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1 
HENRY RADIO'S "WORKHORSE" 

. , - . . .  - * 

Never has a linear amplifier racked up so many hours of dependable 
o~eration for amateurs worldwide . . . ooeratina at full leaal oower . . . R - .  
hbur after hour . .  . under every type of condition imaginable. Because 
the 2 K - 4 A  is built with the very best, heavy duty components available. 
it can loaf along at full legal power. I t  offers engineering and features 
second to no other linear on the market. The 2K-4A will put your signal 
on the air with greater strength and clarity than you ever dreamed 
possible. 
Operates on  all amateur bands. 8 0  thru 1 5  meters (cxpon models tnclude 1 0  meters) 

Features t w o  rugged Elmac 3.5002 grounded g r ~ d  t r~odes - P1.L plate clrcult w ~ t h  
s~lver  plated tank toll Resonant cathode-pt Input clrcult lor llnest l ~ n e a r ~ t y  & maxi- 

m u m  d r ~ v e  (tuneable des~gn permtts operation on  any frequency l rom 3 5 to 3 0  mega- 
cycles) * H ~ g h  e t t~c~ency  torodlal f~ lament choke - Bu~l t - tn SWR b r ~ d g e  and relat~ve RF 
output meter - Electr~cal re-set overload relay Double rugged band change swltch 
w ~ t h  2 0  a m p  contacts and s o l ~ d  stra~ght.through mechanncal llnkage Heavy du ly  
bronze gear d r ~ v e  lor resonance and load condensers Conservat~ve heavy-duty 
2 8 0 0  volt DC supply. Resonant choke Input l ~ l t e r  lor superb voltage regulat~on 

S o l ~ d  state rec t~ l~ers .  M a x ~ m u m  legal Input all modes 2 K W  PEP SSB 1 K W  CW. 
AM-FSK . Long lrfe 5 0  a m p  mercury power relay . Feed around antenna relay All  
alum$num cabtnet to elm~nate magnetlc resonance Double RF s h ~ e l d ~ n g  

Thp 2K 4 IS r t ~ l l  available lot expan and mll~lary use Prlce $ 1 0 9 5  

Anorh<.r w,pt*rb l ~near  f rom Henry Radto de- 
s~gned and bull1 to perform at peak level 
month after month. year after year Operates at 
lul l  legal power conttnuous duty on all modes 
The 2 K D - 5  IS a 2 0 0 0  watt PEP input ( 1 7 0 0  
watt PEP n o m ~ n a l  output) desk model RF Iln- 
ear a m p l ~ f ~ e r .  coverlng the 8 0 .  4 0 .  20 .  and 1 5  
meter amateur bands Features two E ~ m a c  3-  
5 0 0 2  glass envelope t r ~ o d e s  operating I n  a 
grounded grtd ctrcult . PI-L plate clrcutl w ~ t h  
a rotary salver plated tank c o ~ l  lor greatest 
e l f ~ c ~ e n c y  and max lmum attenuation of un. 
wanted harmon~cs  - Full legal Input  I n  all 
modes. 2 0 0 0  watts PEP Input for SSB. 1 0 0 0  
watts DC Inout for CW-RTTY.AM Pr~ce $ 8 9 5  

- 
A lcttlr 1 1  I, A + , !  a l ~ t t l r  I ~ o h t e r  A N D  less 
expenstvr hcir the 1KD.5 1s a lrue Henry 
Radlo Inn~;lr an,l>lcf~cr offerlng superlor quallty 
and dependdbtllty It 8s des~gned to greatly 
bc9:t the strength and clartty 01 your slgnal 
Its heavy duty components guarantee years of 
trouble  ire^ dependable performance 
The 1KD 5 IS a 1 2 0 0  watt PEP Input ( 7 0 0  
watt PEP n o m ~ n a l  output) RF l~near a m p l ~ f ~ e r  
coverlng the 8 0  4 0  2 0  and 1 5  meter ama. 
teur bands (also TO meters o n  unlts s h ~ p p e d  
ou ts~de the U S ) Features an  E ~ m a c  3.5002 
glass envelope t r ~ o d e  - ALC clrcult DC relay 
system . Relative RF power meter . PI-L plate 
CI~CUII w ~ t h  a rotary sllver plated tank cot1 ' 
Cathode PI lnout  malchano ctrcutts Conser- .~ ~ 

vatlve power supply w ~ t h  solid state rectlllers 
Prlce 5 6 9 5  

?ti n ! : ' i v v r r ; ' c l n !  b a l l  i r A n u  
A M D L I ~ I F I : .  

A h ~ q h  qualt ly lonear a m p l ~ l ~ e r  d e s ~ g n e d  lor 
commerctal and m ~ l ~ t a r v  uses The 3K-A em. 
ploys two rugged E~mac 3 .5002 grounded 
grid triodes for .iuper~or l~nearnty and provides 
a consrfvallve thrr?t? k!lowatls PEP tnput on  
SSB wtth ef f~ctenc~es In the range 01 60 'd  
Thts results I n  PEP output I n  excess o f  2 0 0 0  
watts It prov~des a heavy duty power supply 
capablr o l  lurn~shong 2 0 0 0  waltso! continuous 
duty Input for e ~ t h ~ r  RTTY or CW w l l h  1 2 0 0  
warts output 3 5 - 3 0  MHz Price 51495 

,1 v% ! ~ I  L T R I ' 
Spec~f~cal ly  deslgned lor the most demanding 
commerc~al  and m ~ l ~ t a r y  operdtlon lor SS8. 
CW FSK or A M  Features gewra l  cuverage 
opecallon l r o m  3 0 to 3 0  MHz Using thd 
magnl f~cent  new Elmac 8 8 7 7  grounded grid 
triodes vacuum tune and load condensers! 
and a vacuum antenna relay the 4K-ULTR! 
represrrrts the last word I n  rugged 
ljnear h q h  power RF a m p l ~ l ~ c a t ~ o n  
drqve drltvera 4 0 0 0  watts PFP Input 

Puce 532 5 
'Not ava~lahle for sale lo amateurs In the U S  
Export inquiries are invited. 
F.port rnodnlr of Amrlreur un,t\ ava~lable tor 1 (  
mP1Pr operatton also 

* 
I n  =-<-m*P P pmFP 

11240 W Olympic Blvd Los Angeles Call1 90064 2131477.6701 
931 N Eurlad Ansheom CaItI 92801 7141772 9200 
Butler. M~ssour l  64730 8161679.3121 



P o w r  Nomanal 13 6 VDC lnpirl a1 15 amps. SPU"OUS Harmonics belle, lhan 45 dB below 
Requlmmmh: neqatlve ground only Radtallon 30 MHz. beller than 60 dB above . . 
Power Rece~ve - 5 5  wall^ (tncludes doal and 

30 MHz 

Consumpllon: meler lamps), Trensmll - 260 watts Frequency Less than 100 Hz drall per hour (from a OPTIONS & ACCESSORIES 

Dlmenslona: 3-114- hlgh x 9- wnde x 12-1/2" deep cold SIWI at room lemperature) Microphone . . . . . . . . . . . . . . . . $14.95 
162 55 mm x 228 6 mm x 317 5 mm) M'c'o~hone Hagh impedance 3 0 ~ )  ohm Mobile Mount.. . . . . . . . . . . . . . . $3.95 

Weigh(: 8-It4 Ibs (366 kg1 Rccclrcr: 
Senstlcvtty Beller than 0 5 walls audio oulpul lor 

'lanker - 
PERFORMANCE SPECIFICATIONS o s IIV I ~ P U I  Model No. PC 701 . . . . . . . . . . $39.95 
Frequency ~ a k g e :  

w o k  
RF Inpul Power: 

Tnnrmllter: 

Anlenna 
Impedance 

Carrler 
suppresston 

Sod?-Band 
SuPPressmn 

80 meter band - 3 5 to 4 0 MHz 
40 melpr band - 7 0 lo 7 5 MHz 
20 meter band - 14 0 lo  14 5 MHz 

CW. USE. LSB 

SSB - 250 walls PEP nom~nal 
CW - 250 walls DC marlmum 
Iadl~SIRbleI 

50 ohm, unbalanced 

Better lhan 45 dB 

Belfer than 55 dB a1 1WO Hz 

Signal-lo-Nolrr Beller than I0 dB SININ lor 
Ral80 0 5 pV 8n~t)l 

Image Ratlo Beller lhan 60 dB 
(lyplcal vrlh resPPCt lo 0 5 6rV lnpul 80 melets - 

130 dR 40 mr.tFrS - 100 dB 20 melers - 75 dB1 

IF Re~ecl~on Better than -70 dB 
ltVP8cal wllh rrSPCCI to 0 5 p V  ~npol  80 melers - 
110 dB 40 melers - 80 dB 20 melerr - 75 dB) 

lnterm0d~lal8on 
Intercepl Poml Beller than 10 dBM 

Selecttv~ly 2 5 k H z - 6 d B  5OkHz-60dB 

Audio Output 
Power More than 3 wafts 

Audlo Dtstorlmn Less lhan 5% a1 3 watts 

100 kHz and 25 kHz 
Dual Crystal Calibrator- 
Model No. PC 801 . . . . . . . . . . $19.95 
Portable Power Supply - Model 
No. ALDA PS 115: average duty 
15 amp unregulated: Input - 
115/230 VAC. 50/60 Hz: output - 
13.8 V nominal at 15 amps.. . $84.95 
Heavy Duty Power Supply - Model 
No. ALDA PS 130: output - 
regulated 30arnpat 13.8 VDC: input - 
115or230 VAC. 50160 Hz.. . $149.95 

alda communications, inc. 215 Vio EI Centro Oceanside, CA 92054 (714) 433-6123 
EunCPt Dovocom Dox 442 5-194 v4 Upplondr Vmby 5weden . EXCEPl FPANCF Poulr8elque% Dtffulton Elerrron~que IARL 89 Dir Rue De Chorenron - 75042 Par85 

ALDA 103 is completely monufocrured In h e  USA. 



I MFJ INTRODUCES 
' MFJ ENTERPRISES. INC 1879 I 

NEW MFJ-940 VERSA TUNER II 
For $69.95 you can match any coax line or random wire from 1.8 to 
30 MHz. Up to 3 0 0  watts RF OUTPUT. Built-in SWR, dual range watt- 
meter. Six ~osition antenna switch. Efficient airwound inductor. 

* When you buy MFJ 
I 

you buy proven MFJ 
T U * N S M I l l E U  ,N9wA,l< 

? + I < ,  A k  I A h i l t h N A  
quality_. . . and a one year -- 

I 1  unconditional guarantee. 

6, i@j3g'o, t r / 1 1 , , .  a=-- ,,, I (  0 
Ml,l>P, 6 8 5  a;<, 

WHh the NEW MFJ.940 Vena Tuner I you can A SWR and dual range wattmeter (300 and 30 SO-239 coax conneclon lor transmltter and 
malch your lransmlller lo any coax lhne or random walls lull scale) lets you measure RF power out. coax led antennas. B~ndlng post for random wire. 
wrre conlinuwsly from 1.8 lo 30 MHz. put lor slmpl~l~ed luning. ground. 208 pl. 1000 volt capacitors. 

Up to 300 watts RF power m. Works Six pOSili0n antenna switch on rear lets you Optional mobile mounting bracket. add $3.00. 
with all solid state (like Atlas) and lube rigs. select 7 coax lines dlrect or thru tuner. random Every single unit is tested for pedormance and 

Tune out SWR on your dipole, ~nverted vee, wlre, and Ilmer bypass lor dummy load. inspected lor quallty. Sol~d American construction. 
random wlre. verlical, mobile wh~p, beam. quad, A new tmcient a= inductor (12 positions) quality components. 
any coax led or random wlre antenna. gives you less los~es lhan a lapped loroid tor Beware of irnltafon. When you buy MFJ you 

Operate all bands with lust one antenna. more watts out. buy proven MFJ q@ty . . . and a one year 
kcreare bandwidth of your m o m  whip by tun. Compacl size 8 x 2 ~ 6  inches llts easily in small condll~onal guarantee. 

ing out SWR lrom ~nside vour car. corner ol sullcase tor easy traveling. Order your MFJ-940 Vena Tumr I today. 

MFJ-900 ECONO TUNER matches coax, random wires. band coverage 1.8 to 3 0  
MHz. Up to 200 watts RF OUTPUT. Efficient airwound inductor. 

Use any tnnsceiver, solld ctate or t~~bes. Full b a n d  coverage 
Increase antenna bandwidth. Dperate all bands 1.8.30 MHz. 

w ~ t h  a smgb antenna. Tune oul SWR on your Ef f ic ient  a i rwound  ,3gg5 &* lF * *L  

mob~le wlilp lrom ~nslde y m  inductor. 
Efficient airwound inductor gives more watts 1 '. 1n*?u3! l c p &  1 

o A  than tapped loro~d. SO239 coax connectors earlier models. MFJ has made major Improve. 
'0. go & lor transmltter and coax. Blndlng post for random menlS. 
rr.,.. y y .  

,. , 

wire, ground. Comp3cl 5 x 2 ~ 6  ~nches. For example. a new eflic~ent m n d  inductor 
MFJ.901 Versa Tuner available. Same as MFJ- qives you less losses than a la~ped torold lor 

900 but has 4 : l  balun lor balanced Ihnes. $49.95. more watts out and plenty of inductance for MFJ.~OO has 
Beware of itnitaton. Some are still copylng our band coverage 1.8 to 30 MHz. o n e  year  uncond i t i ona l  guarantee. 

MFJ-16010 RANDOM WIRE TUNER lets you operate all bands - 1.8 to 30  MHz - with 
a simple random wire. Up to 200 watts RF OUTPUT. 
Operate all bands - anywhere, w ~ t h  any Ir,cns Operate a l l  b a n d s  

celver - uslng a random wlre and an anlenna w i th  a s imp le  ran. 
tuner small enough lo carry In your h ~ p  pockel. d o m  wire. 
Ultra cmpac l  2 x 3 ~ 4  ~nches. 

Operate from your apartment w ~ t h  a wall lo pare lor an emerqency. Take it on a DXpedilion 
wall antenna, or motel room w ~ t h  a wlre dropped or Field Day. One year unconditional guaranlee. 

Match low and high impedances by lnterchang lrom a w~ndow. Enjoy ham radlo on a camplng or 
backpack l r~p  wilh a wlre lhrown over a tree. Pre. Ing input and outpul SO 239 coax conneclors. 

Order any p roduc t  f rom MFJ and try it. If no t  delighted, re tu rn  within 30 days  for  a p rompt  re fund  (less shipping). 

Order today. Money back i f  not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
For technical intormation, orderlrepair status, In Mlsslssippi, outside continental USA, call 601-323-5869. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On - 
P. 0. BOX 494 I d  lG@l 

M F J ENTERPRISES, I NC. M~sIssIppI STATE, MIssIssIPP139162 
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This year Amateur Radio may be facing one of its biggest challenges in 20 years. What I'm referring to, of 
course, is the World Administrative Radio Conference which will convene this fall in Geneva, Switzerland. 
Better known in ham circles as WARC 79, this conference of ITU member nations will consider all the high- 
frequency allocations, including those of Amateur Radio, broadcasting, maritime mobile, and the other radio 
services which require operating frequencies. 

There are some Amateurs who would like you to believe that the high-frequency Amateur bands will be com- 
pletely decimated at this conference - ravaged by the greedy big-money interests who covet our bands for 
their own selfish purposes - but I think that the people who are all too eager to promote that turn of events are 
either alarmists or poorly informed; probably both. Obviously, it's impossible to forecast the outcome of WARC 
79 at this point in time, but the Amateurs I've talked to who are officially involved with preparations for the con- 
ference are all cautiously optimistic that the high-frequency Amateur bands after WARC will be pretty much the 
same as they are now. And they are the ones who should know, not the purveyors of gloom and doom who ap- 
parently get their information from the Wizard of Oz - or some other equally unlikely source. 

In the past, dozens of magazine articles have been written about the "terrible drubbing the Amateur Radio 
service has taken at every international frequency allocation conference." If you carefully review the record, 
however, you'll find that exactly the reverse is true; in every case American Amateurs; have actually gained 
more high-frequency spectrum than they lost. 

It is generally believed, for example, that at one time Amateurs had exclusive use of all wavelengths below 
200 meters. That's a fable which has been quoted so often it's now accepted as fact. Actually, the 1912 regula- 
tion in question restricted al l  stations not involved in commercial traffic from going abo14.e 200 meters. That in- 
cluded a// private, commercial, and experimental stations not transacting business or developing equipment for 
business purposes. Amateurs had no exclusive claim on "200 meters and down" - they shared that spectrum 
with virtually every other radio service. In fact, Amateur Radio stations at that time were required to specify 
their operating wavelengths, which were invariably 150, 175, or 200 meters - three spoi: frequencies below 200 
meters. 

In the early 1920s it became apparent that the 1912 law was hopelessly inadequate for the then existing condi- 
tions. More stations were on the air than ever before, the broadcast boom was well underway, and Amateurs 
had demonstrated the long-distance capabilities of the short waves. The scramble for short-wave territory was 
on, and every service was pushing for all the high-frequency spectrum it could get. To bring order to the en- 
suing chaos, a domestic radio conference was held in Washington in 1924; part of the outcome was the 
establishment of four harmonically-related Amateur bands: 160, 80, 40, and 20 meters. It's important to 
remember that this was not an international agreement, however, nor in fact did it have 1:he authority of law - it 
was purely a mutual agreement between the various radio services in the United States. 

The 1927 International Radio Conference in Washington saw precious kHz shaved off the American 160, 40, 
and 20 meter bands, but in return we received an exclusive new band at 10 meters. Amateurs in Europe fared 
less well, and some will argue that American Amateurs now had to share 40 and 80 rneters with the foreign 
broadcasters, but that was true before the 1927 conference convened. Compared with the spot frequencies 
given to Amateurs in 1912, the new international allocations were a vast improvement. 

There was no change in the Amateur bands at the Madrid conference in 1932, nor at Cairo in 1938. The next 
conference was scheduled for Rome in the spring of 1942, but because of the war, the next International Radio 
Conference was not held until 1947, in Atlantic City. Amateurs lost some space on 160, 20, and 10 meters at 
Atlantic City, but we received a nice bonus in return: a brand new band at 15 meters. Hence, there was not a 
net loss at all, but a gain! Those are the same bands we are still using today. 

In reviewing the record of high-frequency Amateur allocations, we have progressed from what was essential- 
ly spot-frequency operation in 1912, to 3485 kHz of high-frequency operating space in 11927, to 3500 kHz today. 
Based upon past performance, and the proven service of Amateur Radio to the public, I believe we have every 
reason to be optimistic about the future. 

J i m  Fisk, W l H R  
editor-in-chief 
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ICOMS Remotable IC-280. (mink small.) 
The IC-280 2 meter mobile comes as  one radio With the microprocessor in the detachable cont 
to be mounted in the normal manner: but, as  an head, your IC-280 can store three frequencies 
option, the diminutive front one third of the radio your choice plus the dial, which allows you 
detaches and mounts by its optional bracket, select from four frequencies with the front panel 
while the main body tucks neatly away out of switch without taking your eyes off the road. 
sight Now you can mount your 2 meter radio in These frequencies are retained in the IC-280's 
pint-sized places that seemed far too cramped memory for as  long as  power is applied to the 
before. radio, even when power is turned off at the frc 

panel switch. And if power is completely remov 
Measuring only 2% "h x 7 "W x 3%"d,  the from the radio the 2600 KHz splits are still ma 
bantam-sized microprocessor conhol head fits tained! 
easily into the dash, console or glove box of even 
the most compact vehicle. Or if those places are The IC-280 works frequencies in exc 
alread taken by the rest of your "mobile shack," meter band with lCOMs outstanding 
the 12280 head squeezes into leftover nitches tuning, so you can listen around the enore oa 
under the dash, overhead, under the seat or even without fooling with three tuning knobs. W 
on the steering column. steps of 15 KC or 5 KC, the IC-280 puts rapid a 

eas frequency chan e at your single finger 
But don't be misled b the petite size of this anfinstanfly displaystright, 
subdivided radio: the 1&280 is jam packed with 
the latest state of the art engineering and conveni- A V ~ I I ~ ~ I ~  opus 
ence features. No scaled down technology here! T O U C ~  Tone p~d,,.,,..-~,.~,,= .u..,Y...auv 

which fits the mlc oluq on the radio face b 

easy to rf 

ess of thc 
single- kn 

&- 1 

,nt 
ed 
ln- 

na 
ith 
nd 
tip 

ce 
hle 

All ICOM -dl- ~lgnllkmlly I C W S p . l l * I k ~  OFnqumqGm- 143 90-148 I lMHz00pra~Cad16ms Trmprstun -1O.C lo60.C llO'Fta140?'1 
o l d  FCC rrgulatlon. Dub, F a a  c m l l n u ~ .  OhqumrySulbUl~ $ 1  5 KH. OModulsllanTyp FM IF31 flAn!.nmImpdarre 50 ohmsunhsknrd nP- 

R ~ n ~ ~ - ~ n ,  M 11 RV -15% In- lcrmrdl  nCvnmlDraln Trnnmlmm 2 %HI llOWl 12A Lo llWI RmMnp (I tX!Aslmalludb 

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA 
Sulte 3 Suhe 307 7087 V~clor~a Dr~ve 
13256 Notthrul "' 3331 Towerwood Or~ve Vancouver 0 C V5 
Bellevue. Wasl Oallas. Texas 75234 Canada 
(206) 743.9021 (2141 620-2780 (604) 321-1833 



ents 
nearby structures as does any well- 
characterized coaxial cable. The 
unknown impedance presents a prob- 
lem, however, when attempting to 
measure the line loss, for the line 
must (usually) be terminated. To get 

zip-cord f eedlines 
Dear HR: 

The article on "Zip-Cord Feed- 
lines" published in the April 1978 
issue prompts me to record, some- 
what belatedly, my own experience 
on the subject. I have, for many 
years, happily used zip-cord feedlines 
particularly for temporary or semi- 
temporary antennas for use up to 21 
MHz. I have always used the type 
with clear insulation, thinking that 
there was less chance of fillers ab- 
sorbing the rf energy. I have to admit, 
though, that I have no concrete rea- 
son for this feeling, and I could be 
quite wrong. I have always used a 
simple antenna tuner and balun to 
couple the transmitter to the line, 
and, without exception, I have found 
the results to be gratifying. For exam- 
ple, I have quite recently used a 20- 
meter dipole slung between a tree 
and the chimney of my apartment 
building, about 20 feet high, fed by 
about 30 feet of Radio Shack loud- 
speaker wire (the heavy-duty type 
with stranded conductors) and driven 
by a Heath HW101. I have always 
been able to raise interesting stations, 
and have had a good number of en- 
joyable ragchews with European op- 
erators on single sideband. 

The characteristic impedance of 
zip-cord is, of course, unknown. In 
my particular example I measured 
and, from standard formulae, esti- 
mated its impedance to be around 
100 ohms. I think that this impedance 
presents as good a match to any 
"real" antenna at modest height with 

some idea of the loss on the 30-foot 
length, I tried the following ex- 
periments: 

First, I terminated the line with a 
110-ohm carbon resistor combina- 
tion. I fed the line through my anten- 
na tuner, and, in the coax feed 
between the transmitter and the 
tuner, I inserted my SWR bridge. I 
then loaded the transmitter on 14 
MHz and adjusted the antenna tuner 
for minimum SWR on the coax; I was 
able to get it down to an indicated 
value of 1.1 :l. Then I removed the 
terminating resistor and measured 
the SWR both with the far end of the 
line open and shorted. I tweaked the 
tuning for minimum SWR before 
taking the reading. The reverse 
power was so high in each case that it 
was not possible to  get reliable 
readings. I estimated the SWR to be 
at least 10:l (neglecting possible error 
in the bridge - the forward and 
reverse powers are about the same 
with an open or short circuit on the 
output of the device). This indicates 
that the total loss, one-way, in the 
tuner and feeder is on the order of 0.9 
dB, and this is a worst-case figure. 
This is not comparable with RGSIU 
coax, but for a simple system it is a 
figure that I can certainly live with. 
Tony Garratt-Reed, ex-G3VBZlW1 

Malden, Massachusetts 

manned f ree-aircraft 
Dear HR: 

The Presstop of the October, 1978 
issue is in error; the Double Eagle I1 
was not the first free-aircraft to cross 

the Atlantic - it was the first manned 
free-aircraft to do so. The first free- 
aircraft to make the crossing was a 
high-altitude research balloon flown 
from Trepani, Sicily, in July, 1975, 
and brought down near Lexington, 
Kentucky after about 84 hours. 
Another balloon was flown from 
Sicily to Massachusetts in July, 1976. 
These balloons flew at an altitude of 
approxin~ately 125,000 feet and had 
about 20 million cubic feet of capac- 
ity; they were launched and flown by 
National Scientific Balloon Facility 
personnel from Palestine, Texas for 
 scientist.^ from Italy, England, and 
Germany. 

Spencer Petri, WA5JCI 
Palestine, Texas 

keyer memory 
Dear HR: 

I read with interest the Ham Note- 
book correspondence from K9WGN 
in the 14ugust 1978 issue of ham 
radio concerning my programmable 
keyer niemory accessory. While it 
may be true that his unit programs 
the memory chips properly by simply 
pulling the RW pin to + 5 volts, this is 
not good design practice. I f  you 
examine the data sheets for the 1101 
(or any other static MOS RAM chip, 
for that matter) you will see that the 
RW pin should be pulsed only after 
the address is stable. The manufac- 
turer's information for the 1101, in 
fact, recommends both the data and 
address inputs remain stable for at 
least 100 ns after the falling edge of 
the WRITE pulse. If the RW pin is held 
near + 5 volts during programming, 
there is a chance some undesired bits 
may bf? altered while the input 
memory address is changing. For 
these reasons I feel the 74121 
monosl:able, U8, is justified. 

K9WGN is correct in stating that 
you cart substitute the 7493 for the 
74193s 1 used in that design. How- 
ever, since the 7493 is a negative 
edge triggered ripple counter, the in- 
verter, U11 B, should be eliminated. 

Andrew 6. White, K9CW 
Urbana, Illinois 

6 february 1979 



Kenwood's exciting 25-watt TR-7625 and optional 
RM-76 ~icro~rocessor  Control Unit .. . gives you the power 

you want plus outstanding channel memory 
and scanning capabilities. 

... there's more!The TR-7625 has a UNLOCK ~ r i d ~ c a t o r  at1 LFII  that 
lot of versatility for a 2-meter FM ~ n d ~ c a t c \  tran5tcrvtJr protrctlon when 
transceiver. and when teamed up thv frrcluencv sc,lvctor ~ . ~ 1 t c t i c ~ 5  a r e  
with the RM-76 gives you a lot of ~rnpropc~rly pos~ t lonrd  or the* PL-1. 1s . . 

rig. Check thesefeatures for both: not lockccl 

TR-7625  [only) TR-7625  WITH RM-76 

M ~ , ~ ~ ~ ~  c l l ann l , l  s,mplc,z or S t n r ~ ?  f~c~clut~riric~s in .;is m~,rnori~js  

rc3pc~attBr ( . h00 kt+, traniniittcr off [iiniplvx rrpcsntc,r). 

.;r,tl op(rra1ion. Scan  all nicninru channt-Is 

Mod<. switch for optvating simplt's Autoni;ltiralh! i r a n  LIP thv hand in 
or for switchinq lhcs transmit fri,clu(>nn8 5 ktic stt,ps 
up nr down n r  for .;ruitcliiriy thrp 
transrnittt~r to  thc fr131lrli~rirv vou have 
\tiirt,tl I r i  the- IH 7025's mh,nionl (wliilt, 
t t i t ,  rer~ivc)r rtjmairis on thc frc7qirc'ncv 
~ ( I L I  have . ; c ~ l c ~ t ( ~ c l l  
I )~ la l  conccmtrir knnhs few fast. t3;1sv 
st,lvrtion of anv 2 mc2t<.r Irr~t1uc2rlrv. 
In 100 kt-lr and  10 kHz .;tc3pi 
FIIII 4 MH/ c c ~ \ ~ c ~ r a q ~ e  (144 .000-  
1117'10.5) on  2 rnc,t~~rs. 800 channc~l\.  
5 LHr r>ffsr,t \ulitcl~. ancl MI-!/ ic,lc-ctor 
.;v.itrh . . fo r  dcsir('tl twnd 11134. 145. 
14G. i>r I47 Mt i r )  

Manuallv \ ran  up o r  down in S k H z  
i t cps  Ir~r fast I I I ~ I , )  

Set Iowi,r and t1ppt.r scan fr~-cl t~t?~icv a5 ~ ( I I I ,  s ~ - , ~ r i .  I t  A V ~ . I  \i a11 frtjq~~cmc\: 
lirnit.;. lirnit. up12c.r <can limit. ant1 (,rtor. i.1,. 
S t o p  .;c<in [wltli I-lOLD I>uttor~) I ran. ;~n~tl in~l  nut of ti,rnrl) 
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Srlcv.t r<,pr>attBr mod<, (simplc,x. tr~in.; I)c>(rlerr 
rnit f r~,cl~~c.ncv nff\t:t ( 000 kHi. or 

I 1 MH/I. or nnv r i i~~niorv  
tra~isrnil frrbqu~,nrvt @ ~ E \ F w ~ ~ Q  w w 

Scan for t ~ l s v  o r  r)p(w rtinnnc.1 . . ,,,,to > , r ~ < ?  ,,, , ~ ~ r t , t ~ ~  ,I, ,,,,I,,, 



AMATEUR RADIO FARED UITE WELL in the FCC's WARC 79 ro osal, as further details were 
made available in mid-D2cember. The biggest gain was t b i o n  of three new HF Ama- 
teur bands - 10.1-10.2, 18.068-18.168, and 25.11-25.21 MHz - as exclusively Amateur 
bands worldwide. A 50-kHz addition to 15 meters, making it 20.95-21.45, is also in the 
proposed U.S. position, along with a shift 50 kHz downward for 40 meters to make it an 
exclusively Amateur band worldwide from 6.95-7.25 MHz. 

80 Meters Would Become exclusively Amateur from 3.5-3.9 MHz in Region 2, where it's 
now shared with fixed and mobile services, while 3.9-4.0 MHz would remain shared as at 
present. The 10-meter band would remain as is, worldwide. 

The Proposed Bottom-60-kHz loss on 160 to AM broadcast would be somewhat tempered by 
a proposed worldwide allocation of 1860-1900 kHz exclusively for Amateurs with 1900- 
2000 kHz remaining shared with other services in Regions 2 and 3. 

With Two Notable Exceptions, the higher frequency Amateur bands also fared well. The 
big exception was 220-225 MHz, proposed for a worldwide Maritime Mobile band with Amateurs 
a secondary user in Region 2 only. Radiolocation use of the band would be continued as is 
through 1990 and beyond. The other significant loss is the lower part of the 1215-1300 
MHz band, with Amateurs bumped from the lower 25 MHz in favor of navigational satellites. 
The 1240-1300 MHz portion would remain as is, shared with Radiolocation. No changes 
appear to have been proposed for 50, 144, 420, or the other higher frequency Amateur 
allocations. 

CONGRESSMAN MARTIN RUSSO was very pro-Amateur Radio when he was guest of honor at the 
Chicago EM Club's mid-December meeting. Rep. Russo affirmed his and Rep. Van Deerlin's 
belief in the importance of Amateur Radio to the United States, and said that if spec- 
trum user fees (as proposed in Van Deerlin's rewrite of the Communications Act) are 
adopted Amateurs should be exempted. He also feels that the U.S. preparation for WARC 
is very good, and much of what we proposed will be adopted next summer. 

Questioned About Charges that allowing FCC staffers to be Amateurs constitutes "con- 
flict of interest," Russo responded that he felt quite the opposite. It was the "mind- 
expanding" hobby of Amateur Radio that provided many FCC staff members with the background 
and knowledge to do their jobs, he said, so that rather than being a detriment an Amateur 
license was a plus for a member of the FCC. Very encouraging words from an important 
Illinois Congressman. 

AMATEURS HOLDING MORE than one callsign who wish to retain the call assigned to their 
secondary station when renewing must be sure to renew well before expiration. One West 
Coast contester lost his prized 1x2 recently when his renewal application, complete with 
request to reassign his 1x2 to his primary (surviving) station license, arrived at Gettys- 
burg a few days after the license expiration date. As his no longer renewable secondary 
license had expired, its 1x2 callsign was no longer his and thus could not, under the 
rules, be assigned to him. 

A SERIOUS DROP IN BEGINNER interest in Amateur Radio has been reported in a number of 
parts of the country. Dealers in some areas say sales of code practice equipment and 
entry-level study materials have dropped quite significantly though this is certainly not 
universal and demand for higher grade study guides by already licensed Amateurs has seen 
little change. 

The Drastic Drop In CB interest is the reason most cited for the downturn. When CB 
was hot many potential Amateurs discovered two-way radio as a hobby; moving into Amateur 
Radio when CB did not meet their expectations. At the same time the influx of new 27-MHz 
operators drove many previously satisfied CB hobbyists to Amateur Radio, simply to find 
room to operate. With those pressures gone, most of today's CBers seem content where 
they are. 

WWV'S 20-MHz TRANSMITTER is back on the air after an absence of several years. Im- 
proving propagation is cited as the reason for its return to,,the air, with promises to 
remain on 20 MHz "as long as propagation conditions warrant. 

UNUSUAL REPEATER INTERFERENCE in the Wyandotte, Michigan. 147.84-24 system was traced 
to a super-regenerative receiver in a nearby garage door opener. Quench frequency of the 
receiver detector was 600 kHz, and any strong nearby signal would cause the receiver to 
transmit signals of t600 kHz from that signal. They could be heard for several blocks. 
The door-opener manufacturer has been very cooperative, working with area Amateurs to de- 
termine what's causing the problem. 

HENRY KANE WA2KBI OF CLIFTON N.J. WON FIRST PRIZE in Ham Radio Horizons' just- 
ended sweepstAkes, taiing home a ;omplete station that i n c l G s a - 7 ,  Tri-Ex Tower, 
CushCraft beam. Hy-Gain vertical, and a Wilson 2-meter hand-held. 

The 200 Second-Place winners each won their choice of an MFJ accessory, while 250 
copies of Radio Angels went to the third-place winners. 



FOX . . .  " test message, change speeds, and change the terminal modes, all from 
the keyboard itself. In fact, the KOS (Keyboard Operated Switch) feature even turns 
the transmitter on and off from the keyboard, The DS-3000 KSR also features full-length 
72 character lines (16 lines per screen), 5 speeds of BAUDCKand ASCll RTTYand Morse 
code from 1 to 175 wpm (Version3), and word wrap-around to prevent splitting of words at th 
end of a line. When combined with the HAL ST-6000 Demodulator, you have the 
ULTIMATE in RlTY equipment. 

.................................... DS-3000 KSR Version 3 (MORSE, BAUDOT, ASCII). 
DS-3000 KSR Version 2 (BAUDOT & ASCII only). ................... $1195.00 

Write for our latest catalog & RTTY guide. 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana. Illinois 61801 
217-367-7373 

For our Overseas customers: 
see HAL equipment at: 

Richter & Co.; Hannover 
I.E.C. Interrelco; Bissone 
Vicom Imports; Auburn, Vic., Australia 



FM SYSTEM SCHOOL 

Dollar thoughts 
to  consider about the 

D RLO A 

DRAKE UV-3 UHF-VHF 
MULTIBAND 
FM SYSTEM 

Only $795 

(That's just $- 
-and - fully synthesized 

on all three!) 

NOW AVAILABLE: Complete W-3 Se~ce/Schematic Book :. . $25.00 each. 

How does the cost of the Dmke system really compare to 
alternative methods of getting on  144-220-440 MHzfm? 

R. I.. DRAKE COMPANY 
540 Richard St., Miamisburg. Ohio 45342 

@ 
Phone: (513) 866-2421 Telex: 288417 

A First of all, there is no direct comparison possible, 
because the Model 1346 Drake UV-3 is the only rig in 
the world offering 144-220-440 MHz fm in a & box 
-and it is fully synthesized on each band. 

B The nearest comparison would be to add the suggested 
list prices of three- units of competitive fm 
rigs presently available. It would work out 
approximately as follows (and you would end up with 
three separate units to power): 

Prices andspecifications subject to change wirh~)ut notice or obligation. 

