as a 
wholesale dlstrlbutor 01 eIeClrlCaI and eleclronlc cqulp 
men1 and components, as well as radlo and electronlcs 
supplles. An open house wlll take place September 15, 
16 from 9:W to 4:30 81 the firm's headquaners at Route 
3A. Bow Junctlon. and a trade show at the New Hamp 
shlre Hlghway Hotel wlll feature some 85 dlsplays 01 
eleclrlcal and electronlc manufacturers products. Buses 
carrying guests wlll run continually between the head. 
quanersand trade show throuphout the two day celebre 
tlon. One o l  the hlghllphts of !he day wlll include a trlp 
lor two loavacation paradlse as yet not disclosed. 

MICHIGAN: BLOSSOMUND Annual Swapshop. Sun- 
day. October 1st. Berrlen County Youth Falr Grounds. 
Benlen Sprlnps. Large facllltles. Prlzes, refreshments. 
Open all night for set-up. Table space restricted to radlo 
and electronlc Items. Advance ticket $1.50. Tables $2. 
Write: John Sullivan. P.O. Box 345. St. Joseph. Mlch. 
49085. Make checks payable to Blossomland Hamfest. 

OEORGIA! Aupuet ARCA Hemlesl. Sunday. Septembar 
17 at Jullan Smlth Caslno. Hospitallly r w m  Saturday. 
Bar-&a Sunday. Blnpo, flea market, prlzes. Prlze tlcketa 
Sl.W.6 for $500. For Info: ARCA. Box 3072. Aupusta GA 
3W04. ~~~~ - 
GEORGIA! Lanlerland ARC Ilfth annual Hamnlc Lanler 
Islands Dogwood Psvlllon. Galnesvllle. September 24. 
Swapshop, exhlblls. Food. U W  per car. PIcnlc, hlklnp, 
awlmmlnp for klda. Flrst prlze: KDK FM2015R. Other 
prlzes. Talk-In on W4lKR on .071.67. For Info wrlte: Bob 
Cachran. W4DNX. 607 East Lake Or.. Galnesvllle. GA 
30501. 

PENNSYLVANIA: Central Pannsylvanla Repeater 
Assoclatlon's 5th mnual Electronic Swap Feat. Sunday. 
September 17, Harrlsburp. Gates open 8:00 AM. Park.N- 
Shop garape, Walnut St. Rwlstrallon: $3.00, spouse and 
children free. Free tallgallnp. Talk.1" 146.181.76, 
146.341.94, WAJKXG ,521.52. Refreshments. For Info: 
w s s n x t i , n i 7 ) ~ ~ - 7 0 1 7 .  

PENNSYLVANIA! Thlrd annual HamJun swneond by 
the Radlo Assoclallon of Erte. Sunday. September 24 
from 9 AM to 4 PM st Waldemeer Park In Erle Admlsslon 
$1 50 adrence $200 at the pala Refreshments, prlzes. 
la k In on W34. 22182 and 52 Wrlle HamJam 78, Radlo 
Assoclatlon of Erle. Box 644, Erle. PA 16512. 

IOWA! Cedar valley ARC ARRL Hamfeat. Sunday. Oc- 
tober 8. Hawkeye Downs Exhlblllon Bulldlnp. Doom 
open 7:W AM. Tlckets: $1.50 advance, $2.00 door. 
Tables: 1st - $3.00, othera $5.00. Overnlpht camping. 
plcnlc area. movles. Many prlzea. Talk.ln 146.15.76. 
146.52.223.5.3.970. Early blrds: 2 meter XMTR Hunt. 2:W 
PM Saturday. October 7. 2 free steak dinners l o  winner. 
For info wrlle: CVARC Hamlest. P.O. Box 994. Cedar 
RepIda. IA 52406. - 
SOUTH TEXAS SWAPFEST - Corpus Chrlatl, Texas. 
Salurday. September 30. 1978. 8 l o  5. Texas Natlonal 
Guard Armory. 1430 Home Rd. Frse sdmlsslon and 
tables. Dealer dlsplays, contests, d w r  prlzes. Talk.ln 
34194. 28188 Jointly sponored by Carpus Chrlstl ARC 
and SO. Texas Amateur Repeater Club. Addlllonal lnfo 
from J. E. Rehler. W5KNZ. 526 Pasaden4 Corpus Chrlstl. 
Texas 76411 

FLORID*: The 13th Annual Melbourne Hamlest. Satur- 
day and Sunday, September 610.8 AM to 5 PM at the 
Melbourne Clvlc Audltorlum. Hibiscus Boulevard. Dona- 
tlon Is 53.50 per famlly. Forums, mwllngs, swap tables. 
commercial exhlblts, awards, prlzes. Talk-In on 25/65 and 
52. Sponsored by Platlnum Coast ARS. For more lnfo 
wrlte P.O. Box 1004. Melbourne. FL32901. 

- -- 

ARIZONA! The Cochlse Amateur Radlo AsMlclatlon'e 
4th Annual R0und.U~. September 9. Slerra Vlsta Corn 
munlty Center. startlnp al 0900. Talk.ln on 18176 and 
52/52. Flrsl prlze IS Atlas 210X, plus many others. For 
tlckets and more Info, wrlte CARA. P.O. Box 1855. S lem 
Vista. A Z W .  Tlckets are U.W. 

OHIO: Clnclnnatl Hamlesl. Sunday, September 17. 
Strlckefs Grove. Vmlce (Rmsl. Exhlblls, flea market, 
prlzes. alr show. 17.50 advance. For lnfo request 
Hamfeal Issue of "The Mlke and Kev". WBALW. 3965 
Harmar C l .  Clnclnnell. OH 4 5 2 1 1 . ' ~ ~ 8 ~ ~ ~ .  I0615 
Thornvlw Dr. Clnclnnell. OH 45241. K8CKI. I424 Mean 
St.  Clnc~nnsll. OH 45210 

- 
INDIAN& 2lst annual Peoria Hamlesl, %PI. 17. Exposl. 
l ion Gardens. W. Nonhmwre Rd. Admlsslon: $1.50 
advance. U.OOdwr, grounds Ires. Ladles f r w  bus trlp to 
shopplng mall. 100 stores. 2.meter talk.ln 148.76. Local 
repeaters 16-76. 25.85. 37.87. Wrlte: John Sutlon, 
WWBJJ. 808 W. Telon Dr., Peorla. IL61614. - 

10 channels coverin 

1,000's OF CRYSTALS 
*H25C Case Scanner Monitor 
010.7 Amateur Ham 
02 Meter, CB, Standard 

1 to 9 10 to 49 50 d UP 
'3.70 '3.00 '2.50 

ALOELCO ELECTRONICS COMPANY 

Eacn Clock controlled separalely. 
Freeze Featurelor T,meSet - Easy 
assembly lor clock and Cablnel 

Model ALO 5-P Same KII as above bul wllh~unaisembled 8bck 
Plasl~c Cabl~l wdh Re6 F8Ilrr Only y44 
ALARM CLOCK KIT SIX 0 5 LED Dlspla Rwdwts. Elapsed Time an- 
dlcalor 12 Hour Formal wllh 24 Hour Alrm Snoozs lealure AMIPM 
lnd8calor Power Supply p~wet lallure lndlcalor Onlv 119.95 
I ?  or 24 Hour Clock Kt1 0 5 Olsplay LEO'S 118.95 
Wood Gra~n Cabmet $ 4 9 5  
TUNACILE AMATEUR N CONVERTER Recsrvs Fan Scan A N  ,n tne 
410 MHz Band wlrh any Tv Set Low now hogh am Ampllllef stage 
wltn Varaclor luned ~npuland ~ l p u l  8u1lI.m 11% VAC Supply Two 
Tone Walnul d Beige Cablnel measuring 1-718'' x 4 . l l 4 "  x 4-  
118" Factory Wered 6 Tested 2 Vear Guaranly Onhly -- 

MI~tUble POI" Supply Kilt. MO mP15 to 15 Volts 16.95 
12 to 20 volts $6.95 
Power Supply KII 01 Pans. 5 Volt 6Amp $17.95 
(add $1 00 per h e r  Supply shlpplng) - 
Adds% lor Shippin Mln Order t1O.W ou lo l  USA send 
Certilied Check or d ine "  brder. Include Poslape. 

2281H Rabyl~lri Turrrjlrkr. Mrriic k N Y 1 1 %  
15161 378 4555 

Serrd frr clnrr srarro lor out cataloo 

ore Details? CHECK-OFF Page 142 



MANUAL DIGIT& 
m-WT OUTPUT 

If y ' r e  still using potentiometers 
to help convert mechanical motion 
into digital signals, there's an easier, 

less expensive way. 

Switch to Disc Instruments' new 
fingertipcontmlled PANELCODER TM 

Series optical encoders. Their digital 
outputs eliminate the need for the 

A to D comrters which analog pots 
requirr. No more pot noise and wiper 

wear, either. 

lh 're rugged and accurate, too. 
~ ~ t o % ~ l s e ~ ~ m a ~ u t i o n w i t h a  
100,000 our light source, and 

accumte to f 10 minutes of arc. 
Power input is 5 Vdc 25% at 60 rnA 

maximum. They're sized (1 'h" 
diameter) to fit the same space a 

potentiometer used to occupy. 
Switching from pots to 

PANELCODERS drops your 
component costs by eliminating the 

analog-todigital conversion step. 
Not only saves you money, but 

improves your product performance. 

Disc lnsbuments is -to sene 
vou worldwide with the broadest 
bne of rotary and linear encoders in 
the industry. C our standard products 
do not fit your exact encoder 
requirements, we'll make a special 
for you. 
Write or call usfordetails.And,ifyou'rr 
an OEM, ask on your lettdead for 
a h-ee PANELCODER evaluation 
samde. 