But wait-even at those higher competitive 
prices still be missing these features 

included in the UV-3: 

1. Full synthesis on pll three bands 
2. Extra diode-programmable fixed 

channels on & band 
3. Priority scan feature on each band 
4. Everything in a single box! 

2 Meters (Synthesized to 5 kHz) . . . . . . . . $ 449.00 
220 MHz (Synthesized to 5 kHz) . . . . . . . . 449.95 For your homework, then, ponder the following-at a 
440 MHz (23 channels, crystal) . . . . . . . . . 349.00 suggested amateur net of $795.00, the Model 1346 
Crystals (Assuming 20 per 440 MHz radio) 120.00 Drake UV-3 (144-220-440) is, to say the least, an 

Total competitive price . . . . . $1367.95 incredible value. It gives you a real reason to trade UP! 



- - 
- -- -- I combining coordinated systems design with innovative engineering I 

When you select Drake products, you select designs that match visually 
and electrically - designs that work together as a complete unit. 

The special T R - 7  receiver front end, with Mike provides proper Lmprdancc 
its  high intercept Point, means You can pick characteristics for  the TR-7; fully wired for  
many weak amateur signals from a m ~ d  the VOX and PST.  And don't forget the DL-300 
super-power shortwave broadcasters. These / ~ ~ - ~ 0 m  ..D,.... bmmy ~ ~ ~ d ~ -  [he). 
weaker statlons could be completely lost with am. . ~h~ k 7  coollng F~~ can 
conventional receiver designs. installed on b t h  the T R - 7  and PS-T fo r  high 
MATCHEIlPCCESSORIES - The 2 kW Drake ambient temperature environ~~lcnt  or for L ~ I I -  

MN- Antenna htatchlng Network covers tlnuous duty R T T Y  o r  SSTV appllcetlons. 

Available soon - the new Drake L-7, 160 thru 
10 meter*, 2 kW Wide Range Linear Amplifier. 

Prrces and s~ecrlrcatrons 
subfect lo change 

Wllhoul nollCe or obl~galron. '0 a 
Drake ~ ~ 1 1  Line Catatog piease send name and dare of this pub,icaf,on to: 

R. L. DRAKE COMPANY 540 Richard st., Miamisburg, Ohio 45342 

dP 
Phone: (513) 866-2421 Telex: 288-017 



10180-watt amplifier 
for 2 meters 

Design of an 
rf-activated, 

power-selectable, 
2-meter amplifier 
intended for use 
with a 2-watt fm 

handie-talkie 

It al l  began rather innocently. My good friend Jim 
Fisk, WBGYED (no relation to ham radio's editor), 
won a pair of Motorola HEP S304140-watt vhf power 
transistors at a prize drawing during the 1975 Dayton 
Hamvention. Several of us who were with him 
envied his good fortune, and we wondered what he 
would do with his new treasures. Months later, dur- 
ing a visit to Jim's home, I got my answer. 

Jim had a 2-watt, hand-held fm  transceiver he 
wanted to use in his car with a separate microphone. 
He envisioned a package that would produce either 
10 or 80 watts output for 2 watts of drive, depending 
on his distance from the station he wanted to talk to. 
In addition, T/R switching had to be accomplished 
without a separate control line between the trans- 
ceiver and the power amplifier. As Jim described 
what he was thinking of, I had the feeling he was go- 
ing to ask me to tackle the job, which he did. Since 
he had been more than generous with his time and 
resources when I needed them, I was glad to help. 

Putting together his requirements, I came up with 
the block diagram shown in fig. 1. The power ampli- 
fier had to have enough gain to produce roughly 80 
watts output from 2-watts input; this amounts to 16 
dB gain. A little more gain wouldn't hurt, because 
there are sure to be losses between the input to the 
entire circuit and the input to the power amp. The 
attenuator is switched into the circuit when low- 
power operation is desired. As it turned out, the 
attenuator wasn't that simple. 

The requirement that transmit-receive switching 

By Edward J. Paragi, WBSRMA, 14539 U.S. 
Highway 24 East, New Haven, Indiana 46774 

12 february 1979 



be done without control lines necessitated the use of 
some type of rf-actuated T/R switch to  put the pow- 
er amp in the circuit during transmit operation. Dur- 
ing receive the entire amplifier is simply bypassed 
with a coaxial line. 

circuit description 
1 started the project by building the basic power 

amplifier. The HEP S3041 is equivalent to a 2N6084. 
A pair of 2N6084s at 150 MHz can be driven to 80 
watts output with 25 watts input. This amounts to 5 
dB gain; a driver capable of at least 11 dB gain is nec- 
essary to ensure a full 80-watt output from 2 watts of 
input. Since it suited my needs so well, I used the 
two-stage amplifier circuit and layout described in 
the Motorola Application Note AN-585, with as few 
differences as possible.' A 2N6083 was used for the 
driver in the amplifier described in the application 
note. Lacking a 2N6083 1 used a 2N6136, a 25-watt 
uhf device useful to over 500 MHz and readily avail- 
able to me. 

The initial attempt at the amplifier was a copy of 
the layout described in the application note (see fig. 
2). It was unstable for all but low drive levels. Any 
output greater than a few watts was accompanied by 
a healthy spur approximately 5 MHz from the desired 
frequency and several other spurs of lesser ampli- 
tude, including one at 5 MHz. I had used a uhf device 
for the driver, and so this was not entirely unex- 
pected. 

The choke/bead combinations in the transistor 
base circuits are used to suppress spurious oscilla- 
tions as well as to provide dc return paths for the 
bases. Ferrite beads are low-Q inductors at vhf and, 
as such, make excellent broadband chokes. At  lower 
frequencies, such as the high-frequency bands, the 

Amplifier with the dust cover removed. The rf input is on 
the left side, the 10180-watt control connector is in the 
upper left, and the 12-volt connections are in the upper 
right. The TIR circuitry is in the lower left portion of the 
chassis. 

resistance of the beads decreases while the induc- 
tance increases. The result is an increased Q. Uhf 
transistors exhibit tremendous gain in the high fre- 
quency region, and high Q circuits are an invitation 
for them to take off. The solution consists of adding 
10-ohm resistors in shunt with the chokelbead com- 
binations to guarantee a low Qat lower frequencies. 

l VER 
P O W E R  
AMPL l F l E l  

fig. 1. Block diagram of the 10180-watt amplifier for 2 
meters. The switched attenuator is used to vary the drive 
level into the amplifier to switch between 10- and 80-watt 
power levels. 

Another addition to the circuit in the Motorola 
Application Note is the parallel tank circuit (L1 and 
C7) at the input to the amplifier. I t  helps reduce any 
second- and third-harmonic energy coming from the 
hand-held transceiver. 

After tuning up the completed amplifier, I had 80 
watts output for 1 watt of drive. This was more gain 
than necessary, since 2 watts were available. Rather 
than detune the amplifier, I decided to put some 
attenuation in the circuit for high-level operation. 
Using an input of 2 watts, 2.6 dB of attenuation 
results in an output of approximately 80 watts, while 
10 dB of attenuation provides an output of approxi- 
mately 10 watts. 

The switched attenuator shown in fig. 1 is drawn 
schematically in fig. 3(A). I t  is a tee configuration in 
which PIN diodes are used to add or remove resistors 
that are in parallel with the elements of the attenua- 
tor. PIN stands for "P-intrinsic-N" and describes 
regions of P and N semiconductor material that have 
a piece of undoped or "intrinsic" silicon sandwiched 
between them. This construction gives the PIN diode 
its unique properties. For low-frequency signals, the 
device behaves like a conventional PN-junction 
diode. At  uhf, the diode is a current-controlled resis- 
tor. For high-forward current, the series resistance is 
low. For low-forward current, the series resistance is 
high. Reverse biasing the PIN diode further raises its 
series resistance. An ideal PIN diode should not recti- 
fy rf, but in the real world these diodes do rectify and 

- I this must be dealt with in rf-switching applications. 
For 80 watts of output, the series PIN diodes, CR5 
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and CR6, are forward biased, and shunt PIN diode, 
CR7, is left off. For 10 watts of output the series 
diodes are left off while the shunt diode is forward 
biased. The calculated equivalents of the two condi- 
tions are shown in figs. 3(B) and 3(C). The resistor 
values for the attenuator were chosen so the impe- 
dance looking in either direction would be close to 50 
ohms. I t  is important that a good grade of carbon- 
composition resistor be used for the elements in the 
attenuator that carry rf current, and also that leads 
are kept as short as possible. Because of stray ele- 
ments, this type of attenuator becomes more difficult 
to construct as frequency is increased. Two meters is 
probably getting near the practical limit. 

The last block in fig. 1 is the rf detector and TIR 
switch. The detector, CR3, is simply a rectifier with a 
low enough reverse recovery time to be effective at 
150 MHz. The rectified rf signal is used to forward 
bias the relay driver, Q1, which in turn energizes K1 
during transmit operation. The relay closes when 
approximately 0.7 watt of power is fed to the input 
jack of the amplifier. The relay contacts are used to 
switch the bias to the PIN diodes in the actual TIR 
switch. These PINS are CR1 and CR2 at the amplifier 
input, and CR8 and CR9 at the output. 

For simplicity, a relay was used instead of solid- 
state bias switching. W9KHC pointed out in his arti- 
cle that the dc reverse bias on a PIN diode should be 
equal to the peak rf voltage across the PIN in ques- 
tion.2 For CR9, which is reverse biased during trans- 
mit operation, this would amount to 88 volts, assum- 
ing 80 watts is being delivered to a 50-ohm load. A 
higher load impedance would require a higher bias 
voltage. If a PIN diode rectifies when the reverse bias 
is not great enough, it will conduct and be destroyed 
due to excessive power dissipation. However, if the 
PIN diode bias line is just left open, any rectified cur- 
rent will tend to reverse bias the PIN and protect it. 
Open is the key word here. A set of open relay con- 
tacts is much better than a reverse biased switching 
transistor, which has some measurable leakage. 
Since the relay was employed, it eliminated the need 
for a high-voltage supply which would require an in- 
verter for 12-volt mobile operation. With the arrange- 
ment shown, T/R switching is accomplished using 
the same dc supply that powers the amplifier. 

component selection 

biased, since they contribute directly to insertion 
loss. The MA-47047 typically has 1.5 ohms of resis- 
tance at 30 mA of forward bias, while the MA-47080 
has a resistance of 0.45 ohms at 100 mA. In addition, 
the minority carrier lifetime should be roughly 10 
times longer than the period of the lowest frequency 
in use. This prevents rectification if leakage occurs. 
The low-power PIN diodes used in the construction 

HIGi5 POWER 
814s 
Q 

2. I.,-. R F  

OUTPUT 

fig. 3. Schematic diagram of the switchable tee attenuator 
is shown at (A), while IB) and IC) respectively, show the 
effective attenuators for high power 12.6 dB) and low power 
I10 dB). 

of this project were in a pellet-style case. The 
MA-47047 comes in a lead-style case similar to that 
of a signal diode. Either type will work - just keep 
lead lengths short. The MA-471 10 could be substitut- 
ed for the MA-47047. 

PIN diode CR8 must have a high current rating 
because it carries the output power of the amplifier. 
I t  will get fairly warm and should be heat sinked 
directly to the output connector via C38. Transferring 
heat through a capacitor may seem unconventional, 
but it is accomplished with a wafer-style capacitor. 
Wafer capacitors are a truly leadless capacitor with a 

Since the construction of this power amplifier in- ceramic dielectric. They an! especially well suited for 
volves relatively high power levels and frequencies, a bypass and coupling applications where tolerance is 
discussion about the components used is in order. not critical. The 1000-pF units used in this project are 
The PIN diodes used in the T/R switch and attenua- little squares about 4.1 mm (0.16 inch) on a side and 
tor are general-purpose diodes for uhf work. They 0.76 mm (0.03 inch) thick. The two large surfaces are 
should have a low series resistance when forward metallized with a silver com~pound so they can be sol- 
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Detail of the circuitry near the rf input connector showing PIN diodes and ceramic wafer capacitors attached to the connector. 

dered. It  is a good idea to handle the capacitor with 
fine tweezers so that oil from your hands doesn't 
make soldering difficult. For best results, the wafers 
should be soldered using a silver-bearing solder and a 
very small iron tip. Ordinary tin-lead solder is likely to 
leach away the silver and make soldering impossible. 
Alpha Metals is one company that produces a 62 per 
cent tin, 36 per cent lead, and 2 per cent silver solder. 

Another uncommon capacitor used in the amplifier 
is the ceramic chip. Chip capacitors are made from a 
material similar to the wafer capacitor dielectric. 
They are small cubes approximately 2.5 mm (0.10 
inch) on a side with a pair of opposite sides metal- 
lized to accept solder. These parts are available in tol- 
erances as fine as f l per cent. In addition, they are 
also leadless and have very low loss. Due to their 
high Q(low loss), they are capable of carrying sever- 
al amps of rf current where other types of capacitors 
would quickly go up in smoke. Since all of this comes 
at a price, chips were used only at the higher power 
levels in the amplifier. 

A less expensive part is the capacitor made by 
Unelco which Motorola used in the application note. 
This is a silvered-mica type and is suitable for use at 
high power levels. It is physically quite large com- 
pared with the ceramic chip, but that is not a draw- 

back for most applications. To reduce the effect of 
lead inductance of higher value capacitors (which 
have low reactance), it is often possible to parallel 
two capacitors, as in the case of C25 and C26. 

The coaxial cable used to bypass the amplifier on 
receive is a solid-jacket type used because it was 
available. Any good 50-ohm cable can be sub- 
stituted. 

protection circuitry 
Many high-power, solid-state rf amplifiers have 

protection circuitry to reduce r f  drive, or completely 
shut down the amplifier, when a high vswr is sensed. 
Since this amplifier was designed for a specific instal- 
lation, the extra circuitry was not included. A load 
vswr of 2:l or less should be adequate for the design. 

Another circuit commonly associated with high- 
power amplifers is a thermal protection circuit. These 
circuits sense high temperature, usually near the out- 
put stage devices, and act to reduce drive or shut the 
amplifier off. Since a substantial heatsink is used and 
two-way operation is always intermittent, this type of 
circuit is not justified. If the amplifier is to be operat- 
ed for more than short periods of time and in a place 
where air circulation is restricted, some thought 
should be given to a thermal protection scheme. 
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I HEWLETT-PACKARD 
6OBC SIGNAL 
GENERATOR I 

1 4 7 M H z  

BOONTON 
P J O A  RF 

POWER A M P  

THROUGHL INE 
DIRECTIONAL 
WATTMETER 

150-25OMHz 
ELEMENT 

fig. 4. Amplifier test set-up. 

12 5 VDC 
POWER 

SUPPLY 

Additional comments on circuit protection are given plies the amplifier. Adding i3 coaxial cable to carry rf 
in ref. 3. from the hand-held transceiver to the amplifier com- 

pletes the installation. 
~ 0 n s t r ~ ~ t i 0 n  Placing the cover on the amplifier slightly detunes 

No attempt was made to miniaturize the amplifier. it. This is compensated for by slightly mistuning the 
With the cover in place, the assembly measures trimmer capacitors by trial and error until the per- 
7.6 x 14.0 x 15.9 cm (3 x 5.5 x 6.3 inches). The ampli- formance with the cover on is optimized. 

HEWLETT-  

fier was built in "bread-board" fashion on a 
10.2 x 15.2 cm (4  x 6 inch) piece of 1.6 mm (0.062 
inch) thick epoxy-fiberglass, copper-clad board. 
Connections, which are isolated from ground, are 
made on miniature standoff insulators. This con- 
struction lends itself well to building power amplifi- 
ers, as it nearly eliminates rf ground problems. The 
heatsink may be a little larger than necessary, at 
3.8x14.0x15.2 cm ( 1 . 5 ~ 5 . 5 ~ 6 . 0  inches), but 
since size was not important, the extra area is cheap 
protection. Long pieces of wire and ferrite beads are 
held in place with RTV-type adhesive. 

Parts placement follows the general layout of the 
amplifier pictured in Motorola Application Note 
AN-585. 

The amplifier is easily installed in the trunk of a car 
and controlled from the driver's seat. A pair of wires 
and a switch are used to turn the power on. Use at 
least no. 14 (1.6-mm) AWG wire for the dc connec- 
tion to reduce the voltage drop from battery to ampli- 
fier. The output power level is controlled by three 
wires and a single-pole, double throw switch. One 
of the three wires can be the + 12 volt line that sup- 

- 

table 1. Performance data for the 80110-watt amplifier at 147 
Mhz with the cover installed. 

receive insertion loss - 1.1 d B  

drive level to accomplish TIR switching - 0.7 wa t t  

low power high power 

drive power 2 wat ts  2 wat ts  
output power 7.2 wat ts  into 50 ohms 74 watts  Into 50 ohms 

current drain 4.0 amps 12.0 amps 

2nd harmonic 40 d B  50 d B  
3rd harmonic 44 d B  47 d B  

input  swr 1.6:1 1.4:1 

PACKARD 
4 1 0 C  

VOLTMETER 

purity of emissions 
Since the completion of this project, the FCC has 

issued new requirements on transmitter spurious 
radiation. For transmitters and amplifiers operating 
between 30 and 235 MHz and having more than 25 
watts of output power, all spurious emissions, 
including harmonics, must be at least 60 dB below 
the mean carrier level. The second harmonic of the 
carrier is the most important spurious output to be 
dealt with in this amplifier. Since at 80 watts output 
the second harmonic is already 50 dB below the fun- 
damental, a simple pi or tee network after the amplifi- 
er will provide enough attenuation to meet the 60 dB 
requirement. A summary of the performance data 
from the amplifier test circuit (see fig. 4) is given in 
table 1. 

- - 
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solid-state 
antenna 
posit ion 
display 

Another approach 
for converting 

an antenna rotator 

to digitized readout, 
using discrete LEDS 

to show bearing segments 

The need for an improved indication of antenna 
heading is most apparent during contesting and DX 
chasing. Many operators have considerable diffi- 
culty relating the compass heading of the beam, as 
indicated on the typical antenna-rotator control 
box, to the location of a particular country on the 
globe. 

Normally, a table, slide rule, or a chart is used to 
find the correlation between the prefix of a call and 
the beam heading. People have a general sense of 
where a country or area is, but they are less than 
adept at translating this sense into an angular 
heading. 

I once saw a global display scheme using a bal- 
anced pointer driven by a pair of selsyns, one 
coupled to the mast on the tower and the other 
driving the pointer on a wall-mounted map. My goal 
was then established, to construct an electronic 
display using the existing analog voltage at the rotor 
control box. 

A completely solid-state design using available 
low-cost components was a must, and the display 
had to be suitable for mounting at my operating 
desk. I considered several options for the construc- 
tion and presentation of the display. Personal taste 
and the builder's skill are involved in making the 
choice; a simple and effective version is described 
which is suitable for any home craftsman with mod- 

I erate skills. 

) principles of operation 
The Ham II provides a 13-volt signal swing which 

drives a 1-mA meter, calibrated in degrees, to in- 
dicate antenna position. This voltage provides an 
ideal analog signal source for digitizing with a high- 
impedance CMOS A I D  converter. 

The Motorola MC14433 DVM chip was judged as 
most suitable for this display. It will accept a 0 to 
+ 1.999 volt analog input voltage swing, and pro- 
vides a binary-coded-decimal (BCDIITTL compatible 
output. In addition, it has a self-contained clock and 
provides timing pulses to drive the TTL control logic 
and decoder drivers that make up the remainder of 
the display circuitry. Low-cost BCD-to-decimal driv- 
ers were chosen because of the display format. 

The display background itself is a polar great-circle 
map of the globe divided into twenty 18-degree sec- 
tors. With a 0 to 1.99 volt input signal swing and a 
maximum 360-degree rotation, each sector cor- 
responds to an increment of 100 mV. Each hemi- 
sphere corresponds to an increment of 1 volt of ana- 
log input signal. For example, as seen in fig. l ,  sec- 
tor 1 is displayed when the input potential to the 
MC14433 has any value from 0.0 to 0.1 volt. This 
corresponds on the map to the sector between 180 
and 162 degrees in the S-SE quadrant of the Ham II 
meter scale. Likewise, sector II would be displayed 
when the input voltage is between 1.0 and 1.1 volts, 

By W. K. Springfield, AE4A. 2607 Deerdell 
Lane, Reston, Virginia 22091 
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which corresponds on the map to the sector between 
360 and 342 degrees in the N-NW quadrant of the 
scale. My rationale for choosing twenty 18-degree 
sectors was 

1. the system fits the decimal system; 

2. 18 degrees is roughly the beam width of many 
rotary antennas; 
3. 18-degree sectors provide enough room for a 
beam to coast to a stop once the motor drive is 
stopped. 

Fig. 1, the block diagram, and fig. 2, the sche- 
matic, show the signal and logic flow from the input 
of the A I D  converter to the sector indicator. The 
analog signal between 0 and 2 volts is applied to pin 
3, the analog input, from the voltage divider, R5, 
which accepts the 13-volt signal from the rotator. C3 
and R7 are used to provide RFI immunity. 

The encoded TTL data from U1 is available in a 
multiplexed form at the Qg through Q3 outputs. The 
A I D  converter used in this indicator normally drives 
a four-digit multiplexed display, with the outputs @ 
through Q3 acting as the data lines, while DS1 
through DS4 are the corresponding digit-select lines. 
For example, when the right-most digit (LSB) is to  be 
displayed, the DS4 line is high and the data appears 
in a BCD format on the 0 lines. As the display is 

I 
I 

CLOCK 
> 
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' I T C H  I MODULE ( - 
DS2 I I 
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fig. 1. Functional block diagram of the solid-state antenna 
position display. The entire system is based on a 3-112-digit 
DVM IC manufactured by Motorola. 

Rear view of the display showing the LEDs. diode-AND 
gates, and electronics enclosure. 

scanned, the appropriate digit-select line goes high 
with the correct BCD code for that digit appearing 
on the data lines. 

The analog input to  this IC is in the range of 0 to 
1.999 volts. Therefore, the left-most digit will change 
between only 0 and 1. Or, it can be thought of as 
breaking the input voltage range into two segments, 
0 to 0.999 and 1.000 to  1.999 volts. 

In my display, the left-most digit, or MSB, provides 
the hemisphere data. That is, pin 6 of U2C (or Q3) is 
low for an input voltage to U1 with any value be- 
tween 0.0 and +0.99 volt. This corresponds to an 
antenna heading anywhere in the S-E-N hemisphere. 
Conversely, pin 6 of U2C is high when the input 
voltage to U1 is any value between 1.0 volt and 1.99 
volts. This corresponds to an antenna heading any- 
where in the N-W-S hemisphere. 

The hemisphere data from U6 is stored in latch 
U8B by clocking the data in during DS-1 time, and 
holding it through the complete scan cycle of the 
A I D  converter. The latch outputs, pins 5 and 6 of 
U8B, gate the appropriate hemisphere decoder1 
driver, U6 or U7, through NAND gates U3, U4, U5B. 
and U5C. U8B is reset after the end of each A ID  
converter scan cycle by an "EOC" pulse from pin 14 
of U1. 

To derive the appropriate 18-degree sector within 
the hemisphere, the next most significant digit of 
the A I D  converter is used. As previously mentioned, 
each sector has an incremental voltage width of ap- 
proximately 100 mV, thus allowing ten sectors in a 
1-volt increment. The next most significant digit 
represents the correct 100-mV segment with the 



fig. 2. Schematic diagram of the solid-state antenna position indicator. Each output from the decoder is bypassed with a small 
disk ceramic capacitor to help eliminate noise problems (see text). C1 and C2 are mylar capacitors. 
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BCD value appearing during DS2 "time" at the out- 
put terminals. 

During DS2 pulse, pin 18 of U1 is high. U2A and 
U2B act as a noninverting buffer which drives gates 
U3, U4, U5B, and U5C. These gates in turn drive U6 
or ,U7 to display the appropriate sector during DS2 
time. Valid input data to U6 or U7 is in a low-level 
state. This is provided when all three inputs to the 
NAND gate driver are high. The outputs of U1 re- 
quire the buffering because of the limited source1 
sink current capability of the CMOS circuitry. 

With this scheme, any one of twenty sectors can 
be displayed. The DVM chip can provide A-to-D con- 
version on the hundredths and thousandths decimal 
.value of input voltage and are presented to the 
multiplexed outputs during DS3 and DS4 time re- 
spectively. However, this capability is not used in 
the display application. 

The frequency of the internal clock in the DVM 
module is determined by R1 and C1. With the values 
shown in fig. 2, the clock runs at approximately 66 
kHz, giving a conversion time of 250 ms. In simple 
terms, the conversion time is the interval required 
for the DVM circuitry to measure the analog input, 
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fig. 3. Timing diagram of the digital voltmeter IC. The MSB 
data output appears on Q3 during DSl time. In this example, 
Q, is a one for any input voltage between 0.000 and 0.999 
volt, indicating that the N-E-S hemisphere is selected. The 
next most significant digit appears during DS2 time. As indi- 
cated. DS2 shows data for a value of 0.50 to 0.59 volt, indi- 
cating that the antenna is within sector 5. 

Printed circuit board within the electronics enclosure. 

compare references, compensate, integrate, encode 
data, and develop the output signals for the "3-1 12" 
digits. In this display application only "1-1 12" digits 
are used. An individual sector is displayed with five 
LEDs. The LED in series with R8 is positioned at the 
center of the display, Kansas City, and is continuous- 
ly illuminated. The remaining four LEDs are selected 
from the display electronics and illuminate the perim- 
eter of the sector. 

LEDs DA1 IDB1, DA2IDB2, etc., are positioned 
on radial lines drawn on the polar map, which is the 
background of the display panel. These radial vectors 
start at the center of the map and are displaced by 18 
degrees. 

The LEDs designated DA are mounted at the mid- 
point of the radial, while the LEDs designated DB 
are positioned at the ends of the radials. Diodes 
designated DC are low-cost silicon switching or low- 
PIV rectifier diodes (lN4001s) grouped in pairs to 
form a negative-OR type gating circuit. 

To illustrate, refer to fig. 4, where sector A is to be 
displayed. Either U6 or U7 has been gated on during 
DS2 time, depending on which hemisphere has been 
selected, to display one of the possible twenty sec- 
tors. Only one of the twenty output pins from U6 
and U7 will be in a low-voltage or current-sink condi- 
tion, as represented by the closed switch at output 
terminal B in the driver. Current flows through R8, 
the LED in the center of the map, the two parallel 
branchesformed by DA1, DB1, DC2, and DA2, DB2, 
DC3, and the low-impedance path (closed switch) in 
the display driver. With all other driver outputs in a 
high-impedance state, no current will flow in any of 
the other radial branch circuits. 

Since the LEDs are illuminated only during DS2 
time (approximately 60 ms out of each 250-ms con- 
version period), the LED supply voltage had to be 
raised to a level of approximately 12 volts. The value 
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LED IN CENTER OF MAP f=" 

fig. 4. Diagram illustrating the current flow when sector 1 is 
selected. In this case, the appropriate output of the decimal 
driver is low, to sink current. The OR gates then determine 
which LEDS are conducting. 

for R8 was chosen to give an average LED current of 
25 to 30 mA, providing adequate illumination. Diode 
matching, to achieve uniform brilliance, has not been 
a problem. However, I suggest you order more 
display LEDs than needed and select the best ones. 

As seen in fig. 2, bypass capacitors are shunted 
across each driver output. Any disk ceramic from 
470 pF to 0.02 pF will work. These capacitors reduce 
the slope of the driver output signal during the 
switching transient. The cable between the display 
electronics and display panel acts as an antenna, and 
hiss was detected in my SB303 on 10 meters before 
the output lines were bypassed. 

Except for the 12-volt transformer, C5, and R9, 
all components are mounted on the printed-circuit 
board. The transformer should be able to supply 

300 mA. U1 requires a negative &volt supply, which 
is provided by C4, C6, R10, CR2, and the two-addi- 
tional IN4001s. The LM 342-5 provides a regulated, 
5-volt supply for logic circuitry. The DVM module 
requires an external reference voltage of 2.0 volts 
which is provided by CRI, R3, and R4. 

display panel construcl:ion 
Many options are open in the construction and 

layout of the display panel, depending upon the 
creativity, skill, taste, and resources of the builder. A 
rather straightforward approach yielded the display 
shown in fig. 5. The printed-circuit board is mounted 
insidea 15 x 7.5 x 10 cm (6 )( 3 x 4 inch) box-type 
interlocking chassis. The box should be mounted 
on the rear of the base to provide stability for the dis- 
play panel and frame. 

adjustment 
Before inserting any of the ICs (especially U1 1, the 

+ 12, +5, - 5, and the 3.2-volt reference should be 
checked. Then adjust R3 and R5 to the extreme 
counterclockwise position. Cjlse a high-impedance 
voltmeter, 1 megohm or greater input (probe) impe- 
dance, when checking any terminal voltages on U1. 
Lower impedance voltmeters present a significant 
load to the circuitry resulting in erroneous readings. 
With U1 in the circuit, adjust R3 to provide +2.00 
volts at pin 2 of U1. Temporalrily jump a wire from a 
+5  volt supply point to the A side of R5, the non- 
grounded rotator input terminal. Only sector 1 should 
be illuminated. Turn R5 clocltwise about half way. 
The display should step thro~t~gh the 20 sectors as 
this is done, and only one sector should be illumi- 
nated at any one time. If the LEDs light out of se- 
quence, check the cable wirilr~g between the driver 
outputs and diode gates in the display panel. If a 

@ RYWOOD SIDES @ PLYWOOD BASE 

@PINE SIDE SUPPORTS @ 8OX FOR DISPLA Y ELECTRONICS 

@ PINE BASE SUPWRTS @ FRAME 

fig. 5. General construction plan for the display panel. The 
outline dimensions are approximate, depending on the 
frame used. Exact details of the lnap and framework have 
been omitted since they will dopend upon the builder's 
resources and abilities. 
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fig. 6. Printed circuit board pattern for the antenna position display (above1 and parts placement diagram (belowl. 
A printed circuit board can be obtained from the author. 

Ice, I 
Lair. 
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series diode string on a radial vector does not light, to the extreme counterclockwise position and dis- 
check the diode gates, LEDs, and U6 or U7. If one connect the + 5  volt jumper to R3. Attach a cable 
hemisphere does not light, check U8, the appropriate from the grounded terminal of R5 on the display elec- 
input gates to the drivers U6 or U7, as well as the tronics board to terminal 1 on the Ham II control box 
appropriate display driver. terminal strip, and another lead from the other side 

With the above check-out completed, return R3 of R5 to terminal 3. Rotate the antenna to 198 de- 



grees in the S-SW quadrant. Approximately 13 volts 
should appear across R5 on the display input ter- 
minals. Carefully rotate R5 clockwise until just the 
198 to 180 degree sector illuminates. Rotate the 
antenna back through a clockwise rotation and 
watch how the sectors on the map light up as the 
appropriate compass headings on the control box 
are passed. With minor adjustments of R3 and R5, 
tracking to within 10 degrees can be maintained 
throughout the entire antenna rotation. Linearity 
of the potentiometer in the rotator can cause minor 
variations. 

I have not attempted to connect this display to 
makes of antenna rotors other than the Ham II. How- 
ever, with the circuit explanation given, it should be 
easy to adapt this system to other rotators as long as 
there is more than a 0 to 2 volt analog signal swing 
available to drive the display electronics. 

component procuremelfit 

All the ICs, with the exception of U1, the Motorola 
MC14433, are readily available from most supply 
houses. U1 was purchased through Circuit Spe- 
cialists, Box 3047, Scottsdale, Arizona 85257, for 
under $15.00. With the influx 13f low-cost DVM kits, 
there should be lower costs for this item in the fu- 
ture. The total cost of the electronic components 
and printed circuit board cam~e to less than $45.00. 
LEOS can be obtained at good prices when ordered in 
a quantity of 100 rather than on1 a per-diode basis. 

I wish to express my appreciation to Dick Keil, 
N4JU, Bob Winter , WB4AYW, and Walt Short, 
N4SW, for their advice, and particularly to N4SW 
and K4GOK for their assistance in artwork prep- 
aration. 

ham radio 

great-circle maps 

For the past several years I have been offering 
computer generated great-circle bearing printouts 
which have been extremely popular with DX opera- 
tors." In a recent article in Ham Radio Horizons I 
discussed the use of these charts and also showed 
several great-circle maps. The great number of 
readers who inquired about obtaining azimuthal equi- 
distant maps prompted me to-complete work on a 
computer program I started several years ago to 
draw such maps. 

The program itself is straightforward, but the data 
base associated with it is truly staggering, consisting 
of almost 20,000 data elements. This is why I put off 
completing it for so long. The computer time re- 
quired to process and draw each map is much more 
than that required for the standard great-circle print- 
out, so the cost is slightly greater. The maps are 
printed on 11 x 14 inch paper; in addition to 
geographical data, all major political boundaries are 
shown, but no attempt has been made to label indivi- 
dual countries because of the enormous program- 
ming complexities it would entail, not to mention the 
additional cost. 

I will supply custom-made azimuthal equidistant 
maps to interested Ham Radio readers according to 
the following price schedule: 

$5.00 postpaid via 3rd class mail, worldwide 
$5.75 postpaid via 1st class mail, USA, Canada, 

Mexico 

$6.50 postpaid via Air Mail, worldwide. 

'Computer generated charts for your station location are priced at $1.00 for 
surface mail or $2.00 for air mail, and list 6M) distant locations along with 
bearings, distances, and return bearings. 
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Computer-drawn great-circle map centered on Greenville, 
New Hampshire. 

When ordering your map, be sure to include your 
mailing address and the locati~:)n for which the chart 
is to be made. If you live in a  rural area or a town of 
less than 10,000 population, ciarefully describe your 
location with respect to other nearby towns so your 
latitude and longitude can be determined. 

Bill Johnston, N5KR 
1808 Pomona Drive 

Las Cruces, New Mexico 88001 
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phase coherent 
RTTY modulator 

Discussion of the 
need for using a 

phase-coherent AFSK system 
to generate FSK with a 

single-sideband transmitter 

With amateur activity increasing on RTTY there 
is a growing need for a quality RTTY modulator and 
demodulator to interface between the station re- 
ceiver and transmitter. Although some transmitters 
have provisions for a frequency shift key (FSK) input 
to the VFO circuitry, most do not. One of the stan- 
dard means of producing an FSK carrier on the high- 
frequency bands is to insert pure tones into the audio 
input of an ssb transmitter. An audio FSK generator 
(AFSK) will produce an FSK signal when it is applied 
to a single-sideband, suppressed-carrier transmit- 
ter. However, there are limitations to this technique. 

FSK problems and approaches 
In RTTY circuits, there are basically two frequency 

shifts used, a narrow shift (170 Hz) and a wide shift 
(850 Hz). The only FCC requirement is that the shift 
be less than 900 Hz. The reason for a shift at all, of 
course, is to distinguish a mark from a space, thus 
conveying information. Using digital language, the 
mark and space may be redefined as a logic one or a 
logic zero. The definition of which frequency will be 
used as a mark (one) and a space (zero) must be 
compatible between all communicators, otherwise 
the shift will be inverted from the one expected. On 
the 20-meter band, for example, the mark frequency 
is normally defined as the higher of the two fre- 

quencies, while the space is the lower of the two. 
The mark and space frequencies are offset by 170 Hz. 

The narrow-shift mode is almost always used on 
the high-frequency bands, while some amateurs 
use the wide shift on the vhf bands. Fig. 1A shows 
the ideal frequency spectrum of a narrow-shift FSK 
signal. The bandwidth due to the information rate is 
not shown, but it will be centered on each carrier fre- 
quency and will have the effect of widening the FSK 
signal spectrum. The information bandwidth de- 
pends on the speed at which the RTTY is sent, and it 
will not be considered here. Note in this figure that 
the mark frequency is exactly 14.097875 MHz, while 
the space frequency is exactly 14.097705 MHz. This 
would be a narrow-shift FSK signal, since the dif- 
ference is 170 Hz. 