MSC l4wmnmw. Inc. 
102 E Mer St 
Costa Mesa, Califunia 92626 
Phone: 714/9795300 

Visit Disc at Wescon '78, Booth No. 702 
- 



NEW & USED 
AMATEUR 
EQUIPMENT 
COLLINS 

Rece~ver Model651Sl. Used. 
Receiver Model 5lS1. New.. . . . . . . . . .  1,500.00 
Rece~ver Model R.390A. New. . . . . . . . . .  ,800.00 
Rece~ver Model R-390A. Used . . . . . . . . . .  600.00 
Recelver Model 5lJ4. Used. Clean.. . . . .  600.00 
Ltnear Model 3051. New . . . . . . . . . . .  .1.500.00 

ALPHA 
L~near Model 374A. New . . . . . . . . . . .  .1.495.00 
Ltnear Model 76/PA. New . . . . . . . . . . .  1.100.00 
Llnear Model 76P. New . . . . . . . . . . . . .  1.395.00 
Llnear Model 76CA. New . . . . . . . . . . . .  1,59500 
L~near Model 374A. New . . . . . . . . . . . .  1.495.00 
Llnear Model 77DX. New . . . . . . . . . . .  .3.195.00 
Llnear Model 77s. New . . . . . . . . . . . .  .3.795.00 
Vomax Speech Processor. New . . . . . . . . .  179.00 
Vomax 12OVAC Power Adapter lor above. . . .  15 00 

ALDA 
103 Transceiver. New w l l h  N.B. Cryslal 

Calib. . . . . . . . . . . . . . . . . . . . . . . . .  ,475.00 
AMCOMM 

2 Mlr O~gttal Transceiver. New. Model S-225325.00 
S-240 Remote 2 Mtr 01 ltal Transce~ver . . .  450.00 
Base Statton P.s. withelock. BsM-15. New 119.00 
Base Slalion P.S. wllhoul Clock. BSM-15C. 

New . . . . . . . . . . . . . . . . . . . . . . . . .  97.00 
Matchlng Touch tone pad. TTE-ZOO. New. . .  48.00 

CETRON 
Tubes Type572B. New. . . . . . . . . . . . .  ea. 25.00 

DRAKE 
Rece~ver. DSR-2 Dlgllal Readoul. New . . .  2.700.00 
T W O  Meter Transceiver Model UV-3, All Three 

Bands. New. . . . . . . . . . . . . . . . . . . .  ,750.00 
Malchlng Power Supply Model PS-3 

Comes wlth above. 

ElMAC 
Tube Type 8877/3cx1500A7. New, pre- 

pa~d. Shlp . . . . . . . . . . . . . . . . . . . . .  .260.00 
Tube Type 3-5002. New, prepaid. Ship . . . .  74.50 

. . . . .  Tube Type 8874. New, prepald. Shlp 130.00 
Tube Type 8875. New, prepaid. Shlp . . . . .  130.00 

HY-GAIN 
Model 3750 Digital Readout Transceiver. 

New. . . . . . . . . . . . . . . . . . . . . . . .  1.695.00 
Matchtn RemoteVFO Model3855. New. . .400.00 
M~l~tary %SB Transcetvers Model COMMlA. B Fre- 

quency coverage 3-8 MHz SSB. 
Reg. Pr~ce 600 OO/Special250.00 

Malchlng Fixed P S, for above transceivers. 
New . . . . . . . . . . . . . . . . . . . . . . . . . .  170.00 

Recetvers Model R-1350 General Coverage. 
New. . . . . . . . . . . . . . . . . . . . . . . .  ea. 700.00 

Speakers lor above model S-1530. New. . ea. 50.00 

KENWOOD 
TS-8?0S, New.. . . . . . . . . . . . . . . . . . .  .970.00 
KDKFM2015R 2 Mtr Digital Readoul Transceiver. 

New . . . . . . . . . . . . . . . . . . . . . . . . . .  380.00 
FPM Matchlng Power Supply for above. New. 49.95 

LARSEN 
2 Mlr Magnel Mount Anlenna. LM-15OK. 

New . . . . . . . . . . . . . . . . . . . . . . . . . .  .30.00 
2 Mtr Magnet Mounl 1/4 Wave Model NLAO15OK. 

New . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.00 
WILSON 

2 Mlr PortableTransceiver. WEBOO. New . . 459.00 
2 Mlr Hand Held Model 1405. New. . . . . .  ,300.00 

. . . .  2 Mtr Hand Held Model 1407. New.. ,335.00 

. . . . .  2 MIr Hand Held Model Mark II, New 229.95 
. . . .  2 Mlr Hand Held Model Mark IV. New. 259.95 

PIP0 
TouchTonePad Model PP-1. 12 Key. New . .50.00 
Touch Tone Pad Model PP-2. 16 Key. New . . 58.00 

GALAXY 
Transce~ver Model GT550A. Used . . . . . .  ,275.00 

All the above Nsv Equipmsnl cwms wlth a Faclory 90 Day War. 
ranty All Used Equ,pmenl ma be traded back In wllhln Ten 
Days agalnsr Nm Equ~pmenl. Yhls 8s a Clearance Sale ot both 
New and Used Equipment Ouanltlles are Ltmlled All prlces are 
FOB N Y U S A Expon lnqulrtes are Invllea 

--- 

P 0. Box 103. Rockville Centre. N. Y.  11571 
51 6-536-5724 

flea market 
CALIFORNIA: 1978 Regoon 6 AFCS MARS Conference. 
Hosted by Mather Alr Force Base Support Team. 29 
September - 1 October 1978, at The Mansoon Inn. 
Sacramento. Tours o l  Mather AFB. Seminar by Corn 
mand MARS Dlrector. Reglonal and Stale reports, 
Emergency exercise hlghlights, Open forum discus- 
sions. Banquet. Awards. Equipment drawings; Reports 
on MTS program, equipmenl issue, emergency opare 
lions, improvements: papers on swltchlng power sup 
plies, becoming a frequency monitor. and much more. 
Specially selectsd localion brlngs lots for XYL and kids 
to see and do within walklng dlstance. Detalls trom Jack 
Bayha. 23009 Vanowen St.. Canoga Park. Calllornla 
91304. Tel: (213)887.4568evenlngs or call on 6S1. 

NEW YORK: Ham.ORama "78". Saturday. September 
16. 900 AM to 5:W PM. Erle County Fairprounds Just 
south of Buffalo. NY. Flea markets, women's programs. 
contests, prlzes. Admission: $3.00 advance. I1 .W gate. 
Children under 12 free. Recreational parking with 
hookup $4.03. Talk.ln on WR2ABU 146.31191. For further 
Info: Bert Jones. W2CUU. 143 Orchard Dr.. Kenmore. NV 
14223, (716) 6733984 or Jim Ciurczak. WB21VO. IMM 
Cayuga Dr.. Nlagara Falls. NY 143Od. (716) 297.0539. 

PENNSYLVANIA: Butler County ARA Hamlesl Sunday, 
September 10, lrom 11 AM to4  PM. Butler County Farm 
Show Grounds adjacent to Butler R w  Airport wlth a 
paved runway lor Ily.lns. Check.ins on 90130 and 52 
simplex. For further lnlo contact John. KJHJH, or Cliff. 
WB3CDA. 

PENNSYLVANIA: 2nd annual Mld-Atlanllc Stales VHF 
conlerence Saturday, Seplember 30. Treadway Inn on 
Easton Rd.. Willow Grove. Advance reglstratlon Includes 
admlsslon l o  Hamarama '78. - Mt. Airy VHF Radlo Club 
Hamarama'78 at Bucks Co. Drlveln Theater. Route 611, 
Warrlngton. Sunday. October 1. 6:00 AM to 4:W PM. 
Registration S2.W. tallgatlng S2.001space (own table). 
Talk.," via W3CCXf3 on 146.52. Informallon for both 
events: Ron Whltsel. WA3AXV. Chairman. PO. Box 353. 
Southampton, PA 18966. (215) 3555370. 

PENNSYLVANIA: Skyvlews annual swap and shop. 
Saturday. September 17, new location. Sokol Camp. 
Lower Bunett. Registration 11.00 at gate. First prlze: 
lcom IC22S. CW contest. Talk-In 116W64. For lnlo 
wrlte: Jim Jackson. Jr.. KMRU. Rt. L1. Box 7A. Apollo. 
PA l Y i l 3  - -  - - 
ILLINOIS! Peorla Area ARCS 21sl Annual Hamfest. Sun- 
day. September 17th at the Exposltlon Gardens. Free 
coflee and donuts 8:30 to 9:W AM. Camplnp space 
available Salurday nlght. Smorgasbord dlnner Heritage 
House Restaurant at 7 W  PM Saturday. no resewatlons. 
Free bus trip l o  Northwoods Mall for the ladies. Talk.in 
.18/.76, call W9UVI. Advance tickets 11.50. Door tickets 
$2 00. Write John Sutlon. WWBJJ. M)8 W. Teton Drive. 
Peoria. Illinols61614. 

- 
KENTUCKY: The Elphth Annual Greater Loulsvll le 
Hamtest Salurday. Sept. 30th and Sunday. Ocl. 1st at the 
West Hall of the Kentucky Falr and Exposltlon Center In 
LouIsviIIe. Air condllionid Indoor exhibitors area and 
flea market, a ladies program. Camping Is free on 
grounds (no hook ups). For more informallon Contact 
Greater Loulsvllle Hamfesl. P.O. Box 34444. Loulsvllle, 
KY 40232 orphone(502) 6340619. 

NEW YORK CITY - 2 Fleamarkets bigger and bstter 
than ever. IndwrQutdwr raln.shlne. Sunday. Sept. 10 
9AM to 4PM. The Munlclpal Parklng Lot 8025 126th 
Street.. Oueens. N.Y. One block oft Ouwna Blvd. Free 
parking lor 1WO cam. Raffle. Relreshments. Fun. Sellers 
S2.W: Buyers $1.00. Talk-In: ,521.52, .4W.W. Into: (212) 
6999400 days. Sponsored by Hall of Sclence Amateur 
RadloClub, W82TBC. - 
RADIO EXPO78. Speclal Iale dales for this year only are 
September 30. October 1. Dozens of exhlblts. Indwdoul- 
door flea market, open Frlday for set.up. Free camping. 
Thousands of dollars In door prlzes. The convention 
center Is the Holiday Inn. Mundelein. IL. Tickets: $2 
advance. $3 pate. The Lake County IL Fairgrounds at 
Routes 45 and 120 in Grayslake. IL. For lnlo or tlckels. 
wrlte Chicago FM Club. P.O. Box 305. Maywwd. IL 
80135. - 
MICHIOAN: L'Anse Creuae ARC'S 6th annual swap and 
shop. September 17, L'Anen Creuen High School. MI. 
Clemens 090015W. Prlzes. Talk-In 14769.09 and 148.52. 
$1.50 door. S1.W advance. SASE l o  WB8ZME. 35751 
Dunston. Sterllng Helghts. MI 48077. - 
MICHIOAN: Adrian Hamfest Sept. 24. Lenawee County 
Fairgrounds, Adrian. Tlckets: 11.50 advance. $2.00 gate. 
Tables: $4.00 lull table. S2.W half. Trunk sales: 11.00 per 
space. Write: Adrian ARC. PO. Box 26. Adrlan. MI 49221. 
(517) 265-8016. Talk.ln WETOE on 146.31191 or 
146.52 MHz. 

THIS IS IT 
am 

MODEL 4 4 J 1  1 H H U L I N E '  

RF DIRECTIONAL WATTMETER 
w ~ t h  VARIABLE RF 

SIGNAL SAMPLER - BUILT I N  
IN STOCK F O R  P R O M P T  D E L I V E R Y  

AUTHORIZED DISTRIBUTOR 

E!?&I 
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 

IN M I C H I G A N  313 - 375-0420 

0 model nm-4 tr.!, ,, 16 4,. Iflrl..,o F , ~ S  O 
M I ?  ,rc!l.< + ( T  \ ICOM I C 2 I  r, w d  Sli8odard 
I 4e.A S7.W 
MW.1 HW-5. S a e  as amre but wllh 
PI 759 conn(lc1cr S7.W 
Model HM-220. Ssme wllh TNC Connec- 
lor lor Wilson 1405 Sl8.W 

11 Mod4 HW.227. Same bul wlh BNC con 
nector lermtnat~m ~ 1 t . w  II 
Mod4 HW-228. Wtth F cwmeclor lor ?' 

MY.. 
WllSOn 1402 11 Temm 

. 
.. .  TEXAS TOWERS olters rare- 

EXAS nouse-dlrec~ rates of amareur 
radm anlenna system products 

OWERS - snlpplng dlreclly to hams and 
clubs nattonwtde Amerlca s best 

lWer buy Consol~daled HD-16 l~nlerchangeable wllh Rohn 
2%). W tool wllh lopand base secllon $215 FOB. HD-I8(raled 
a1 66% 01 HD-16 caoacflyl 60 twl 1175 FOB. heavy.dury guy 
kll lor 60' towers $39 50 Nm ham radlo product crank-up 
guvmalls. rated lor 3 sq il anlenna. 40' 174.50. 50' $84 50 
FOB TOWER GOODIES 3/16' Galvan~zed alrcratl guy cable 
S811W' - 17511000'. 114" Ens guy able $121100' - 
19911000'. 3/16" plated cable clamps 30(- 1281100. 114" 
cable clamps 42t - 1401100. 114" Pretormsd deadends (guy 
wrap) Sl 65. Heavy duty guy rnsulalors 1 1  10. 318" eysllarr 
galvanlred lurnbuckles 15 50. 112" lurnbuckles $6 75. FOB 
5000 11 reels 01 guy able - 3116" S3W. 114" $450 FOB 
COE ROTORS CD-44 199. HAM 111 1118. Tall Tw~ster 1212. all 
poslpatd In Conl~nenlal U S 
CLUBSlOROUPS. 25 ssc- 
tmns no 16 1799, lrelght 
prepald most slates east ol 
Rwktes Send SASE tor our 
lalesl prlce llsl and producl 
lnlormallon. 

lEXAS 
Gerald Williamson' K5GW 

Slarllte 
lX 75074 wI' 

214-423-2376 nl@rlwmdanda 



MC1437P DUAL 709 OP AMP 

HIGH POWER (35W) LOW DISTORTION 
A U D I O  A M P  W I T H  O N L Y  O N E  
ADDITIONAL TRANSISTOR AND A 
DOZEN INEXPENSIVE COMPONENTS! 
TO-3 CASE STYLE BUY A PAIR FOR 

220 MFD @ 25VDC 

711.00 AXIAL 

E READOUT 'C 

A lun EASY klt to assemble that emits an ear 

settable alanrn with 10 mlnute snooze. Timer has reset. 

NO c.a.o:s 

---------------------.- 

More Details? CHECK-OFF Page 142 



Last two digits indicate voltage; 

regulators are negative and cost 

79 15.79 18.7924. 

QUALITY SOCKET 
Sockets simplify maintenance ' switches* case* and 12" 

and servicing, el iminate heat DC. With built-in crystal 
damage while soldering. and t imebase 

sockets at the r ight prices. 

I 
m i n i m i z e  CMOS s t a t i c  
' problems. . . we've got the r ight (ideal car Or van 

I clock) and low power, 
Low Profile Soldertail highly visible flourescent 
(tin plated) : blue readouts. 
SKL8 pin 10151.85 
SKLl4 1 4 p i n  1011.95 
SKLIG 1 6 p i n  1012.15 
SKL18 18 p in  81 2.25 
SKLZO 20 p in  81 2.75 
SKL22 22 p in  81 2.95 
SKL24 24  p in  31 1.10 

rravs plosna anm Y o  105% 10, bhlpoinp orso.. requnom W 
Atl(l II handllno lor orciars un* $10 Cat rsa md0 far COO 0% 
r ! h  rlral adore53 lot UPS F a  VISA' lMmatscchar@ ordsl3 
Leilour orest d r s b  124h?a).I,4lS!5#24d24 P?icaSpmdlhrouph 

I I . . . .  

1 Barn Electronics . . . 1 
J 

Your One Sourcefor Amateur Rodio Gear 1 
FEATURING: ANTENNA SPECIALISTS 

ATLAS HY-GAIN 
Yes, we have BIRD 

SWAN 

ElMAC Tubes COLLINS ICOM TRI-EX 

&Chimneys, 
KDK WILSON 

and YAESU CUSHCRAFT KLM YAESU 
Replacement Tubes DENTRON MOSLEY 

in stock! EIM AC NEWTRONICS 
E-Z WAY ROHN 

BARRY ELECTRONICS 5 1 2  BROADWAY 
( 2 1 2 )  925-7000 NEW YORK. N. Y. 10012 

' o u r  l i t t le  bawcr. 7 
replace a lot of cable ! I 

.select any of five antennas at the 
turnof a knob, with lust one 
feedline and a control cable to 
the remote switching unit. 

.saves coox, simplifies station Iayout. . handles 4 kw p. e. p.. 

NEW ELECTRONIC PARTS 
IC'S -TRANSISTORS-PROTOBOrRDS - RESISTORS 
CAPACITORS - DIODES - sw lrcnrs - c o w t t r c r o n s  
VOLTAGE RPUULATORS - CABINETS - nEAT SINKS 
FUSES a m u c n  m o n ~ - - s r r ~ s  s n l r s s  c r r r t o c  

SPECIALS 
KEYBOARD ENCLOSURES 

QUARTZ CRYSTALS 

@ "IN A HURRY" 

SINCE 1970 

CRYSTALS AVAILABLE FOR: 

CB - Synthesizers 

Amateur- HF,VHF, UHF 

Industrial 

Scanner 

Marine - LB & VHF 

Conversion Crystals 
Special Attention to R & D. 

Micro-processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

CALL "BONNIE" FOR 
PRICES & DELIVERY 

V I S A  & M A S T E R  CHARGE - credit cards accepted. - m 

E 
CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 

W D II PRICE 
14 W 3 $15.20' 
14 1L3 3 116.50. 

ILUE DASE snclrv 
WHITE O I  BLACI  TOP 

I -' .SMlPPlNO INCLUDED 

. 

Don't be absurd, buy a BIRD! I . . . from your Bird distributor I 

.other models to nine positions. I I I 



- - 
~ommunications~enter I ~ommunications Center 

443 N 48th Street 
Lincoln, Nebraska 68504 

In Nebraska Call(402)466-8402 

west 
7072 N .  Rancho Drive 

Las Vegas, Nevada 89 106 
In Nevada Call (7021647-3 1 74 

Antenna 
Sale! 

I 

HY-GAIN Regular 
TH6-DXX Super Thunderbird $249.95 
TH3-MK3 3 ele. 10, 15, 20 Mtr. beam 199.95 
Hy-Quad 2 ele. Quad 10, 15, 20 Mtr. 219.95 
TH3-Jr. 3 ele. 10, 15, 20 Mtr. beam 144.50 
18 HT Hy-Tower 10-80 Mtr. Vertical 279.95 
14AVWWE 10-40 Mtr. Trap Vertical 67.00 
18AVTfWB 10-80 Mtr. Trap Vertical 97.00 
203 3 ele. 2 Mtr. beam 12.95 
205 5 ele. 2 Mtr. beam 16.95 
208 8 ele. 2 Mtr. beam 19.95 
214 14 ele. 2 Mtr. beam 26.95 

MOSLEY 
Classic 33 3 ele. 10. 15, 20 Mtr. beam 232.50 
Classic 36 6 ele. 10, 15, 20 Mtr. beam 310.65 
TA-33 3 ele. 10. 15, 20 Mtr. beam 206.50 
TA-36 6 ele. 10, 15, 20 Mtr. beam 335.25 
TA-33 Jr. 3 ele. 10, 15, 20 Mtr. beam 151.85 
TA-40KR 40 Mtr. add on 92.25 

CUSHCRAFT 
ATE-34 4 ele. 10, 15, 20 Mtr. beam 259.95 
ARX-2 2 Mtr. Ringo Ranger 36.95 
A147-20T 2 Mtr. Twist 59.95 
A144-10T 10 ele. Twist 2 Mtr. 39.95 
A144-20T 20 ele. Twist 2 Mtr. 59.95 

HUSTLER 
4BTV 10-40 Mtr. Trap Vertical 99.95 
RM-75 75 Meter Resonator 1 5.50 
RM-75s 75 Meter Super Resonator 30.00 
G6-144-A 6 db. 2 Mtr. Base Colinear 67.55 

W I LSON 
System One 5 ele. 10, 15, 20 Mtr. beam 274.95 
System Two 4 ele. 10, 15, 20 Mtr. beam 219.95 

CDE ROTORS 
Ham Ill $1 25.00 
T2X Tail Twister $249.00 
CD-44 $105.00 

Special 
$209.95 

169.95 
189.95 
129.95 
239.95 
57.00 
84.95 

IRHT We carry all major brands of ham radios .".. . 
- AT DISCOUNT PRICES 

Yaesu - Kenwood - Drake- ICOM- Dentron - 
Ten-Tec - Swan - Tempo - Midland - E.T.O. - Wilson 
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DIODESIZENERS 
IN914 1 oov 10mA .05 
1 N4005 600v 1 A .08 
IN4007 lOOOv 1 A .15 
IN4148 7 5v lOmA .05 
1 N4733 5.lv 1 W Zener .25 
1N753A 6 .2~  500 mW Zener .25 
1 N758A 1 Ov .25 
1 N759A 12v .25 
1 N5243 13v .25 
1 N5244B 14v .25 
IN52458 1 5v .25 

SOCKETSIBRI DGES 
8-pin pcb .20 ww .35 

14-pin pcb .20 ww .40 
16-pin pcb .20 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb 35 ww '95 
24-pin pcb .35 ww .95 
28-pin pcb .45 ww 1.25 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .25 
2 Amp Bridge 100-prv '95 