If the frequency determining unit in the transmitter 1 is appropriately modified, a frequency shift of 170 
Hz is easily attained. As an example, an oscillator 

1 may be modulated by using a varicap to generate the 
required FSK signal. An alternate method, however, 

1 would be to modulate a single-sideband transmitter 
with pure sine wave tones. Theoretically, in an ssb, 
suppressed-carrier transm~ltter, (SSB-SC), if a single 

I 

frequency is used to modulate the transmitter, a 
single frequency appears at the output of the trans- 
mitter. When in the upper-sideband mode, the fre- 

1 quency that appears is the sum of the modulating 
frequency and the supprtssed-carrier frequency, or 
the suppressed-carrier frequency minus the mod- 
ulating frequency when in the lower-sideband mode. 
By changing the audio frequency, a signal can be 

I 
generated which is FSK rrlodulated in step with the 
audio signal. Although the signal fed into the trans- 
mitter is AFSK, the signal generated by the transmit- 
ter is a true FSK signal; alnly one rf frequency exists 

1 at a time at the output. 
I There are certain demands put on the transmitter 

By Gene Hinkle, K5PA, 12412 Mossy Bark, 
Austin, Texas 78750 
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when either FSK or AFSK is used. If FSK is imple- 
mented by modifying the VFO, then the short-term 
and long-term stability of the shift circuits must be 
considered. Since the frequency-determining section 
of a transmitter is being modified, the circuits must 
not cause drift in the oscillator that will make the 
selected frequency unstable. For instance, if a dc 
potential is used to vary the capacitance of a varicap 
diode, the dc may have an ac ripple component. 
This ripple, from a poorly filtered dc power supply, 
will cause fm modulation to appear on the shifted- 
carrier frequency. This is certainly not desirable. 
Also, any temperature drifts in the dc control circuits 
or in the varicap diode response will cause a fre- 
quency change to occur in the fsk carrier fre- 
quencies. Care must be exercised to ensure that any 
modifications do not influence the stability of the 
oscillator. 

With AFSK modulation applied to a transmitter, 
another set of problems appear. Fortunately, these 
problems are not associated with the stability of the 
VFO, since it is not modified. However, the quality of 
the ssb generation (carrier suppression, sideband 
suppression, and sideband filter response) is im- 
portant. In a SSB-SC system, a double-sideband sig- 
nal is first generated with the carrier suppressed. 
Normally, a sharp filter is used to pass only the de- 
sired sideband, either the upper or the lower. Be- 
cause of this method, the unwanted sideband will be 
present, along with the carrier, although suppressed 
to a ldrge degree (see fig. 16). When operating an 
SSB-SC transmitter as an FSK generator, care must 
be exercised to ensure that the carrier is properly 
balanced out, and, in addition, the unwanted side- 
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fig. 1. Frequency spectrum of an FSK system on 20 meters. 
(A1 shows the ideal spectrum, with the mark being the high- 
er of the two frequencies. In all cases, the information 
bandwidth is not considered. In IB), you can see the conse- 
quences of improper carrier balance and poor upper-side- 
band suppression when using an audio tone to generate an 
FSK signal. The spectrum when the sideband filter does not 
properly suppress harmonics is seen in ICI. 
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fig. 2. Diagram of coherent and incoherent frequency shifts. 
The incoherent shift results in sinewave distortion during 
different parts of the cycle, wh~ile a coherent frequency shift 
has a smooth phase transition, resulting in less distortion. 

band is adequately filtered. Carrier null is probably 
the worst culprit, since balance circuits will change 
with time. The balance should be periodically 
checked, otherwise a continuous carrier will be 
present along with the FSK information. 

The sideband filter respclnse is important because 
of the distortion present in the modulating fre- 
quency. Although a sine wave modulating frequency 
is prescribed, it is extremely difficult to attain. Even 
if a perfect (no harmonics) sine wave were used, any 
nonlinearities in the audio stage would introduce 
some distortion into the m~odulation. For example, if 
a frequency of 2125 Hz is used to modulate the trans- 
mitter, the sideband filter should suppress the sec- 
ond, third, and other high-order harmonics. Fig. 1C 
shows the effect of insufficient harmonic suppres- 
sion when a mark or space frequency is being trans- 
mitted. As was mentioned earlier, even a pure sine 
wave injected into the transmitter audio input will 
end up distorted because of preamplifier nonlinear- 
ities. This preamplifier induced distortion will be re- 
duced somewhat due to the response of the side- 
band filter. If a low audio frequency is used for the 
mark or space, the second and third harmonic may 
fall into the passband of the sideband filter. If, on the 
other hand, the mark arid space frequencies are 
chosen to be high enough in the response band of 
the filter, the sideband filter will reject the harmonic 
energy created by signal distortion. 

The importance of undistorted wave forms is clear 
when considering the friequency spectrum of an 
FSK signal. Too much distortion and the harmonic 
content is more than the filters can adequately re- 
move. Thus, steps should be taken to ensure that a 
reasonably clean modulating waveform is applied to 
the audio input of the tran~smitter. At the time of the 
frequency shifts, the phase transitions from one 
frequency to the other sh~ould not contain disconti- 
nuities which would contain energy at frequencies 
other than the space or mark frequencies. This basi- 
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cally means that all space and mark frequency and higher-order odd harmoriics cause distortion. 
changes should be done smoothly (see fig. 2). One The lowpass filters are designed to attenuate the 
way to guarantee this is to always change phases at third harmonics by 40 dB. Thle third harmonic of a 
a zero-crossing of the signal. Using this approach, squarewave is normally 10 dB lower than the funda- 
the audio modulating signal will always change fre- mental, so this additional 40 dB should put the third 
quency at the same phase point in all information harmonic 50 dl3 below the fundamental. Of course, 
transitions. in practice, this may not be obtained, but the low- 

F ,  ADJ fZ ADJ LOW-PASS 

FS K FILTER 

F,  OR f2 

DATA INPUT 1 f S K  I "" 5 0 %  DUTY E L  I AOJ FSK SINE OUT DATA-FSK 
SYNCHRONIZER GENERATOR CYCLE CIRCUIT 

J 

fig. 3. Block diagram of an AFSK generator capable of coherent frequency shifts. Lowpass filters reduce the harmonic content 
to acceptable levels. 

A block diagram of an AFSK generator is shown in 
fig. 3. The generator begins with an oscillator set to 
twice the needed frequency. When a mark or space 
is needed, the oscillator's frequency is adjusted for 
the proper ,frequency change. A divide-by-two cir- 
cuit generates the correct frequencies for the AFSK 
output waveform, with a lowpass filter removing ob- 
jectional harmonic energy from the square wave - 
resulting in a near sine wave output. 

Because a square wave is used, the even har- 
monics theoretically do not exist. Thus, only the third 

pass filter response coupled with the bandpass re- 
sponse of the sideband filter in the transmitter should 
give satisfactory suppression of all harmonics. It 
should be noted that the mark and space frequencies 
chosen (2125 and 2295 Hz) nr~ust be within the re- 
sponse of the sideband filter in the transmitter. 
Otherwise, these frequencies vvill be attenuated. 

There is nothing magic ablout these modulating 
frequencies. Frequencies of 1800 and 1970 (170 Hz 
shift) could have been used. However, the receiver 
demodulator must be matched to these same fre- 

DATA SYNCHRONIZER 

PRECISION OSCILLATOR 

0 GATE SIGNAL INPUT 

SIGNAL GATE 

fig. 4. Schematic diagram of the AFSK generator described in the text. The active filter removes harrnonic energy while the flip- 
flop synchronizer only allows phase coherent frequency shifts to occur. All parts associated with the 555 oscillator should have a 
low temperature coefficient to reduce frequency drift due to temperature change. 
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quency pairs. This assumes that the receiver-trans- will guarantee a 50 per cent duty cycle. The other 
miner combination operates on the identical fre- half of this dual-D flip-flop is used as the input data 
quency. synchronizer. The mark or space input will affect the 

frequency of the 555 only when the output of the 
circuit description divide-by-two changes state. Thus, all frequency 

A circuit which reflects the block diagram just dis- shifts are synchronized by one well-defined phase 
cussed is shown in fig. 4. The ubiquitous 555 astable point in the oscillator's period. The divide-by-two cir- 

GND lFSX  
OY T 

fig. 5. Foil pattern (above) and parts placement diagram lbelowl for the phase 
coherent R l T Y  modulator. 

oscillator is used as the frequency generator. Two cuit is easily disabled, creating a convenient method 
miniature potentiometers are used to adjust the mark of gating the oscillator. This is useful for gating the 
and space frequencies (actually twice the required oscillator off and on to a CW identification. Q2 and 
frequencies). By inputting a logical one or zero, tran- 0 3  simply buffer the input, which inhibits the divide- 
sistor Q1 turns on, changing the RC time constant. by-two. U3 and U4 are used as a dual-stage, active 
For the 555 oscillator, the frequency of oscillation is: lowpass filter. These filters each have a two-pole 

Bunerworth response. Each lowpass response re- 
1.44 sults in a 40 dB per decade roll-off characteristic. In 

F= (R1 + 2R2) CI tandem the responses add, yielding and overall 80 
dB per decade response. The lowpass filters use in- 

where R1 is the parallel combination of the resistors expensive 741-type operational amplifiers. The last 
used for frequency setting. Normally, the frequency output of the filter is attenuated by R3. This potenti- 
of the 555 is set to twice the mark and space fre- ometer can be adjusted to set the output drive level 
quencies. U2 is used as a divide-by-two circuit which feeding the audio input of the transmitter. 
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The circuits are powered from a 12- to 15-volt dc 
source. The voltage reference for the oscillator sec- 
tion, however, is regulated by a three-terminal reg- 
ulator to ensure that voltage fluctuations will not 
influence the frequency of oscillation. Even though 
the 555 oscillator has a specified 0.1 per cent volt 
tolerance to power supply change, I have found it 
best to regulate the power source to remove any 
problems with errors due to this change. If you use 
a well-regulated power supply, the 7805 three- 
terminal regulator may be omitted and a jumper wire 
installed. 

Layout of the circuit is not critical since only audio 
frequencies are generated. A printed-circuit-board 
foil pattern is shown in fig. 5. The power bus should 
be filtered to remove dc transients which might be 
propagated from other circuits attached to the same 
power source. A typical power supply is shown in 
fig. 6A. Also shown is a circuit which may be used 

pacitor is shown, slight variations of this value are 
permissible due to the use of potentiometers for 
determining the frequency. However, extreme varia- 
tions may not work because of the limited range of 
the potentiometer adjustment. Therefore, if the fre- 
quency will not adjust to the exact frequency need- 
ed, try using another capacitor for C1. If all else fails, 
a smaller-value capacitor could be paralleled with 
C1 to "fine tune" the frequency. 

ON/OFF 

GROUND 

to convert a TTY current loop to the proper voltage 
fig. 6. Typical power supply 

for driving the modulator input. For those who wish for use with the Rm mod- 
to duplicate this modulator, a circuit board is being ulator is shown in ( A ) .  A m  
made available." current loop interface, using fzEL ,. 

an op-isolator, is shown 
adjustment in (B). Q 

Once the circuit is constructed, checkout is rela- 
tively straightforward. A 12-15 volt power supply 
should be connected between the power input and 
ground. Since the "shift direction" is jumper pro- 
grammable, one or the other polarity for the shift 
direction should be selected. If needed, a single- 
pole double-throw switch could be used to remotely 
select the shift direction. Assuming pin 12 is se- 
lected for the shift direction and no "Data-in" signal 
is present, Q1 will be turned off. With Q1 off, the 
"Low-Adj" potentiometer should be adjusted for an 
output frequency of 2125 Hz. This frequency can be 
measured at the FSK signal output port, or moni- 
tored a t  pin 2 of U2. Once the frequency is brought 
into the proper range, "Data-in" should be con- 
nected to a logic one level. Q1 will now turn on, and 
the "High-Adj" potentiometer should be adjusted 
for an output frequency of 2295 ' i z .  

If no signal appears at the output or at pin 2 of U2, 
measure the level at pin 6 of U2. It should be at 
ground potential when no "Gate" signal is present. 
If it is not at ground potential, 02 and Q3 may be the 
wrong type or inserted improperly. If the frequency 
can not be adjusted to the proper range, C1 may be 
at fault. Since C1 determines the timing, only a high- 
quality capacitor should be used. Any temperature 
drifts of this capacitor will create a proportional drift 
in the oscillation frequency. Although a O.O1-pF ca- 

*A predrilled, single-sided printed circuit board is available for $5.00 post- 
paid from 110 Engineering, 12412 Mossy Bark. Austin, Texas78750. 

After the oscillations are set to within the tolerance 
wanted, go back and check tlie frequencies as the 
"Data-in" line is switched from1 a logic one to a logic 
zero. The "Gate" signal input can next be checked 
by connecting a logic one voltage to the input. The 
output oscillations should cease. Note, if the op- 
posite logic polarity is needed for the disable gate 
input (logic zero for disable), Q2 and R4 can be 
eliminated, but be sure to jumper between the col- 
lector and base of 02. This is why two transistors 
are used in the Signal Gate circuit, to allow for the 
option of inverting the gate signal. 

I should mention that the 4013 dual flip-flop is a 
CMOS device. Thus, care should be exercised when 
handling the unit because static buildup can damage 
the sensitive MOS input transistors. Also, beware of 
bargain basement CMOS devices. I have seen some 
ICs purchased from outlets which by no means met 
specifications. All outputs should swing from the 
power supply potential, for a logic one, to practically 
ground potential, for a logic 2:ero. This assumes no 
current is being "sourced" or "sinked" by the out- 
puts. If the CMOS device doe!; not meet this simple 
criterion, send it back; it is defective. 

I hope this will clarify the AF:SK approach for gen- 
erating FSK with single-sideband equipment. The 
pitfalls to avoid should be recognized for compliance 
with FCC regulations and for reducing interference 
on the amateur bands. 

ham radio 
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t ime-curre 
of nickel-cadmium 

batteries 
Time-current charging: 

a technique 
for quickly charging 

nickel-cadmium batteries 

Want to charge sealed, nickel-cadmium batteries 
quickly and safely? The dump, time-current charging 
method is not new, but it seems little known by many 
people using nickel-cadmium batteries in electronic 
equipment. 

Sealed nickel-cadmium cells may be charged and 
discharged at very high rates (high currents), if cer- 
tain rules are observed. When discharging, overheat- 
ing of the cells should be avoided. Not letting them 
get too hot to handle is a safe rule. (Note: Cells used 
in portable soldering irons are effectively short cir- 
cuited by the low-resistance soldering element; for 
short periods, they may supply hundreds of amperes 
without damage.) 

In the case of charging, the same rule applies - 
with one major limitation. This limitation is that high 
currents must be avoided when the cell is near or 
above full charge. When above full charge, the cell 
will produce gas if it is charged at a rate above 10 per 
cent of its (one hour) ampere-hour (A-HI rating. In 
most cases, this is the recommended slow-charge 
rate and is the rate that can be used for prolonged 
periods of overcharging without apparent damage." 

i t  charging 
Open cells are not an alltogether different matter. 

Most of this article applies also to that type of cell. 
However, the following items are important if you 
use open cells. Always open the filler vent when 
charging; do not trust any automatic vent that may 
be provided. Unless the cell has leaked, add only dis- 
tilled water to bring the electrolyte back to the proper 
level. Charge the cell until it freely "outgasses"; that 
is, until many bubbles start to rise in the electrolyte. 
The dump, time-current charging method can be 
used with open cells. However, since the gas 
pressure problem does not exist and a good "full 

R R R R 

fig. 1. The dump circuits in this diagram can be varied to suit 
any situation. If the batteries are not soldered into the cir- 
cuit, a simple battery holder, with dumping resistors 
soldered across the terminal, can be used. A voltmeter can 
be used to measure the cell voltages. Discharge each cell to 
about 0.5 volt; at 0.5 volt, the cell has less than 5 per cent of 
its full charge. 

*If you are going to trickle charge batteries during idle periods, a rate of 1 
By George A. Wilson, WlOLP, 318 Fisher 

per cent of ampere-hour rate would probably be more reasonable. Street, Walpole, Massachusetts 02081 
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charge" indicator does exist, the method is not very 
useful. 

time-current charging 
The basics of this system are to first completely 

discharge the cell and then to recharge it to less than 
100 per cent full charge with a known high current 
for a specific length of time. It may be used at this 
point, or, if full capacity is required, charging may 
continue at the normal 10 per cent rate. 

To avoid reverse charging, it is very important that 
fast discharging be done individually on each cell. If 
you are working with a battery of cells, a jig must be 
made to separately discharge the cells. Even at nor- 
mal discharge rates, care must be taken not to dis- 
charge cells connected in series. In some cases, the 
discharged cells are reverse-charged and frequently 
become reverse-polarized. When this occurs, the cell 
will not recharge in the normal manner; it will retain 
its reverse polarity. Sometimes the cell can be 
brought back to normal polarity by giving it a massive 
charge in the proper direction. Typically, half-ampere 
cells are charged at rates of several amperes for a few 
minutes. This "cure" works in many cases, but the 
reliability of the cell is questionable from that 
point on. 

dumping 
Discharging (or dumping) can be safely accom- 

plished at four times the rated one hour A-H current. 
Typically, a four A-H cell can be safely discharged at 
16 amperes. In this case, a full charge will take about 
fifteen minutes to dissipate. If the cell is less than ful- 
ly charged, correspondingly less time will be re- 
quired. Satisfactory values of resistance for several 
popular nickel-cadmium cell sizes are given in table 
1. The circuit for discharging single or multiple cells is 
shown in fig. 1. 

A C 
L lNE 

BEING 

CHARGED 

CHARGER _1 
fig. 2. Diagram of a simple charging circuit. Commercial 
chargers can be used, or a simple transformerldiode circuit 
can be built. 

Table 1. Resistance values needed for a cell discharging 
system. 

discharge 
cell A-H current minimum 
size rating amperes resistance wattage 

D 3.5 A-H 12.0 0.1 Ohm 25.0 Watts 
C 1.5 6.0 0.2 10.0 

AA 0.5 2.4 0.5 5.0 
- 0.25 1 .O 1.2 1 .O 

charging 
Charging is most effectively done with the cells 

connected in series. This allows a single charger to 
put the same charge current through all of the cells 
simultaneously (see fig. 2). Charging can be done at 
currents as high as 50 times the one-hour ampere- 
hour rating of the cell; a 1501-mA cell can be charged 
at 7.5 amperes. The charging time is calculated as 
follows: 

A-H rating 
time = -- 

charging current 

= 1.2 minutes 

This short a time, however, is an extreme that 
should be avoided because of the timing accuracy 
required. Missing by a few seconds could lead to an 
accident. A misrating on the cell could be equally 
dangerous. If you choose a rate of five times the A-H 
rating, the time would be 12 minutes and the time 
tolerances become reasonable. Plus or minus one 
minute will result in about 10 per cent of full charge. 

At any rate of charge, the 100 per cent charge time 
may be calculated using the previous formula. 
Although the prime advantage of the dump, time- 
current charge method is !speed, somewhat slower 
discharge and charge rates will tend to be safer than 
high rates, which may ruin a battery if care is not 
used. I strongly recommenld that a timer be used to 
turn off the charger, rather than trusting the clock- 
watching method. 
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GET MORE 
THAN YOU 
BARGAIN FOR 

at a TEN-TEC franchised dealer 
Buying amateur radio equipment is more than looking for the best price. It's all 
the extras you get from an involved. active dealer who has your best interests 
a t  heart-a TEN-TEC franchised dealer.  . . 

FREE HELP - GOOD ADVICE 
Investing in amateur radio equipment is a substantial move in personal 
finances. so i t  pays to get all the advice and help you can. Your TEN-TEC 
dealer has been franchised because he's the kind of expert we want to 
serve you-knowledgable. honest. willing to spend the time you need to 
make the right decision. 

FULL LINE DISPLAY 
There's n o  suhstitute for a first-hand look and trial when it's time to select 
your new gear. And your TEN-TEC dealer has our major models on 
display-even the manuals for each so you can check out every detail. 
e v e y  specification. 

FAST DELIVERY 
Part of the joy of buying anything is taking it home with you. Once you've 
made up your mind. there's usually no need to wait for delivery with a 
TEN-TEC dealer. He will either have your model in stock ( i f  it is an 
established one), or be among the first to receive new products. 

FAIR PRICES 
Your TEN-TEC dealer is in business to make a living. His best price will be 
a fair price-one that is satisfactory to both of you. That way he will stay in 
business to provide all the services you want .  . . new products, stores of 
needed items for emergencies, help for beginners, and just being there 
when you need him. 

FREE WARRANTY SERVICE 
The TEN-TEC warranty is one of the most liberal in amateur radio, simple 
to understand, and fair. And your TEN-TEC dealer is ready to provide 
complete wananty service to your satisfaction-most of the time without 
your having to return anything to the factory. 

AFTER WARRANTY SERVICE 
Your TEN-TEC dealer won't forget ahout you i f  trouble arises. He's right 
there with the facilities to get you back on the air quickly. And he does it  all 
at reasonable cost. 

You can count on your TEN-TEC dealer-he's franchised by the TEN-TEC 
factory because he's a man who is ready to help-to give you more than you 
bargain for. 



There's a franchised TEN-TEC dealer near you. . . 
Alabama 
Long's Electronics. Birmingham 
Younce Electronics. Mobile 

Arizona 
The Ham Shack. Phoenix 

California 
Ham Radio Outlet. Anaheim 
Henry Radio, Anaheim 
Ham Radio Outlet. Burlingame 
The Base Station. Concord 
Fontana Electronics. Fontana 
Cohoon Amateur Supply West. Lompac 
Loomis Electronics. Loomis 
Heny Radio. Los Angeles 
Dave's TV-CB & Stereo. Mentone 
Vineyard Amateur Radio Sales. Oxnard 
Electronics Emporium. San Diego 
Ham Radio Outlet. San Diego 
Quement Electronics. San Jose 
Shaver Radio. Santa Clara 
Ham Radio Outlet. Van Nuys 

Colorado 
Buntein-Applebee Company. Denver 
CW Electronics. Denver 

Connecticut 
Hatry Electronics, Hartford 
Thomas Communications. Newington 
Delaware 
Delaware Amateur Supply, New Castle 

Florida 
Ray's Amateur Radio. Clearwater 
Sunrise Amateur Radio. Ft. Lauderdale 
N & G Dishibuting Company. Miami 
Amateur Electronic Supply. Orlando 
Contemedia Communications Systems. 
Tallahassee 
Georgia 
ZZZ Electronics Incorporated. Atlanta 
Radio Wholesale. Columbus 
Hawaii 
Delcoms-Hawaii. Aiea 

Idaho 
Action Supply Company. Boise 
Ross Dishibuting Company. Preston 

Illinois 
Maynus Electronics. Chicago 
Organs & Electronics. Lockport 
Spectronics Incorporated. Oak Park 
Klaus Radio. Peoria 
Indiana 
Lakeland Electronic Supply. Angola 
Kryder Electronics. Ft. Wayne 
Graham Electronic Supply Inc., Indianapolis 
Electrocom Industries. South Bend 
Radio Distributing Company. South Bend 
Hoosier Electronics. Tene Haute 
Iowa 
Hi Incorporated. Council Bluffs 
Bob Smith Electronics. Ft. Dodge 
Kansas 
Associated Radio Communication. 
Overland Park 
Electronics Inc.. Salina 
Amateur Radio Equipment Co.. Wichita 

Kentucky 
Cohoon's Amateur Service. Hopkinsvllle 
Mobile Communications. Louisville 

Maryland 
The Comm Center. Laurel 
Electronics Intl. Service Corp.. Wheaton 
Massachusetts 
C. B. Wilkins Company. Greenfield 
Tufts Radio Electronics, Medford 

Michigan 
Purchase Radio Supply. Ann Arbor 
Radio Supply & Engineering Co.. Detroit 
Omar Electronics. Durand 
Radio Parts Incorporated. Grand Rapids 
Ferris Radio. Hazel Park 
H. R. Electronics. Muskegon 

Minnesota 
Electronic Center Incorporated. Minneapolis 

Mississippi 
Electronic World Incorporated. Pascagoula 
Communication Services. Philadelphia 
Missouri 
Henry Radio Butler. Butler 
Burstein-Applebee Company. Kansas City 
Ham Radio Center Inc.. St. Louis 
Mid-Com Electronics. St. Louis 
Montana 
Conley Radio Supply, Billings 

Nebraska 
Communication Center. Lincoln 
Omaha Amateur Center. Omaha 

Nevada 
Communications Center West. Las Vegas 

New Hampshire 
Evans Radio Incorporated. Concord 
Evans Radio Inc.. Nashua 
Evans Radio Incorporated, Portsmouth 

New Jersey 
Atkinson & Smith, Eatontown 
Radios Unlimited. Somerset 
New York 
Adirondack Radio Supply. Amslerdam 
Caledonia Community Outfittea. Caledonia 
Ham Bone. Dewin 
Grand Central Radio. New York 
Jr's CB Radio Supply. Rochester 
Radio World. Rome 
Ham Shack Electronics. Watertown 
Hirsh Sales Company. Williamsville 
North Carolina 
Georgetown Communications. Asheville 
Bi-Comm. Greensboro 
Slep Electronics. Otto 
Bob's Amateur Radio Center, Salisbuy 

Ohio 
Amateur Electronic Supply. Cleveland 
Amateur Radio Sales & Service. Columbus 
SREPCO Electronics. Dayton 
Marietta Radio & TV Supply Inc.. Marietta 
Ken-Mar Industries. North Canton 
Universal Amateur Radio Inc.. Reynoldsburg 
Richard Brock. Shaker Heiqhts 

Oklahoma 
Oklahoma Ham Shack. Oklahoma City 
Radio Store. Oklahoma City 
Radio Incorporated. Tulsa 

Oregon 
Oregon Ham Sales. Albany 
Portland Radio Supply. Portland 

Pennsylvania 
Supelco Inc.. Bellefonte 
Clegg Communications. Lancaster 
Tydings Company. Pittsburg 
Electronic Exchange. Souderton 
Hamtronics. Trevose 
Ham Buerger Inc.. WiUow Grove 

Rhode Island 
Budlong Marine. Cranston 

South Carolina 
ANR Electronics. Newbemy 

South Dakota 
Burghardt Amateur Center. Watertown 

Tennessee 
John Franklin Enterprises. Chattanooga 
Amn.  Madison 
Germantown Amateur Supply. Memphis 
J-Tron. Sprin$eld 
Texas 
AGL Electronics Incorporated. Dallas 
Electronics Center Inc.. Dallas 
Electronic Service Company. Elemendod 
Hardin Electronics. Ft. Worth 
Tracy's Electronics. Ft. Worth 
Andy Electronics. Houston 
Madison Electronics. Houston 
Mu16 Communications. Houston 
J-T Electronics. Plano 
Jay Huckabee Company. Snyder 
Jung & Perkins Corporation. Tyler 
Virgin Islands 
Electronics Unlimited Inc.. St. Thomas 

Virginia 
Arcade Electronics Inc.. Annandale 
Priest Electronics, Norfolk 
Radio Communications Company. Roanoke 
Washington 
Amateur Radio Supply Company, Seatde 
Consumer Communications. Seattle 

Wisconsin 
Amateur Electronic Supply. Milwaukee 
Canada 
R & S Electmnics, Dartmouth. Nova Scotia 
Hamtraders Incorporated. Downsview. Ontario 
WSI Sales Company. Kitchener. Ontario 
C. M. Petenon Company Ltd.. London. Ontario 
Jac-Tenna Electronique. Tray. P Quebec 
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t-DSI INSTRUMENTS 1NC.-3 

DS/ I DSI INTRODUCES 
I THE FIRST FULL LlNE OF FREOUENCY COUNTER ACCESSORIES 

I Performance You Can Count On 

I DON'T SCRAP THAT OLD FREQUENCY COUNTER I SUPER PRE-AMP 

* I 0  MV @ 150 MHz & 250 MHz 
'a50 MV @ 450 MHz 
*INCLUDES 115VAC SUPPLY 
*OPERATES ON 8-12 VDC 
*RUGGED CAST ALUMINUM CASE 
*READY TO USE ON ANY COUNTER 

I 600 MHz PRESCALER+ BY 10 
WlTH BUILT IN PREAMP 

MODEL PS--600 I 

15 DB PRE-AMPLIFIER 
20 MHz TO 800 MHz 

*OUTSTANDING AS A PROBE AMPLIFIER 
*INCREASE SENSITIVITY OF A COUNTER 
WlTH 100 MV to 12 MV TYP. 

*INCLUDES 115VAC SUPPLY 
*OPERATES ON 8.2-13.5 VDC 
*RUGGED CAST ALUMINUM CASE 

MODEL PA-800 
- 

RTTY-PL-AUDIO 
AUDIO SCALER 

*x10, x 100 MULTIPLIER 
0.01 Hz RESOLUTION WlTH 1 SEC GATE TIME 
020 MV SENSITIVITY 10 Hz to 10 KHz 
*HI Z IMPUT 1 MEG OHM 
*A MUST FOR PL REEDS, RTTY AND LOW 
AUDIO WORK WHERE ACCURACY IS 
MANDATORY 

PROTECT YOUR COUNTER 
T-TAP 

160 METERS TO 450 MHz 
*POWER LEVELS - 1 WATT TO 250 WATTS 
*USE IN LlNE WlTH TRANSCEIVER 
*LOW LOW LOSS 
*PROVIDES LEVEL OUTPUT TO COUNTER 
AT ALL POWER LEVELS 

*USE IN LlNE WlTH DUMMY LOADOR ANTENNA 
*RUGGED CAST ALUMINUM CASE 

MODEL AS-100X I MODEL T-100 

ALL UNITS ARE FACTORY ASSEMBLED, TEST'ED AND CARRY A FULL 1 YEAR WARRANTY. 

SEE YOUR LOCAL DEALER 
OR 

CALL TOLL FREE (800) 854-2049 
California Residents add 6% State Sales Tax and Call Collect (714) 565.8402 

c 7914 Ronson Road No. G, San Diego, CA 92111 



gems for 
frequency control 

A misunderstood hero of the electronics world is 
the quartz crystal. Quietly it awaits your command to 
put your transmitter on frequency, to reject all but 
one sideband, or to select one rare CW signal sand- 
wiched between adjacent kilowatt signals. What is 
the secret of quartz? Can an amateur operator zero- 
adjust his crystal oscillator, or is he stuck with a bad 
crystal? How do these pieces of quartz operate in an 
oscillatory circuit? It's hoped that this article will 
answer some of your questions and help you in pro- 
curing and designing circuits with that celebrated 
mineral. 

the quartz crystal - 
some background 

Quartz technology is based on its piezoelectric pro- 
perty. The application of an electric field causes cer- 
tain substances to oscillate; conversely, the applica- 
tion of a mechanical force or vibration causes sub- 
stances to generate an electric field, known as the 
piezoelectric effect. Quartz is useful as an electri- 
cal oscillator operating in a very narrow frequency 

fig. 1. Equivalent circuit of the quartz crystal. L1, C1, R1 are 
the primary, or motional components. which determine fre- 
quency and circuit Q. Capacitance Co is the electrode, 
mounting structure, and holder capacitance. Capacitance 
CL is the parallel capacitance across the circuit. 

band. The precise frequency, activity, and tempera- 
ture characteristics are determined by the position 
and angle of cut on the crystal. 

The old concept that the quartz crystal is a stan- 
dard of frequency was born in an age of less-critical 
applications. Old timers knew that the crystal was 
much more accurate and repeatable than any LC cir- 

cuit. Because they didn't have to multiply 18 times 
and trigger a repeater, it's easy to see how the legend 
of quartz stability became exaggerated. 

The basis for stability in quartz is its high induc- 
tance and low capacitance, resulting in extremely 
high Q. In an 8-MHz crystal unit, for example, the Q 
might be 150,000 while the Q of a typical LC combi- 
nation at that frequency is ab~:)ut 300. Yet a crystal's 
frequency may be pulled; and in time, it will drift. 

equivalent circuit 
The simplest and most cornmonly used equivalent 

circuit of the crystal is shown in fig. 1 .  L l ,  C l ,  and 
R l  are the primary components which determine fre- 
quency and Q. These are referred to as the motional 
components and their parameters can't be measured 
directly. Co represents the electrode capacitance, the 
mounting-structure capacitance, and holder or case 
capacitance. Co, the static capacitance, affects the 
crystal operating frequency, but to a lesser degree 
than C l .  Co can be measured by a capacitance bridge 
across the terminals. As you may expect, the capaci- 
tance of the circuitry, shovvn as another parallel 
capacitance, CL would also have an effect on the 
crystal working frequency. The equation for the 
working frequency is 

With the help of a calculator, you can determine 
how much the crystal is pulled by the oscillator cir- 
cuit. By changing the circuit loading, the crystal may 
be pulled (within limits) for .fine tuning or fm appli- 
cations. 

1 mode of operation 
The classic crystal reactance curve, (fig. 21, is use- 

ful in demonstrating the r~elationship of different 
operating frequencies. A t  tw~o points the reactance is 
zero; i.e., the crystal looks pirrely resistive. The lower 
of these frequencies is the series-resonance frequen- 

Ey Don Nelson, WBPEGZ, 9 Green Ridge 
Road, Voorhees, New Jersey 08043 
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cy, (Fs); while the higher frequency is the anti-reso- 
nance-frequency, ( F A ) .  The resistance is low at series 
resonance and high at anti-resonance. The range of 
frequencies between is known as the natural band- 
width of the crystal. Anti-resonance is a very un- 
stable point, and for amateur purposes, may be for- 
gotten. 

BANDWIDTH 
I- 

fig. 2. Classic crystal reactance curve, which is useful in 
demonstrating the relationship of different operating fre- 
quencies. 

( I N D U C T I V E )  
POSITIVE 
REACTANCE 

0 

(CAPACITIVE1 
NEGATIVE 
REACTANCE 

Parallel resonance is commonly recognized as the 
band of frequencies between Fs and FA, although 
classic crystal theorists have another definition. You 
may think of this band as the range where the crystal 
will operate if a capacitor is placed in parallel with it. 
At Fs the capacitance will be infinite; at FA, the 
capacitance will be zero. Practical limits are between 
15 pF and 50 pF, where poor stability exists at the 

- 

+ I 2  VDC 

fig. 3. Example of crystal loading. The trimmer capacitor has 
a negative reactance. so the crystal frequency is shifted into 
the positive-reactance region of the reactance curve (fig. 2). 

l 2  
15 rURNS 

0 4 nun (NO 261 
+12v-- - 

FUNDAMENTAL q220 f;:-" 
AUDIO 

fig. 4. In this example the crystal operates into a complex 
load at series resonance. L1, C1. and C2 balance the crystal 
at zero reactance. Capacitor C1 fine tunes center frequency. 
Tank circuit L2, C3 doubles the o ~ ~ t p u t  frequency. Circuit 
operates as an fm oscillator-doubler. 

crystal operation in the positive-reactance mode 
when above series resonance and in the negative- 
reactance mode when below series resonance. This 
recommendation is technically correct and allows us 
to discuss a useful range of operation (below Fs) of 
the crystal, which is not usually considered. 

In fig. 3, the crystal is in a feedback circuit from 
collector to base. A trimmer capacitor in series shifts 
the point on the reactance curve where the crystal 
operates, thus providing a frequency trim. The 
capacitor has a negative reactance so the crystal is 
shifted to operate in the positive reactance region of 
the curve (fig. 2). 

The series trimmer does not mean the crystal is 

F L E X U R A L  I IXTENSIONAL 

low-capacitance end and reduced activity degrades \-... 
the high end. When ordering a crystal, you must 
specify series resonance or parallel resonance at a 
specified load capacitance. /' 

There's a lot of confusion about crystal loading. 
Responsibility for this confusion falls directly onto FACE SHEER 

ING ILLUSTRA- 
FHICKNESS SHEER TION 

the quam-crysta' whose members have fig. 6. Examples of vibration modes and mounting strue- 
never acted together to educate users. Guidance tures. Note that the quartz suppc~rting structures are fas- 
committees have recommended that we consider the tened at points of least motion (no~des). 
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operating at series resonance. It is said to be operat- 
ing in the parallel-resonant mode with a load capaci- 
tance approximately equal to the trimmer value. If an 
equivalent circuit were drawn, you could see that the 
trimmer would be the parallel load. By placing the 
capacitor in series, you isolate the crystal from other 
circuit reactances, enabling the trimmer to tune more 
effectively than in the parallel connection. 

Oscillators using fundamental crystals usually 
operate in the positive-reactance mode with a trim- 
mer for exact tuning. One reason for operating this 
way is seen when the trimmer is removed, leaving 
only the crystal in the feedback circuit. The crystal 
should operate at series resonance, but circuit reac- 
tance will usually pull it slightly off frequency. 