25 Amp Bridge 200-prv 1.95 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (2N2222 Plastic . lo) .15 
2N2907 PNP .15 
2N3906 PNP (Plastic - Unmarked1 .10 
2N3904 NPN (Plastic - Unmarked) .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v 
TIP125 PNP Darlington 

.50 

.35 
LED Green, Red, Clear, Yellow .15 
D.L.747 7 seg 518" High corn-anode 1.95 
MAN72 7 seg corn-anode (Red) 1.25 
MAN3610 7 seg com-anode (Orange) 1.25 
MAN82A 7 seg com-anode (Yellow) 1.25 
MAN74A 7 seg corn-cathode (Red) 1.50 
FND359 7 seg comcathode ( Red) 1.25 

C MOS 
4000 .15 
4001 -15 
4002 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
4010 .35 
401 1 $20 
401 2 $20 
401 3 .40 
4014 .75 
401 5 .75 
401 6 .35 
401 7 .75 
401 8 .75 
401 9 -35 
4020 .85 
4021 $75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 1 4030 .35 

1 4033 1.50 
4034 2.45 
4035 .75 
4040 .75 
404 1 .69 
4042 .65 
4043 .50 
4044 .65 
4046 1.25 
4049 .45 
4050 .45 
4066 .55 

4069174C04 .25 
407 1 .25 
408 1 .30 
4082 .30 

MC 14409 14.50 
MC 14419 4.85 

451 1 .95 
74C151 1.90 

9000 SERIES 

7400 .10 
7401 .15 
7402 .15 
7403 .15 
7404 .10 
7405 .25 
7406 .25 
7407 .55 
7408 .15 
7409 .15 
741 0 .15 
741 1 .25 
741 2 .25 
7413 .25 
7414 .75 
7416 .25 
741 7 .40 
7420 .15 
7426 .25 
7427 .25 
7430 .15 
7432 .20 
7437 .20 
7438 .20 
7440 .20 
7441 1.15 
7442 .45 
7443 .45 
7444 .45 
7445 .65 
7446 .70 

7473 .25 
74 74 .30 
7475 .35 
7476 .40 
7480 .55 
7481 .75 
7483 .75 
7485 .55 
7486 .25 
7489 1.05 
7490 .45 
7491 .70 
7492 .45 
7493 .35 
7494 .75 
7495 .60 
7496 .80 
74100 1.15 
741 07 .25 
741 21 .35 
74122 .55 
741 23 .35 
741 25 .45 
74126 .35 
74132 .75 
74141 .90 
74150 .85 
741 51 .65 
741 53 .75 
74 1 54 .95 
741 56 .70 

LM380~-14 PIN) .95 
LM709 (8.14 ~ 1 ~ 1 . 2 5  

LM340T18 .95 
LM340T24 .95 
LM340K12 1.25 

9301 .85 95H03 1.10 
9309 .35 9601 .20 
9322 .65 9602 .45 

- T T L -  

7447 .70 1 74157 .65 

LM75451 .65 
NE555 .35 

LM318 ( ~ l n i )  1.75 
LM320K5(7905)1.65 
LM320K12 1.65 

74176 .85 
74 1 80 .55 
741 81 2.25 
741 82 .75 
74190 1.25 
74191 .95 
74 1 92 .75 
74193 .85 
74 194 .95 
74 195 .95 
74196 ..95 
74 197 .95 
74198 1.45 
74221 1.00 
74367 .75 

75108A .35 

7448 .50 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

MICRO'S, RAMS, CPU'S, 
E-PROMS 

74 LS107 .40 
74LS123 1.00 
74LS151 .75 
74LS153 .75 
74LS157 .75 
74LS164 1.00 
74 LS193 .95 
74 LS367 .75 
74LS368 .65 

74H22 .40 
74H30 .20 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .20 

74161 .55 
741 63 .85 
741 64 .60 
74165 1.10 
74166 1.25 
741 75 .80 

LM711 .45 

INTEGRATED CIRCUITS UNLIMITED 748188 3.00 
1702A 4.50 
MM5314 3.00 
MM5316 3.50 
2102-1 1.45 
2102L-1 1.75 
21 14 9.50 
TRt6028 3.95 
TMS 4044- 9.95 

8080 8.95 
8212 2.95 

74H72 .35 
74H101 .75 
74H103 .55 
74H106 .95 

74L00 .25 
74L02 .20 
74L03 .25 
74104 .30 
74L10 .20 
74L20 .35 
74L30 .45 
74L47 1.95 
74L51 .4 5 
74L55 .65 
74L72 .45 
74 L73 .40 

74840 .20 
74S50 .20 
74851 .25 
74S64 . I5 
74S74 .35 
74S112 .60 
74S114 .65 

MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .45 
LM308 (Mini) .95 
LM309H .65 
LM309K (340~-5~85 
LM310 .85 
LM31 l D [ ~ l n l )  .75 

NE556 .85 
NE565 .95 
NE566 1.25 
NE567 .95 

8214 8.95 
8224 3.25 
8228 6.00 
8251 8.50 
8255 10.50 
ST13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1.00 
21076-4 4.95 
2708 9.50 
Z80 PI 

7481 33 .40 
7481 40 .55 
7481 51 .30 
7481 53 .35 
7481 57 .7 5 
748 1 58 .30 
7431 94 1.05 
74S257 (81 23) 1.05 

74 LSOO .20 
74LS01 .20 
74LS02 .20 
74 LS04 .20 
74LS05 .25 
74 LS08 .25 
74LS09 .25 
74LS10 .25 

LINEARS, REGULATORS, etc. 
LM340K15 1.25 
LM340K18 1.25 
LM340K24 1.25 
78L05 .75 
78L12 .75 
78L15 .75 
78M05 .75 
LM373 2.95 

LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N 1.25 
LM339 .75 
7805 1 3 4 0 ~ 5 )  .95 
LM340T12 .95 
LM340T15 .95 

7889 Clairernont Mesa Boulevard, San Diego, California 921 11 
(7 14) 278-4394 (Calif. R e d  SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $loo - $300 15% 
All IC's Prime/Guaranteed. Al l  orders shipped same day received. $301-$1000 20% 

24 Hour Toll Free Phone 1-800- 854-221 1 American Express I BankAmericard I Visa I Mastercharge 

74LS11 .25 
74 LS20 .20 
74 LS2 1 .25 
74LS22 .25 
74LS32 .25 
74LS37 .25 
74LS38 .35 
74LS40 .30 
74 LS42 .65 
74 LS5 1 .35 
74 LS74 .35 
74 LS86 .35 
74LS90 .55 
74LS93 .55 

75491 .45 : ::::: 75492 .55 

LM723 -40 
LM725N 2.50 
LM739 1.50 
LM741 (8-141.25 
LM747 1.10 
LM1307 1.25 
LM1458 .65 
LM3900 .50 

74H00 .15 
74H01 .20 
74H04 .20 
74H05 .20 
74H08 .35 
74H10 .35 
74Hl l  .25 
74H15 .45 
74H20 .25 
74H21 .25 

74 L93 .55 
74L123 .85 

74SOO .35 
74S02 .35 
74803 .25 
74804 .25 
74805 .35 
74808 .35 
74S10 .35 
7451 1 .35 
74820 .25 
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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. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Illinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL 60646 
312-631-5181 
Hours: 9:30-5:30 Mon, Tues, Wed, 
Fri; 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

Indiana 

HOOSIER ELECTRONICS, INC. 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
81  2-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadows Shopping Center. 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
219-484-4946 
We service what we sell. 10-9 T, 
TH, F; 10-5 W, SAT. 

Alabama 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to place your order 

Alaska 

RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 

Arizona 

HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Sewing all amateurs from 
beginner to  expert. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #I Ham Store. 
Kenwood, Drake, ICOM & more. 

QSA 599 AMATEUR RADIO CENTER 
11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602-833-805 1 
Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 

California 

C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the Biggest, but the Best - 
since 1962. 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

Connecticut 

AUDIOTRONICS INC. 
18  ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated to service. 

Florida 

AGL ELECTRONICS, INC. 
1800-8 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 



Amateur Radio Dealer 

New Hampshire Michigan 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, MI 49441 
616-726-3196 
Dealer for all major amateur 
radio product lines. 

BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

EVANS RADIO, INC. 
BOX 893, RT. 3A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icorn, DenTron & Yaesu dealer. 
We service what we sell. 

Kansas RADIO SUPPLY 81 ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
3 13-435-5660 
10001 Chalmers, Detroit, MI  
48213, 313-371-9050. 

New Jersey 
-- 

ASSOCIATED RADIO 
8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201 -542-2447 
Ham supplies since "55". 

Minnesota 

Kentucky PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521 -4662 
The Midwest's Fastest Growing 
Ham Dealer. 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's newest 
complete Amateur Radio center 

COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, DenTron. 
Our service is the BEST. 

Missouri 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! 

Maryland HAM RADIO 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 

THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301 -792-0600 
R.L. Drake, Ten-Tec, Icorn, Wilson, 
Tempo, DenTron, Mosley, Cushcraft New Mexico MIDCOM ELECTRONICS, INC. 

2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

- - 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48  ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

New York Massachusetts 

TEL.COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61  7-486-3040 
The Ham Store of New England 
you can rely on. 

-- 

ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. Nevada 

- 
COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

GRAND CENTRAL RADIO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hv-Gain. Moslev in stock 

TUFTS RADIO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
61  7-395-8280 
New England's friendliest 
ham store. 
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HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE. NY 13214 
315-446.2266 
We deal, we trade, all major brands! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & Used ham equipment. 
See Warren K21XN or Bob WA2MSH. 

Ohio 

AMATEUR RADIO 
SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS. OH 43209 
614.236-1625 
Antennas for all services. 

UNIVERSAL AMATEUR RADIO. INC. 
1280 AIDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614.866.~~~~ 
Drake, Yaesu. Ten-Tec. KDK, Wilson. 
DenTron, Tempo, Sigma. 

Oklahoma 

RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Oregon 

PORTLAND RADIO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND. OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue. Medford, OR 97501. 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. 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. 

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 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
IT. WORTH. TX 76112 
817.461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY, INC. 
4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
41 4-444-4700 . - . . . . . - . . 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat. 9-3. 