In fig. 4 the crystal operates at series resonance in- 
to a complex load. LI, CI, and C2 balance the crystal 

-60 I L 
-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (DEG CJ 

fig. 6. fypical family of AT-cut frequency/temperature vari- 
ations for change of angle only (thin plates), (A). These are 
cubic functions centered on 27 degrees C. Sketch (B) shows 
frequencyltemperature curves where the point of zero tem- 
perature coefficient can't be controlled. These curves are 
typical of low-frequency cuts. 

fi~g. 7 .  Quartz-crystal cuts 
using a double-terminated 
crystal. Sketch a t  right 
shows an X section cut from 
a double-terminated quartz 
crystal (candle) with a Z sec- 
t~ion cut from the X section 
which, in turn, yields the 
plopular AT cut. 

at zero reactance. Capacitor CI fine-tunes center fre- 
quency. The tank circuit, L2, C3, doubles the output 
frequency. As the audio signal varies C2 capaci- 
tance, the crystal will operate alternately in the posi- 
tive, then the negative-reactance mode. 

Deviation per volt of modulation is greater at series 
resonance than it would be into a capacitive load 
(positive-reactance operation). I t  would be even 
more desirable to operate this circuit completely in 
the negative-reactance mode because of more favor- 
able deviation per volt (see fig. 2). The average ama- 
teur would have a problem designing a circuit for the 
negative-reactance mode because he must order his 
crystal at a higher frequen~cy than the design fre- 
quency. Crystal manufacturers do not calibrate their 
crystals to tune into an inductive load. A second, and 
stickier, problem is that one manufacturer's crystals 
are more easily pulled than others. Plainly, some 
crystals won't work in a design acceptable for 
another crystal. 

Using a small inductor in series with the crystal is 
usually a practical way to lower the frequency slight- 
ly. It's the only way to lower a crystal frequency 
operating at series resonance. A trimmer capacitor, 
also in series, can be used for fine tuning. Inductor 
values will depend on the crystal frequency but will 
be microhenries or fractional microhenries for 1-20 
MHz crystals. As suggested before, not all crystals of 
the same frequency will shift equally. There's a limit 
to how much each crystal can be pulled and still 
operate reliably. It's good practice to see if the oscil- 
lator will start and maintain oscillation under ex- 
tremes of temperature and voltage. 



practical circuits using 
fundamental-mode crystals 

Some practical circuits using fundamental-mode 
crystals follow. These circuits were chosen to dem- 
onstrate a point and should be good for reference. 
All are believed to be workable although I have not 
built all of them. 

I 0 +5 TO + I 5  VOC 

1 Xc j ' I 'O  pro 
OUTPUT SOUARE WAVE 

-0 VOLTS 
NOTES 

I YI  IS H. NT, OR E CUT 

2 C1 IN  SERIES WITH THE CRYSTAL M A I  BE  USED TO ADJUST 
THE OSCILLATOR OUTPUT FREOUENCI VALUE M A I  RANGE 
BETWEEN 2OpF  AN0  OOI#F,  OR M A I  BE A TRIMMER 
CAPACITOR AN0 WILL APPROXIMATELI  EOUAL THE CRYSTAL 
LOAD CAPACITANCE 

3. X VALUES ARE APPROXIMATE AN0 CAN VRRY FOR MOST 
CIRCUITS AN0  FREOUENCIES; THIS IS ALSO TRUE FOR 
RESISTANCE VALUES 

4. AOEOUATE POWER SUPPLY OECOUPLING IS REOUIREO. LOCAL 
OECOUPLING CAPACITORS NEAR THE OSCILLATOR ARE 
RECOMMENDED. 

5 ALL  LEADS SHOULD 8 E  EXTREMELY SHORT IN  HIGH 
FREOUENCY CIRCUITS 

Low-frequency oscillator - 10 kHz-150 kHz. 

OUTPUT f+ 

IN4148 IN4148  

3OpF  PARALLEL RESONANCE 

100-kHz standard oscillator. CRI,  CR2 stabilize output. 

r 0-3 VOLT 

OUTPUT 

3 0 p F  PARALLEL  RESONANCE 

Standard oscillator for 1 MHz. 

i 2  2c2p2k 
I. C 2 :  $ X l o - * ,  11 IS IN  HZ1 

PREVENTS SPURIOUS FREOUENCY 
2, ICr ARE 7 4 0 0 1 7 4 0 4  

l T L  oscillator for 1 MHz-10 MHz. 
NOTES: 

I. FOR FREOUENCIES 5 
I MHz .  C l  = 5 TO 15pF. 
FOR FREOUENCIES 2 
I MHz .  CI MAY BE 
ELIMINATED 

2. IC IS SN74S124 FOR 
f MAX. OF 6 0  MHZ 

OUTI'UT 
IC IS SN74LSI.24 
FOR / MAX. OF 
35 M H z  

Voltage-controlled oscillator using ICs. 

I! NOTES ' 
I. I M < R I c  5 M  

2 SELECT 6'2 
AN0 C2  TO 
PREVENT SPUR. 
IOUS FREOUEN- 

3 ICs ARE T I C 0 4  
OR EQUIVALENT 

CMOS oscillator - 1 MHz-4 MHz. 

AIR TRIMMER 

CHOKE 

,MI/.? 5 VAC 1 t 8 OlSK 
CAPACITOR 

CRYSTAL I'K- PK 

P~SCILLATOR 
+I.@ VOC OUTPUT 

1 2  VAC PK-PKJ 
1 0 0 0  

h h h A7 A7 

1-MHz fet oscillator and buffer. Circuit exhibits less than 
I -Hz  frequency change over a VD, range of 3-9 volts. Stabili- 
ty is attributed to mosfets and caps. 

1 * - 
9 VOLTS 

r-+ 

Stable VXO using 6- or 8-MHz crystals uses capacitor and 
inductor to  achieve frequency pulling on either side of 
series resonance. 
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SCHMITT TRIGGER OSCILLATOR UP TO 10 MHz  

A L o u r P u r  
NOTE CZ = f X 10.'. 11 IS IN H Z I -  PREVENTS SPURIOUS FREOUENCY 

Schmitt trigger provides good squaring of output, some- 
times eliminating need for an extra output stage. 

CRYSTAL 
3.OOMHZ 

GI .  GZ. G3 = 5 4 0 0 / 7 4 0 0  OUTPUT 

Crystal-controlled oscillator. This circuit, described i n  refer- 
ence 1, oscillates without the c:rystal. With the crystal in  the 
circuit the frequency wi l l  be that of the crystal. Circuit has 
good starting characteristics even w i th  the poorest crystals. 

DEPENDING -- 7 'i6; ON 
510 510 

VEE 
FREOUENCY - 

1, 

511 
I / 3  l / 3  
MC10116 MC10116 - 

5 1 0  
b W VEE 

5 1 0  5 10 
-VEE  2 

VCC 3 .OI 

1-20 MHz oscillator. Circuit operates on fundamental frequency of the crystal selected 'without a tank cir- 
cuit. It provides noninverting output. VBB is 1.2 volts. available from the IC; VEE is -5.2 volts. Second sec- 
t ion of IC is connected as a Schmitt trigger driving the third section, connected as a buffer, t o  give good 
square-wave output suitable for use as a clock driver. 

device construction 
The natural classification of crystal resonators is 

according to frequency. The frequency range cov- 
ered commercially by quartz-crystal units may be tak- 
en as a few hundred Hz to over 250 MHz. Use is 

table 1. Some quartz crystal vibrators and their principal 
characteristics. 

usual 
vibrator usual frequency 

designation description vibration mode range 

J + 5O X duplex flexural 0.2-10 kHz 
K + 5O XY bar flexural 2-16 kHz 
H + 5' X plate flexural 8-100 kHz 
N NT flexural 8-100 kHz 
E + 5" X plate extensional 40-200 kHz 
C CT face shear 150-750 kHz 
D DT face shear 100-500 kHz 
G GT extensional 90-250 kHz 
S S L face shear 200-1000 kHz 
A AT thickness shear 0.8-25 MHz 

(fundamental) 
B BT thickness shear 3-40 MHz 

(fundamental) 
A. B AT or BT thicknessshear 15-250 MHz 

(nth overtone; 
n = 3, 5, 7etc.) 

made of several cuts a~nd patterns of motion 
(modes). Three common modes of vibration are: 
flexural, extensional, and shear. Fig. 5 illustrates 
these modes and typical mounting techniques. 

The designations of certain quartz-crystal vibrators 
with some of their princip,al characteristics are sum- 
marized in table 1. At lowe?r frequencies there are ad- 
vantages to using one vibrator design over another. 
Tolerance, activity, and temperature characteristics 
exemplify the need for choosing. Above 1 MHz most 
crystals are AT cuts. In general, the choice of cut is 
that of the manufacturer based on the specification. 

temperature characteristics 
Most crystals in amateur service are AT cuts, as 

our needs are primarily above 1 MHz. A notable 
exception is the 100-kHz calibrator crystal, which is 
likely to be an ET cut. Excellent temperature stability 
and aging are attributed to the AT-cut resonator 
because of its high Q andl cubic temperature curve. 
In fig. 6A a family of AT-cut temperature curves is 
depicted. The difference between these curves is 
determined by a change in the angle of cut of the 
quartz of only a few minutes of arc. 

february 1979 41 



A manufacturer first determines the precise angle will result. The designer must also take care that no 
that will give the best temperature characteristic other resonances are present that may excite the 
commensurate with users' needs. He then deter- crystal into another mode. 

the axes of the quartl and 2. Overtone crystals are designed for operation at 
cuts it in the appropriate orientation. Several cuts are series resonance. Because of the narrow bandwidth 
illustrated in fig. 7. and low motional capacitance, these crystals are not 

The temperature characteristics of low-frequenc~ suitable for fm or for variable-crystal oscillators. 
cuts are usually parabolic, as shown in fig. 66. Many Phase-lock operation is practical, however. 
of these can be adjusted with respect to the tempera- 
ture of the turning point; but tolerances are poorer 
than the AT types. For greatest accuracy in any type 
of crystal, proportional control ovens, operating at 
the crystal's turning point, are used. 

overtone crystal units 
Crystals with frequencies higher than 20 MHz are 

usually overtone types, although fundamental-type 
crystals have been made at as high as 35 MHz. Over- 
tone crystals are distinguished from fundamental 
crystals by their design, which is to operate at an odd 
harmonic of the crystal basic frequency. It's general- 
ly practicable to excite At- and BT-cut plates into 
third, fifth, seventh, and ninth harmonics of the fun- 
damental frequency; hence a 10-MHz crystal can be 
vibrated at approximately 30 MHz, 50 MHz, 70 MHz, 
and 90 MHz. The relationship between overtone and 
fundamental frequencies is approximately, but never 
exactly, equal to the integer expressing the harmonic 
order. 

To use the overtone crystal most effectively it's 
important to know the following characteristics: 

1. A tuned circuit must be used with the crystal to ex- 
cite it into the desired harmonic mode. If the Qof this 
circuit is too low, improper operation of the crystal 

3. The characteristics of a cvlstal such as tempera- 
ture coefficient and equivalent resistance apply only 
to the design frequency. These properties are differ- 
ent for fundamental operation or other harmonic 
orders. 

practical overtone 
crystal oscillators 

Some useful overtone oscill~ator designs are shown 
below, and on the facing page. 

PO- 3 5  MHZ 
3 5 -  6 0  MHz 
6 0  - 100 MHZ 

2 . 4 p H  (MILLER 4 6 0 6 1  
. 6 8  H (MILLER 4 5 9 0 1  
.22:H (M)LLER 45841  1 

OUTPUT 

This oscillator is designed for overtone crystals in the 20-100 
MHz range operating in the third ,and fifth mode. Operating 
frequency is determined by the tucned circuit. 

RF OUT 

Design for high reliability over wide temperature range using fifth and seventh overtone crystals. Inductor in parallel with crys- 
tal causes antiresonance of crystal C,, to minimize loading. Technique is commonly used with overtone crystals. 
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1 T T T 0 + I 2  VOLT 

Typical Butler oscillator (20-100 MHz). An fet should be used 
in the second stage; circuit is not reliable with two bipolars. 
Sometimes two fets are used. Frequency is determined by 
LC values. 

" 4 - 4 0  
L I Z  16 TURNS 

ZN4124  NO. 2 4  ON 3 N 6  
PHENOLIC FORM 
3/8" LO. 

+ 12 

CRYSTAL 

1; ~ 1 ; .  1 L 
4 - 4 0  

Overtone oscillator with cryst(al switching. Similar circuits 
electronically switch the crystc~ls. The large inductive phase 
shift of L1 is compensated for by C1. Overtone crystals have 
very narrow bandwidth, therefore the trimmer has a smaller 
effect than for fundamental-mode operation. 

TAP 1 -  2 TURNS 
FROM LOW E N 0  

FROM TAP 2 .4  LOW TURNS EN0 

0 OUT 

I / 3  
MC10116 

RP RP 
l / 3  
MClOII6 

* 0.3SpH FOR 5 0 -  100  MHZ 

IN MC10116 
I . O ~ H  FOR 2 0  - 5 0  unz 
R P .  5 1 0 0  TO V E E  OR son ro  v r 7  

VBB IS A - I  .I VOLT SUPPLY OBTAINEO BY 
ONE OF THE FOLLOWING METHODS: 

lA l  18) INTL'RNAL GATE VBB VBB SUPPLY SUPPLY 

Overtone oscillator using Motorola MECL devices. Frequency range is 20 MHz-100 MHz, depending on crystal 
frequency and tank-circuit tuning. The tank, C1, LZ, is tuned to select the proper overton18 mode. C2 compen- 
sates phase shift of the IC. More details are given in reference 2. 

5 7 . 6  MHZ 

I 

Fifth-overtone oscillator isolates the crystal from the dc 
base supply with an rf choke for better starting character- 
istics. 

+5 TO 

OUTPUT 

-- 0 0 VOLTS 

12 VOC 

SINE WAVE 

NOTES: 

1. Y I  IS  A t  CUT OVERTONE CRYSTAL. 
2 TUNE L I  AN0  C 2  TO OPERATIN6 FREQUENCY. 

3. L 2  AN0  SHUNT CAPACITANCE CO OF CRYSTAL IAPPROXIMATELY 6 # F I  
SHOULD RESONATE TO OSCIL'LAT~H OUTPUT FREQUENCY 1 ~ 2 .  .SCN AT 9 0  
Y H Z l .  THIS IS  NECESSARY TO TUNE OUT EFFECT OF CO. 

4.  C 3  IS VARIED TO MATCH OUTPUT. 

50 MHz-150 M H z  overtorlo oscillator uses a 2N918. 



effects of drive level 
The level of drive imposed on an oscillator crystal 

is usually specified in terms of the pcwer dissipated 
in it. Ideally, the crystal oscillator should be regarded 
as a source of stable frequency, but in practice it 
must also be considered as a source of power. 

Changes in drive level will affect the resonator fre- 
quency; therefore, it's important for the manufactur- 
er to know the drive level of the oscillator circuit for 
calibration of the crystal. Crystals operated at high 
drive levels will become unstable, sometimes jump- 
ing frequency into a spurious mode. Excessive reso- 
nator heating may cause a permanent shift in fre- 
quency or possibly facture the quartz. The NT 
resonator is particularly vulnerable to fracturing. A 
good rule is to operate the crystal at the lowest drive 
level compatible with good starting characteristics. 

The old WWll  surplus pressure-type crystals use 
larger pieces of quartz than their modern counter- 
parts. As might be expected, these can withstand 
higher drive levels. You may also find that pressure- 
type crystals can be pulled in frequency more easily 
than modern units because their motional capaci- 
tance, Cl, is higher. 

aging 
Like mountain dew, most crystals improve with 

time. Just after the crystal is manufactured, there are 
stresses, which when relieved, change the crystal 
frequency. Most manufacturers age the crystal by 
temperature cycling or high-temperature aging until 
the worst changes have occurred. You'll then experi- 
ence slower drift. In many applications, the drift is 
negligible but is present. The most stable crystals are 
those in the 4-5 M hz range. 

Aging can be positive or negative, depending on 
which factors are present in a particular unit. Migra- 
tion of small particles within the crystal holder is usu- 
ally blamed for frequency changes. If these dirt par- 
ticles land on the crystal, its frequency decreases. 
These particles are present despite the most rigorous 
cleaning procedures. Metal-cased, gas-filled crystal 
units will usually age negatively. Some crystals are 
evacuated rather than gas filled. These units are 
cleaner and have better aging characteristics but 
lower drive level ratings. Evacuated units may age 
higher in frequency because some of the plating is 
vaporized. You won't find these crystals on the sur- 
plus market; they are mentioned here as a point of in- 
terest. 

tips on using crystals 
The great enemy of quartz is drift. Old pressure 

types have been known to fail because of particles 
from the rubber gasket, which may have deteriorat- 
ed. Careful cleaning with alcohol or similar solvent 
will bring these crystals back to life. The same proce- 
dure will probably increase the frequency of a unit 
that hasn't failed. Most certaiirily it will increase crys- 
tal activity. 

This trick isn't practical with solder-seal holders, 
but then these units are muc:h more reliable. Don't 
open the holders on the solder seal units or you'll find 
that the frequency has changed. This is because of a 
change in pressure and of !;lases surrounding the 
quartz element. Besides the frequency change, relia- 
bility is compromised by the in~.troduction of dirt. 

Sometimes an oscillator crystal is used in a filter 
application, but performance will not always be satis- 
factory. Special designs are used for filter crystals. 
These crystals have lower activity and are virtually 
free of spurs (unwanted  mode!^). In oscillator service, 
the presence of unwanted modes is not as critical as 
in filter service, where broadband energy will excite 
all modes. 

There are many uninvestigated facets of the quartz 
crystal. While some people still claim crystal manu- 
facturing is akin to witchcraft, this is just not so. A 
few years ago, natural quartz, which was mined in 
Brazil, was used for all U.S. crystals. Synthetic 
quartz made in the U.S. has been improved to the 
point where it's now used in all but the most critical 
applications. 

Natural quartz still has higher Q. Synthetic quartz 
has the advantage of perfect crystalline structure and 
uniform size. The use of natural quartz incurs much 
waste - rarely is there a fully perfect crystal, and 
small structures may not be practical for cutting. 
Crystallography is certainly a science not fully investi- 
gated but one we should study. 
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THERE IS A 
DIFTERENCE 
IN OUAIfTZ 
CMTALS 

For more than a quarter century, lnternational Crystal Mfg 
Co., Inc. has earned a reputation for design and capability 
in manufacturing and marketing precision electronic 
products. 

The market for lnternational crystals is world wide. With a 
full range of types and frequencies available, lnternational 
is a major supplier to the commercial and industrial crystal 
market. 

International's leadership in crystal design and I 

production is synonymous with quality quartz crystals from 
70 KHz to 160 MHz. Accurately 
controlled calibration and a long list 
of tests are made on the finished 
crystal prior to shipment. 

That is why we guarantee 
lnternational crystals against defects, 
material and workmanship for an 
unlimited time when used in equipme 
for which they were specifically made. 

Orders may be placed by Phone: 
4051236-3741 TELEX: 071-347 CABLE: 
Incrystal TWX: 910-831-3177 Mail: 
lnternational Crystal Mfg. Co., Inc., 10 
North Lee, Oklahoma City, Oklahoma 
731 02. 

Write for information. 

INTERNATIONAL CRYSTAL MFG. CO..JNC. 
h ,) , . I >  I ?  

More Details? CHECK-OFF Page 126 february 1979 45 



four-quadrant 
semiconductor 

curve tracerlanalyzer 

It's not just 
a transistor tester - 

it's a versatile instrument 
that can be used 
for checking and 

designing electronic circuits 
under static 

and dynamic conditions 

The test equipment used in building and testing 
electronic circuits is still one of the most interesting 
parts of Amateur Radio. With the increased use of 
semiconductors, much more data is needed for their 
use and replacement than can be obtained from sim- 
ple transistor testers. This is why I felt it necessary to  
build the instrument described here. 

features 
The semiconductor curve tracerlanalyzer is as ver- 

satile as your imagination yet is economical and sim- 
ple to build. It can be used for checking as well as 
designing electronic circuits under both static and 
dynamic conditions. It can also be used to determine 
parameters of signal and power transistors, unijunc- 
tion transistors, field-effect transistors, silicon-con- 
trolled rectifiers, and triacs. 

Most diodes can be analyzed, including signal and 
power devices, zeners, protection diodes, bias 
diodes, point-contact diodes, hot-carrier diodes, and 
light-emitting diodes. 

By Stuart Tuma, WlQXS, 17 Briggs Street, 
Melrose, Massachusetts 02176 



TO SCOPE TO SCOPE INPUT 
GROUND / V E R T I C A L 1  

fig. 1. Basic circuit of the curve-tracerlanalyzer. 

T R A N S I S T O R  
l o o n  

DIODE UNOER TEST 
U N D E R  TEST c U 

a 

E - TO SCOPE INPUT - 0 ,HORIZONTALJ 

.Another feature of the instrument is that of check- 
ing photocells made of cadmium sulfide or cadmium 
selenide. With appropriate adapters, the instrument 
can also be used to check integrated circuits. 

The analyzer is not restricted only to seminconduc- 
tor devices. It can also be used to check the piezoe- 
lectric effect of quartz crystals under various circuit 
conditions and to check the design of amplifier as 
well as oscillator circuits. In electrical circuits, the 
analyzer can be used to check the sensitivity and in- 
ternal resistance of D'Arsonval meters and galva- 
nometers as well as the sensitivity of relays, including 
the popular reed relay. With proper adapters, low- 
power vacuum tubes can also be checked. 

0 5 M  1 5 V  BATTERY 

theory of operation 

3 V A C  

As a transistor curve tracer, the unit is designed so 
that the oscilloscope vertical input measures the volt- 
age across a 100-ohm resistor to ground, which is 
used to measure collector current. The oscilloscope, 

OSCILLOSCOPE 

r~~~~~~~~ GNO HORIZONTAL'  

SCOPE 

I ,, 
E X T E R N A L  AC 

F h  I N P U T  
E M I T T E R  ; - 
LOAD 6 

0 il: M E T E R  

EXTRA 
B I A S  

VOLTAGE 

fig. 2. Schematic of the four-quadrant curve-tracer/analyzer. 

having a vertical sensitivity of 0.1 volt per division 
across 100 ohms, gives 1 rnA per division. Should 
you desire to increase the current per division, you 
can use 1 volt per division, thus giving 10 mA per div- 
ision, and so on. Fig. 1 show~s the basic circuit. 

The oscilloscope horizontal deflection is used to 
measure collector-emitter voltage. The oscilloscope 
is calibrated to read 1 volt per division. Since the hor- 
izontal amplifier input is not directly calibrated, it will 
be necessary to use the sweep voltage, which is ap- 
proximately 9 volts peak pulsating direct current. 
This gives a value of 1 volt per division horizontal de- 

V E R T I C A L  r-------- TO O S l  I L  LOSCOPE -------+ I N P U T  
I N P U T  GNO HORIZONTAL 

SWITCH 

SCOPE INPUT 

AC SWEEP SWITCH 

C I N P N - P N P  S W I T C H )  

4 5 EXTERNAL 
9 V P E A K  SWITCH 

I ACSW 

I 0 0 0 0 0  
ERL E B C ZRL 

1 - - - - - - - 
u u 

E X T E R N A L  AC I N P U T  

fig. 3. Sketch of front panel showing parts layout. 

flection for 9 divisions. Now we have a method of 
checking both voltage and current from our 60-Hz 
sweep signal supplied by the 6.3 VAC source. 

The emitter-base circuit has a separate supply - a 
1.5-volt battery for the base bias. Higher bias voltage 
can be added to the emitter and collector circuit if 
desired. The base-current circuit employs a %-micro- 
ampere meter movement (which has an internal 
resistance of 1000 ohms). This circuit will read 50 
microamperes (no shunt), 0.55 milliamperes with a 
100-ohm shunt, and 5.05 milliamperes with a 10-ohm 
shunt. 

The meter is protected by two silicon diodes (fig. 
2), which I found to have a forward-bias-voltage drop 
of 0.4 volt. The voltage drop across a 50-microam- 
pere meter, full scale, ha,ving a resistance of 1000 
ohms, should be 0.05 voll:. This gives good protec- 
tion for the meter. 

Most silicon diodes have about 0.6 volt forward 
bias, so other types of diodes could be used. How- 
ever, check the diode's forward-bias voltage before 
you install it. You can do this by connecting the 
diode in series with a 1000-ohm resistor and a 1.5- 
volt battery. Measure the voltage drop across the 
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COLLECTOR VOLTAGE 

fig. 4. Typical curve for a pnp transistor (type 2N252) 
showing the relationship between base bias and col- 
lector current and voltage. 

diode when the diode is conducting. This voltage 
should be 0.6 volt or less. 

A 0.001-pF capacitor is connected across the 
meter for still more protection from rf coming 
through the line or from some other external source. 
The meter circuit is further protected by a 114- 
ampere fuse. 

The base-emitter current of the transistor under 
test is controlled by a 10-k pot (R5, fig. 2) and a volt- 
age divider (R3, R4) in series with the 1000-ohm 
resistor (R2) and the meter. This gives a maximum 
current of about 1.5 mA. 

construction 
A schematic of the curve tracerlanalyzer is shown 

table 1. Curve-tracerlanalyzer parts list. 

(no. 26 AWG) hookup wire. The reversing (inverting) 
switches were wired first. Exte~rnal connecting leads 
were added for future wiring. ,411 components were 
mounted on the top panel and vvired as shown in fig. 
2. The extended leads were 1:hen soldered to the 
proper binding posts. I used orre strand of 0.08-mm 
(AWG no. 401 wire for the 1-ampere fuse on the ex- 
ternal binding post. I used shielded wire for the oscil- 
loscope tracer switch and scope! output. 

The five terminal posts on the top front panel were 
made for plug-in adapters on vvhich you can mount 
various "TO" sockets for transistors or a module- 
type socket for testing other devices. Note that dif- 
ferent load resistances can be added to the emitter 
circuit as well as to the collector circuit. This allows 
you to build prototype circuits before putting them 
into a breadboard circuit. If desired, a solderless 
breadboard adapter can be usecl. 

mechanical details. The top and bottom panels 
were made of two pieces of plastic 152 mm (6 inches) 
square. The sides were made from 6.4-mm (114- 
inch) plastic channel molding, 51 mm (2 inches) 
wide, obtained from a local lumberyard dealer. These 
pieces were cut to form the four sides. I used small 
metal screws to put it together. Parts were laid out in 
a convenient order, (Mark or etch parts locations on 
the top and side panels.) 

The top panel required a 38-n-~m (1-1 12-inch) diam- 

component 

B 1 
banana plugs 
binding posts 
C 1 
CR1, CR2, CR3 
F1, F3 
F2 
meter 
R1 
R2 
R3 
R4 
R5, S5, S8 
Sf, S6 
52, S3, 54 
S7 
T1 

description 

1.5 volt battery type AA 
(screw mounting) M3.5 (6-32) (pkg of 10) 
5 way (pkg of 6) 
,001 pF lOOOV ceramic 
1A 600 PIV silicon diodes (pkg of 3) 
1 /4-A 3AG fuses (pkg of 5) 
see text 
50 pA (99PS1146V) 
l00ohm 1W 10% composition 
1OOO ohm 1/2W 10Y0 composition 
100 ohm 1 /2W 10% composition 
10 ohm 112W 10% composition 
500-k pot with two SPST switches 
SPDT 3A 125V mini toggle switches (center off) 
DPDT 3A 125V mini toggle switches 
SPST momentary mini switch 
6.3V ct 1A or equivalent 

approximate 
cost 

$0.20 
3.40 
1.69 
0.15 
1.19 
1.05 

source 

Lilfayette Radio 
Lefayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 

Lafayette Radio 
Li~fayette Radio 
Lefayette Radio 
Lafayette Radio 
Lafayette Radio 
Lafayette Radio 
Paly Paks 
Poly Paks 
L.afayette Radio 
Lafayette Radio 

in fig. 2. A parts list is given in table 1. The sketch of eter hole to mount the meter. I found that an old pen- 
fig. 3 shows parts layout on the front panel. cil soldering iron was just the thing for this, since the 
wiring. Wiring was easy. I used a pencil-type solder- plastic melts at a very low temperature. I used a pipe 
ing iron, a good grade of solder, and a clean, tinned reamer for the finishing touches. I made a 9.5-mm 
soldering tip. The circuit was connected with 0.4-mm (318-inch) hole for the pote!ntiometer. I used a 
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smaller reamer for the finishing touches. I used the 
same reamer for the 6.4-mm (114-inch) holes for 
mounting the switches. 

I painted the inside of the top and bottom panels 
flat black. I used 5-mm (3116-inch) holes to mount 
the binding-post terminals. The terminal posts were 
spaced 19 mm (314 inch) apart. I constructed the in- 
strument so it would plug into my Conard oscillo- 
scope. However, with proper external leads, this 
analyzer should fit into any standard oscilloscope. 

There are probably a thousand and one uses for 
this instrument. I've listed only a few, but enough so 
you'll become familiar with its use, both as a curve 
tracer and analyzer. I'm sure you'll find other uses, 
and I'd like to hear from you in this regard. 

testing transistors 
Plug the curve tracer into the proper oscilloscope 

inputs. The vertical output goes to the oscilloscope 
vertical input, and the horizontal output goes to the 
oscilloscope horizontal input. Ground the curve 
tracer to the oscilloscope ground. 

pnp transistors. Set up the oscilloscope as follows: 
quantity setting measurement 
vertical gain 0.1 Vldivision 1 mA1division 
horizontal 9 divisions approximately 
gain (with transistor 1 Vldivision 

in circuit) (peak) 
horizontal external 
sweep source 
intensity normal 
focus normal 

Set up the curve tracer as follows (see fig. 3): 
switch positions switch to 
scope-tracer tracer 
diode-trans trans 
AC sweep pushbutton released 
C NPN-PNP PNP 
B NPN-PNP PNP 
4-1 12V-EXT-9V 9V (peak) 

Switch meter to 50 microamperes or to a conveni- 
ent current rating. Set BASE CURRENT counter 
clockwise (CCW). Be sure that jumpers are connect- 
ed between emitter-to-emitter-load and between col- 
lector-to-collector load terminal posts (fig. 2). 

Connect the test transistor to the proper input ter- 
minals or into a transistor plug-in adapter. Turn the 
BASE CURRENT control until the current begins to 
increase. Note the variation of the trace. lncrease the 
trace two or three divisions and note the increase in 
the base-bias current (record this reading). lncrease 
the collector current until one more division is ob- 
tained. Again, record the base-bias reading. From 

the data taken, the transistor beta and alpha gain can 
be determined as shown below. 

The beta gain is determined by taking the variation 
of the collector current and dividing it by the varia- 
tion of the base bias current. Example: 

beta gain = Acollector current/ Abase bias current 
beta gain = A 1 mA/ A 7C'microamperes = 100 

The alpha gain is equal .to the beta gain divided by 
the beta gain plus 1. Example: 

alpha gain = beta gainlbeta gain + 1 
alpha gain = 100/'100+ 7 = 0.99 

Fig. 4 shows the relatialnship of collector current, 
collector voltage, and base bias for a typical pnp 
transistor (type 2N2523. 

NPN transistors. Theset1.1~ for npn transistors is the 
same as for pnp transistors, except that the emitter 
and base NPN and PNP switches are both set to the 
NPN position. The curve on the oscilloscope may 
have to be recentered. Tlhe beta gain can be deter- 
mined as with a pnp, except that the curve will be in 
the opposite direction as shown below. 

testing diodes 
Set up the oscilloscope as follows: 

quantity setting measurement 
vertical gain 0.1 V/di\lision 1 mA1division 
horizontal 9 divisions approximately 
gain (with diode in 1 Vldivision 

circuit) (peak) 
horizontal external 
sweep source 

february 1979 49 



Set up the curve tracer as follows: 
swi tch  posit ion swi tch  t o  
scope- tracer tracer 
diodetrans diode 
AC sweep pushbutton released 
C NPN-PNP NPN 
B NPN-PNP not in circuit 
4-1 /2V-EXT-9V 9V (peak) 
base-current meter not in circuit 
shunt 
base-current control not in circuit 

Connect the diode cathode to terminal post E and 
the diode anode to terminal post C. Note the L- 
shaped pattern. To give better diode action press AC 
SWEEP. This shows when the diode is not con- 
ducting. 

For checking 5-volt zeners, install a 3900-ohm 
resistor in series with the emitter load and emitter ter- 
minal post. This allows about 10 milliamperes of cur- 
rent flow through the Zener. (For checking other 
types of zeners, a different load resistor must be 
employed.) Connect the diode cathode to the emitter 
terminal and the diode anode to the collector termi- 
nal post. The oscilloscope and curve analyzer are set 
up exactly as in the diode setup. For higher-voltage 
zeners, EXT input can be used with a Variac or 
variable AC voltage source. 

testing photocells 
Photocells made from cadmium sulfide or cadmi- 

um selenide working on the principle of photo con- 
ductivity can be checked with the analyzer by using 

the base-bias circuit. The photocell has only two 
leads and can be attached to E and B on the curve 
analyzer. As the light increases on the photocell, the 
circuit conductivity also increa!;es. Using the circuit 
as shown, the conductivity of ,the photo cell can be 
obtained. 

This circuit can also be used as a photographic 
light meter. 

testing D'Arsonval meters 
This circuit can measure characteristics of meters 

with a sensitivity of 10 microamperes to 5 milliam- 
peres full scale. This is done by connecting the meter 
under test to terminal posts E and B (fig. 3). Increase 
the current flow with the BASE CURRENT control 
until the meter reads full scale. Note the sensitivity of 
the unknown meter in amperes. To determine the in- 
ternal resistance, connect a decade box or a 500-ohm 
pot across the meter under test. When the shunt re- 
sistance decreases the full-scale reading to one-half 
scale, measure the resistance of the 500-ohm pot to 
the center arm . This should give the meter's internal 
resistance. 

crystal-oscillator checker 
The crystal-oscillator checker uses an N-type junc- 

tion fet (RS2035) field-effect transistor, which can be 
obtained for about one dollar. An equivalent type 
could be used. The module is wired as shown. It is in- 
stalled into the curve tracer across the E and C ter- 
minals. Using a 50-pF filter across the supply input to 
the module as shown, the dc input is about 9 volts. 
The circuit works very well for checking quartz crys- 
tals as low as 100 kHz to as high as 15 MHz. 

Set the oscilloscope as follows: 
quanti ty measurement 
Vertical gain l\l/division 
Horizontal sweep 1 mS/division 
Horizontal mode internal 
Set all other controls to nor~nal position. 

Set the curve tracer as fol lol~s: 

swi tch  position swi tch  t o  
scope-tracer scope 
diode-trans not in circuit 
AC sweep pushbutton released 
C NPN-PNP not in circuit 
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switch position switch to: 
B NPN-PNP not in circuit 
4-1 /2V-EXT-9V 9V (peak) 

Connect the crystal to crystal terminal on the mod- 
ule. The module output should be connected to the 

switch position switch to: 
base-current 5 mA 
meter shunt 
base control adjust to proper gate 

voltage vs source 
current 

oscilloscope input. The waveform can be observed 
on the oscilloscope. For a more accurate frequency 
reading, a frequency counter should be used. 

some other uses 
The curve tracerlanalyzer can be used for check- 

ing other devices. Presented below are the results of 
some tests I've run on junction fets, unijunction tran- 
sistors, silicon-controlled rectifiers, and triacs. The 
setup instructions for the scope and analyzer are as 
in the previous examples. 

junction fets 
oscilloscope: 
quantity position measurement 
vertical 1VIdivision 1 mA1division 
horizontal lV/division 9 divisions 
horizontal external 
sweep 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton released 
C NPN-PNP NPN 
4-1 /2V EXT 9V 9V 

Connect fet as shown below. Use external volt- 
meter to measure gate voltage vs source current. 

unijunction transistors 

oscilloscope: 
quantity position measurement 
vertical O.lV/division 1 mA1division 
horizontal 1 V/divisic3n 4-1 12 divisions 
horizontal external 
sweep 

curve tracer: 
switch position 
scope-tracer 
diode-trans 
AC sweep 
C NPN-PNP 
4-1 /2V EXT 9V 
B NPN-PNP 
base-current 
meter shunt 
base control 

switch to: 
tracer 
diode 
pushbutton released 
NPN 
4-1 /2V 
NPN 
5 mA 

adjust for gate and B1 
voltage with external 
meter 
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Connect unijunction device to curve tracer as 
shown using a 0-5-volt dc meter. Measure trigger 
voltage between gate and B1. 