Washington 
ARTCO ELECTRONICS 
302 WYOMING AVENUE 
KINGSTON. PA 18704 
7 17-288-8585 
The largest variety of semiconduc- 
tors in Northeastern Pennsylvania 

AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First in  Ham Radio in  Washington 
Northwest Bird Distributor 

Require man wllh MF SSB VHF FM experience or 
amateur who has bu~l t  and can troubleshoot equlp 
men1 Second Class Commerc~al Rad~o lelephone 
Llcense des~rable but no! necessary Bas t  hand tools 
and V 0 M required, other equlpmenl supplled by 
employer 
We are a techntcally-based, rnedlurn-slzed ($1 rnll- 
Ihon), growlng, marlne electron~cs sales. Installallon. 
and servlce company Weoller a well-equipped. water 
Iron1 shop malor medlcal plan, and paid vacatlon 
This IS Inleresllng, challengtng, conslantly varylng. 
but dernand~ng work You must be neat In appearance 
and you must especially know and love electron~cs 

> 

T H E Y  WORK 

T H E Y  L O O K !  

TH OPTIONAL n m 

BARBER TONE 
ENCODER 

FEATURES: 
Cryrtal 
Controlled - 
Digitally 
Synthesized Tones. 

Low CMOS Current Logic. Drain @ 7 . 0 8  

RFI lmmum 

16-Button Tacllle Feedback 
Keyboard. 

Wi l l  Interface to Transceivers Using Dynamic 
Micropho~s with Only Two Wins. 
Provisions for Three Wire Interface Are Pmvided. . Gold-Plated Keyboard Contacls Provided for Max- 
imum Reliability. 

Operating Voltage Range 9-18VOC. . Size; 2.1" x 2.1" x ,250" Without Case. 
2.1" x 2.1" x ,312" With Case. 

2" Sqwrc Velcro Available for Connnirnt 
Mounting - Dashboard - Sun Visw - Radio - etc. 

Tone Encoder 6.00 

2.00 
Velcro .SO 

NEW ! G O L D L I N E  AMP - 2M 
14 Watts In. 7.25 watts Out .... ............ $46.50 

Ohio Residents Add 4.5% Sales Tax 
Send Check or Money Order To: 

WREN CO. 
8630 WINTON RD. 

CINCINNATI, OHIO 45231 
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ELPAC 
POWER 

SUPPLIES 

c 0 m p l ~ 8 ~  hnernblld 
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MILITARY 
SURPLUS WANTED 
S ~ a c e  buys rnorf. And (my, more Hlgh- 
e\ t  prlces evrr  on U 5 Mlltlary sur- 
plus,  espec~a l l y  o n  Collins equipment 
or par ls We pay l r e ~ g h l .  Call col lecl  
now lo r  our hlph otter MI 440-8787. 

SPACE ELECTRONICS CO. 
div. o l  Mt l l lary Electronics Gorp. 

35 Ru la  Court .  S. Hackensack. N.J. 07606 

' ALL-MODE VHF ' - . 
amplifiers 

L J 
115V1230VAC OPERATION 

FOR BASE STATION & REPEATER USE 

FAN KIT gDr a No Power Supply Needed h lllurn~nated Panel Meter 
a AM-FM-CW-SSB-Rl-W tr Internal T/R Sw~tch 
a 60dB Harrnon~cs a Fully Protected 

a 60dB Spur~ous a + 13V13A Accessory Socket 
a Heavy Duty Des~gn a U S  Manufactured 

FCC Typo Accsp1.d Models also ml lab ls .  Puts 88.01.83 

G s n s ~ l ~ . l r a g . n n g e : 2 Y I k H z - 2 9  999 
M H z  In 1W HZ Slops. All did-SDIO. dlgllal 
readwl. desk-lop Icvr. Orlg prlcc l l 0 . W  
Ured.clsan, rcmd .wlp.lacI:saaled onms. 

EXPORT INOUlRlES INVITED 

(,c,t~r.,l I'IIIINL\C 1 ~ t u  I O\I ( ountcr U>IIN,~I ~ h v  Sdcrtl~cc of HJ\IC Pcrfur~i~;~nce 
"Check the features we have that some other l o w  cost counters don't have." 

*A l l  Metal Cabinsr Senslcsvllv 10 MV 1 6 0  MHz *complsrety Auro D.cIm.1 Point 
08 Dlpif .4" LED 0ispl.y 0115V or 12V Owra t ion  *S.l.stible Gats T l m n  I 1  set 5 .1 u c l  
o ~ n p u t  cable Included *Pu.n eutton controls *Bunlt In  Preamp I o ~ t ~ o n a l l  
012V lnout Jack *Gate Light l Crystal Time Be.. 11 ppm eltar cal.1 

7208K 600 MHz K O , .  $149.95 7208A A s ~ r n b 1 . d . .  $199.95 

I 
. .  . . .  

Vm 
W 1  
VIBO 

.VJM 
V l W  
V1358 

F110 
Ft?O 
AM 1 

' YOU'RE S 
BOUT 432. 

.Avmhbk.hn Swtsmh., 1 IS78 OTHER FRWENCIEB AVAILABLE ON REWEST 

CALL FRANK KAWUS - WAISPR 

fl- RF POWER LABS, INC. -[a w- 
e 

M R  1 1 o l s ? l a n R - ~  E - Klnlnd wuhlnptan PMU . Tal.gmn. GQEl1122 ,251 . TELEXNo 32 1MZ 
LN(S 

I 

11 7kpl2t)bal 
11 7kg118itel 
135 lg lX lba l  
202kgl4r i lh l  
11 7kg126bal 
11 7kgl2BWnl 

- 

Ikg122b. l  
1kp l22b . l  
1kg122111al 

. 15, PLACE EAST COAST VHF SD1:IFTY'S 
1977 ANTENNA GAlN CONTFST 
19 ELEMENTS. T/ \NOEMHEFLFCTOR.  

1TMHz BANDWIDTH. 432 MHz CF 

INTEGRAL BALUN. 50 n TYPE N 

ALL ELEMENTS INSULATED FROM BOOM- 
NO GAlN LOSS FROM WEATHERING1 

13FT SELF.SUPPORTING BOOM 

WEIGHS ONLY 2.314 POUNDS1 
'PATENT PENOINU 

MODEL 432-19. . $59.95 
441 MH. CF A N  MODEL U119..  18m 

IOO.L- 

1U148MHz 
144I.BMHz 
I.CIIRMHz 
I44 IIRMH* 
?2U225MHz 
220225MMz 

I 470 4 M  MH, - IllJCICIFD WEATIliRPROOr 
7 WAY SPLIT. MODEL 4PD2 $74 95 
4 W A Y  SPLIT,MODEL 4PD4 . .S2995 
SWAY SPLIT, MODEL 4PD8.. .549 95 I I U K ~  - - -  

NO 
NO 

CW h F M  
VFS 
NO 

C W h F M  

- 

- 

TEST EQU I PMENT 
All  equtpmenl lisled is operational and 

UnCOnd!ttOnally quarant&. Money back 11 no1 
saltslied. Proces l is l rd are FOB Monroe 

........ HPIZOB 4 M k H z g e n  p u r s c o p e  1215 
HP170AlUSM140)  3 0 m H z s c o p e w i l h  

..... reg hor iz,  d u a l  t r a c e  v e r t  p l u g s  .475 
M e a s  Mod 80 Stand  s i g  gen 

.......... 2 ~ 4 W M H z  w i l h  c a l i b a t t n . .  ,225 
............. Q u a n t c c h  303 W a v e  A n a l  ,445 

TekSb5 D u a l  b e a m  IOrnHZ scope 
............ less p l u g  i n s  13ser ies) . .  ,625 

Tek585 BOMHz g e n  pur scope less 
p l u g ~ n  ............................. ,645 

U R M I S  S t a n d  S i g  G e n  IOkHz-5OMHz 
c a l f b a t t n  .......................... .225 

For romplete l l ~ l 0 1  all les iequ~pmenl 
~ ~ a m p e a ,  sell adareswd envelope 

GRAY Electronics 
P.O.Box 941, Monroe. Mich. 48161 

Spec#al~zanq on used lestequ!pmenl 

0316 W 
( Y 9 W  
( V B W  
887500 
8328 W 
M 8 9 W  

O U W  
s urn 
0 X W  

,,. .llS KEYER 

OlW'; IC only (Ow prtelng mlhhh) S 14.1 
W43-3; K. PCB. Imml (llw Rm) . S 24.06 
8043-4: %mHH (Ww I b a I  ....... S S4.m 

0 
w.mn 

ZlBxaOr178mm 
218.330~178mm 
218xJax178mrn 
43213Yh17Bmrn 
218~130r17Bmrn 
216.1W178mm 

- 

FAN LIT 115VAC 
FAN KIT 22QVAC 

19INCH RASKAOAPTOR 

IM 

la15W 
1 W 

B15W 
1KQW 
1al5W 
X 3 5 W  -- 

......... OPTIONS. ... 01) Portabl. w/Ni-Cad Battery IBui l I - in Ch.rp.r) .S39.95 
02) crystal Oven I 1  ppm 0 t o  60°C) 139.95 031 nand la . .  15.00 - . 

104) Bui l t - in P r r r n p  10  MV O 150 MHz . . . . . . . . . . . . . . . .  f 10.00 

OAVIS ELECTRONICS 636 Sheridan Dr.,Tonmda, NY 14150 716/874.%48 , 

135~136~60mm 
?35r135.56mn 
W x h 1 7 8 m m  
-- 

OUlM 

76- 
TSBDW 

1702mW 
3M4WJW 

7085W 
1a160W 
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f -on"=.- 0. SO"r.0 mEB*amc" 

TELEX. 
C < > . " . . . C , ~ , C  A,,<>..< , w c  

Lightweight Headphones 

- 

HFC-91 HMC-2 , . . , " ...,, Ot,l.,..,,<.. h," ACC,,,,..., ,,..,#, ,, "",!..<.l," .,nur,,.,l" 

I. .,. 1 . , , .".m.,:."/I  (.". ,,,< .,,_. ,-.. 11,, ,. < *.. ..,..I ...._ ,.._1.." .,,., 
I * , / , "  ,,,,..., lilt. ,..I" l...,.,,.,. (....,, ...,. ".. .. '.. ',...".,.< ! : ..".,' !" 

I ,. ,.. .... . ,.,., ", , , . 
r., ,.." ,.&.rn,..I.,"<. I , . . .  I.... 

, : .  8 ,  ,,.. , I j  1, . _ * # , , . " -  ,.,,,,.. " .  n-. 
. , ,  X :, .,-., 

. ,. 
o w  a-we vnosos, 10.95 

o-am-NO ~ m a s r m  513.85 OmarC*ID.W' "'4m2s22'00 

Mobile Microphones 

CB-73 
6%. , -  ,.1",,.1"* <t...* ,;,,, :'",' ",. " " .'"'," '" """ ,- .( : .,./ ..,< ,IIYI.WItl" , ,, ,",, 4 ,,a ,,,",,, ... 8, ,,.,, *.. 

" , , >  1..... ,.I.<,.,.,. 1." ".. , > n . . .  ." ,,-,,., .,> 4 ,  ,P -., 
L. .,.,,. .! ,, ,..,,..I,II ,,, rn % * . , . .  _,, ,I I ,, .,,; ,-,, ,.. 
,..,. ,.,. . 1 l*,. 1.. , ,*I 8" i . ,  + , I  "i.*, .,, , -  : ..., 
v,.. 8.. ,c ,"  Il ,r.. I r ",,,, ,,..,,,.,.., , , ,  .I,. I . , , .  
l.l.,...,,., w....., lh(.,n.e 

c - - D I  1 -*s lllllrm 
5 19.95 proeon1 L- -- 

On.-- 10- No 13171031 
0 1 6 . 1  arc.- "0 S , l C o m  $42.95 

(29.95 
Yr.w.mlOlc.41- 
0.e.I b, 0 f . m  " 0  e l lsoom 

Special Headsets 

LighhrOiQhl HelldSel -Mobile ."FM" 
Y I t '  ,C...,' ,,,1, .,. '."... h. ""I I , , ,*.".U I . , ,  8,. n,an ,. , , , .  w.l..lm , ",,"".l,, 

".>,,",l,, ",...,, I....,, " mm <.,, "..,,#,#,... - . . .  V ' .  ,. ' ,."i -.--, h".. I,.i. *,". 
,.,..... >,,. .",(, ..... *,.,"., " ...+. rn,. ,. ..., "..I ..?,." ? >,,f7% , ,... I.lr. *..I .,. , 4 5  ." O-mc."bQ". 11- 

m,,, ,m," ,.., , .  :,m.,., ",.,.,,%...#" 
,.,,., , "... ".I 

$59.95 
1 ,ll., ... , l , " J . .  

O M  b. EM. No 111WWl 

i?+' 
669.95 

Dual Muff HeadphonesIHeadsets 
CM.1320 Heads91 - C - 1 3 2 0 ~ h a l W  

m* r,,, ,.,,.,,,,.. * ,,,,,,,,,," 
,' r:::, , , , , . , t * , , .  ,,,, ,,,,,, 

,"m. ,,I,., .l"tl.l.m"lll, 
t,,, ./<.rill...,... ,,I., , 

MRUUNE 
WATTMmR 

MODI L 43 St W 00 
Elamenn (Table li 2 30 MHz 45 W 
Elsmenn {Table 1) 25 I000 MHz 38 00 

Carrytngcase tor Model 43 & 6 elements 27 SO 
Carrytna cars tor I 2  slemenrr I 7  00 

READ RF WATTS DIRECTLY1 (Spgitv Type N or SO239 con- 
nectors) 0.45 - 2300 MHz. I 10.000 Watts k~";.. low inrat ion VSWR 
- 1.05. Unequalled sconomv and flsxibiltty. Buy only the e lanmr i r l  
covering votrr pcesenf frequency and power needs, a M  ortra  ranges 
late, it your r.qu1rem.nlr expand. 

TWO METER CRYSTALS 
Standard / Icorn / Hea thk l t  / Ken  I Clegg / 
Regency / W l l ron  I VHF Eng. / Drake I 
Moto ro la  HT 220 - and others'  

LIFETIME GUARANTEE! 
Now Only $7.00 Per Pair! 

X m i t  Freq. Make lMode l  Rec. Frw. 

Miss ~ h .  N.E. ARRL cONvENT'ON 
At the ~ ~ ~ ~ t i f ~ I  Sheraton Boxborough 

Box~orough, Mass. Oct 14-15th' 
GIANT FLEA  MARK^^! 

--- -------- -- 
"."\,lhl D'r l .  Cb,.. .. Dm.D~C.L.loOw 61120011 r 

,., , . , , , g h ~ b 4 ,  , * Call 
1 

,mw, ,a ,> ,  ,. t, .,,,.,,>!"., CM.tJ2OS ndw l  I Name 
I,, ,111,' I,,,, *,.,,..,, ,U,I. 

I 
la, /.,'.,,. ,.. / , , / C , "  .I,, .1  

A,,c~.,,..,c & .  . -... ,,,, ,.,. I Address I 
157.25 w:"  ,, t,ms 

mdo.w-loOw e9,rnoas 1 I 
City I 

I State Zip- 
C-1210 HeadPhOnO 

I 
,ll,,l*all. 1 ,rnl I! l"., 

CM-1210 H d s 9 I  
~ . , t , , , ~~ . , , ~ i +  mll,vr with rntnophone I ,,.,,", , , , , I  

I 
, ,". ,, , , ., 1 Order: 

,. <t., .., .., 
I 

om"* U U W  
I 
I 

528.30 

Check enclosed Visa [ ~ j  Master Charge 
I 

c.610 Headohano [ I  American Express 
I 

L,"' .%* ..,, n. n .,. ,. A,,  
, l l l ~ , ~ ~ i . . , ~ , O n .  ,,,. 1 I . l.ll.l CM-610 Headre1 I I 
c . .  / /# \ . . .  i l l . l  1,11, 1 " , I , ,  !",,,',"',". ,,llic 

.,, I,,,,8 ,"., , ,  .,,> ,.,* , , .  , , ,  Credit card # I 
.,.,,., ,,,P,.,. ,,I. " ,  ..., I 

5" ' /  ' .. '4: F , ,  " .",..,.,I.,'. 

..! , I ... ,,,.. .* I Card expiration date 
I 

=2gU," I Signature 
I 

SWL.610 Headphone 
,.,,,. ..,,,,, ",. ..,,,.., .,, a,,,, SEND FOR FREE CATALOG! I 

Dd. l4  &,.log 
111.~0 NoI I6Y) .X2 Radio Eh%3ronlca 

I 
209.H Mystlc Avenue I 
Medlord, Mass. 02155 1 

PC-1M) Headohona Headohone Jack Bo8 (61 7) 395.8280 
,,,,/ .>t,. ,, . I  , I  H._  I ,r. I.,.,, I,,, .',llll.,, 

I 
,...I .-,...,. ,,, , , * ,,,,. l".,,l. . .i I. ... ,., 

, , > ~  , . " , 8 ,  ?,,.",.a,; 

I 
? .,., ,? ,.... ,, .3m,c  

pB .,,.. .,. . d rl, .,.,, ., A m e r i c a n  Express ) 
..,...., .,. ' I  %.., 4; 

L -x .,I.p ,,.. I) . : . $3.00 shipping 8 handling f o r  ALL orders. I 
" , . ,., *,. 

o ~ ~ .  w -1.- Mass. (Mass .  - I 
NO 61510010 residents add 5% sales t a x )  

516.95 -1 L - - - - - - - - - - - - - - - 



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

ILLUSTRATION TRAP 

--. 
By the only test that means anything . . . 
on the air comparison . . . this array con- 
tinues to outperform all competition.. . 
and has lor lw0 decades. why For technical data and prices on corn- . . . Telrex uses a unique trap design plete Telrex line, w r i t e  f o r  Catalog PL 7 
emulovina 20 HiQ 7500V ceramic con- 
dense;~ per antenna. ~ e l r e x  uses 3 opti- 
mum-spaced, optimum-tuned r e f l e c t o r s  
to p r o v t d e  maximum gain and true F/B 
Tri-band performance. ' .. . . ".I. r , . r  ,a>, .  o , > , s  " $ 4  

ARRL HUDSON DIVISION CONVENTION 

PLAYBOY RESORT & COUNTRY CLUB 
AT G R E N  WRGE 

McAFEE, NEW JERSEY 
1.0N50180 BY IHt  HYDIOM A Y A I I Y I )  l l lDlO COLlUCll IYC 

NOVEMBER 10, 11, 12, 1978 
SPECIAL PROGRAM FRIDAY NIGHT 

E X H I B I T S  --- LECTURES --- FORUMS --- FLEA lURXET 

FREE PARKING --- C O E  FOR THE DAY OR THE WEEKEND 
.. 

.... .._ W W  ROOM PATES --- INDOOR POOL --- FAMILY FUN 

' ATTEND TRE SATURDAY NIGHT W E T  AND ENJOY 

'... ._.. RON SWUBODA WAZHVU AND JEAN SHEPHERD K2ORS 

/'- 
J .  

ADDITIONAL INFORMATION CAN BE OBTAINED FROM' HANK WENER WBZALW. 
CHAIRMAN. BY WRITING TO HIM AT 53SHERRAROSTREET. EAST HILLS. N. Y. 11577 

FLEA I U m E T  INFORIUTICI I :  W r i t e  t o  P e t e r  K a r p a k ,  23 R e d l a n d  A v e n u e .  
C l i f t o n ,  N.J. 0 7 0 1 2 .  P l e a s e  e n c l o s e  a l a r g e  S.A.S.E..You can c a l l  P e t e  
n i g h t s  a t  2 0 1  779-4590 or Dave R e t t i q ,  d a y s  s t  2 0 1  154-1600.  

I USE COWON (OR FACSIMILE)  TO ORDER REGISTRATION AND BANOUET TICKETS - - - - - - - - - - - - - - - - - - - - - - - 

- l l T ~ 1 S T m l 1 1 0 1 1 1 1  . rOhn. NIME C*L L 

1DDRESS _ ~ L N O U I T  T1Cxt1111 I T  335m. CLTY STATE - ZIP- 

1 MAINTAINS VOICE OUALITY I 

NO CABLES OR BENCH 
SPACE REQUIRED 
EXCELLENT FOR 
PHONEPATCH ::p 5 
NO ADDITIONAL ADJUST- 
MENTS - MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT- NO I MODIFICATIONS REQUIRED 

Models Now Available I Collins 311. KWM-2 . .  I 98.5Ll r I 
I 

~ ~~~ . - .~-. ... 
D r a k e  TR-3; TR-4, TR-6, TR-4C. 
T.4. T-4X, T-4x0. 1-4XC $128.50 ea. 

P o s t ~ a i d  - Calif. R e s i d e n t s  1 
I add 6% Tax I 
I watch for other models I ah r l  I 

ITERPRISES 
Power Supplies 
Ampl~her\ 

Markpr ol r ~ a ~ ~ n g  Frequency 
Grrwralors Standards 

Box 410 (Psmp S 74343 
atalog 
Fairland, OK 
,3752 

I W E A T H E R  M A P S .  P R E S S !  
T h e  Fax A ~ P  Cltaior on our l u l l  S I Z C  118- 112. wlde) 
recorders  These commerc ln l -m l l l ta ry  un l ts  n o w  avs l l  I 



f REPEATER USERS - stay in  ouch - with DSI 
- 

UNIVERSAL TOUCH-TONE@ ENCODERS 
The Data Signal TTP Series of  keyboard encoders i s  used to 
generate the standard 12 or 16 DTMF digits. The encoders 
provide fully automatic transmitter keying and feature a 
delayed Transmit Ready light, an interdigvt tlmer, and a built. 
in audio monitor. Features also include all solid-state, crystal. 
controlled. d~gntally.synthesized tones and an optlonal internal 
mount Automatic Number Identifier IANI). 
TTP-I (12.dielt) $59.00 
TTP-2 (16digit) $69.00 

MODEL DTM - Completely self-contained miniature encoder 
for hand.held portables. Only 5/16" thick. Three wlre con- 
nect~an. Automatic PTT keyin optlonal. With our choice of  
keyboards. Price DTM - ~39.0%. DTM-PTT - $4400. 