GNO VERTICAL 

silicon-controlled rectifiers 
oscilloscope: 
quantity position measurement 
vertical 1VIdivision 10 mA/division 
horizontal 3Vldivision 9V 
horizontal external 
sweep 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton (AC) 
C NPN-PNP PNP 
B NPN-PNP not in circuit 
4- 1 /2V EXT 9V 9V 

Connect scr as shown in circuit below; anode to 
(El  and cathode to (C). Use a 1.5-volt battery in 
series with a 10k-ohm variable resistor as a variable 

tri, O k  I S V  

POT 

voltage source for gate and anode. With a separate 
voltmeter measure the gate-anode trigger voltage. 
Note current flow through the sex. 

triac-controlled rectifiers 
oscilloscope: 
quantity position measurement 
vertical lV/division 10 mA/division 
horizontal 3Vldivision 9V 
horizontal external 
sweep 

curve tracer: 
switch position switch to: 
scope-tracer tracer 
diode-trans diode 
AC sweep pushbutton (AC) 
C NPN-PNP PNP 
B NPN-PNP not in circuit 
4-1 /2V EXT 9V 9V 

Connect as shown in circuit below using external 
R-C network. Measure gate voltage between emitter 
terminal and gate. Note ac current flow. 

final remarks 
I've presented the results of my work in trying to 

improve the lot of the home builder who likes to work 
with semiconductors. No doubt you'll come up with 
other uses for the basic instrument, and I'd like to 
hear from you. If you have any suggestions or ques- 
tions, please send them to me in a self-addressed, 
stamped envelope, and I'll be glad to reply. 

ham radio 
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Before you make the choice of a new hand-held, ask about these important features: 
1. Is the case fiberglass reinforced Lexanm? 
2. Are the batteries convenient for carrying extras? 
3. Is  the capacity sufficient for a day's operation? 
4. Is there a method for conserving battery life when high power is not required? 
5. Does it f i t  your hand comfortably? 
6. Do you have a choice of charging methods? 
7. Do you have an ample choice of accessories to back up your radio? 
I f  you can answer 'yes' to all of the above, then you've made the obvious choice. 

You want a Wilson Mark IV hand-held . . . and accept no substitute for it! 

Wilson hand-helds have been known world-wide for exceptional 
quality and durable performance. That's why 

' 

the best selling units for years. 
' they have been 

The Mark Series of miniature sized 2-meter hand-helds 
continues the tradition of dependability and operation, but in 
an easier to use, more comfortable to carry size. i 
The small compact size battery pack makes it possible to 
carry one or more extra packs in your pocket for super ex- 
tended operation time. No more worry about loose cells 
shorting out in your pocket, and the economical price 
makes the extra packs a must. 

MARK IV: N 1 & 40 watts 
I 

SPECIFICATIONS: 
Range: 144-148 MHz 
6 Channel Operation 
LED Battery Condition 
Individual Trimmers on 

Indicator 
T X  and R X  

Rugged LexanQ outer case 
1 Switchable Hi-Lo Power 

Current Drain: R X  15 
TX -Mark  IV :  900 

12 KHz Ceramil 
inclatrlad. 

Xtals 

m A  
m A  Hi, 400 m A  

c Filter and 10.7 
L o w  
Monolithic Fi l ter 

. . . - . - - - - . 
L 10.7 MHz and 455 IKz  I F  

Spurious and Harmonic#: more than 50 dB  
below carrier 

1 BNC Antenna Connector 
.3 Microvolt Sensitivitv for  20 dB  Quieting . Uses special rechargeable N iCad  Battery 

Pack 
Rubber Duck and one pair Xtals 52/52 

a included 

Conveniently located on top - .  . Weight: 19 oz. including 

of the radio are the controls , .. batteries 
Size: 6" x 1.770" x 2.440" 

for volume, squelch, access- Popular accessories available: 
ory speaker mike connec- t i  Wall Charger, Mobile Charger. 
tor, 6 channel switch, 
BNC antenna connector 
and LED battery 
condition 
indicator. 

1 Desk Charger, Leather Case. 
Speaker Mike, Battery Packs. 
and Touch Tonem Pad. 

is W~lson's BC-2 Desk Top Battery Charger 
own charging the Mark Series Uni t  
or the B C 4  Battery Pack only. 

C o m w  Roducts  Divicion 

! 
ain complete specifications 

on the Mark IV, along wi th Wilson's 
other fine products, see your local dealer 

or write for our Free Amateur Buyer's Guide. 

Wilson 
Electronics Gorp. 

4288 South Polaris Avenue P. 0. Box 19000 Las Vegas, ~ i a d a  89119 
P.,CCI and .m,~lcallanr sublet to cnanw W , T ~ O U ~  notmcc 

Telephone (702) 739-1931 TELEX 684-522 



the ultimate noise blanker 
Conventional noise-blanker 

designs overlook the 
effectiveness of 

the blanking switch - 
here's a new approach 

to the problem 
using fm techniques 

Noise blankers are commonly incorporated into 
hf communications receivers but use less than a per- 
fect switch and switch-control timing. This article 
presents a new concept for a noiseless i-f switch that 
allows a very effective impulse noise blanker to be 
constructed. The fundamental concept of noise 
blankers is also reviewed. 

conventional noise-blanker design 
All noise blankers operate on the principle that a 

separate noise receiver listens in a no-signal portion 
of the spectrum (typically 30-35 MHz) especially for 
the purpose of receiving noise pulses. The detected 

Ti' 
C O M M U N I C A T I O N S  R E C E I V E R  

B L A N K I N G  
S W I T C H  AUDIO 

FREQUENCY 
C O N V E R T E R  

B L A N K I N G  S W I T C H  
C O M M A N D  P U L S E  

fig. 1. Block diagram of a typical noise blanker used in com- 
munications receivers. 

I 
pulses are processed and applied to a blanking 
switch in the communications receiver i-f strip to 
momentarily interrupt the signal path during the 
noise pulse period. 

design considerations 
Typically, the noise pulse has a duration of only a 

few microseconds. If allowed to pass through the 
communications receiver, several factors cause the 
pulse to be stretched, incllt~ding narrow filters and 

C O M M U N I C A T I O N S  RECEIVER v R F  I S ,  .?NO 

MODULATION 

N O I S E  P U L S E  P U L S E  
R E C E I V E R  DELAY K:x W ! D T H  

fig. 2. Block diagram of an improved noise-blanking system 
using a frequency-shift network ahead of the second local 
oscillator in a dual-conversion receiver. 

saturation. If the blanker operates properly, the noise 
pulse is removed with negligible effect on the com- 
munications signal. 

The major limitation in previous designs has been 
the effectiveness of the bla~nking switch itself. Most 
have a limited onloff ratio and introduce switch- 
transient noise as well. A typical blanking system 
block diagram is shown in f~ig. 1. 

For proper operation, tirning is an important fac- 
tor. The blanking switch should open the signal path 
for the pulse period only. If the switch is open too I long, unnecessary distortion of the signal occurs. If 

, the switch is not open during the complete pulse 
I 

period, a portion of the noise pulse will leak through. 

By ~ e d  Hart, W5QJR. Harris Corporation, P.O. 
Box 37, Melbourne, Florida 32901 
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This aspect does not receive proper attention in typi- 
cal designs. 

The design of the noise receiver must include ade- 
quate bandwidth to ensure proper processing of nar- 
row pulses to enable accurate control of the blanking 
switch. Also, the time delay through the noise 
receiver must be sufficiently shorter than the delay 
through the communications receiver front end to 
enable pulse shaping and control before application 
of the control signal to the blanking switch. Delay 
through the receiver is a function of the i-f band- 
width. In practice, it has been found that the use of 
standard 10.7 MHz fm i-f transformers in the noise 
receiver is the best choice. Adequate delay in the 
communications receiver (ahead of the switch) is 
normally realized in the first i-f section. 

Optimum design of a communications receiver 
suggests a multipole narrow bandwidth i-f filter 
immediately following the first mixer. Conversely, 
a rnultipole filter has significant time delay and 
stretches the noise pulse width ahead of the blanking 
switch. Although this is undesirable from a purely 

FREOUEN8:'Y ( R E L A T I V E )  

fig. 3. Blanking-switch isolation can be achieved by misa- 
ligning the conversion frequency during the blanking peri- 
od. The amount of frequency shift can be determined by 
comparing the shape factors of the first and second i-f 
filters. 

technical viewpoint, the effect is negligible and can 
be ignored. 

If the blanking is located in the receiver after a sub- 
stantial amount of gain, sa~turation of the i-f amplifier 
may result (especially under weak-signal conditions 

Cl i9  

P U L S E  P O S I T I O N  CONTROL 

N O T F S  U N L E S S  OTHERWISE S P E C I F I E D  
I C A P S  A R E  0 0 0 1 p F  
2 RESISTORS A R E  4 7 k  R 3 4  
3 TRANSISTORS A R E  I N 3 5 6 3  C 2 7  

0 0 2  PULSE w m T n  CONTROL 
4 DIODES A R E  I N 9 1 4  
5 C A P A C I T A N C E  I S  IN y F  TO F M  MODULATOR 
6 A L L  RESISTORS A R E  I I 4 W  NOISE BLANKER 

7 FREQUENCY INOICATEO BY EACH 
INDUCTOR I S  A L I G N M E N T  VALUE 

B R 0 0 - R 8 6  ARE TEST POINTS T P I - T P 7  

fig. 4. A practical noise-receiver schematic using the technique described for taming switch action. 



on easily, looks super.. . and performs like 
gangbusters! Then you should take asquint at 
the Larsen Kiilrod Antenna. It's the coolone. 

Yes, the fact is that Larsen KOlrod 
Mobile Antennas are built differently for a 
communications difference you can HEAR. 
You can easily prove it to yourself with this 
simple touch test: 

Apply 100 watts of power for a full minute 
or so to a competitive brand Antenna A, B 
orC.. .any brand with the usual stainless 
steel whip. Then turn off the power and feel 
the antenna.. .carefully. It'll likely be hot, 
even hot enough to raise a blister. 
Now put a Larsen KUlrod to the same test. 
Surprise! That's right.. .no heat! The 
power has gone into communicating- 
not heating. The Larsen isn't called the 
Kiilrod for nothing. 

Larsen Antennas fit all styles of mobile 
mounts and cover Amateur frequencies from 
10 meters through the 440 MHz band. 

Wrile la antenna catalog 
and name ol L a m  deal%r nearest you. 

1161 1 N.E. 50th Ave. In Canada wnteto: 
P.O. Box 1686 Unit 101 
Vancouver. WA 98663 283 E. 1 llh Avenue 
Phone: 2061573-2722 Vancower. B.C. V5T2CI 

Phone: W872-8517 

with no agc). Slow recovery is normally associated 
with saturation, hence extreme amounts of effective 
pulse stretching may occur. However, typical i-f 
blanking switches must operate at relatively high sig- 
nal levels, since the noise introduced by the switch is 
proportional to the signal level at which they operate. 
If the blanking switch is located immediately after the 
first i-f filter, signal levels will typically be in the 
microvolt region. 

a new switch 
Switching transients can be eliminated by using a 

frequency modulation technique. With reference to 
fig. 2, note that when a command signal from the 
noise receiver is applied to a frequency-shift network 
associated with the second local oscillator in a dual- 
conversion communications receiver, the mixer out- 
put will be at a frequency other than that required to 
transfer the signal from the first i-f to the second i-f. 
In other words, if the time of the command signal oc- 
curs at exactly the time the noise pulse propagates 
through the first i-f and is applied to the mixer, the 
noise pulse energy will leave the mixer at a frequency 
other than that of the second i-f. 

Since there is no amplitude noise (switching-tran- 
sient noise) associated with the frequency shift, no 
switching noise due to  the blanking action will occur 
when the signal path is momentarily interrupted. 

The amount of required frequency shift may be 
determined by comparing the shape of the first and 
second i-f filters (see fig. 3) and misaligning the con- 
version frequency during the blanking period to  
achieve the desired switch isolation. Typically, a few 
kHz will be adequate. Normally, the second local 
oscillator can be frequency modulated by tens of kHz 
with no adverse effects. 

In practice, the addition of a small capacitor and 
switching diode to a receiver second local oscillator 
implements the desired switch. If the second local 
oscillator is crystal controlled, it must be replaced 
with an oscillator that can be frequency modulated. 

results 
Performance of the fm  svvitch blanking system is 

astonishing, compared with conventional systems. 
An hf mobile receiver operating at a busy intersection 
had no noticeable ignition noise interference with the 
switch operating. With the switch disabled, commu- 
nications was impossible. 

A complete schematic of a practical noise receiver 
is included in fig. 4. For a particular application, the 
pulse delay network may require component value 
changes depending on the delay in the first i-f filter of 
the communications receiver. 
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YRAFPL[K?!X' Amateur Radio Gear... 
with the quality that measures up! 

Hand-Held 2-Meter Totally Broad- 
Transceiver with banded. All Solid- 
a full 2 watts State CWiSSB 

VF-2031 power SB-104A Transceiver 

Heathkit Amateur Radio equipment has  long been the 
favorite of Hams the world over because it provides 
the performance, specifications, dependability a n d  
long-term reliability that Hamsarelooking for. It should. 
It's designed by Hams, for Hams.For more than25 years, 
Heath h a s  been making fine Amateur Radio equip- 
ment. It's no surprise that Hams have come to expect 
Heath's experience and  knowledge to translate into 
some of the finest equipment around. 
For instance, our new VF-20312-meter Transceiver. It's 
portable, practical and it gets you on two with a clean, 
clear signal  that really gets  out! It h a s  a minimum 
2 watts out, separate speaker and microphone for out- 
standing audio quality, eight crystalcontrolled chan- 
nels a n d  600 kHz offset for a total of 8 receive and  24 
transmit channels for real 2-meter versatility. A com- 

encoders, external mike a n d  holster-style leather 
canying case. And a t  just $189.95' in kit form, we don't 
think you'll find a better all-around hand-held! 
Then there's our world-famous SB-lO4A. a superior 
SSBICW transceiver, the "heart" of any first-class sta-  
tion. Totally broadbanded, all solid-state, with TRUE 
digital readout - it's THE transceiver for the serious 
Amateur. And now, with it's completely reengineered 
front-end receiver board and transmitter IF, which are 
supplied factory assembled and tested, you can get on 
the air faster and  better! For just $699.95: and a few 
evenings of kitbuilding, you'll have a rig that compares 
with equipment costing hundreds of dollars more! And, 
of course, there's a full line of accessories to add con- 
venience and versatility to your SB-104A station. 

- -~~~ 

plete list of options include There's more far the Ham at Heath. 
11111111111111111 1 

Heath Company. Dept. 122-500 
Benton Harbor, MI 49022 

I 
I 

REE Heathkit Catalog. HEATHKFT CATALOG eiving your catalogs. 
I 
I 

Send for yours today! I 
Read about our entire line of Amateur 
Radio Equipment including linears. 

I 
2-meter amps. antennas. mikes. watt- I 
meters and morel 11 coupon i s  missing. State 
write Heath Company. Dept. 122-500. 

I 
Benton Harbor. MI 49022. 
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power-line noise - 
the cause and cure 

Discussion of the 
steps necessary to locate 

power-line noise, 
starting with 

in-house noise sources 
and ending with 

utility-pole-generated noise 

Power line noise can be one of the most exasperat- 
ing forms of irritation experienced by amateurs living 
in or near metropolitan areas. This problem, which 
can drive active operators beyond the point of sanity 
in record time, is characterized by a long-term arcing- 
type sound similar to that produced by loose antenna 
or high-voltage connections. Usually, this noise will 
be apparent (in varying amounts) on the 80- through 
10-meter amateur bands. Marly cases of line noise ar- 
cing or radiation, however, expand this field of in- 
terference to include the freq~~encies associated with 
television and the a-m broadcast radio. The 
magnitude of power-line noise interference varies 
with each case. Sometimes this "hash noise" can be 
tolerated, but occasionally it epproaches an S-9 level 
and must be eliminated. Sin1t:e many amateurs find 
themselves in an awkward position during such 
times, this article will present an informal guideline 
which may be used to help eliminate this electrical 
plague. 

clean house first 
Many noise interference situations prove to be 

created by sources other than commercial power 
lines. Thus, your own house should be in order. 
Check all antenna connections and transmission 
lines, being highly critical of any metallic objects that 
could come in contact with guy wires or antennas. 
Remember, too, that rain may cause items like wood 
or cloth to act as conductors;. Next, check the plugs 
and line cords on equipmen1.t in your house, being 
particularly suspicious of appliances used in the kit- 
chen. For example, bad elec:trical igniters, as found 
in many gas ranges, can create a surprising amount 
of interference on the ham biands. While this type in- 

By Dave Ingram, K4TWJ, Eastwood Village 
1201 South, Route 11, Box 499, Birmingham, 
Alabama 35210 
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terference can be reduced by installing a bypass on 
each side of the ac line to ground, that doesn't elimi- 
nate the problem. The defective element should be 
replaced. Likewise, water heater thermostats, elec- 
tric blankets, and heater tapes (used for wrapping 
outdoor water lines during winter months) should 
also be checked by temporarily disconnecting their 
ac power. Assuming the noise interference still ex- 
ists, you are now ready for the Sherlock Holmes 
phase of locating this electrical villain. 

locating the villain 
If you have a directional antenna, it can be used to 

determine the approximate direction of your interfer- 
ence. An accurate "fix" on this noise is usually ob- 
tained by searching for a null, rather than a peak. 
Once the approximate direction of the noise has been 
determined, try mobiling in that area while listening 
for interference peaks on a portable rig. A two-meter 
sideband transceiver is particularly convenient for 
such ventures. Fm handi-talkies should not be used 
for these tests, since they should be unaffected by a- 
m (line noise) variations. (While a portable a-m radio 
could be used for location techniques, its susceptibil- 
ity to normal radiation from every power line and pole 
makes its indications very unreliable.) When using 
this method, you should travel a reasonable distance 
beyond the point of maximum noise pickup to ensure 
that you've definitely located the source. While not 
common, it's quite possible that a remotely 
generated noise may be propagated along the power 
lines with a peak occurring right at your door. Using 
the S meter on your rig for indication, try walking the 
area of the noise source to pinpoint the interference 
to a specific pole, transformer, meter box, or home. 

Next, study the line noise for several days, and try 
relating it to various weather and time situations. 
Noise that is more apparent on warm days than cold 
days, and disappears during periods of rain, is often 
caused by loose line clamps or cracked insulators on 
power poles. Noise that is more apparent during 
heavy-load evening hours is often caused by leaky 
transformers or defective heating devices. Thor- 
oughly investigate the area around the apparent 
source of noise during the day and night, looking for 
frayed wires swinging in the breeze, small animals 
that may have become trapped between high tension 
lines, or a visible arcing near transformers or pole-top 
mounted insulators. However, don't climb power 
poles to shake wires, or viciously swing grounding 
lines to power poles. You could be electrocuted if a 
loose or corroded connection suddenly broke. 

Assuming you have now determined the linenoise 
producing area and confined it to, say, three or four 

poles, you're almost ready to notify the local power 
company. Before doing so, however, reinvestigate 
the whole area and make notes on which poles have 
transformers and fuses. These fuses are approxi- 
mately 51 cm (one foot) long, and swing into mounts 
near the top of the pole. The local power company 

The fuse, which can be used to isolate individual linen, is 
located at the top of the pole. Note the large clamp on the 
top wire. 

can disconnect these fuses ("drop lines") to locate 
the discrete points and elements creating inter- 
ference. 

call for help 
Your first call to the power company will probably 

be stopped by the front desk, so, explain your situa- 
tion, describe the noise-producing area and your 
detection methods. Leave you name and telephone 
number so their engineer can contact you before vis- 
iting the trouble area. This prescheduled meeting is 
particularly advantageous for tracking down periodic 
line-noise problems. There's nothing to be gained by 
looking for arcing insulators, for example, during or 
after a mild rain. When the power company's task 
force arrives, repeat the results of your investigation 
and monitor, with your mobile or portable gear, as 
each line is broken or checked. The power company 
will usually proceed with matters beyond this point, 
repairing whatever elements are found to be creating 
interference. Be sure to note the name of the power 



company employees repairing the line noise, so you 
can sidestep the front desk should future problems 
arise. 

Many times, amateurs become "trapped" with 
front-desk executives (who've never heard of Ama- 
teur Radio, and know even less about line noise) and 
can't get line-noise problems resolved. Don't  
despair. Somewhere in their organization is a com- 

Photograph of clamps and wires which are prime sources of 
line-noise interference. The aluminum clamps, which hold 
the jumper wires, can expand and contract with tempera- 
ture variations. The large insulators may crack, causing 
"frying" noise interference. 

munications department - and often one or two 
radio amateurs. Not only are these people usually 
sympathetic and understanding, they usually handle 
special problems like line-noise interference. This 
group usually has its own array of elaborate noise- 
locating gear. Often, one or two of these men work 
exclusively on line-noise problems, because situa- 
tions that create line noise often also creates prob- 
lems that lead to  power outages. Yes, you may 
actually be helping your community when reporting 
line-noise interference to the local power company. 
Naturally, television reception will improve when 
"white dots in the picture" disappear, and a-m radio 
reception is better without its "frying sound." But 
you also illustrate that neighborhood amateurs can 
help eliminate, rather than create, interference. 

Many noise interference problems, when located, 
prove to be created by customer-use devices like 
doorbell transformers and thermostats. Fortunately, 
most power companies are quite helpful and under- 
standing in locating these troubles. Their step-by- 
step method for locating these noise sources usually 
involves sequentially "dropping" various lines and 
evaluating the effect on the noise. As previously 
mentioned, a battery-powered, high-frequency (or 2- 
meter) rig is highly beneficial during these tests. 

The danger of experimentation with high-tension 
power lines by unauthorized personnel (that's you!) 
cannot be overemphasized. Today's amateurs have 
learned to respect high voltage in the shack; the 
number one killer is now outdoor power lines and 
large antennas. Instant retirement results when these 
two items are placed together. Don't take chances. 
Stay clear of problem areas during tests, and don't 
stand where lines could accidentally break and fall 
on you. 

Here is a synopsis of the more common power-line 
noises and their causes: 

1. Constant noise during the heat of the day, inter- 
mittent noise at night, no noise during rain: Cracked 
insulators or loose clamps on pole. This noise is pre- 
dominant during summer months. 

2. Constant noise during rain, intermittent noise 
during light mist: Small object or animal caught be- 
tween high voltage lines. 

3. Constant noise in a specific direction: Power 
transformers or home-user devices. 

checklist for 
line-noise corrections 

1. Check your own home area by disconnecting 
the main circuit breaker while monitoring noise on a 
battery-powered rig. If noise stops, reconnect the 
main breaker and switch off power to each area of 
your home until the noise again disappears. Then 
pinpoint source. 

2. Use directional antennas and portablelmobile 
gear to isolate the noise-producing area. 

3. Relate noise interference to time and weather 
conditions. 

4. Call the power company and arrange to be at 
home when they disconnect service to various areas. 

5. As confirmation of power-line (as opposed to 
atmospheric) noise, the power company may elect to 
temporarily cut all power to an area. Monitor the 
results on your mobile gear. 

6. Be patient and persistent. A quiet band is worth 
the wait and effort. 

ham radio 

62 february 1979 



Braced against the elements a s  
only Swan can do it! Even hurri- 
cane winds to 100 MPH can't 
lower the boom on your operations. 

The Swan TB3HA Tri-Bander: 
a really heavy-duty 20-15-10 meter 
beam. 3 solid elements, all work- 

ing on all bands. With a VSWR of 
1.5:l or better at  resonance. plus 
a full 2000-watt PEP rating. our 
TB3HA is built to work up a 
storm! 

Strongest fittings available: 
this you've got to see. Exclusive 
cast-aluminum braces grasp tubes 
a t  every joint. spreading stress 
over an 11%" span. Compared to 
slipshod U-bolt plates-no contest! 

Reinforced by super specs, 
TB3HA's one tough competitor: 

8dBd average forward gain. 
020-22 dB front to back ratio. 

16' turning radius. 
longest element: 28'2". 

q 16' boom. optimum spacing. 
direct 52 Ohm coaxial feed. 
wind load @ 80 mph: 110 Ibs. 
44 lbs. net weight. 
Swan Credit Card accepted. 
Available a t  your local Swan 

dealer. you can start  operating 
tri-band from a position of real 

strength- because TB3HA is  
Swan-engineered to  work under 
pressure! 
r------------------------ 1 

I I 
I Ple:~ce ru-h lull ~nlnrmation on Swan's I 
I Ilritvv Duly Trn-Band Beam Antvnnns: I 
I I 
I I-rlrrnent TB3HA I 
I 4-element TH4HA 

I 
I 

I I 

Write for free brochures on Swan's 
Vertical and Mobile Antennas. 

-AN 
ELECTRONICS 

305 Airport Road. Oceanslde. CA92054 
Phone: (714) 757-7525 

Swan % conl~nunng comm8trnent lo pmdurt !rnpmvsrnsnt 
may rrrert spprlrlratlnnx and prtrrs unthout nottea 



Kenwoods TS-820s has everything the 
Amateur Operator could want in a quality rig. 

Time proven over thousands of hours of operating time. 

the Kenwood TS420S has become the preferred rig for 

those individuals interested i n  high reliability. And. the 

TS820S has every feature any Amateur could want for 

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

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

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

optimum performance under all conditions. 

You can always tell who's running a TS-820s. Its superb quality 
stands out from all the other rigs on the band ... and when the 
QRM gets heavy the TS-820Ss adjustable RF speech processor. 

utilizing a 455-kHz circuit to  provide qu~ck-time.constant cotrl- 
pression, will get the message through. RF negative feedback 
is applied from the final to  the driver to  improve linearity, and 
third.order products are  at least -35 dB. Harmonic spurious 
emissions are less than -40 dB and other spurs are  less than 
-60 dB. 
RF input power is 200  W PEP on SSB. 1 6 0  W DC on CW. and 
1 0 0  W DC on FSK. Receiver sensitivity is better than 0.25 p V  
for 10 dB S/N. 
The  T S - 8 2 0 s  from Kenwood! S e e  it today a t  your nearest 
Authorized Kenwood Dealer. 



Kenwood's TS-7OOSP.. . 
a time Droven rig that now covers the new 

repe&er subb&d (144.5 to 145.5 MHz). 
- 

TS-700SP teatures all of the fine 
attributes of the TS-700s: A digital 
frequency display, receiver preamp, 
VOX, semi-break-in, and CW side- 
tone. Of ccurse, it's all mode, 
144-148 MHz, VFO controlled ... 
and Kenwood quality throughout. 

FEATURES: 

.I MHI hand covcragr  ( I 4 4  t o  

148 MHI) 

rrpe.itcr. o r  rcvcr.;r. Samc tcaturc.; 

o n  any of I I crystal  pusltions. . Transmit/receive c.ip.ihllity ( in 44 

channels with I 1  crystals. . C)perate.; al l  moJr.;: SSB (upper .ind 

lower).  F M .  A M  and CW. . 3 w.itts on A M .  

D ig i ta l  readout w ~ t l i  "Kenwood  

B lue '  digi t5 . Receiver preamp. 

117 watt.; RK ou tpu t  C ~ I I  SSR, TM. CW. 

1 wa t t  F M  l ow-power  swltch. . ~1.25 /LV tor  li) d l 3  (5 + NvN 
SSBlCW 1cn51tlvity. 

0.4 ILV t o r  211 dB q u l c t l n ~  F M  

sensltlvity. 

G e t  all the detail5 and 5rr the 

T S - 7 i l ~ l S P  n o w  at your  nearest 

Au thor l ze l l  K e n w o o d  Dealer! 

Autom.itic r e p r a t r r  ~lti.;et capal l i l l tv B u i l t - ~ n  VCIX. 

on all FCC autllori7c.tl r rpea t r r  ~ 1 . -  Semi-break-111 o n  C W .  

band.;. ~ r i c l u d ~ n ~  144 .5 - I J .5  MHI CW .;ldctone. 
KEh~WOOO 
. , . / , , I ,  < \ #  11, t 111 ( 1 1  ,,,, / , 1 1 !  ! , , , / I , >  . S ~ n i ~ l v  ~ i l a l  recclvc t ~ e q ~ ~ e n r v  and A l l  +o l~ t i -+ t~~ tc ,  TRIO-KENWOOD COMMUNICATIONS INC 

r , id~o ,icies the rest - ~ r n ~ l r u  A C  and  I)(- capah~ l l t v  1 1  1 1  WEST WALNUT COMPTON CA 90220  



I I base-collector junction; this allov~s 02 to conduct by 

gate structure 
and logic families 
The f irst par t  o f  this series explained the basic 
gate as a component. This part will examine the 
internal gate structure of TTL and CMOS, similarities 
and differences, as well as loading. A typical TTL 
two-input NAND gate is shown in fig. 1. 

Multiple emitters may seem strange, but they are 
easily made in integrated circuits. They are the key to 
NAND-gate operation. When any emitter of Q1 is 
pulled down to less than + O.Ovolts, its emitter-base 
junction is forward biased via R1. Collector-emitter 
junction voltage is then low enough to cut off 02 and 
Q4. Output voltage goes high, since 03 is conduct- 
ing by forward bias from R2. R3 limits output 
current. 
Q1 is nearly cut off when all emitters are at +2.4 

volts or higher. Full cutoff is not achieved, since the 
internal structure is arranged to forward bias the 

-------O O U T P U T  

I N P U T S  
B 

fig. 1. Simplified schematic diagram of the two-input, l T L  

NAND gate. In the open-collector version, R2, R3, 03, and 
the diode are omitted, leaving the collector of Q4 open. 

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

the forward bias through R1. 03 cuts off and 04 will 
conduct because of the Darlington connection to 02. 
The collector-emitter junction off Q4 will then satu- 
rate at less than 0.4 volts. 

TTL outputs will sink more current at low output 
levels (electron flow from ground to output) than 
they can source at high outputs (flow from output to 
supply). This fits the input requirements for devices 
connected to the output. Input current at high levels 
is one-fortieth of the low level current. Output cur- 
rent biasing is set for this 40:1 ratio and fan-out is 
usually set for driving ten inputs with one output. 

INPUTS : : 
OUTPUT 

fig. 2. Simplified internal structure of the two-input, 
CMOS NAND gate. 

Fig. 2 shows the equivalent gate function in a 
CMOS device. The insulated-gate FETs reduce input 
current to nanoamperes, primarily from leakage. 
Gate resistors are seldom internally used, allowing all 
inputs to present a high input impedance. 

The N- and P-type FET arrangement in a CMOS 
gate will determine function. If one input is low, the 
appropriate parallel-connected F'-type (05 or Q6) will 
conduct and make the output high. The low input 
overrides any high input by cutting off one of the 
series-connected N-types (07 or (3%). All inputs must 
be high for the series path to ground; the NAND RULE 
is satisfied. 

Output sink and source currelrrt capability is nearly 
the same at either level; it varies with supply voltage. 
A-Series CMOS will work at 3 to 15 volt supplies; B- 
Series goes to 18 volts. The ou1:put FETs do not fully 
saturate, so exact voltage level is load dependent. 
Data sheets must be consulted for exact values. 

Rearrangement of N- and P-types allows a greater 
range of functions than with TTIt.. Inverting the series 
and parallel connections will form a NOR. Other pos- 
sibilities exist, and CMOS devices are available with a 
greater range of functions. 

important differences 
The high input impedance of the CMOS implies the 
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capability of driving hundreds of inputs from one in- 
put. This would be true if it were not for package and 
circuit capacitance. Capacitance and output FET 
characteristics limit loading. Capacitance also limits 
TTL, but to a lesser extent. lnput current at dc limits 
TTL. 

lnput and output level symmetry allows CMOS to 
be biased for linear, small-signal operation. This is 
impossible with TTL. A Schmitt trigger must be used 
with TTL for inputs having slow rise and fall times. 

lnput threshold voltages are fixed in TTL. This is 
primarily due to saturated bipolar transistor operation 
from a fixed supply. CMOS level thresholds are 

tery-powered equipment, but note that most such 
equipment is slow speed. 

The NAND gate output of fig. 1 is called a totem- 
pole, from the appearance of 0 3  on top of Q4. Most 
outputs are of the totem-pole variety, but a few are 
open-collector. Since, in normal operation, 0 3  con- 
ducts little current, this tr,ansistor, R2, R3, and the 
diode can be deleted, using an external pull-up resist- 
or to the supply line for source current. This is the 
open-collector version. 

open-collector applications 
TTL chip transistors have relatively low breakdown 

table 1. Typical n L  gate characteristics. 

conventional schottky 
medium high low low medium 
speed speed (HI speed (L) (LS) 1s) 

maximum output source current 400 500 200 400 1000 
in microamperes (IoH) when 
output is high* 

maximum input sink current 16 20 3.6 8 20 
in milliamperes (IoL) 
when output is low* 

maximum tpLH, nanoseconds 22 10 60 15 4.5 

maximum tpHL, nanoseconds 15 10 60 15 5 

maximum input source current 40 50 10 20 50 
in microamperes when input 
high* 

maximum input sink current 1.6 2 0.18 0.4 2 
in milliamperes when input 
lowf 

nominal input pull-up 
resistor, kilohms 

'High level output voltage minimum is 2.4 for conventional TTL, 2.7 for Schottky (VOHI. Low level output 
voltage maximum (VOLI is 0.4 for conventional, 0.5 for Schottky. High-level minimums and low-level max- 
imums apply to inputs also. 

"Actual high-level circuit voltage may be any value between minimum and the supply voltage depending on 
output loading. 

approximately one quarter of supply maximum for a 
low and three quarters of supply minimum for a high. 

CMOS devices are more susceptible to noise pick- 
up due to their high input impedance. Circuit layouts 
must be carefully done. TTL is more tolerant to noise, 
but high input levels are still affected; this can be 
seenfrom typicaITTLcharacteristicsgiven in tablel. 

Total circuit current of CMOS is less than TTL. 
CMOS current demand is influenced by switching 
speed, i.e., charging and discharge of the circuit 
capacitance. Supply current increases with increas- 
ing logic switching frequency. It is also true for TTL 
but to a lesser extent. TTL input current masks most 
of that effect. 

Bipolar transistors in TTL allow faster switching 

voltages. Redesigning just: the output transistor into 
an open-collector chip (04  in fig. 1) allows driving 
high-voltage devices such as relays and neon lamps. 

Another function is the wired-OR depicted in fig. 
3. This takes advantage of the NAND'S active-low in- 
put. Several open-collector outputs can be wired to a 
single input, giving an equivalent OR function. The 
OR symbol with connecting dot is purely symbolic. 
No specific open-collector symbol exists. 

Why use a wired-OR? One reason is economy, 
another the number of available packages per board. 
If you don't have room for a NAND equivalent OR 
gate, but do have an input, the wired-OR will do the 
job. Open-collector outputs are slightly slower than 
totem-poles, so be wary in high-speed circuits. 

speeds. FETs are becoming faster as discrete 
devices, but CMOS designs retain low power and three-state wired-OR 
slower transistors. CMOS is good for pdrtab~e bat- A modification of the totem pole output was 
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designed by National Semiconductor, called TRI- 
STATE by them and three-state by others. The 
design has the good points of both totem pole speed 
and the ability to wire-OR. 

A control line is added to enable the output or out- 
puts. An enabled output behaves like the totem pole. 
A disabled output appears as a high impedance. 
Three-state outputs can be wired in parallel and are 

=+?- OR& A C T I V E  L O W  OUTPUT 

fig. 3. Symbolism used to denote a wired-OR configuration 
using open-collector NAND gates. 

fast, but need the extra control. Such outputs are 
ideal for computer bus lines. Bus lines are parallel 
data lines carrying information in either direction. 

Both three-state and open-collector output 
devices require some precaution during circuit 
design. Data books should be consulted for the fine 
details. * 

unused inputs 
All inputs must be connected somewhere. An 

unused TTL input will automatically assume a high 
state if left open (leakage in 01  of fig. 1). It is poor 
practice to tie it high by an open connection; impe- 
dance is higher and noise might sneak in. Tie the 
unused input to V,, or ground, depending on the 
desired function. Gate inputs can be paralleled. A 
parallel connection increases logic-I current, but log- 
ic-0 current is the same. 