I .Touch.Tone is a registered trade name of AT&T. 
- - 

I SUB-MINIATURE ENCODERS 

MODEL SME - Smallest ava~lable Touch Tone Encoder. Thin. 
only .05" thick. keyboard mounts dnrectly to  front of hand- 
held portable, while sub.m~n~ature tone module flts ins~de. 
This keyboard allows use of battery chargers. Price $29.00, 
~ 8 t h  your chance of keyboards. SME (less keyboard) $24.00 

DTM 

AUTOPATCH - Ready to no! 

-- 
A Complete Autopatch facdlty that requtres only a repeater 
and a telephone line Features nnclude slngled#g#t access/ 
dlrconnect, dlrect doalong from mobtle or hand held radios. 
adjustable amplofters for transmntter and telephone audta, and 
tone burst transponder for acknowledgement of patch dts- 
connect. 
RAP-200 P. C. Card 
RAP-POOR Rack Mount 

2403 COMMERCE LANE Be sure to ask about 
our new keyers and CW 

ALBANY, GEORGIA 31707, 912-883-4703 memory for C W buffs. 



I PRETUNED - COMPLETLY ASSEMBLED -\r FOR ALL MAKES d MODELS OF AMATEUR 
ONLY ONE NEAT SMALL  ANTENNA FOR TRANSRECEIVERS - TRANSMITTERS - 
UP TO 6 BANDS! EXCELLENT FOR CON- C GUARANTEED FOR 2 0 0 0  WATTS SSB 
GESTED HOUSING AREAS - APARTMENTS 1000 WATTS CW. FOR NOVICE AND ALL 
LIGHT - STRONG - ALMOST INVISIBLE I CLASS AMATEURS1 I 
I 

. 
COMPLETE AS SHOWN wRh 9 0  11. RG58U-52 ohm lasdlna. and P L 2 5 9  mnnutor. Insulators. 3011. 
3 0 0  b. test dacron end swpons. canter connostor wlul buln In Ilghnlnp mnesta .nd static dl8cbroe - 
molded. sealed, wo.thaproof.ra.orunl traps VX6"-you MI swRsh to  bmnd desbed lor excellent worldwtd. 
opo,.tlon - tr.n.mltmp and ~eslovlnpt w T .  LESS THAN 5 LBs .  I 

I 80-40-20-15-10 bmnd. 2 tr.p -- 102 ft. wnh 9 0  ft. RGSBU - sonnmstor - M o d d  9989U . . .$49.95 
40-20-15-10 bands 2 Ira. ---5411. wnh 90 ft. RG68U s o a i  - connaetw - Model 1001BU. . .+48.95 
20-15-10 band. 2 trap--- 2 6  ft. wnh 9 0  n. RG58U coax - conn.ctor - Model 1007BU . . . . $47.95 I 
I SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. (C.n.d. b $5.00 extra lo r  ~0.1. e - custom. - or orda lnlng VISA Ban* A m d u r d  - MASTER CHARGE - AMER. ex: 

PRESS.Glrs number and ex. data. Ph 1-308-236-5333 9AM - 6 P M  week days. We 'Up In 2-3 days. 
PRICES MAY INCREASE S O  - ORDER NOW AND SAVE1 A l  .nlennm. gu.r.nteed lor 1 Yemr. Money 
bash trl.11 Made ln U S A .  FREE INFO.AVAILABLE ONLY FROM. I 
I wCSTERN ELECTRONICS Dcot. AR- 9 Ke.rn.y. Now.sk.. 6 8 8 4 7  1 

"WAZYERBESPRIS?" 

s i 
s s : CALL US FOR OUR ggCASH-AND.CARRY" PRICE 
S IN-STOCK ITEMS SHIPPED UPS WITHIN 24 HOURS s 
s S 
s PHONE: TUESDAY - FRIDAY 10-5 s 
s s 
s OTHER HOURS BY APPOINTMENT ONLY s 
s s 
! f 
t 
s C F P COMMUNICATIONS t 

s 
S 211 NORTH MAIN STREET 
S HORSEHEADS. N. Y. 14845 
? PHONE: 607-799-0187 

If p o s s ~ b l e  let us k n o w  four  t o  SIX weeks  
be fo re  y o u  m o v e  and we will m a k e  su re  
your H A M  R A D I O  Magazine ar r tves on 
schedule .  Just r e m o v e  t h e  mailing label 
f r o m  t h ~ s  rnagazlne and a f f i x  below. 
Then comp le te  your new address (or any 
o the r  co r rec l l ons )  in t h e  space provided 
and we'll t ake  c a r e  of t h e  res t .  

ham radio Allow 4-6 weeks for 

Maaazlne 
correction. 

~ r e e n v i l k .  NH 03048 
Thanks lor helping us to sswe you better. 

r--1 r - -  

I I m 
I AFFIX 

7 LABEL 

1 1 I 
HERE 

I 



WORLO PREFIX MAP - Full Color. 40" r 28". 
shows prrllres on each country . . .  DX zones. 
Ilene zones, cotics, cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD - from the center of the United 
Slates! Full color. 30" x 25". l lrt ing Great Cir. 
cle bearings in  degrees for s i r  malor US. cities: 
8051On. Washington. D.C.. Miam,. Seattle. San 
Francisco & LOS Angeles. $1.25 
RADIO AMATEURS MAP OF NORTH AMERICA1 
Full color. 30" x 25" - includes Central Amer. 
icn and the Caribbean to the equator. showing 
call areas, zone boundaries. prefixes and tlme 
zones. FCC frequency chart. plus useful informa- 
tton an each of Ihs 50 United Stater and other 
Countries $1.25 
WORLD ATLAS - Only atlas compiled for radio 
amateurs. Packed with world.wids information 
- ~ncludes 11 maps, in 4 colors with zone 
boundaries and country prefixes on each map. 
Also ~ncludes a polar projection map of tha 
world olur a mao of the Antarctica - a corn. 
piete set of maps of the world 20 pages. Slre 
8%'  x 12" $2.50 
Complete reference library d maps - set of 4 
as lusted above $3.75 

Sss your favorite dealer or order direct. 
Mail orders please include $1.25 per order 

for shipping and handling. 

Dept. E 925 Shemood Drive 
Lake Blufl. 111. 60044 

MODEL . 5OOMHz l[p[ppp[ 1 CTR-ZA & 1 GHz 

. " 
150 MHz I 

T h e  N e w  Mode l  CTR-2A  Serles Counters  are  deslgned e n d  b u l l t  t o  t h e  highest standards 
t o  f u l f i l l  t h e  needs o f  commerc la l  communicat lonr ,  englneerlng labs e n d  serious experi-  
mentors. W i th  en  accuracy o f  + .00005% (oven o p t i o n )  t h e  C T R - 2 A  can hand le  t h e  mos t  
c r l t l ca l  measurements and is abou t  ha l f  t h e  cost  of  other  commerc la l  counters. 

I f  y o u  need a rel iable counter  a t  an  a f fordab le  price, t h e  C T R  - 2 A  is t h e  answer. 

Built-ln Pre-Amp 10 mv @ 150 MHz Period M e a s u r e m e n t  ( O p t ~ o n a l )  

8 D ~ g l t  .3" LED D t s p l a y  Input Dlode P r o t e c t e d  
Hlgh S t a b ~ l l t y  TCXO T l m e  Base  12V-DC Operation (Optional) 
Bullt-ln VHF-UHF Presca ler  O v e n  C o n t r o l l e d  C r y s t a l  ( O p t ~ o n a l )  
A u t o r n a t ~ c  Dp P l a c e m e n t  + .5 ppm 
T C X O  Std i 2 ppm S e l e c t t b l e  G a t e  T~mes - 1 81 1 sec. 

5 0 0  M H z  K i t  CTR-2A-500K  . . . . . . . . . . . . . .  $249.95 
5 0 0  M H z  Assembled CTR.2A.500A . . . . . . . . . . . .  349 .95  
l G H z  K i t  CTR.2A-1000K . . . . . . . . . . . . . . . . .  399 .95  
l G H z  A s e r n b l e d  C T R - 2 A - 1 W 0 A  . . .  . . 549.95 

O P T I O N S . .  . .  
02 )  Oven Crvstal  $49.95 05 )  10 sec. T i m e  Base $ 5.00 
03 )  .43" L E D  10.00 06 )  Period 15.00 
04 )  1 2  V - D C  10.00 07 )  Handle  10 .00  

D A V I S  ELECTRONICS 636 S h e r ~ d a n  Or.. Tona., N Y 14150 7161874.5848 . J 
More Details? CHECK-OFF Page 142 septernber 1978 141 



AdVerTisers v' 
check-off 

... for literature. i n  a h u n y  -- we'll 
rush your name to the  companies 
whose names you "check-off" 
Place your check mark in the space etween 
name and number . Ex: Ham Radio J234 

INDEX 

AEC - 671 
AED A 710 
ARRL ' 
ALDA - a 
Ad* E*el . 

A@ - m 

m E m  . Sub. 
Am R.d Csnlsr - 
Amdon - m5 
A n l a m  Man - W 
A w l 0  - 011 
Applnd lnr  - 711 
Ansnrn: S u m  - 644 
At* . - 198 ..... 

Bunarm1 ' 
CFP-oa  
CW E k l  - EZJ 
Cal Clylml - )(B 
Clsw 027 
ComwnlQuOl. 