Unconnected CMOS inputs can assume either 
state due to the inherently high impedance, leakage, 
and construction. They must be tied to either V,, or 
ground. Removable circuit boards should have 
potentially open inputs connected to ground through 
a 100-270k resistor. This trick will protect the input 
from possible static surges when disconnected. 

CMOS handling precautions 
Unmounted CMOS devices may be damaged by 

static electricity; an unfelt static charge is enough. 
Unused devices should be kept in anti-static contain- 
ers or pushed into conductive plastic foam. Such 
foam is usually black, somewhat hard, and will read a 
few kilohms on an ohmmeter. 

*The Texas Instruments TTL Data Book is available from Ham Radio's 
Communications Bookstore, Greenville, New Hampshire 03048, for $4.95 
plus $1.00 postage. 

Everything on the workbench :should be grounded, 
including an aluminum work-area plate. Use a 
grounded-tip, three-wire solclering iron. Strap 
together and ground all powered test equipment; this 
should be done anyway, since i t  is possible to get a 
lethal shock from some test gear. 

Avoid all plastic-fiber clothing if possible. Ground 
yourself through a one megohn~ resistor (two megs 
with 220-volt mains) and flimsy wire. The resistor is a 
precaution against lethal shock current. The flimsy 
wire should break if you slip. All this may seem 
overcautious, but is standard industrial practice. Ask 
yourself how many expensive ClvlOS devices you can 
afford to lose from a static zap. 

l T L  variations 
There are five different versions of TTL, identifiable 

by one or two letters after the 54 or 74. No letter 
means the original and is called medium speed. An L 
identifies low power and low speed. An H stands for 
high speed and high power. Ho\~ever, these two ver- 
sions are being phased out of now designs in favor of 
Schottky versions. 
LS, or low-power Schottky, i!; as fast as medium 
speed, with only slightly more power demand than L 
versions. S is as fast or faster ,than H and takes no 
more power than medium speed. Differences are in- 
ternal and you need only cons~ilt data sheets for ap- 
plication. Schottky inputs are to bases of grounded- 
emitter input stages. This and added clamping 
diodes make them different from ordinary TTLs. 

Schottky versions are recommended for new 
designs. A lot of ordinary TTLs are available at low 
prices and should work just well, except in very fast 
circuits. 

IZL, or integrated-injection-I~ogic is similar to TTL 
and is circuit compatible. It is appearing in many 
large-scale integrated circuits. 

PMOS and NMOS 
This family group started bef'ore CMOS. PMOS was 

the first, using P-type MOS (~lsually junction FETs). 
PMOS devices need two or three supply voltages, but 
have inputs and outputs compatible with CMOS and 
most TTL devices. They find use as microprocessor 
memory chips; CMOS handling precautions should 
be observed. 

NMOS uses N-type MOS and most devices use only 
5-volt supplies. Again, the inputs and outputs are 
compatible with both CMOS and TTL. The Motorola 
6800 microprocessor devices are almost entirely 
NMOS. NMOS is less sensitive to static shock, but it 
won't hurt to be cautious. 

The next article in this serit?s will go into the im- 
portance of propagation delay and discuss flip-flops. 
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lntroducina the first 
w 

price breakthrough 
in amateur radio 

eaui~ment in a decade! 

Self-contained power 'supply and speaker 
All solid state 
Covers 10-80 meters 

, "  \ \ 
', 

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

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

inljJ ra#ig:<250 watt model requires a separate AC 
pdwer supply.) ". 

The receive portion of the ' l l0  transceiver is also 
available separately, as the Atlas RX-110 receiver. The 
TX-110 transmit module may be added later. 

20 W MODEL 11 0 STANDARD TRANSCEIVER. . . $388 
20 W MODEL 11 0 SPECIALQ TRANSCEIVER. . . . $428 
250 W MODEL 11 0 STANDARD ,TRANSCEIVER. . $478 
250 W MODEL 11 0 SPECIAL" TRANSCEIVER. . . $518 
P S I  1 OH AC POWER SUPPLY . . . . . . . . . . . . . . $ 89 
(required with 250 watt transceiver) 

*Includes RIT, CW filter, RF Gain Control. 

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

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



the weekender 

combination field strength meter and volt-ohmmeter 
Whether you wan t  a weekend project or would 
like to get your club involved, here's a project that 
can be used to teach theory, construction practice, 
and troubleshooting while providing a basic piece of 
test equipment. The FSVOM is a combination field 
strength meter and volt-ohmmeter. It evolved as part 
of a training program for prospective amateurs. The 
objective was to make learning fun by providing a 
balance of theory and practice. My hope was that the 
finished product would provide a degree of confi- 
dence and encourage home construction, rather 
than being something that would end up on the 
shelf, like the old "two-transistor super" often used 
as a first project. In this respect, the FSVOM has been 
a success. 

I don't think anyone need have any qualms about 
building this unit; there are no exotic or hard-to-find 
parts. Calibration is minimal. If you don't have facili- 
ties for etching the printed circuit board, an etched 
and drilled board (see parts list) is available. It's an 
easy weekend project for the experienced builder, 
and an excellent learning experience for the neo- 
phyte. 

the FSVOM 
The unit is a basic VOM, with the added feature of 

a field strength meter. It has a sensitivity of 20k ohms 
per volt, so that most readings will agree with stan- 
dard-notation schematics. Circuit loading is minimal. 
The controls and meter scales are designed to mini- 
mize operator error. Only one voltage/current scale 
and one resistance scale are on the meter face, and 
only one set of jacks is used, so there's very little 

chance of error. I find the FSVOM much easier to use 
than many conventional units with their many scales 
and ranges. 

The FSVOM contains four functions: field strength, 
resistance, current, and voltage. A multiplier (range) 
switch provides four ranges, X1, X10, X100, and 
X lk ,  for each function with the exception of the field 
strength function, which has an independent sensi- 
tivity control. The multiplier scheme allows the use of 
a single meter scale. The reading is then multiplied by 
the factor set into the range switch. A separate meter 
scale is used for the resistance function, which is 
nonlinear. Dc voltages are read at full-scale ranges of 
0.5, 5, 50, and 500 volts. Dc current is read at full- 
scale ranges of 0.5, 5, 50, and 500 milliamperes. 
Resistance center-scale readings of 18, 180, 1800, 

By Ken Powell, WBGAFT, 6949 Lenwood 
Way, Sari Jose, California 95120 Front panel showing labelsand parts layout. 
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and 18,000 ohms are available. Field strength is read 
on a relative scale of 0-50. The FSVOM is powered by 
a 1.5-volt cell and is fully portable. 

circuit description 
The FSVOM schematic looks a bi t  complex 

because of the switching functions; but when broken 
down into the four separate functions, as depicted in 
fig. 1, each is quite simple and each is an exercise in 
Ohm's law. The fundamental component is the 
meter movement, and each function is the applica- 
tion of 50 PA to the meter through series, parallel, or 
combinations of resistance values. You can readily 
see why this would make a good training project. 

Fig. 1A depicts the basic voltage-measuring func- 
tion. In this configuration we have the meter and 
voltage-calibration resistor in series to form a total 
circuit resistance of 10k ohms. Applying 0.5 volts 
across this series circuit yields a current of 50 PA and 
full-scale deflection of the meter. Smaller voltages 
will, of course, yield lower readings because of the 
reduced current flow in the series circuit. With the 
range switch in the XI0 position, additional resistors 
will be added to the series circuit to form a total resis- 
tance of 100k ohms. 

The application of 5 volts across the 100k series 
circuit will again yield a current of 50 PA through the 
meter movement, causing full-scale deflection. This 
process is repeated again for the XlOO and Xlk  
ranges, each time increasing the series resistance of 
the meter circuit by a factor of ten and increasing the 
voltage required for full-scale meter deflection by a 
factor of ten. This very simple circuit forms the volt- 
age measuring portion of the FSVOM. 

@ 

1.5 v fig. 1. Basic functions of 
the FSVOM. 

I [ 5mH$01 1 kloox FS SENS 

1.5V 
AA C E L L  r - 

SI - I .  FS 
51-2. OHMS 
SI-3-  CURRENT 
SI-4.  VOLTA C E  

5-2-I .XI 
S 2 - 2  .X I0  
S 2 - 3 .  X I 0 0  
$ 2 - 4 . X l K  

fig. 2. Complete schematic of the FSVOM. 

Fig. 1B shows the basic current-measuring circuit. 
In this function we have the meter movement and 
current-calibration resistor in series to form a total 
circuit resistance of 5k ohrns. In contrast to the volt- 
age-measuring circuit, where we used series resistors 
to achieve the desired ranlges, we now switch resis- 
tors in parallel with the metering circuit to change 
ranges. The meter movemcmt and calibration resistor 
form a 5k-ohm circuit and would require 0.25 volt 
applied across this circuit for a full-scale meter 
deflection. In effect, we're using this 0.25-volt, full- 
scale voltmeter to read the voltage drop across each 
shunt resistor as current from the circuit under test 
passes through the shunt resistor selected by the 
range switch. 

In the voltage-measuring function, we increased 
the resistance values in proportion to the voltage 
being measured. In the current-measuring function, 
we decrease the resistance values as we select high 
ranges. Once again, our objective is 50 full-scale 
on the meter. The same scale and multiplier factors 
are used in the current-measuring function as in the 
voltage function. 

Fig. 1C depicts the basic ohmmeter circuit. As 
with the previous circuits it's a matter of controlling 
the amount of current through the meter movement, 
but in this function things get a bit turned around. 



Fig. 1D is the basic circuit of the field-strength- 
meter function. In this function the positive input 
jsck is the antenna input, and ,the rf voltage picked 

SPACER 

14 REODl 

HARDWARE 
( 4  RCODI 

fig. 3. Mechanical details of the FSVOM enclosure. 

Zero on the OHMS scale is reflected by full-scale 
deflection of the meter (50 PA), and for maximum 
resistance, or infinity, there is no deflection. This fact 
explains the second scale on the meter face. 

In the ohmmeter function we form a voltmeter 
with the meter movement and the resistance calibra- 
tion trimmer, just as we did in the current function. 
The voltage is furnished by the internal battery; it is 
applied to a voltage divider formed by the resistor 
selected by the range switch and the external resis- 
tance value being measured. When these two values 
are equal, the meter will read half scale. 

We're comparing an internal known value against 
an external unknown. An OHMS ZERO adjustment 
control is included on the front panel for setting the 
meter to zero as the internal battery's output voltage 
changes with age and use. 

fig. 4. Modification of the meter scale using dry-transfer 
characters. Resistance scale is in red. 

up by the antenna is rectified1 by the germanium 
diode. The output is applied to the meter movement. 
A sensitivity control shunts the rneter to allow adjust- 
ment over a wide range of field strengths. Since the 
field-strength function is a relative reading, no 
special scale is used. 

The overall schematic is shown in fig. 2. It's a 
composite of the four individual function diagrams 
shown in fig. 1. The only components added are the 
two silicon diodes across the meter to prevent dam- 
age from overload. After looking over the individual 
diagrams, it's easy to understand the composite. 

table 1. Parts list for the FSVOM. The parts in this listing are 
those used for the unit in the pho1:os. Parts of equivalent 
value may be used without degrading performance. 

meter 
switch S 1 
switch S2 

control, FS Sens 
control, Ohms Zero 
trimmer, I Cal 
trimmers, R Cal & E Cal 
jacks, input 
holder, battery 
rf choke 
case 

resistors 

50 RS 22-051 
3 pole 4 position, Centralab PA-2007 
3 pole 4 position shorting, Centralab PA- 
2006 
lOOk linear tal:~er, RS-271-092 
50k linear taper, RS-271-7716 
5k, RS-271-2'17 
10k, RS-271-218 
Nylon, RS-274-662 
1.5V AA Cell, RS-270-1432 
2.5 rnH, Miller 6302 
178x152~713 mm ( 7 x 6 ~ 3  in.), Mod- 
U-BOX 3-7-6 
%W 5% 

PC board, etched Et drilled: J .  Oswald, 1436 Gerhardt Ave.. San Jose, Cali- 
fornia 95125. $4.00 prepaid. (5 or more at $3.00). Residents add sales tax. 

Resistors are available from local RCA disr.ributors in 2 %  at no additional 
cost over 5% prices (series 8300 resistors). 

The RCA resistors and cases are available itom Ouement Electronics, 1000 
S. Bascom Ave., San Jose, California 95100. 

This should be a boon if trouble with the unit is ever 
encountered. 

construction 
The first step is to drill or punch the holes in the 

case, using care not to mar the finish on the case 
(see fig. 3). Next, apply all the labeling to the case 
using Datak Letraset #K61 dry-transfer lettering. 
After labeling, apply two light coats of clear finish 
such as Datak or Kr-ylon to protect the lettering. 

While the case is drying remove the plastic front 
cover from the meter movement and carefully 
remove the meter face, which is secured by two Phil- 
lips screws. Using the periods from the K61 Letraset, 
change the meter scale numbers 10 through 50 to 
read . I0 through .50, as shown in fig. 4. Now, using 
the red lines and numerals from Datak Letraset K19, 
add the resistance scale to the meter face. This two- 



fig. 5. Foil side of the FSVOM PC board. 

fig. 6. Component mounting. 
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The complete FSVOM ready for action. 

color scheme will make the resistance scale easily 
discernible. Apply a light coat of protective spray to 
the meter face. Allow the meter face to dry, reassem- 
ble the meter, and mount all the front panel compo- 
nents to  the panel half of the case. 

A parts list for the FSVOM is shown in table 1. The 
PC board should be etched and drilled as in fig. 5 and 

the components mounted as in fig. 6. Next, solder 
the interconnecting wires to the PC board as in fig. 
7, leaving the wires about 305 mrn (12 inches) long 
and in three groups: S1, S2, and panel components. 
Mark the far end of the wires with wire-markers or 
masking tape so they can be identified later. 

Mount the completed PC board to the case with 
the wires extending toward the front. Lay the front 
panel face down in front of the PC board, and con- 
nect the premarked wiring to  the panel components. 
Cut the wires to length after identifying them. 

This type of prewiring saves wear and tear on the 
wires, as the PC doesn't have to be turned over time 
and again to connect the individual wires. When the 
wiring is done, the panel should fold back into the 
case and the wiring should fold neatly into place. The 
wiring should be laced or spot-tied for neatness. 
Double check to be certain that the wiring is not 
pinched in the edges of the case. This completes the 
construction. Don't button up the case yet. 

calibration 
The first step in calibration is to zero the meter 

with its zero-adjusting screw. This is best done with 
the meter in its normal operating position. Next, in- 
stall the battery, set the function switch to OHMS 

a \ +PA 

fig. 7. Board-to-panel wiring points. 
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Wiring details between PC board and panel. 

and the range switch to X10. Leave the range switch 
in the XI0 position for the remainder of the calibra- 
tion procedure. Short the input terminals and adjust 
then ZERO control toread 0 on the meter's resistance 
scale. Remove the short from the input terminals and 
put a 180-ohm resistor across the terminals. Adjust 
the R calibration trimmer for a reading of 0.25 (half 
scale) on the upper meter scale. This coincides with 
180 ohms on the lower, or resistance, scale of the 
meter. 

Switch the function switch to the current (1)  posi- 
tion and place 300 ohms (two 150-ohm resistors) in 
series with a 1.5-volt battery across the input termi- 
nals. Adjust the I calibration trimmer for a full-scale 
reading of 5 mA (0.50 x 10). 

Switch the function switch to  the VOLTAGE posi- 
tion and place two 1.5-volt batteries in series across 
the input terminals. Adjust the E calibration trimmer 
for a reading of 3 volts (0.3 x 10). This completes the 
calibration procedure. Now you can fire up your rig 
and check out the field-strength function. 

closing remarks 
While I can't make any great claims of accuracy for 

the FSVOM, it's more than adequate for amateur use. 
As you probably know, most commercial meters use 
1 per cent resistors and much more sophisticated cir- 
cuitry. But the FSVOM is very easy to use and will 
provide a degree of satisfaction in that you know 
what's going on inside the littlemeter when you use it. 

As a club project, it's fun and gets amateurs 
involved in areas we generally don't explore. As a 
useful device, it's hard to  beat. When you've finished 
building this one you will have explored just about all 
phases of home-brew construction, from PC boards 
to rotary switches to meter movements. The experi- 
ence gained on this little project should pay off well 
on all future building efforts. 
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HD-73 HEAVY-DUTY 
ROTAMR 

with exclusive Dual-Speed Control! 
For antennas up to 10.7 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five.position switch. 
SPECIFICATIONS: Max. wind load bending moment-10.000 
in.-lbs. (side-thrust overturning); Starting torque - 400 in.- 
Ibs.; Hardened steel drive gears; Bearings -100-38'' diam- 
eter (hardened); Meter - D'Arsonval, taut band (back- 
lighted). There's much, much more - so get the whole story! 

I Mail this coupon for complete details! i 
w Send me complete details on the new HD-73! I 

7 ~ 

- '  ' Give me the name of my nearest dealer! I 
I 

I NAME 
I 

i 
I 

ADDRESS 
I 

I 
CITY I 
STATE ZIP I 

I 

I - & NORTH AMERICAN P R l L l R  COMPANY 

LWu ol lb f-l -m Ro1a$w.. . Alll-. T .nnclMoC. .  . "N'. -1- OUMrl" 
I 

----,--------------J 
1 C ,.,l.b.ll,rr.YO Co. lrr  

-. . - -- - - . - - - -. -. - - .. . - -  --- - . . .--- 
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"Fantast~c'" 1s the word K2TK uses in summarlzing the performance of 
the new Fox-Tango 8-pole 250 Hz CW crystal la!:ce filler In comparison 
with that of his standard 4.pole Heath unlt. Remarkably free from 
f~nging ... except~onal ult~mate rejection ... superior shape factor ... easy 
~nstfl lation. .." are other quotes trom h ~ s  enthusiastic report. Whlle grari- 
fylng, h ~ s  remarks come as no surprise -they merely echo those of hun- 
dreds of satisfied Yaesu and Kenwood purchasers of Fox-Tango filters 
who have decided to up-grade the~r  present sets Instead of purchasing 
new ones at today's Inflated prices. 

Fox-Tango fillers are deslgned to match the mounting holes in the most 
popular Heath rigs like the HW-101. SB-301, etc.. exactly. For the 
others. Ihe drilling of a few small holes w ~ l l  pose no problem lor Heath 
owners who have "built their own". K2TK mounted his new 250 Hz u n ~ l  
in the space reserved for an AM filter In his SB300 thus maklng use of 
existing front panel controls lor selecting either of h ~ s  two CW filters. For 
those whose models lack this lacllity. 11 will be easy to improv~se mechan- 
lcal or electromagnetic sw~tching arrangements 11 dual l~ l le rs  are desired. 
01 course, for those satisfled wlth one f~lter, lnstallatlon usually cons~sts 
of tighten~ng two nuts and soldertng two connections. 

Our complete llne of tillers is listed below. Note that we offer both 250 
and 400 Hz bandwidths lor  Heath rigs. Although the latter appears to be 
the same as the standard Heath CW filter. the difference in 8-pole per- 
tormance has to be heard to be believed. The 400 Hz unit is Ideal for rou. 
ttne CW operation even though it lacks the needle-sharp response (and 
cr~tical tun~ng requirements) o l  the 250 Hz filter. 

All units are $55 except as indicated. Order w ~ t h  confidence - satislac- 

of set w ~ t h  wh~ch board IS lo be used. $20 alrrnall poslpald 

VISA and Master Charge accepted. 

BUILD YOUR DREAM 
ANTENNA 

WE SUPPLY THE MATERIALS, 
YOU HAVE THE FUN AND 

SAVE UP TO 50% 

# 6061 -T6 DRAWN ALUMINUM TUBING 

AIRCRAFT GRADE PLATED HARDWARE * HIGH STRENGTH FIBERGLASS SPREADERS * STAINLESS STEEL ELEMENT CLAMPS 

-COMPLETE ANTENNA 

PACKAGES AVAl LAB LE 
-CALL OR WRITE FOR 

FREE INFORMATION 

GL ENTERPRISES 
ROUTE 1 BOX 10 G 
BROWNSVILLE, WIS. 
53006, ~ ~ [ 4 1 4 ) 5 ~ 3 - 4 0 O l  

500 MHz and 1 GHz Counters with built-in preamp 
Serles CTR-ZA Frequency Coonters exceed the h l ~ h e s t  quality 
staod;$rds demanded by clectronlci  ~ndt lstr ,es, cornmunlca- 
tlons, thnm radlo, research labs, techn~c~nns,  and servace. Yet 
cost only half  the price of other comrnerc~al counters. How 
does Gnvls do it7 Advanced deslgn and production techniques. 
That's the Davis difference. One year warranty on assembled 
unlts. 90-day on k ~ t  components. 
2 RANGES: 500 MHz Ktt $749.95 1 GHz K I ~  $399 95 

Assembled 3149.95 Asremblec $549.95 ~~~ - .~ ~ ~ 

Preamp 10 mv O 15rl Mtlz . Per~od Measurement (Opt. (61 $15.001 . 8 Digit .3" LED Ohsplay Input Doode Protected . High Stability TCXO f 1 ppm . Selectable Gale Tlrnes. I & 1 rec. . Oven Conlrolled Crvrtal -' 5 DDm loot. (il S49.951 
OPTIONS: 43 ' LED $10 00 10 rec Tame Base $ 5 00 

17 v,nr i n  nn nandl. 10 00 .- . . . . . . . . -~ ~ 

Order direct f rom factory. Add $3.00 for shipping, $1.00 extra 
for C.O.D.. and 7% sales tax In N. Y. State. Payment by check 
lcertif ied far  C.0 D I. rnonev order. Master Charrre. VISA. . . . . . . - . 
credlt-rated coiipan; P.O. accepted: Money back guarantee 
i f  returned i n  good condition in  10 days. Klts returnable only 
. . . - - - . . . . . -. 
For more information, request FREE DESCRIPTIVE LITERA- 
TURE, or for in.depth preview, send $5.00 for  32.page IN- 
STRUCTION MANUAL. Detailed. illustrated. Credited against 
purchase~of  either unit  

DISTRIBUTOR INQUIRIES lNVrrE0 -1 Affordable quality is tha Davis differance. 
DAVIS ELECTRONICS 

, 636 Sherldan Drive. Tonawanda. N.Y. 14150 . 716/874.5848 
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AVAILABLE ONLY AT THESE AUTHORIZED DEALERS 

CALIFORNIA 
C & A Electronic Enterprises, Orson,  CA 90745. Ph. 213.834-5868 
Tele.Com Elecrronics, San Jose. CA 95121, Ph. 408.274-4479 
Zackit Corporation, Valleio. CA 94590, 707-644-6676 

COLORADO 
A.E.S. Communications. Wer Com. Colorado Springs, CO 80909. 

Ph. 303 475-7050 

FLORIDA 
Amateur Electronic Supply. Orlando, F L  32803. Ph. 305-894-3238 
N & G Distributing. Miami. F L  33126, Ph. 305 592 9685 
VHFIJAX. Orange Park, F L  32073. Ph. 904-264 7176 

GEORGIA 
Creative Electronics. Marlens. G A  30065, Ph. 404 971 21 22 

ILLINOIS 
Klaus Radio. Peoria, l L  61614. Ph. 309-691 4840 
Specrrontcs. Oak Park. I L 60304. Ph. 312 848 6777 

IOWA 
Bob S m ~ t h  Electronics. For t  Dodge. 1A 50501, P I .  515 576 3886 

MASSACHUSETTS 
Tufts Radio Electronics, Medford. M A  02155. Ph. 617 395 8280 

NEVADA 
Communications Canter West. Las Vwar, NV 89106, Ph. 702-647-31 14 

NEW YORK 
Barry Electronin. New York, NY 10012. Ph. 212-925-7000 
Delmar Electronin. W. Babylon, LI. NY 11704. Ph. 516-420-1234 
VHF Communications. JameRown. NY 14701. Ph. 716-664-6345 

OHIO 
Univer-I Amateur Radio, Reynoldsburg, (Columbus) Ohio 43068 

Ph. 614-866-4267 

OKLAHOMA 
Derrick Electronics. Broken Arrow, OK 74012, Ph. 918-251-9923 

PENNSY LVANlA 
LaRue Electronics, Scranton, PA 18509, Ph. 717.343-2124 

SOUTH DAKOTA 
Burghardt Amateur Center. Watertown. SD 57201, Ph. 605-886.7314 

TEXAS 
A G L  Electronics. Dallas. TX 75234, Ph. 214-241.6414 
Madison Electronics Supply. Houston. TX 77002. Ph. 713-658 0268 

VIRGINIA 
Radio Communications, Roanoke. V A  24016. Ph. 703-342-8513 

MICHIGAN 
Adama Distributing, Detroti. M I  48228. Ph. 313 584~4640 

WASHINGTON 
A-B  C Communications, Seenle. W A  98155, Ph. 206-364-8300 

The Ham Shack. Kentwood, M I  49508. Ph. 616 531 1976 
WISCONSIN 

MINNESOTA Amateur Electronic Supply. Milwaukee, WI  53216. Ph. 414 442~4200 
PAL Electronncs. Minneapolis. M N  55412. Ph. 612 521 4662 

CANADA 
MISSOURI Bvrown Marine Ltd.. Onawe. Ontario, O n .  K2H 7V1.  Ph. 613~820.6910 
Alphe Electronor Labs. Columb~a. MO 65201. Ph. 314-449-1362 Traeger Distributors. Richmond. BC. Can. V6x  2A7. Ph. 604 278 1541 
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improving the 
HT.37 ssb transmitter 

I 
Automatic Level Control (ALC) allows you to oper- 

ate at higher audio  level!^ without overloading the 

The Hallicrafters HT-37 transmitter, which causes interference to nearby sta- 
tions. With an ALC circuit added to the HT-37, more 

is still around 
and has many 

excellent features - 
here are some ideas 

for upgrading this 
venerable old rig 

Of  a l l  t he  equipment  manufactured by the 
Hallicrafters Company, perhaps the most popular 
was the HT-37 transmitter-exciter. I t  uses the phas- 
ing system for single-sideband generation, which is a 
good method if the phase-shift networks are properly 
adjusted. Once set, however, these phase shifters 
rarely need adjustment. The rig is as stable as a rock 
and the ssb audio quality compares well with that 
from filter-type circuits. 

fig. 1. Revised audio section of the i-0 A ""7. 
all0 l2A77 

! d l  C M  120 IN I 

TO A.  
FIG 2 

0 0 1  

This article is presented for HT-37 users who might 
wish to improve its operation with some minor modi- 
fications. For the purist who wants better sideband 
suppression, an easy modification appears in refer- 
ence 1, which shows how to install a filter-type side- 
band generator. If you're happy with the as-built HT- 
37 sideband generator but wish to make a couple of 
other simple modifications to improve efficiency and 
increase power-transformer life, you might be in- 
terested in the comments that follow. 

emphasis is given to lower-frequency speech compo- 
nents, and the higher dynamic range (louder) speech 
components won't overdrive the final-amplifier 
stage. Such overdriving creates splatter, "buck- 
shot," and a broader signal. 

You'll need the followin~g parts for the ALC-circuit 
addition: 

resistors 
quantity type 

1 50k c:omposition, 1 I 2  watt 
1 1 me'g composition, 1 I 2  watt 
2 10k c:omposition, 1 I 2  watt 

capacitors 
quantity type 

2 0.1 pF paper, 200V working 
1 0.25 CLF paper, 200V working 
1 0.0011 pF ceramic 200V 

working 

miscellaneous 
quantity description 

2 1 N20'70 or 1 N2071 silicon 
diodes, 400V PIV 

2 solder-lug terminal strips 
90 cm (3 ft) small plastic-covered shielded 

cable 

procedure 
1. Remove both top and bottom halves of cabinet. 

2. Remove side rail from c:hassis left side. 
3. Remove cover from the audio section to gain ac- 
cess to the audio gain control, R110. 

4. Remove the direct corinection between RllO and 
ground. Install a 0. 1-pF: capacitor between these 
points. 

By Alf Wilson, WGNIF, 1068 Arden Drive, 
Encinitas, California 92024 
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5. Solder one end of a 50k resistor to the former ly a suggestion; use any rnounting position that 
grounded terminal of R110, then connect the center seems convenient.) 
wire of a 51-cm (20-inch) length of small shielded 15. connect the two green ,,,,ires lifted in step 12 to 
cable to the other end of the 50k resistor. Ground the point c 4) and run a nevv wire from point D (fig. 
cable shield to a convenient point inside the audio to R19 in fig. 3). 
compartment. The revised audio section will then be 
as shown in fig. 1. 16. Connect point E to the shielded cable coming 

from point B in fig. 2. The final-amplifier wiring will 
I N 2 0 7 0  now appear as in fig. 5. 

~ I C M  /-3v~o'rr 
FROM 17. Dress the new shielded cables as close as possi- 
AUDIO 
SECTION 'To'5 ble to the chassis. Check all wiring for errors. This 

fig. 2. The ALC circuit built from instructions in the article. 

6. Feed the free end of the shielded cable through a 
hole in the audio-section cover shield. Replace the 
cover shield onto the chassis. 

7. Replace the side rail removed from the chassis. 

8. Using a solder-lug terminal (4 or 5 lugs), build the 
ALC circuit shown in fig. 2. Be sure to use a terminal 
strip with a grounded mounting lug at one outer end. 

9. Solder the outer end of the shielded cable coming 
from the audio section to point A in fig. 2. Attach 
another piece of shielded cable, about 51-cm 120- 
inches) long, to point B in fig. 2. 

10. Remove the nut from one of the four machine 
screws securing the antenna coax fitting to the chas- 
sis rear apron. Mount the ALC assembly just con- 
structed on the machine screw, replace the nut, and 
tighten securely. Of course, a grounding lug should 
be used to mount this assembly onto the coax con- 
nector. 

11. Near the bottom of the final-amplifier 6146 tube 
sockets you'll find a solder-lug strip where R19 (I k) is 
connected to rf choke L13, which in turn is con- 
nected to the 6146 grids. 

GREEN WIRE 
6 1 4 6  GRIDS 

fig. 3. As-built appearance of the HT-37 (see text). 

Before performing the next step, note that two 
green wires are connected to R19 as shown in fig. 3. 
Now proceed as follows: 

12. Remove both green wires from point X in fig. 3. 
Leave them free for now. 

13. Mount two 10k resistors and a 0.001-pF ceramic 
bypass capacitor on a 4-lug terminal strip, as shown 
in fig. 4. 

14. Next mount the assembly just completed under 
one of the self-tapping screws that hold the lid onto 
the shield can next to the 6146 sockets. (This is mere- 

completes the installation of your new ALC circuit. 

A schematic of the complete ALC circuit is shown 
in fig. 6. 1 suggest you recheck the 6146 bias voltage 
to ensure it hasn't changed. It should be - 49 Vdc. 

power-transformer protection 
The HT-37 seems to have a history of power-trans- 

former failure. I've talked to several HT-37 owners 

fig. 4. More construc- 
tion details for the 
ALC addition to the 
HT-37 final-amplifier 
section. 

who have had to replace the transformer because of 
a short circuit either in the secondary windings or 
between primary and secondary windings. It's pretty 
hard to find an exact repllacement for the HT-37 
power transformer today, although at least one 
source of help appears in the amateur ads in which a 
transformer rebuilding service is offered. 

In any event, it's possible to preclude catastrophic 
failure of the power transformer by simply adding an 
autotransformer, such as a Variac, in the primary 
voltage circuit of the HT-37. 

HT-37 owners will note th~at, when the OPERATION 
switch is turned from OFF to STANDBY, a distinct 
"thung" sound will be heard if the peak of the ac pri- 
mary voltage occurs at timle of switch turn-on. This 
means that a surge of voltage is presented to the 
power transformer primary at the instant of switch 
turn-on. 

Why not eliminate this surge by using an auto- 
transformer in the transformer primary? With the 
OPERATION switch in the OFF position, turn the auto- 
transformer to zero, then gradually advance the 
autotransformer control until the proper ac input 
voltage is presented to the power-transformer pri- 
mary. An ac voltmeter sh~:)uld, of course, be con- 
nected across the power-transformer primary. 

Another cause of power-transformer failure, ac- 
cording to many HT-37 owners, is sheer carelessness 
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RECEIVER MODIFICATION KITS 
INCREASE SELECTIVITY IMPROVE SENSITIVITY 

LOWER INTERNAL NOISE 
IMPROVE NOISE BLANKER OPERATION 

COMBAT BLOCKING FROM LOCAL SIGNALS 
TS-520 KIT . . . . . . . $27 50 FT-101 SERIES KIT.. . $32.50 
TS-520s KIT . . . . . . . . . 32.50 FR-101 SERIES KIT. . . 34.50 
TS-820 & 820s KIT. . . 34.50 IT301 SERIES KIT . . 34.50 
R-599 4 / D  KIT . . . . . . . 27.50 FT-901 SERIES KIT. . . 34.50 

EXPLICIT INSTRUCTIONS MAKE MODIFICAllON A CINCH 

PROCESSOR MODIFICATION KIT 
IMPROVES AUDIO PUNCH 

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

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

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

non-distorted audio and more penetration for those 

ENDORSED BY W6TOG AND BIG GUN DXers WORLD WIDE 

INTERNAL ELECTRONIC KEYER 
FOR ALL AMATEUR TRANSMITTERS OR 

TRANSCEIVERS USING GRID BLOCK KEYING 
No holes mounting with TS-820 Series 
Mounting options for TS-520, TS-520S, FT-101 
Series. TR4 Series, T4X Series, T-599 Series and 

C-MOS DESIGN - Dot and dash memory -full 

Simple installation 

THE S-F REJEKTOR 

GREEN WIRE 
R I I  L 13 

Z b m H  TO 
b- 6146  GRIDS 

I 
fig. 5. Schematic showing modified wiring in the HT-37 , final-amplifier section. 

during operation. The HT-37 instruction manual 
stresses that, when switching to STANDBY from any 
of the operating modes (MOX. VOX, or CAL), it's im- 
portant to wait for a few seconds before switching 
the set OFF. There must be a message here. Accord- 
ing to other HT-37 owners, it's a dead cinch that the 
powertransformerwill blow if theset is rapidly turned 
from one of the operating niodes to OFF and back 
on! It's easy to do this with this equipment, especial- 
ly during the heat of a contest. A Variac won't help in 
this case, of course, because during operation the 
Variac will be adjusted for full input primary voltage. 

fig. 6. Complete 
transmitter. 

ALC circuit for the HT-37 

R 2 6  

BIAS 

So if you value your HT-3;7 power transformer, re- 
spect the precautionary adlvice in the instruction 

; manual for the OPERATION :switch. The HT-37 is a 
great rig, even by today's standards. But if you can't 
replace a blown power transformer, you may as well 
try to sell the rig for junk. 

acknowledgment 
The material on adding .ALC to the HT-37 was 

taken from a paper by W0lNCK and KBTYO. This 
paper was included with the instruction manual for 
my HT-37, which I purchased second hand. I built 
the circuit and it is an improvement over the original 
HT-37 design. Any credit for this improvement 
should go to W0NCK and KBTYO. 

I reference 

I 
1 .  Milton L. Pokress, WBCM, "Increased Sideband Suppression for the 
HT-37," ham radio, November 1969, pages 48-51. 

I ham radio 
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OSCAR Quality VHF& UHF Kits 
HEADQUARTERS * At Affordable Prices 

C X C l T l N G  S I G N A L 5  O N  YOUR PRES- 
E N T  H F  RECEIVER!  

P I 4  Wired $24.95 
Specify bbnd When Ordering - 
l Deluxe vhf model for aprrlicationr where rracr 

*Linear Converter for 550, CW, FM, etc. pennits 8 1-I/2 r 3" *Models ovail to corer  ony 
* A  fraction of Ihe p i ce  of other units 4 MHz band in  the 26230 MHz ronge 812 Vdc 

l 2 stager 0Ide.l far OSCAR 020 db gain 
l Diode transient protection OEorily tunable 

1 4 4 - 1 4 6  2 8 - 3 0  
145 -147  2 8 - 3 0  
1 4 6 - 1 4 8  2 8 - 3 0  
A i r c r a f t  2 6 - 3 0  
2 2 0 - 2 2 2  2 8 - 3 0  
2 2 2 - 2 2 4  2 8 - 3 0  
Inquire A b u t  Other Ronger 

M O D E L  RF R A N G E  I - F  R A N G E  
4 3 2 - 4 3 4  28 -3OMHz  

C 4 3 2 - 4  4 3 2 - 4 3 6  1 4 4 - 1 4 6  
C 4 3 2 - 5  4 3 5 - 4 3 7  2 8 - 3 0  
C 4 3 2 - 7  427 .25  

L P A 2 - 1 5  K i t  559.95 
15W out (lineor) or 2OW lclmr C) Solid State 

T/R Switching Modclr for M, 2M. or 220 MHz 

MORE SENSITIVE +MORE SELECTIVC (70 or 100 dB) 
'COMMERCIAL 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  PLACE ORDER1 

LPA 2 - 4 5  K i t  J109.95 
45W out (linear) or SOW lclarr C) PHONE 7 1 6 - 3 9 2 - 9 4 3 0 .  (Electronic 
Models for 6M or 2M a n s w e r i n g  s a r v l c s  e v e s  6 weekends )  

LPA 8 - 4 5  K i t  $ 8 9 . 9 5  
For 2M. 8-IOW in, 45W out Use c r e d i t  co rd ,  c.o.d., c h e c k ,  m.0. 

R70 6-chonnel VHF Receiver Kit for 2M, 6M, 10M. 
220 MHz, or com'l bands.. . . . . . . . . . . $69.95 

0430-470 MHz 

Model 180-454 
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NOT A KIT 
5%" t ,,,,, , \  Regular Price $79'95 TlMETRAC FEATURES 

FIRST TIME OFFER Introductory O f f e r  . Sleek modern slyl lng to complement 

the microcomputer any home or oltlce decor 

controlled 
By Hal-Tronix . Tells the l ime.  

Tells Ihe  dale and year. 
appointment clock only S69m95 up- l imer  to 60 mlnules, 59 seconds 

w ~ t h  pause. 
Alarm to r lng  at the same Ilme. 

A NEW SOLUTION FOR SOME FOR THE STUDENT everyday. 
OLD PROBLEMS T~mer lor chemtstry lab, blo lab. T ~ m r  lor . Daily appointmen1 sets appointments lor 
your swuse WIII never be upset w ~ l h  you lor solving problems 01 pre~aratlon lor exams the nex l  23 hours. 59 mlnutes. 
mlsslng a blrlnday 
Your Duslnesr arsoclales 1111 be pleased 

FOR THE GOURMET COOK Future appolntmenls u p  to  one year. 

when you.re never lale lor apw,nlmenls. 
Alarms to tell you when to start next step In 
meal preparallon By programming Ihe llmer 

Dtmmer switch lor 
Your doctor will be conlldenl lhal you are you I know lust when each course 01 Memory wl l l  hold Up I 0  30 
taklng your medtcalton a1 the llme pre- an elaborate meal must be prepared so appolntmenls. 
scllbed everylhtng will be ready the s m e  llm . Llthlum power cel l  to retaln memory 

FOR THE BUSY EXECUTIVE Helps you keep track 01 recape tlmlng d u r ~ n g  power outage. 
Controls length ol buslness meellqs 

RELAX AND LET nMETRAC 
Remmdsqou 10 m!nvles ahead 01 llme 10 

FOR THE SALESMAN Appolnlments entered out 01 

prepare tor meet,ng and g,ves you lo 
Stores up lo 30 fulure apwlnlmnfs - easy chronolog~cal order wi l l  be stored In  

DO YOUR REMEMBERING. clea, our desk Remlnder ot wile's Dlrth- 
See at the a key when next chronological order. 

TMETRAC helps manage your busy day lemlnder 10 calch plane lor mportant "polntmen1 Colon llashes once each second. 
schedule, rncreaser your rlt~c8ency Every buslnesr trip FOR THE PHOTOGRAPHER 
home and otflce needs TIMETRAC FOR THE HOMEMAKER l m e r  tor pholographlc development cham 

A M  IP Indicator. 

TIMETRAC - THE CLOCK Rem,nde, lo lake meal ol lor dtn. can "sen red d~gftal d~splay ~IIIP, 10 avoid Plugs into any wall outlet. 

THAT REMEMBERS ner Kitchen tcmer Reminder of lenn~s dates "d"'ng 'Iirn Easy l o  read vacuum lluorescenl 

Ths 8 1  thr exc~t~ng, a11 new (!me-minder thal and ha11 dresser apw~ntmenls FOR THE ATTORNEY dlsplay. 
colnb~nes space-age technology wllh every- FOR THE MOTHER Records cl~ent's t m  charges. nmelings. Extremely accurale quarlz crystal claek. 
day pract~callly 11 remembers and reminds rime ch,ldren.s phone cnllr, homswor~, pnone calls research Ttmer wllh bu~tl-ln ,,, 01 everything lhal you might lorgel pause capablllly provldes accurale way 01 THE TlMETRAC COMPUTER 

lmelrac comllnes smart. modern destgn 
pracr'ce Wake ch'ldren lor schrm 

tbmlng speech presentattons 
W I I ~  preclsron and perlormance 11s vacuum FOR THE SENIOR CITIZEN APPOINTMENT ALARM. 
lluorescent display provides readabll~ly from Medlcallon iemlnner Remlnder of gland- FOR THE SECRETARY E l t ~ c ~ e n l  Remarkable 
a dlslanre llhe largest dlsplay on Ihe market chtldren r birthdays, doctor apwntments The secretary's best lrlend Remembers to 
loday) You COnlrOl the dlsplay Drlghlners Easylo-read large dlsplay A wonderlel glH remlnd Ihe Wss ot key appolntmenls T l m s  your lor a demonstralion' 

wtth a dlmmer sw~tch lor Mom and Dan lenqlh ol phone calls TlMETRAC SOLD 

THE ONLY CLOCK OF ITS KIND - 
NONE CAN COMPARE! 

..':;;? 
+ 7. , HAL-TRONIX L!;- 

"HAL" P. 0. Box 1101 
WA.OLO c NOWLANO SOUTHGATE, MICH. 48195 

WBZXW 

- 

SEND 1 5 ~  STAMP OR S.A.S.E. FOR INFORMATION AND 
FLYER ON OTHER H A L . T R O N I X  PRODUCTS. 
TO PHONE ORDER IN 1-3152851782. 
VISA AND MASTER CHARGE ACCEPTED. 

THIS IS IT 

! 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 

SIGNAL SAMPLER - BUILT I N  
IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER, MI 48063 

CALL TOLL FREE 
800 - 521-2333 

IN MICHIGAN 313 - 375-0420 

I 

CB standard Communication 
2 meter Industry 
Scanners Marine VHF 
Amateur Bands rn Micro processor 

rystals 
easy B- 

to BPNKPY~RICARO 

I1a1.c- troul~lr finding t i~ne  to s t u d y  for 
Llpprading? 

Do i t  on your vacation a t  the 

OAK HILL ACADEMY 

AMATEUR RADIO SESSION 

20 years of s t r c c e s s f t r l  teaching 

Two w e e k s  of intensive code and theory 
starting a t  yollr level. 

C l a s s e s  from Novice thru Amateur E x t r a  

Expert i n s t r u c t o r s  

Friendly s l r r r o l ~ n t l i n g s  

• E x c e l l e n t  A c c o m ~ n o d a t i o n s  

Send 10' lor o u r  l a l e s l  c a l a l o g  
Wrrts or p h o n e  l o r  m o r e  d e r a r i s  

2400 Crystal Drive 
F t .  M y e r s ,  Flor~da 33901 

I I al l  phones ( 8 1 3 )  936-2397 

, M o u t h  o f  W l t s o n .  V i r g i n i a  24363 I 
I I 

I Name C a l l  I 
I 

I A d d r e s s  I - I 

I C i t y / S t a t e / Z i p  - 
I 
I 

L-----------------------------------! 
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hig h-perf ormance 
TTL logic probe 

Design of a simple 
yet hig h-performance 

logic probe 

Have you constructed a frequency counter or 
keyer that didn't work when you first turned it on? 
Has some piece of equipment that uses TTL inte- 
grated circuits failed recently? If you answer yes to 
either of these questions, you've been in a situation 
in which a togic probe could have been very useful. 
This article describes a simple TTL logic probe that 
can be constructed for less than $5. Yet its perform- 
ance equals that of units costing as much as $45. 

operation 
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using three low-cost 
integrated circuits 

The logic probe is to the digital designer what the 
VOM is to the electrician. With a single touch, the 
probe displays the logical state or condition of the 
selected circuit connection. A well-designed probe 
will indicate an open circuit, a good logic 1 or 0 state, 
and whether a pulse train is present. This tool en- 
ables the digital experimenter to  follow signals 
through the various logic gates and circuit compo- 
nents until the faulty part or wiring error is isolated. 

The logic probe has three LEDs of different colors 

By Andrew B. White, KSCW, 102 Franklin 
Street, Urbana, Illinois 61801 



mounted near the probe tip. After the probe's +5  
volt and ground connections are made to the circuit 
under test, the tip can be touched to any point carry- 
ing a TTL signal. If the point is less than about 0.7 
volts, the 0 (green) LED will be the only one ener- 

TIME 

RE0 

YELLOW 

fig. 1. Graphical summary of the indicating LEDs for various 
input states. When connected to a floating input, none of 
the LEDs will be on. 

ON 

gized. If the test point is 2.4 volts or greater, only the 
1 (red) LED will come on. If the selected circuit is 
oscillating between 1 and 0, the red and green LEDs 
will show the relative duty cycle of the oscillation, 
and the PULSE (yellow) LED will pulsate or will seem 
to be continuously on. 

The advantage of a special pulse indicator can be 
seen when considering a normally low or 0 signal 
with 200 nS high pulses every 200 mS. Since the sig- 
nal is high for only a small fraction of the total period, 
the probe's green LED will seem to be always on and 
the red LED always off. However, each of the pulses 
is stretched to about 0.5 second and displayed on 
the yellow LED. Thus, the green and yellow LEDs on 
together indicate the presence of the narrow, high 
pulses. 

If the line is an open circuit, has a resistance of 
more than about 4000 ohms to ground, or has a volt- 
age level between 1.0 and 2.4 volts, neither the high 
nor low LED will be energized. An unterminated TTL 
input will be displayed in this fashion. A summary of 
the logic probe's operation, with various input wave- 
forms, is shown in fig. 1. 

ON 

ON 

circuit description 

OFF 

The schematic diagram of this logic probe, as il- 
lustrated in fig. 2, consists of three sections: the 
high-level detector and red LED driver (01 and 021, 
the low-level detector and green LED driver (UlA and 
UlB), and the pulse detector and yellow LED driver 
(U2 and U3J. Q1 functions as a threshold detector, 
which will turn on with an input voltage of greater 
than about 2.4 volts. The threshold level is deter- 
mined by the three silicon diodes connected be- 
tween the emitter of Q1 and ground. Each diode ex- 

OFF ON 

OFF 

GREEN 

hibits a forward-biased voltage drop of about 0.7 
volts. When 01  turns on, 02 is forced on, connect- 
ing the +5 supply voltage to the anode of CR3, 
turning on the red LED. 

The low-level threshold detector uses one section 
of a 74LS02 and a silicon diode. Without this addi- 
tional diode voltage drop, the green LED would be 
energized at about 1.4 volts. WII th the diode, the in- 
put voltage has to be below 0.7 volts before pin 1 of 
U1A will go low, turning on the green LED. Notice 
that between the upper and lower thresholds neither 
CR1 nor CR3 will be energized. 

The pulse detection circuit errlploys a dual D-type 
flip-flop and a monostable multivibrator to stretch 
the input pulse length. The detection of a valid 0 or 
1 level is signaled, respectively, by U1 pin 4 or the 
cathode of CR3 going high. Either of these condi- 
tions causes one of the outpults of U2 to go high, 
forcing pin 13 of U1 low, whictr triggers the mono- 
stable and turns on the yellow LED, CR2, for about 
0.5seconds. As long as the output of the monostable 
is high, both flip-flops remain cleared. The D-type 
flip-flops are used to insure tha~t U3 is properly trig- 
gered. The trigger pulse must be at least 200 nS long 
and cannot stay low, since that would hold CR2 on. 
The 74LS74 shown will respond to pulses as narrow 
as 25 nS. 

ON OFF 

+5  CRI  

ON 

ON 

INPUT 
J.OV 4 

CR7 

PROBE C- - # 
+S 

OFF 

fig. 2. Schematic diagram of the logic probe. All resistors 
are 114 watt; CR4, CR5, CR6, and CR7 are IN4148 or equiva- 
lent small-signal diodes. 

OFF 
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A logic probe should not excessively load the cir- 
cuit under test. This probe will sink only about 25 
pA when the input is + 5 volts. With a 0-volt input, 
the circuit input current is about -200 pA. In the 
worst case, this probe would represent one LSTTL 

fig. 3. Suggested printed-circuit board layout and parts 
placement diagram for the logic probe. If desired. pre- 
punched board and simple point-to-point wiring may 
be used. 

load. In addition, the probe will "catch" pulses short- 
er than 100 nS in duration. 

construction 
The circuit layout for this device is not critical. 

Fig. 3 illustrates one printed circuit board layout de- 
sign and parts placement for the logic probe. The 
overall board dimensions are 3.3 x 10.2 mm (1.3 x 
4 inches). You could use point-to-point wiring on a 
circuit board with holes on a standard 2.5 rnm (1 
inch) grid instead. The probe tip can be made from 
16 AWG (1.3 mm) tinned-copper wire or a small 
brass nail. The + 5 and ground inputs should be con- 
nected to clip leads so they may be easily connected 
to the circuit supply voltage source. Standard TTL 
chips may be substituted for the LS devices shown, 
but the circuit loading will be increased. 

I have found a logic probe to be a valuable aid in 
debugging TTL projects. After you use one, you may 
wonder how you wereable to get along without it! 

ham radio 

Headquarters 
Dozens of Distributors offer you a selection 
of YAESU products. Some might even quote 
you a slightly lower price. But-no one can 
serve you better than Clegg when you 
choose any item from YAESU4 extensive 
product line. Because: 

1. We have YAESU products in stock. 
2. We know YAESU products inside 

and out. 
3. We service all YMSU products. 

If you are considering upgrading your sta- 
tion with a new YAESU FT901-or an FT- 
225RD-or an FT301-or merely a YAESU 
clock-call us TOLL FREE today. 
YAESU and Clegg guarantee your satisfac- 
tion with the product and with the service. 

To expedlte our service to you, we have 
departmentalized our telephone sys- 
tem! Call Clegg for YAESU or any other 
requirement for your station. 
ORDERS AND QUOTES: 

TOLL FREE 1-800-233-0250 
SERVICE DEPARTMENT: 

T O U  FREE 1-800-233-0337 
ENGINEERING, PURCHASING, 
ADMINISTRATION AND ACCOUNTING: 

1-7 17-299-7221 

Greenf~eld lndustr~al Park East 
Lancaster. PA 17601 
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code speed counter 
Do you dislike counting up the words and doing 
the arithmetic to check your code speed? If so, then 
you need a code speed counter. All it takes is an or- 
dinary frequency counter and a couple of ten-cent 
ICs. 

In many cases, a frequency counter can be set up 
to count for one second, performing the latch and 
reset function during the next 0.2 second. By insert- 
ing a divide-by-four counter (7493) in the clock cir- 
cuit, the counter will then count for four seconds 
instead of one second. 

INPUT 74123 OUTPUT 

fig. 1. Wiring diagram of the one-shot multivibrator used to 
convert the sine wave into a pulse for the counter. Pin 2 
connects to the output of the wave shaper, while pin 13 
goes to the counting circuit. 

The goal is to have the counter count the number 
of key downs during a four-second interval. This 
will be approximately the code speed in words per 
minute. A dot or dash from the speaker terminals is, 
in many cases, a 700 to 1200 Hz sine wave. It is nec- 
essary to generate a positive pulse from each char- 
acter. To do this, insert the retriggerable monostable 
shown in fig. 1 before the counter's input. 

performance 
Using a piece of graph paper, find out exactly what 

readouts the modified counter will produce. In fig. 
2, the word Paris is represented in code. If you 
assume the speed is 12 wpm, then each dit is 0.1 
second long. The counter reads 0 until the first four 
seconds have passed. It will then read out 12, since 
12 key downs occurred during that time. Those key 

By Louis C. Graue, K8lT, 624 Campbell 
Hill Road, Bowling Green, Ohio 43402 

downs sent during the 0.4 second of the latch and 
reset cycle are ignored by the counter. The 12 will 
remain on display until the next four seconds have 
passed, then read out the riumber of key downs 
during that period, and so on. 

If you plug the counter into the speaker jack and 
tune in the WIAW code practice, you'll find that the 
counter produces readouts which are very close to 
the announced speeds. On the faster speeds, 20 
wpm or more, the counts tenad to be low. This is be- 
cause at faster speeds more words will occur during 
the four-second count period, and the counter does 
not make any allowance for the seven-baud spaces 
between words. 

A very useful operating aide is provided by con- 
necting the input of the 7490 counters to one of the 
decimal points in the readout. This makes it possible 
to see the dits and dahs which are being counted. By 
watching the blinking decimal point you can tell 
when interference is messing up the count. Using 
the gain control on the receiww you can tune out the 
interference, if the desired signal is strong enough. 
Just turn down the volume uritil only the desired sig- 
nal is visually evident. You can also tell, by watching 
the flashes of the decimal point, which four-second 
intervals are representative of the speed being sent, 
and ignore counts of intervals containing long pauses 
or interference. 

t- MEYOOWNS COUNTED FOR 4 SECOYOS 

LlTCH RESET 

fig. 2. Diagram of the standard 50-baud word PARIS. 

If you don't have a counter which you wish to 
modify, then you can build the code counter from 
scratch by adding the above modifications to any of 
the plans which have appeared in the literature. 

The code speed counter will add another element 
of enjoyment to operating C'W. It will also give you 
an easy way to check on your progress if you're try- 
ing to build up your code speed. 

ham radio 
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/NEW! NEW! 

FM2016A 
All Solid State-CMOS PL digital synthesized - No Crystals to Buy! 5KHz steps - 144-149 
MHz-HUGE Ye" LED digital readout PLUS MARS-CAP and MULTIPLE OFFSET BUILT IN. 

5 MHz Band Coverage - 1000 Channels (instead of the usual 2 MHz to 4 MHz-400 
to 800 Channels) 4 CHANNEL RAM IC MEMORY WITH SCANNING AND 
AUTO TRANSMIT MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO 
TUNING - TRANSMIT AND RECEIVE INTERNAL MULTIPURPOSE TONE 
OSCILLATOR RIT RF ATT DISCRIMINATOR METER - 16  Watts Output- 
Unequaled Receiver Sensitivity and Selectivity - 15  POLE FILER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END, COMPARE! 
'0 Superb Engineering and Superior Commercial Avionics Grade Quality and Con- 
struction Second to None at ANY PRICE. 

INTRODUCTORY 
PRICE 

00 
phone w,tn 8"lll an 

$359 Touch Tulle Pdd 

WHY BUY LESS? 
THE FMMC.1 
HAS I T  ALL1 

New Auto hey up 
Snap ~ctlon K e y b r a  
Ad1 level and lone 

R o g u l a t d  AC/PS ba~ance 
Model FMPS-4R . . . $39.95 - . Urew~lhanylranrcelwr - . Only 3'.' 1 2 ,3gss 

SHOWN WlTH OPTIONAL pP-800 MICRO-PROGRAMMER' 

FREQUENCY RANGE. Recelve and Transmot 144 00 to 148 995 TRUE FM. Not phasemodulat~on -lorsuperbemphas~zed hl-flaudlo 
MHz. 5 Kh7 steps (1000 channels) + MARS-CAP and MULTIPLE quality second to none 
OFFSET BUILT IN RIT CONTROL. Used to ~mprove clar~ty when contacting stat~ons 
HUGE Ys" LED DIGITAL READOUT. with ofl frequency carrler. 
4 CHANNEL R A M  SCANNER WlTH IC MEMORY A N 0  AUTO MONITOR LAMPS 2 LED% on front panel indtcale (1) lncomlng 
TRANSMIT: Program any 4 lrequencfes and reprogram at any !#me s~gnal-channel busy. and (2) Transmit. 
using lh~~frontpanelcontrols-searchforoccu~led(closed1Channel , FULLY REGULATED INTEGRAL POWER SUPPLY: Operating or varanl (open1 channels lnlernal NI-Cad !ncIud?d to retam memory 
In0 ~ l lod r  nialrlx lo wlre or change) voltage tor all 9v clrcults ~ndependently regulated. Masslve 

MULTIPLE FREQUENCY OFFSETS NO CRYSTALS TO BUY - Commerctal Hash F~lter. 

EVER Any oflsel any splltl Odd Ball"spl~tsaccompl~shed b y d ~ g ~ .  GRADE CONSTRUCT'ON: "It- 

lal programming Never any need lor crystalst ,zed modules el~mlnale stray coupldng and fac~ltlale ease of maan- 
tenance 

l INTERNAL MULTIPuRPOSE OSCILLATOR "ILT IN 
ACCESSORY SOCKET. Fully wtred lor touch tone. phone patch. Slnr Wnvr 1750 Hz tone burst for wh!sll'.on operallon andsub 

audlblr lone olleratlon Internal 2 postl~on swltch for automal~c and and other accessor~es, Internal sw~tch connects recelver Output to 
manual operalwn, lone burst or subaudlble lone PL -adlustable60- tnternal speaker when connector 1s not ln use. 
203 Hz (100 Hz Pre-Set) MULTI-PURPOSE METER Tr~ple Funct~on Meter Provides 

AIRCRAFT TYPE FREQUENCY SELECTOR. Large and small D~scrlmlnator Meter. " S '  Read~ng on recetve and Power Out on 

coaxrally mounted knobs select lGUKHz and lOKHz steps Transmit 

respecl~vsly Swltches cl~ck-slopped wllh a home posstton lac~l~tate l lhan .25uv sensitivity' l 5  'OLE FILTERasme'las 

frequency chang~ng wnthout need to vtew LED'S whale dr~vlna and n ~ o n o l ~ t h ~ c  crystal Illter and AUTOMATIC TUNED LC clrcults prov~de 

prov~des the sightless amateur w ~ t h  lul l  Frequency Selecl~on as supernor sktn s e l e ~ t ~ v ~ t v  - COMPARE1 

standard equlpmenl. HIGH/LOW POWER OUTPUT 16 walls and 1 wall. sw~rch se. 
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND leclrd Low power may be adjusted anywhere between 1 and 16 

walls Fully protected - short or open SWR TRANSMITER CIRCUITS DCoutputOfPLLfedtovaractord'odes RF A m  Live rlght next lo  King Kong Repeater and can't operate? 
on all front end RF tuned clrcu~ts prov~des full sens~tlvoty and Wtlh the 2016A You Can . Just flock the RF A n  swltch Only the 
opt~mum ontermodulat~on relect~onover theentore band APClAUTO 2016A has t h ~ s  feature 
POWER CONTROL1 - Keeps RF output constant from band edge lo OTHER FEATURES Dynam~c M~crophone. built In speaker, moblle 
band edge NO OTHER AMATEUR UNIT AT ANY PRICE has these mounllng bracket. external 5 pan accessory jack, speaker lack. and 
features whsch are found #n only the most soph~st~wted and much. much more Sjze 2'/2 x 7 x 7% All cords. plugs. fuses, micro. 

expenstve a~rcraft and commercial transceivers. phone hanger, etc ~ncluded Welght 5 Ibs 
FP kn,nr,(in!"unr n,,rn< m , ,,n,., N I 
, . ~ . I b ' . i d  NXI3 

Manufactured by one of the world's most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Ltd r',rh;;E,? '''~'"'"'' 
First in the world with an all solid stare 2 meter FM transceiver. , ; .  .,,c, ! I , !  

wm t,  ,. k r < ,  r w ~  
i, ,nm..,llil l o ,  
, , . . , 4 0 :  !A!- 

AMATEUR-WHOLESALE ELECTRONICS ~!yt:~uu~-~ms~ln' ,, , , - ,  %..,, m,lw ,"- I , ,  l,...,..a %"re 

8 8 1 7  S.W. 129th Terrace. Miami, Florida 33176 , ,  ,, . ,,,,I.,,, ; , . . ' I  .',,,, w~, , ,  

Telephone (305) 233-3631 Telex: 51-5628 South ,,,. ,,,,,I>,, F~*,,,,,,. \,,,mr,e, ~mm, ,n ic  v , ! ~ ~ , , , ~  At.lwn 

\ U.S. DISTRIBUTOR DEALER INQUIRIES INVITED I P ~ ~ A ,  111'11~,~' 
p~ 

More Details? CHECK-OFF Page 126 february 1979 87 



f NEW - NEW - NEW from DATA SIGNAL 

I TOUCH TONE@ MICROPHONE I MINIATURE ENCODERS 
Data Coder 5 

JUST LOOK AT THESE FEATURES: 

I Tough "Mobile Environment 
Positwe-Action Tactile Keys 
Hinh.lmoedance Ceramlc or 

I ~dTustab le  Tone Balance a n  
"Posltlve Hold - Easy Lift" I 
For Vehlcle o r  Hand.held Pa . . .  ... . I Complete Not  a K i t  

" Micropl 

500.ohm 
d Output 
danger 
srtable Us 

$39.00 

lone 

Oynad 
Level 

e 

'Tou 

nit 

ch. - 

: Cartrir 

.Tone is  

fee 

a regir 

MODEL DTM - Completely self.conta8ned m8naeture encoder 
tor hand.held portables. Only 5/16" thlck. Three ware con- 
nection. Automatic PTT keying optaonal. With your choice of 
12. or 16-dlglt Dlgltran keyboard. 

Price DTM - $39.00, DTM.PTT - $49.00 

SUB-MINIATURE ENCODERS 

MODEL SME - Smallest 
only .05" thick. keyboaro 
held portable, whole sub 
This keyboard allows ust 
with your cholce of 12- 
(less kevboardl 124.00 . . 

ttered trade name of AT&T 

ava~lable 
I mounts 
miniature 
! or af 16dtg battt 

Touch Tone Encoder. Thin 
directly t o  front of hand. 

tone module fits inside. 
?ry chargers. Prlce $29.00. 
~t Dlgltran keyboard. SME 

DATA SIGNAL, INC. E l  IW 
2403 

GEO 
COM 

RGlA 
IMERCE LANE 
31707, 912-883-470: 

Be sure to ask about 
our new kevers and CW 

3 memory t& cw buffs. 

1 

I ALUMA t ~ $ g J I  
Is JOWERS ....... - 

Ham Model 1-140 ( HIGHEST QUALITY 

I M A M  IN ALUMINUM 

+ TELESCOPING 
(CRANK UP) 

+ GUYED 

I (# +TILT OVER MODELS Fd I 
QUALITY M A D E  

COMMUNICATIONS 

M A N Y  M O D E L S  MFG. 

Towers to 1 0 0  feet. Specials 
des igned 8 made.  S e e  dealer 
o r  send  for free catalog. 

CURTIS LSl's 
help you 

speak -- 
.Y 

8044; Keyer-On-A.Chipe (nwm 8043). $14.95 
Apr '75 HR. k b  '76 OST. Rldlo IML '75. hpr lMbt '77.711 

..... 8044.3; IC.PCB.Socket.Manual. .24.95 
................ * 8044.4: Semi-Kit .54.95 ... 8045; Morse Keyboard-On-A.Chip IC 59.95 

* 8045.1; IC.PCB.FIFO.Sockets,Manual . . 89.95 
............... 8045.2; Semi-Kit .159.95 

. . . .  * 8046; Instructokeyer-0n.A-Chlp IC 49.95 
................ * 8046.1; Semi.Kit .79.95 

8047;.Message Memory-On-A-Chip IC . .39.95 
8047.1; IC.PCB.RAM.Sockets,Manual.. 69.95 

(dd $1 75 on a b n  10, pollqe Ind hmdlq) 
. . . . . .  EK-430; CMOS Keyer' IFrb'76 osq 124.95 

... lK.440A; Instructokeyer' ( M r  ' 7 6 0 s ~ .  224.95 
'now nth dash nvrnoq IS rlldnd 

System 4000 Ham Computer (m JIn'78 osn (wrlte) 

Curtis Electfa Oeviees. Ine. 
(415) BM.3138 

L x  4090. Uwnok Vbw. CA Mob0 

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"BONNIEU FOR 
PRICES & DELIVERY 

VISA & M A S T E R  C H A R G E  

cred i t  cards accepted. 

E 
CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 
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DSI OFFERS THE BEST OF TWO WORLDS. . .  DSI - GUARANTEED SPECIFICATIONS 
An unprecedented DSI VALUE.. . in a high quality, LSI Design. Tlme Base TCXO 1PPM 65' to 85OF 
50 HZ to 550 MHZ frequency counter kit. And, because it's a Freq. Range 50HZ to 550MHZ incl. two S3239 inputs 
DSI innovation, you know it obsoletes all competitive makes, ReSO'utlOn IHZ 55MHZ, loHz 550MHZ 
both in price & performance. 

Gate Time 1 sec & 1/10 sec with Auto Decimal Point 
Display 8 digits, 'h inch LED with Leading Zero Blanking 

With 95% of the assembly completed by DSI, YOU are Only one Sensitivity 2 5 ~ ~  @ 2 5 ~ ~ 2 ,  I~OMHZ, 2 5 0 ~ ~ ~ ;  
hour away from solving all of those difficult bench problems, 75MV @ 450MHZ 
from adjusting 60 HZclock-time bases tosetting the frequency Power Batt.. 12VDC @ 300Ma, 11OVAC (with AC-9) 

1 .  of a 468 MHZ Mobile Radio. 

.t (?''.-. . . .  ., . Every 3550 QUIK-KIT@ PC board is factory assembled 
and tested before shipment. FACT: The problems of bad LED's. 
IC's, and Capacitors are a thing of the past. NO manu- 
facturer except DSI offersa550MHZfrequency counter with.. . 
8 digits, .5 in. LED's, TCXO, 1HZ resolution and a one year 
warranty on parts for under $100.00. 'ACT: We do not know 
how long we can hold this low, low price. GO WITH THE 
, ?  ,.,! y , r7  k7~~ \ ,> , .~7q~TPr :<?~ ! r~ , .~? - , ' < - . ! ~ , , i ~$ - - r~ ;~ , -~ - .~ '>n , \ , . ,  

.~ - ....... - . . .  . . . . . . . .  
?..,,,,.,; - ...... . ,, -<,,>.,",'..:*' *,.,s-, m- a , c - : 9 ? c p ,  .- $ ' . , . > .  >a!--,,, .. . .  . . . . .  ) .  . ~ .  . . J  
.- ......... 
, .. -. . , . . - - " ? & "  - 

3550K Kit ................. $99.95 
................ T-101 Ant. 3.95 

AC-9 AC Adp. ............ 7.95 
Shipping, Handling, Ins. ... 10.00 

3550W Wired .............. 149.95 .... 

.................. T-101 (incl.) NC 
AC-9 (incl.) .................. NC - V M  

.............. Shipping (incl.). NC - 
DSI INSTRUMENTS, INC. 

TERMS: MC - VISA - AE -Check - M 0 - COD ~n U S  Funds Ofders outslaa a l  
LISA s Cnnarla, nlonrc add $20 M) Rddlllorlal lo  rover air <l-~pmanl Cnliicrnln 

7924 Ronson Road, Dept. G. San Diego. CA 921 11 res~denls add 6% Sales Tax 



tebook 

quick connection 

An effective, inexpensive way to 
connect wire to a pole or pipe is to 
use a regular automobile hose clamp. 
These clamps come in various sizes 
and are available at most service 
stations. 

For outside installations, stainless- 
steel clamps should be used. The 
area of the pole that comes in contact 
with the clamp and wire should be 
free of dirt and grease. Clean the pole 
with steel wool or very fine sand- 
paper. Be sure to wipe off any dust 
from sanding. 

After the clamp is secured to the 
pole, it should be taped with plastic 
electrical tape for weather protec- 
tion. I've employed this method to 
connect a grounding wire to a ground 
rod of small diameter, and it proved 
very successful. 

Jim DiSpirito, AB9Q 

remote crystal 
switching 

With the rising theft rates of mobile 
equipment, it is becoming increasing- 
ly attractive to mount vhf radios in 
the trunk. However, such an arrange- 
ment can present problems if you 
normally use a large number of chan- 
nels. In a conventional remote- 
switching system, the relays or 
diodes, which are used to switch 
crystals, are selected by a simple ro- 
tary switch in the control head. A 
separate conductor, from the control 

head to the radio, is required for each 
channel. However, the use of a large 
multiconductor cable can be avoided 
by implementing a simple binary en- 
coderldecoder system. By using bi- 
nary coding, only four conductors are 
needed to select sixteen channels, or 
five conductors for thirty-two chan- 
nels. Such a system has been incor- 
porated in my mobile installation, 
which was built around a modified 
Genave chassis. 

The control-head circuit for the 
first ten channels (0 through 9) is 
shown in fig. 1. Of course, this can 
be expanded to any number of chan- 
nels. Binary encoding is accom- 
plished through the use of 1 N4148 or 
equivalent steering diodes. If you 
have trouble finding a rotary switch 
with enough positions, you might try 
using a toggle switch to control the 
most significant bit. In this way, an 8- 
position rotary switch and a toggle 
switch can select sixteen channels. 

As for decoding circuitry, there are 
a number of decoder ICs on the mar- 
ket, with a variety of specifications. 
The user should select one which is 
best suited to his particular applica- 
tion. The 7445 and 74145 ICs are 
BCD-to-decimal decoders with open- 
collector outputs, suitable for driving 
reed-relay switching. 

If diode switching is used, the 7442 
BCD-to-decimal decoder or 74154 4- 
line to 16-line decoders will work well. 
A 4-line to 16-line decoder may also 
be built from two 7442s and an inver- 
ter as shown in fig. 2. This illustration 
shows the decoderldiode driver cur- 

rently being used in my mobile instal- 
lation. This configuration is suitable 
for use with oscillators in which the 
crystals are selected by grounding. 
The 7442s were used instead of a 
74154 because they happened to be 
available. TTL inputs normally float to 
a high logic level if left unconnected. 
The four 150-ohm resistors pull down 
the inputs to approximately ground 

NO CONNECTION 

fig. 1. Sch~ematic diagram of binary encod- 
ing circuit in the control head. The diodes 
provide steering such that the four lines to 
theradioreceivethecorrect binary coding. 
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potential, unless a positive voltage 
from the control head is present. The 
reason for using this method is to 
provide relatively low-impedance in- 
puts to the decoder to insure immuni- 
ty to rf pickup and other extraneous 
signals. To be on the safe side, all 
four lines should also be bypassed 
with 0.01- or 0.005-jtF capacitors at 
the decoder. 

Inverters of the 7404 type provide a 
positive voltage and enough current 
to turn the diodes fully on. Diode cur- 
rent is set by the 82-ohm resistors. 
Larger-value resistors were initially 

erably cheaper to use hex-inverter ICs 
for isolation rather than rf chokes. 

Binary channel addressing is readi- 
ly adapted to more sophisticated digi- 
tal control applications. For example, 
the radio can be converted into a 
scanner simply by adding a gated 
clock oscillator and a 7493 4-bit 
binary counter. The binary format is 
also well suited to microprocessor 
control. 

Binary coding zircuits have seen 
continuous service in my mobile in- 
stallation since late 1974, first with 
DIP reed-relay crystal switching and 

cern though, is the power trans- 
former whiich might be damaged due 
to such ari occurrence; they are ex- 
pensive to replace. 