Csntal - 5J1 
Comm S p c  - 31) 
Comm Tech 

Grarp A M5 
Cnscsl E.n*i",, - 573 
Curie Elscao - a34 
Cushcraft - 035 
DSI - 858 
DX EW . m 
D a m  C m  . 551 
D a m  Ted . 324 
Dam Sam1 . 270 
Davn Elsc . 512 
DanTrm . 2U( 
DmcCap-449 
D m  lmlru . 112 
Drake . aB 
E T O  ' 
E l e c t r a m  . (ID 
Elm Dnn . OU 
Elm Equlp 

8.* - m 
E k t r o r m n  - Q) 
E m l a  - OU) 
Ercf- ' 
F.8, RdIO - O11 
Fox T a w - 8 5 7  
GLB _- 652 
G o d h l -  (Y7 
Grar - 066 
t r s p v  . 
G"1' - ul5 . Hal-OSI 
Hal Tmnh - 251 
HRCE - I50 
HR MIWZ ..I na - 150 
Hamlronto NY - 248 
Hamlronrcl PA ' 
H a w  Smnbv - 713 
Heath - 080 

Hdpha . 
Hmw - 
Hy-Gain - aY 
lCom - D55 
InfeTach - 361 
Inlag Circuiu - 518 ... Clylu l -  D55 
J e w 0  - m 
Jan - @¶ 
J O n n  - 6m 
K E n t m m n  071 
Kanlrontra 806 
K s w m d -  
Kbur  .- UO 
L TlonlQ - 578 
Lmls Glant - 011 
Long's - 453 
Lvia -373 
M F J - m  
Mad- 
Mar8 n. E k  . Inl . - 714 
Monroa - 715 
NuDam - 456 
P.10,. E*c . - 673 
Palomat Eng . - 093 
par... d m  - 439 
Palhcom - m 
Pica - 481 
Pol" Pa* . - 09(1 
RF P-r L.b- (m 
PllW . ..... 
C~ l l iX&  - 100 
R8d.O Expo . 
Radio Warld . 
R a m  - 442 
S F A  R S . - m  
SST - 375 
S c a m  

W o n r b  - (IBD 
S h a r w d  -435 
S I ~ P  - m 
s w c s  - 10) 
Spsclr Dns. - 191 
s m ,  c- . - 3m 
s m m m  I", . - 108 
Stan6ard C o r n  . - 109 
saan - 11 1 
TPL - 240 
Tayla - 674 
Tslrax - 37l 
T a l a  1-n 
Trm Ex - I I6 
T n M n  - 544 
Tr~sOo - 118 
Tufm - 9 1  
VHF Enp . A 121 
Vanpuard L.b. - 716 
Varlan - DU 
wsv  ns - 617 
w-mr *ra - 423 
Wslmchsnfsl- I22 
Walsrn 
Wh.l.hOU .. - 378 
Wlkon - IT) 
wren - 702 
Y L ~ W  - rn 

-PI- C O ~ O C ~  this adwniwr direcdv . 
Limit 15 inquiries per request . 

September. 1978 
Please use before October 31. 1978 

Tmr Otf and mail to 

H A M  RADIO MAGAZINE . "EM off 
O m m l l l s  . N . H . mDUI 

N A M E  ......................................... 

CALL ................. 

STREET .......................... 

.................. STATE ................... ZIP. 
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nothing There's I 
like it 

RROlO AMATEUR callbook 
Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information . 

The U.S. Callbook has over 
300, 000 W & K listings . It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to ex- 
pect from the Callbook . 
Specialize in DX? Then you're 
looking for the Foreign Call- 
book with almost 300, 000 
calls, names and addresses of 
amateurs outside of the USA . 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite electron- 
ics dealer or dlrect from the pub- 
lisher . All direct orders add $1.50 for 
shipping . llllnols residents add 5% 
Sales Tax . 

RAOlO AMATEUR 

Lake Bluff . 111 60044 

ABCC-nhlm ............................... 1 3  
................................... A E D E h  Dns. 13l  

A R R L . H - D M  .............................. 133 .............................. A L D A C m r m n u -  115 
Advanced E k n o n r  A D D ~ U O ~  . . . . . . . . . . . . . . . . . . . . . .  82 
AMtllco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
A l u r m T w r C o  114 

........................... ~ r m ~ s u r  E k t r m i c  S u  124 
AmatsurRed~oCnnr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
Am!0anAss~  102 
A"l""W Man 1111 

Dnmm.TW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Data S fgn I  I w  1Jg 
Dava Electranla . . . . . . . . . . . . . . . . . . . . . . . . . . .  I33 . 141 
DsnTronRsd~oC-w . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
DncCap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D4w 1n.trUmnu. InC 125 
DrakaC0.R.L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
Ehrhan Tschnd~piQIDpemUOm . . . . . . . . . . . . . . . . . . . . . .  143 
Elsclrocm lndustras . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
Elec,ron, c Dnt,!bulm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130 

Fox TnngoCorlw.llon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
GLB 112 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Godbaut E k n m l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
GrsvEklron8o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
Grngw E lec l rmb  . . . . . . . . .  .. .. . . . . . . . . . . . . . . . . . .  71 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GullEkectron> cs 117 
Hal Commun~o t imCom . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HaiTronm J3 
Ham Radso'a C-niQUOm BoDLnm . . . . . . . . . . . . . . . .  140 
Ham RldloMapln n. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 . . ....................... Hamrronlcs Inc Roch1.r.  NY 113 
Hamtron~o . Inc .. Tmv- . PA . . . . . . . . . . . . . . . . .  82.63.71.81 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Hatmt StanlayCo 114 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hns thCompq  41 

HeqghmMfp CO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Honn, Rad8oS tm C m r l l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hr  GalnElectranla 91 

Shsmood Ensmari",, ... 
. . . . . . .  Slap Elaclmn8cs 

Smca Elscrronba . . . . . .  
Splclronla . . . . . . . . .  
Sm l ru rn  C a m u r i s m b m  
smc,rum 1nnm-l . .  
Swan E k t r o n r s  . . 

Tl" la0Ta.a~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
....... TufuR.daoElmm . . . . . . . . . . . . . . . . . . . . . . . . .  131 

. . .................... VHF Enp8nannng. D n  Ol bownhn 102 
VanguardLa b. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Varlan El-c Div ioo  C o r n  IV  
Wshalsr h o c l a l  . ................................ 128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  we, -hanker I30 
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pressly for amateur radio 
operation. *Complete with 
PTT B LOCK switches. 

Easy conversion from HI 

coil cord for instant hook- 
r alarm with 8-10 min. snooze button can also be up to any Kenwood rig. 
a station ID buzzer. 110 volts AIC operation. 

speaker 1 phone patch automatic dialer 
Tune-up off Me air with Dentmn's 
Big Dummy Load. A full power The SP-101PB features a re- You get 18 numbers from a 1-2 
dummy load, it has a flat SWR, sponse speaker from 300 to 3000 punch. Make quick and safe auto 
full frequency coverage from 1.8 Hz *Buil t- in hybrid phone patch calls. The AD-1 features: 
to 300 MHz. A high grade indus- patch *VU meter *Full VOX Key-Pad programmable mem- 
trial cooling oil is furnished with phone patch operation *Re- ory *Built in speaker *MOS 
the unit. Fully assembled and ceiver input impedance: 4or600 micro-processor *Crystal con- 
warrantied. Help cut out the QRM ohm *Output impedance: 600 trolled *Mates with virtually all 

ohm or high impedance. amateur FM transceivers. 

29.50 Call for yours today. 64.00 Call for yours today. 129.95 List. Call for quote. 

I 

m 
- ~ong's Electronics RW m 

MAIL ORDERS P O .  BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U1S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru F r i d a y .  

144 september 1978 More Details? CHECK-OFF Page 142 



Fg RAM 
-.- - - MAP . - - -  rid' 

THE 901DM "SMART RADIO" FAMILY 
HERE NOW 

left to right YD-844A High/Low Impedance Microphone (50K1600 Ohms) 
FC-901 Antenna Tuner 
FV-901 DM Synthesized Scanning VFO 
FT-901 DM HF All Mode Transceiver 
FTV-901 Multi Band Transverter-2 meter/6 meter/% meter 
SP-901 P Speaker Phone Patch 

? And Specll~cat~ons Subject To 
qae W~thout Not~ceOr Obllgatlon 

THERE'S MORE TO COME . . 
- ., , m-6 (1, @I vb lsu  

-*,.; ~o."^a^* .,_. ,... "..",,.. 

VAESU 
The radio, 



E I U C  tubes win a place 
in Rockwell-Collins' 

HF-80 systems. 
Rockwell-Collins chooses EIMAC For more information on what makes 

tubes again. these and other EIMAC tubes so special, con- 

To power their new HF-80 family of 1 to tact Varian, EIMAC Division, 301 Industrial 

'10 kW hf single sideband radio equipment, Way, San Carlos, California 94070. Telephone 

Rockwell-Collins needed tubes as well- 
(41.5) 592-1221.0r contact any of 

constructed and reliable as the HF-80 system 
the more than 30 Varian Electron 

itself. That's why they went with EIMAC, the 
Device Group Sales Offices 

way they have for every hf system they've 
throughout the world. 

built since 1958. 

The deciding factors- 
EIMAC's quality, 
backup, availability 
and customer 
acceptance. 

The new HF-80 
equipment ranges from 
operator-attended rc- 
ceivers and transmitters 
to fully automated, re- 
motely located communica- 
tions stations. The HF-80 is 
used worldwide in business, mili- 
tary and general government com- 
munications. So Rockwell-Collins needed 
tubes with worldwide availability and tech- 
nical back-up. EIMAC's proven customer 
acceptance and well-established reliability 
were more pluses. 

The HF-80 uses EIMAC's 
4CX1500R at  1 kW, 4CXS000A at 3 
kW, and 4CX15000A at  10 kW with 
ElMAC's 4CX350A as drivers. 



Share the Heathkit experience with your kids! 
';cn,l :qr fhc h ~ o  ncw 

\ 7 

You'll f lnd nearly 400 fun-f i l led kit 11'8 FUN to bulld-In more 
bullding experiences both you and qualltY tor Your electronbcs 
vour famllv can enlov. There's ham Send for your 

bear, co~o; TV s, stereo components. 
drgltal clocks. test Instruments, treas- vm 7 
, ) re  flnrlprs comouters oerloherals. -. .. . 
and MORE-all wlih easy, step-by-step 
lnstruct~on manuals Share the Heath 1 

experience-lt'11 make your whole rela- R -  I 

t~onshlp ... a lot more speclall 
9 

r- 

I '?FhQlr; Send m e  my  personal copy  of the newest 

- -, Hea thk~ t  Catalog. I a m  not  currenl ly  on 
vour mai l ing 1st. 

Heath Company. Dept. 122450. Benton Hnrbor. M I  49022 

, NAME 

ADDRESS 

CITY 

STATE ZIP 
Ham Radlo PC-129 

Start a worthwhile family hobby today! 



enjoy the world' 
leading electron~c 

THE ALL-NFw 
HEATHKIT 
Nearly 400 build-it-yoursel, 
kits that the entire family 
can enjoy 

LOG 
If 

Send for your free copy today! 
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