Rather than simply replacing the 
socket, I decided to eliminate the 
heat source by substituting plug-in 
solid-state rectifiers for the tubes. 
This requires a minimum amount of 
work since both the 5U4 and 5R4 
were replaced by SS-5R4 units pur- 
chased from United Page Incor- 
porated. Another procedure, which 
was suggested by the Collins Serv- 
ice Department, is the use of four 

REMOTE CHANNEL 
SELECTION INPUT 
/FROM CONTROL 
HEAD) 

OF OSClLLAmR 

MANUAL 
CHANNEL 
SELECTION 

16 system used. The output from the 7404 inverters 
provides sufficient current to forward bias the 
diodes, selecting the appropriate crystal. 

tried, but they did not allow adequate more recently with diode switching. Semtech SCH-5000 diodes (CPN 
diode current to flow. As a result, the They have proven to be rugged and 353-0425-QlO), two diodes replacing 
receiver oscillator output was dimin- reliable, and have added considerable each rectifier tube. These are hard- 
ished, which in turn caused a small flexibility to  the mobile system wired to the tube sockets underneath 
reduction in receiver sensitivity. A design. the chassis. 
value of 75 or 82 ohms allows ade- J. Lee Blanton, WA8YBT In each instance it would be a good 
quate current to flow, while remain- idea to disconnect the rectifier fila- 
ing well within the current limitations solid-state rectifiers ment leads, insulate and tie them 
of the diodes. back out of the way, although I ran 

Notice that no rf chokes or bypass in the Collins 516-F2 my unit for some time after installing 
capacitors are required in the vicinity Not long afteracquiring my present the plug-in units without doing so. 
of the crystals or switching diodes, Collins station, I experienced a prob- The filarr~ent leads are not needed 
unlike some circuits appearing in the lem in the power supply which was and removing them eliminates one 
handbooks. A decoder could probab- directly traced to a cracked high- more source of possible trouble. 
ly be designed without inverters on voltage rectifier tube socket. The Also, the bias should be re-adjusted 
the outputs, but rf chokes would very socket becomes brittle after some to obtain the proper resting plate cur- 
likely be necessary to isolate the crys- years of use. This is primarily due to rent since all voltages will have in- 
tats from each other. With prices be- the large amount of heat generated creased about 10 per cent. 
ing what they are, it would be consid- by the rectifier tubes. Of prime con- Paul Pagel, NlFB 
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1 CRYSTAL FILTERS and DISCRIMINATORS 

I 
9.0 MHz FILTERS 
XF9-A 2.5 kHz SSB TX $40.65 
XF9-B 2.4 kHz SSB RX/TX $55.10 
XF9.C 3.75 kHz AM $59.30 Export 
XF9.D 5.0 kHz AM $59.30 
XF9-E 12.0 kHz NBFM s59,30 I n q u i r i e s  
XF9-M 0.5 kHz CW (4 pole) $41.50 I n c i f e d  
XF9.NB 0.5 kHz CW (8 pole) $73.45 
9.0 MHz CRYSTALS (Hc25Iu) . . .  
XF900 9000.0 kHz Carrier $4.75 
XF90l 8998.5 kHz USB $4.75 
XF902 9001.5 kHz LSB $4.75 
XF003 8099.0 kHz BFO $4.75 
F-05 Hc25/u Socket Chassis .50 
F.06 Hc25/u Socket P.C. Board .50 

S h i p p i n g  

$1.50 
per fiher 

I VHF and UHF FILTERS 
ELIMINATE IMD "BIRDIES" 145 MHz PSf145 $54.95 
FROM YOUR RECEIVFR. 432 MHz PSf432 $43.95 
CLEAN UP YOUR TRANS- 1296 MHz PSf1296 $43.95 
MITTER OUTPUT. Shipping $3.50 1691 MHz PSf1691 $45.95 

RECEIVE CONVERTERS 

MODELS FOR ALL BANDS 50 MHz - THRU 1296 MHz. LOW NOISE OP. 

' TlONS AT 432 MHz. 

STANDARD I.F. 1 0 M  I.F. OPTIONS 
POWER 12V D.C. 

N. F. 2.5 d B  typ. 
N. F. 2.8 d B  typ. 
N. F. 3.0 d B  typ. 
N. F. 3.8 d B  typ. 
N. F. 3.0 d B  typ. 
Ch2 or Ch3 IF 
N. F. 8.5 d B  lyp. 

AVAILABLE 
Shipping $2.50 

$59.95 
$59.95 
$69.95 
$69.95 
$84.95 
$94.95 
$89.95 I ANTENNAS cros CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

I 
f l  OVER 8 HORIZONTAL POL. -+12.3 d 8 d  08/2M $50.65 
8 BY 8 VERTICAL POL. DI/ZM.VERT. $59.50 
8 8 TWIST 8XY/2M $52.45 't 

- 420450  MHz  

MULTIBEAMS 

I 48 EL. GAlN - 1  15.7 dBd 70/MBM48 
88 EL. GAIN +-18.5 dBd  70/MBM88 t%:E 
UHF LOOP YAGlS 
26 LOOPS GAIN +20 dB1 
1250.1340 MHz 1296.LY $56.95 
1650:1750 MHz 169::LY- .- $59;95 

Send 30r I2  slampsl for full details of KVG cryslal products and all 
your VHF & UHF equipment requirements. 
Pre.Selertor Fillers Amplifiers SSB Transverlers 
Varartor Triplerr Cvyrlal Filters FM Tranrwrters 
Decade Pre-Scalers Frequency Meters VHF Converters 
Anlenaas Ovillator Crvstals UHF Converlers 1-I 
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wL KILOWATT 
LINEAR AMPLINER 

TPL proudly presents the first true power 114KW 
SSBIAM, FM or CW solid state 

meter linear amplifier 
mots mnt ro l  plug allows 
tooperale wnhtheampl~- 

tier ON or OFF, or In  
SSBIAM. FM or CW 

from the dashboard. 

Thc 2002 utvl#res !he latesl slate of theartengilweringincludlngmicr* 
strip clrcultry and modular construction. The three llrul transistors 
combine to produce 250W when drlven by 15W or more at 13.8VDC. 

POWER INPUT HARMONIC ATTENTUATION: 
5-20W Carvler FM or CW All Harmontcs Anenuated 
2OW PEP maximum SSB or AM 60 dB or Greater 

POWER OUTPUT: CURRENT DRAIN: 
200-250W carrler FM or CW FM-40 Amps @ 250W 
300W PEP SSB or AM SSB-30 Amps @ 3WW PEP 

FREOUENCV FUNOE: DUTY CYCLE: 
144 to 148 M m '  FM 50% @ t50W 33% @ 250W 
will operak wlth slight SSB 60% @ 1 M w  50% @ 250W 

degradaloon at 142 150 MHz. 
Model 2Crm $499.00 

can be ordered lor repeater application 
lo r  addltlonal intomation contact W L  COMMUNICATIONS INC. 

1324 W. 135TH ST. GARDENA. CA 90247 12131 538-9814 

CBnaaa: ~enbrooh Indu~trlas, Lla . 1145 Bellamy Ra . SClrbOrOuph.Ontarl0 M1H In5 
Expon EMEC Inc. 23Y)Souln Mfn Avenue. HalIsnaLe. Florcda 33009 

_j 

START THE NEW YEAR 
WITH A COPY OF 

GREGORY ELECTRONICS 

NEW 1979 
CATALOG 



The UN.KIT. only I 1 S solder conncctlons - 
ocsl>lay braght grrvn wmtb .~LIIIIIIIIIIC braynrr>ers 
cr,n,ro, pnolotell-dscoreb yn,, "1 n !ll<,tll" rerldilt,lF 
d4splay day or nlgrlt come5 ~n a wttn t,n,<l\ .ar> 
od~zed alum~num c,asr * h ~ h  can be ~III~IIIC<I 5 
dclfrrent ways us~rlq 1 sldr<t tape Cl,omce ot rslvpr 
t l i d ~ h  0 1  gold case i~pecl ty ,  
DC J h ~ t  12 hour tnrmat S22.95 
DC 3 *,red and l e s l ~ d  129 95 
11t~V AC adaoter 15 95 

OP-AMP SPECIAL 

VIDEO TERMINAL 
A complelelysell contained stand alone vldaa tar. 
mmal card Requ&resonly an ASCII keyboard end TV 
set to become a Complete termlnal "not TWO unln 
avsllable common teatures are slngls 5V supply 
XTAL conlrolled sync and baud rates (to 9600). 
Complete computer and keyboard control ot cursor 
Parnty error control and assplay Accepts and gener- 
ates serbal ASCII plus parallel keyboard anput The 
3216 Is 32 char by I 6  Ilnes 2 pager wlth memory 
dump lealure The 6416 Is 64 char by 16 Ihnes, wllh 
scroll~ng upper and lower csoe (optlonall and has 
RS-232 and 20ma loop ~nlerlaces on board K ~ t s  
lnctude sockets and complete documentat~on 
RE 3216. te*mtnal card 1149.05 
RE 6416. lermrnal card 189.95 
Lower Case apt~on. 6416 only 13.95 
Powec Su~lply Kbt 14.95 
Video, RF Modulator. VD.1 8.95 
A~rembled. leoted unlts, add 80.00 

tilrnt;o~~ D L F  1,s hmgnaccurarv. 1 1 1 1 1 1  11311 1 +l.~.,l I 
W l r P  hOukllp <1<51?1d~ blank5 W l l l l  I C ) I I . ! t 1 8 !  . I 0 1 1  '.ii/'"l 

I ~ X I T L I C ~ I O ~ S  Optmnrtdl cllmme! ~ ~ ~ I I W I . I , ~ I I (  all) 1141~1,1% 
d,,p~ny to amb,rnt 1,gtjt l r v r l  
DL 1 1 clock wtth mtq D~AC~PI 127.95 

2.50 

FM MINI MIKE KIT 
A $,,or( ~ ! , ~ j t !  I)V~II,IIII.(IICC IM 
W11I.1t.SS mlhr *It1 lrd115"11!\ a FI.IIIIP 
%,gr,al ,OD !,I <ill> yacri5 W#I l ,  " X C V t 9  

flllndl B t l l l l O  <lildllly I>" mt'dn5 01 # I S  
b~ l i l t  ~n rlpr!rpt mlhe K I I  ~nr tudrs  
c . 1 ~ ~  m~he O ~ I  OII CWIIC~ antenna 
Ir .# t lcrv  2nd 918ne1 <n~lrucllnns Thm5 

CLOCK KITS 

our Best Seller 
your Best Deal 

I , ,  .,.,,r ~b,#nd at bulld8ng Ihe Innest tooktng 
clock f l t r  111a1h~1 11% sntm Itnlrh anoallrci 

atumlnum r a w  1uc,k5 great anymhere wnmle six 4 ' 
~ E D k ~ ~ ~ l s p t ~ ~ v ~ d e  rltllqhty readabtPO1splav Thas~r a 
C O ~ ~ I P I C L I I  no rrlra., needed and 11 only tales 1 2 
~ O L I I ?  10 , + ~ ~ e m t , ~ +  YIXII rhotce 01 caw colors 
511ve8 gold t>ron,r black blue lspecllyt 
Clock hat 12 24 hour DC-5 $22.95 
Clock wtth 10 mnn ID timer 12 24 hour 

nc- to 21.95 
Alanm cloch I 7  hour only DC-8 24.95 
12V DC cat clock DC-7 27.95 
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short circuits 
-500-watt power supply nected to pin 16 instead of pin 11. 

The article by WAGPEC, Decem- Also in fig. 3, the short across the 
ber, 1977, ham radio, page 30, con- crystal should be omitted. In all 
tains a drafting error in fig. 1. There cases, the collector resistor for the 
should not be a connection between 2N5179 is 1000 ohms. 
the collector and base of Q3. A circuit board layout of fig. 3 is 

now available from the author; a 
-tone-burst generator paper print is available by sending 

The tone-burst generator by him a self-addressed, stamped en- 
WA5KPG described on page 68 of velope. A film negative is also avail- 
September, 1977, ham radio con- able from the author for $5.00. 
tains an error in fig. 1. The junction , 

of the IN914 and R2 should not be sssb phasing 'ystems 
connected to the PTT line, but only 
to C3. 

active bandpass filters 
The article on active bandpass fil- 

ters (December, 1977, ham radio, 
page 49) contains some errors in the 
equations. An errata sheet is avail- 
able by sending a self-addressed, 
stamped envelope to  either the 
author or ham radio. 

../ admittance, impedance, 
and circuit analysis 

In Anderson's article in the August, 
1977, issue, there's a glaring typo- 
graphical error in the second sen- 
tence of the right-hand column on 
page 76. This should read, "if R =  10 
ohms, then G = 0. I rnho. " There 
should be no minus sign in front of 
the 0.1 mho. 

40-GHz broadband antenna 
In the article on the broadband 10- 

GHz antenna which appeared in the 
May, 1977, issue of page 40, the 
chart of optimum feed beamwidth 
(fig. 3) is incorrectly labelled. The 
ordinate should be labelled as feed 
angle, not half-angle. Therefore, the 
simple antenna should be used with 
reflectors with focal length to diam- 
eter ratios, f, between 0.3 and 0.6. 
Thanks go to N6TX for spotting the 
error. 

digital  frequency counter 
The counter article on page 22 in 

February, 1978, ham radio contained 
some drafting errors. The 9368 IC in 
figs. 2 and 3 should have V,, con- 

On page 58 of the January, 1978, 
issue VK2ZTB states that an 88 mH 
toroid consists of two 44 mH coils. 
This is incorrect - an 88 mH toroid 
consists of two 22 mH coils con- 
nected in series. Thanks to N3GN for 
spotting the error. 

5 

30-MHz low-noise preamp 
Coil winding instructions for the 

low-noise 30-MHz preamplifier in 
the October, 1978, issue, which were 
inadvertently left out of fig. 1, are as 
follows: 

L1 (0.77 pH; 17 turns no. 28 (0.3 
mm) wound on Micrometals 
T-25-6 powdered-iron toroid 

L2 (1.0 pH) 20 turns no. 28 (0.3 
mm) wound on Micrometals 
T-25-6 powdered-iron toroid 

RFC (10 pH) 20 turns no. 28 (0.3 
mm) wound on FT-230-06 
ferrite bead 

-- active filters 
The letter regarding active filter 

design (see Comments, ham radio, 
June, 1978, page 102) contained an 
erroneous equation. The value for 
R2 is determined from the following 
equation: 

-spectrum analyzer filters 
The two ceramic 10.7 MHz filters 

used in the spectrum analyzer de- 
scribed in the June, 1977, issue of 
ham radio (FL401 and FL501) are no 

longer available from Vernitron. 
Just before the production line was 
shut dawn, however, one of the 
employees was able to obtain 25 
matched pairs which he is offering to 
readers who wish to build the spec- 
trum an,alyzer; the price is $6.50 per 
pair, plu~s postage. Write to William 
Bowen, '1939 Green Road, Cleveland, 
Ohio 44121. The only other source 
for comparable ceramic filters is the 
Murata Corporation in Marietta, 
Georgia. 

-semi-precision 
voltage calibrator 

The digital voltmeter calibrator on 
page 6Z3 of the July, 1978, issue of 
ham radio contains an incorrect state- 
ment. The input resistance of the pre- 
cision rectifier circuit is actually 10k 
ohms, instead of the value of be- 
tween Ei and 65 megohms specified in 
the article. To correct this problem, 
f ig  . 1 shows a simple voltage follow- 
er that can be inserted between S1 
and the input to the precision recti- 
fier. This will eliminate the loading 
effect on the reference voltage 
source and has negligible effect on 
the overall accuracy. 

-general purpose 
vhf receiver 

A capacitor was deleted from the 
schematic diagram shown in fig. 2 of 
the general purpose vhf receiver pub- 
lished in the July, 1978, issue of ham 
radio (!see page 19). A 22-pF capaci- 
tor should be inserted between the 
gate of the MPF102 and the rotary 
contact: of switch S1 F. 

-R-4C product detector 
In the October, 1978, issue of ham 

radio, the schematic diagram of the 
new product detector for the R-4C 
shown on page 94 contains an incor- 
rect component value. The 0.01-fiF 
capaci.tor in series with pin 3 of the 
TL442 should actually be a 0.1-fiF 
capacitor. In addition, the two inputs 
for the! TL442 are actually taken only 
across one-half of the transformer's 
secontlary. 
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GROUNDHOG GOODIES 
OMNl J 8 heavy duly rnagnel rnounl complWe $49 95 

ELECTRONICS SUPPLY, INC. 

i 
TRlEX W 51 FT Self Supporl Tower (Reg $825 W I  

P Your Cosl IF 0 B Caltforn~a) S725.00 

1508.0 McKINNEY HOUSTON. TEXAS 77002 P Tonna F9FT Antennas 144116el 579.95 

713185&0268 
RIW 432119el 159 95 

- - .. - f KLITZING VHF UHF A m p l ~ l ~ e r s  
1 2M 10W In  - I W W  Out S19d.00 NEW!EXCIT ING!  BREAKTHROUGH! 2 432 IOW In  - 50 W Out S198 M) 

YAESU FT 901DM BIRD 43 B Slugs UPS Pald Stock 
2 M~crowave Modules 432 28s. UPS Pald S329 00 

Transceiver 6 Accessories Telrex T B ~ E M .  In  s tock ~ 4 1 5 . ~ )  
12 , N E W  Palomar Engr Transcerver PreamD 189.50 

FT 901 DM 
SpeakerlPatch 
C W Filter 
FV-901 VFO 

Amparex 61468. ..................................... $1,459.00 
- a  -- olorola HEP 170 

Bencher Paddles S39 95; Chrome 
ETO 76 Ampltllers 
Lunar 6M 2M 220 In Lone Preamps 
Lunar 2M Amp 10 80 w ~ t h  Preamp UPS Paid 

$ 

$49.95 
Stock 

s49.95 
S189.95 
s41.95 

S249.W 
Stock 

S29.M f 
.... 17.95 
10.29 ea. 

CDE HAM 3 5129.00; HAM X 
VHF Engrs blue ltne amps 
Cetron 5726 

14.W Mallory 2 5NlMX)PIV Epoxy Dlode SO 19es 
Aerovox lK10PFi500V Feed lhru 11 95 

415.00 GE 61469 or 8950 17 95 
Technical books AMECO ARRL Sams TAB Rlder 

YAESU KEN WOOD 
FT901 DM TS820S 
FT625 TS520S 
-225 TR7400A 

ALDA, AMCOMM, ETO ALPHA 
- TEMPO VHF ONE PLUS 

ANTENNAS 
Model OJA.146 

TWO METER AMATEUR BAND 146.148MHz I I 

I Radno p u b .  Callbook Cowan. many others Call 
Ci NEW EELDEN 9405 12n16) t6n1m 8 wlre Rotor Cable 
$, heavy duty lor long runs M.26111. 
g,  8448. Sld 8-wire Rotor S0.16111. 

9 W .  double s n ~ e l d  RG8 Foam M.39111. 

3 8214. RG8 Foam M.25111. 
2 8 8237. RG-8 M.21111. 

1 1 8267. RG-213 M.25111. 
5 Amphonol ~ l ~ v e r  plate PL259 $0.59 
' 1  TIMES . Foam Hardl1neS0.6011l Connectors S15.W en. 

E l  718 Hard l~ne S1.Mitl. Conneclors S25.00 en. 
P ,  BERKTEK RG.8X. 52 ohm. KW %l.l6/ll. 

ICOM IC280 - $395.00 
DENTRON GLAlOOO Amplifier - $319.00 

BEARCAT 250 - $299.00 

$ 
5 

NO OROUND PLANE REQUIRED 
USE FIXED. MOBILE. OR PORTABLE 

M I  OAlN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS . OVERALL LENGTH: LESS THAN IM IncnEs . COLLAPSIBLE TO n I ncu rs ,  MAY BE PACKED IN SUIT. 
CASE FOR THOSE 0UT.OF-TOWN TRIPS . STEEL w n w  m o  ADAPTER INCLUDED FOR MOBILE AND 
FIXED APPLICATIONS 

Consolldaled HD.18 Ga Galv Tower 10 Sec 129.95 
Robot ,-Slow Scan Now In  Stock Call 
Alltance HD73 Rolor S109.95 

.............. . Telelower sel l  supporl .55 IUw breakover S499.M) 

VSWR: LESS THAN 1.2:l 

PRICE $39.95 UPS Prepaid 

220 MHz - $37.95 450 MHz - $37.95 

M 

< I been 
hearing about 

1441146 MHz SWR 1.2:l 
50 ohms Horiz.lVert. 

length 6.4 m. Wt. 4.4 kg. 
Side lobe attenuation - Superb 

Horizontal aperture 2 x 16" ( - 3 dB) 
Vertical aperture 2 x 17"( - 3 dB) 

$79.95 
9 Element 144-146 . . . . . . . . . . . . . . . . . . .  $39.95 

. . . . . . . . . . . . . . . . . . .  SPEClAL ORDERS WELCOME 1 4 Element 144-146 $32.95 . ~- 

- ~ 

......! . . .  1 1  R M ~  A n 5  138 n ~ , , ( . a . .  ,.,,:.I. hanya w , r > , ~ ~ .  . . ~ l < r u  

A :  ,lnm%Gunranteed Sonre ,!ems runlet1 ! :,!lor r a n  Send nllPrh?ad lor 
Amateur osalsrv prlLe list Tec.3 ro3laan!r ado 6'. lac Please add 
w?l!aga esttmate 

WGJ. W5MBB. KSAAD. N5JJ. WSIMJ. AGSK. WSVVM. wDSEDE, KYD. 
WDSABR. WASTGU. wDSBDX. WBSAYF. KSRC. K5BGB. WB5USV 

\ 
. - - .. MA-DI.S,ON- 
ELECTRONICS SUPPLY,. INC. 

I~DM~KI .NNEY H.d.liFoN, TD(AS Tt002' 
Hare A Nlcs 0."' . . - 



msds In U.S.A. Slnce 1885. rrunufrturen 
01 Amateur Radlo equlpmart only. 

Learn the truth about your antenna. 

Find its resonant frequency. 
Adjust it to your operating frequency quickly 
and easily. 

If there is one place In your station where you cannot risk uncertain results 
it is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, i f  It is not, whether it is too long or too short. Ail this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readingseven when theantenna Is not resonant. i t  gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 
Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas from1 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both seriesand parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price Is $49.95 In the U.S. and Canada. Add $2.00 
shippinglhandling. California residents add sales tax. 

Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 

A complete line of QUALITY 50 
th ru  450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 po le  crysta l  f i l te r  i s  stan- 
dard.  U s e  w i t h  o u r  CHAN-  
NELIZER o r  y o u r  c rys ta ls .  
Priced f rom 369.95. Match ing  
t ransmi t ter  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. Prlces start at  $1 19.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA cumnt 
drain. K i t  pr ice 5159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952Clinton St.. Buffalo. N. Y. 14206 

AUTOPATCH 
Offer your club COMPLETE 
emergency communlcationr 

Commercial quality, gold plated contacts, plug 
in. epoxy glass PC boards. 12 vonDC or 115 volt 
AC operatton - Power supply tncluded. Four 
digit access - Single dig11 releases - fteld 
programmable. Hybrid network - No switchtng 
required. FCC certified telephone llne coupler. 
Auxiliary "In Use" contacts supplied. Land line 
"call-in" signalling control contacts provided. 
Price complete WE + $3 shipping A handling. 
Master Charge. Bank money order, or certtfied 
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SAVE - $25.00 

Model 8100 
Frequency Counter Kit 

Range: 20Hz to 100MHz 
High Sensitivity 
Resolution to 0.1 Hz 

Now you can forget about price/performance trade-offs when 
you select a frequency counter. In Sabtronics' Model 8100 kit 
you get all the characteristics of superior performance at a low. 
affordable price. 
This frequency counter, employing LSI technology, has the 
performance and input characteristics you demand: guaranteed 
frequency range of 20Hz to 100MHz (10 Hz to 120MHz typical); 
selectable hi/lo impedance; superior sensitivity: selectable 
resolution and selectable attenuation. Plus an accurate time 
base with excellent stability. 

BRIEF SPECIFICATONS: 
Frequency Range: 20Hz to 100MHz guaranteed. (10Hz to 

120MHz typical) Sensitivity: 15mV RMS. 20Hz to 50MHz (10mV 
typical); 25mV RMS. 5OMHz to 100MHz (20mV typical) 

Selectable Impedance: 1 MQ 125pF or 5052 Attenuation: X l ,  
XI0 or X l O O  . Accuracy: i 1Hz plus time base accuracy Aging 
Rate: t 5ppm/yr. Temperature Stability: I l0ppm. O'C to 40°C . Resolution: O.lHz, 1Hz. 10Hz selectable. Display: 8-digit LED. 
overflow indicator, gate activity indicator Overload Protection 

Power Requirement. 9-15 VDC Ja' 330mA 
An 8-digit LED dlsplay features gate actlvity indicator. leading 
zero suppression ana overflow lndlcator You would expect to 
find all these features only on hlgh-priced instruments - or from 
Sabtron~cs' advanced digital technology. 

. . 

Model 2000, 3% Digit 
DMM Kit 

5 Functions, 28 Ranges 

. . . .. . 

Basic DCV Accuracy: 
.:- . . ', . - . , 0.1 % f 1 Digit 

The amazing Sabtronics 2000 is the choice of both professionals BRIEF SPECIFICATIONS: 
and hobbyists. It's the only portablelbench DMM that offers so DC volts in 5 ranges: 100 pV to 1 kV AC volts in 5 ranges: 100 
much performance for such an astonishing low price. pV to 1 kV DC current in 6 ranges: 100 nA to 2A. AC current in 
you get basic DCV accuracy of 0.1% + 1 digit; 5 functions giving 6 ranges: 100 nA to 2A Resistance: 0.lOto 20MQ in 6 ranges 
28 ranges; readings to + 1999 with 100% overrange; overrange AC frequency response: 40 Hz to 50kHz Display: 0.36" 
indication; input overload protection; automatic polarity; and (9.1 mm) 7-segment LED Input Impedance: lOMll. Size: 8"W x 
automatic zeroing. 6.5"D x 3"H (203 x 165 x 76 mm) Power requirement: 

The all-solid-state Model 2000 Incorporates a single LSI circuit 
4.5-6.5 VDC.4 "C" cells (not included). 

and high-quality components. Our clear, step-by-step manual 
simplifies assembly. Complete kit includes a rugged high-impact 
case ideal for both test-bench and field use. 

SPECIAL OFFER explres Feb. 28,1979. 

Special Offer! Save $25.00° 
If you order both the frequency counter and 
DMM kits now. you pay only $144.90 
including shipping and handling. You save 
$25.00 off the combined regular low price of 
$169.90. Order both kits now. This special 
offer good for a llmited time only. 

*Special offer good in USA only. 

Making performance affordable. 

13426 Floyd Corcle. Oelles. Texes 75243 
Televhone 214.783-0994 

'3V". I*.nltot.k..drmt.polpUr spcl*ls25.00ono(hr: 
Pkausend Model 81W and Model 2000 kII(s) lor only Sl44.W Iota1 lnclvdlng sMpphg 
and handling S 

Please send Model 81W Frequency Counter klt(s) a> $89 95 es I 
Shlppfog and handltng S 5Wiunlt. S 

Please send Model 2000 DMM kqs)  (h S69 95 ea S 
Sntpptng and handl~ng S 5 W unll. S 

Texas residents add sales tax S 
Total enclosed s 

J Check Money Order n Chargemy Masler Charge Vlss 
ACC NO Exp Dl 

I Name I 
1 Address I 
I m y  state Z*P I 
1 'USA only. CANADA: S6.50. FOREIGN: $19.00 AIRMAIL. I L,----,,,---,,,-,,,-----------J 
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products 

For l iterature on  any o f  the  new 
products ,  use  o u r  Check-Off 
service o n  page 126. 

new DenTron amplifier 

DenTron Radio Company is proud 
to  announce a revolutionary new 
linear amplifier for the Amateur fre- 
quencies, the GLA-1000. Incorpo- 
rating four D-50A (6L06) final-ampli- 
fier tubes, the GLA-1000 is rated at 
1200 watts PEP ssb and 1000 watts 
CW input. It features a black scale 
multimeter for monitoring of critical 
currents and voltages, complete 
compatibility wi th any exciter or 
transceiver, front-panel bypass 
switch, transmit indicator light, and a 
built-in relative power monitor for 
easy tune up. The GLA-1000 is com- 
pact, ideal for portable or fixed opera- 
tion. It is shipped ready for 117 Vac 
power, with 80 to 15 meter frequency 
coverage (and most MARS frequen- 
cies just outside the Amateur bands). 
FCC Type Acceptance has been 
granted. Suggested retail price is 
$379.50. The GLA-1000 is now avail- 
able at DenTron dealerships world 
wide. Write DenTron Radio Com- 
pany, 2100 Enterprise Parkway, 
Twinsburg, Ohio 44087. 

LP-1 logic probe 
The Logical ForceTM is what Con- 

tinental Specialties Corporation calls 
its line of digital test instruments, 
which includes their new model 
LP-1 hand-held digital logic probe. 

The LP-1 derives its power from 
the circuit under test. Its 0.1-megohm 
input impedance minimizes circuit 
loading. An on-probe switch selects 
either TTLIDTL or HTLICMOS family 
logic levels. Then separate on-probe 
LEDs light to indicate HlGH and LOW 
logic states. 

A built-in pulse stretcher briefly 
flashes a third PULSE LED on the 
positive- or negative-going leading 
edge of a single pulse as short as 50 
ns; the PULSE LED flashes for pulse 
trains up to 10 MHz. In addition, the 
relative brightness of the HlGH and 
LOW LEDS can be used to estimate 
duty cycle. 

A built-in switch-selected pulse 
memory latches the PULSE LED on 
whenever a pulse is intercepted, aid- 
ing the probe's versatility in trouble- 
shooting intermittent glitches. 

A number of probe tip and power 
cable accessories are optionally avail- 
able. The LP-1, complete with an ap- 
plication and instruction manual, 
carries a manufacturer's suggested 
retail price of $44.95. 

The Continental Specialties Cor- 
poration LP-1 Logic Probe is available 
at leading electronics dealers and dis- 
tributors worldwide, or direct from 
factory. For further information, 
contact Contir,ental Specialties Cor- 
poration, 70 Fulton Terrace, New 
Haven, Connecticut 06509. 

Motorola microwave 
transistors 

Motorola has introduced a new 
series of microwave transistors that 
combine state-of-the-art perform- 
ance, a variety of packaging options, 
and a major breakthrough in pricing 
for the uhf market. Intended for low- 
to-medium-power amplification, the 
new transistor series features high 
gain (up to 15 dB at 0.5 GHz) and a 
very low noise figure (typically 2 dB 
at 0.5 GHz and 10 mA). Prices range 
from a low of $1.40 (in chip form) to 
a high of only $7.50 (hundred-up) 
for high-reliability applications. 

The transistor series encompasses 
five device types, a basic chip and 
four package options, with optimized 
specifications and pricing for a wide 
variety of applications. 

Available in unencapsulated form 
for hybrid application, the basic chips 
achieve their high-performance char- 
acteristics from fine-line geometry, 
ion-implanted arsenic emitters, and 
gold top metalization. 

Gold top metalization prevents 
metal migration due to the high-cur- 
rent densities in the fine metal lines 
required for high-frequency opera- 
tion. Ion implantation facilitates pre- 
cise control of dopant densities and 
gradients. The use of arsenic dopant 
results in a higher fT and correspond- 
ing improvement in noise figure, 
compared with the more convention- 
al processing. 

The high current, low noise figure, 
and high-fT performance of the 
BFR96 series of transistors makes 
them eminently suitable for broad- 

98 february 1979 



band vhfluhf linear amplifier and os- 
cillator applications. 

Low-cost package options offer 
the basic chip in two types of plas- 
t i c  packages, the  three-leaded 
MACRO-T package (BFR96), and the 
four-leaded MACRO-X package 
(MRF961). These are particularly 
well suited for MATVICATV appli- 
cations. 

The MACRO-T package has be- 
come an industry standard and 
adapts-the BFR96 to existing board 
layouts and designs. The four-leaded 
MACRO-X package offers a 2.5 dB 
higher gain, due to lower parasitics 
resulting from opposed-emitter lead 
construction, at no increase in price. 

The metallceramic, hermetic strip- 
line MRF962 package is intended for 
use in equipment that is subject to 
particularly hostile environmental 
conditions and when high reliability 
is required. This low parasitic micro- 
wave package enables the MRF962 
to be specified for operation up to 2 
GHz and gives typically a 6.0 dB high- 
er power gain compared with the 
same die in a MACRO-T package at 
500 MHz. The metal/ceramic pack- 
age allows higher power dissipation 
than the plastic case. 

The higher dissipation rating and 
hermiticity of the MRF965, in its 
TO-46 package, allows its use in high 
gain vhfluhf Class C amplifier appli- 
cations up to  400 milliwatts output 
power. This is in addition to the Class 
A linear applications discussed for the 
other package options. 

An important feature of this series 
of devices is a four-part data sheet 
with common-emitter S-parameters 
at two levels of VCE, three collector 
currents, and six frequencies from 
100 MHz to 1500 MHz. More informa- 
tion on the BFR96 series may be ob- 
tained by writing to Motorola Semi- 
conductors, Post Office Box 20912, 
Phoenix, Arizona 85036. 

appointment clock 
Hal-Tronix has announced the 

availability of TimeTrac, a micro- 

More Details? CHECK - OFF Page 1 

CUSHCRAFT 
IS THE HF 
MULTIBAND 
ANTENNA 
COMPANY. - 

ATB-34, lhree Band 

20 meters. 

Cushcroft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur 
For the amateur who demands top performance 
in a multibond Yogi beam there's the 
incomparable ATE-34 three-band beam for 
broadband, high-gain coverage on 10. 15 and 

And for the Amateur with limited antenna space 
and budget who wants reliable. multiband 

radio commun~cations there are three Cushcraft 
multiband 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. 

imitated, but never duplicated. 

Cushcrafi high-frequency antennas are quality 
A w.4, kmr ,, 

engineered for top performance; they are often 

nlchrrrrf) C o R P o R A T l o N  
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. . , ,  ~ . .  
SPECIAL FEATURES . SOLIDSTATE ELECTRONICALLY REGULATED 

FOLD-BACK CURRENT LIMITING Prolecls Power Supply from 
excesswe currenl &contlnuous shorted outpuf. 
CROWBAR OVER VOLTAGE PROTECTION on Models AS-7A. 
RS.12A. RS-2OA. 8 RS.35A. 
MAINTAIN REGULATION & LOW RlPPLEal low line input Voltage. 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U S.A. 

PERFORMANCE SPECIFICATIONS 
ASTRON l 2 A M P  REGULATED 
POWER SUPPLY Model RS-12 

lNPUTVOL7AGE: 105 - 125VAC 9 Amps contr~uous 
OUTPUT VOLTAGE: 13.8 VDC +0.05volts 12 Amps ICS 
(Inlernally Adluslable: 11.15 VOC) 4" ( t i )  x 8" (W) x 9" (0) 
RIPPLE: Less than 5mv peak lo peak (lull load & low line) Shipplng Weight 13 Ibs. 

.,REGULATION: ? .05 volts no load lo full load & low line l o  high line Rice. . . . . . . . . . . . . . . . 172.95 

Other popular POWER SUPPLIES also available: (same lealuresand spec~llcdllans as above) 

Contlnuoux ICS' Size (In.) Shlpplng 
Model Duty (amps) (amps) H x W x 0 Wl. (Ibs.) Rice 

RS-35A 25 35 5 X 1 1 X l 1  28 $136.95 

1 I I I I I I 
'ICS - inlermlrlenl Cammunlcallon Servlce (50% Duly Cycle) 
If not available at your local dealer, please Contact us directly. 

NEW ...... Coaxprobe*. . . . . . NEW 
Coaxial RF Probe for Frequency Counters and 

Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

$12.95 Only 
plus .50 postage 

FINALLY! A RF PROBE that lets you connect USE IT ON 2 METER RIGS TO ADJUST 
Into your coax cable for frequency FREQUENCY. Tlie CoaxProbe* has a range 
measurements and modulation waveform of 1.8 to 150 rnhz. 
checks directly from the transmitter. MONITOR YOUR MODULATION 
JUST CONNECT THE CoaxPmbe9 into WAVEFORM. With an oscilloscope of prop- 
your transmission line and plug the oulput er bandwidth, you can check your modula- 
into the frequency counter or oscilloscope. tion for flat-lopping, etc. ideal for adjusting 
Insertion loss is less than .2db so you can the speech processor. 
leave it in while you operate. NOW YOU CAN MONITOR SIGNALS when 
A NECESSITY IN ANY WELL-ORGANIZED connected to the dummy load, eliminating 
HAM SHACK, the Coaxprobe' eliminates unnecessary on-the-air radiation. 
"ierr~rlgging" and hassles when tapping AVAILABLE FOR THE FIRST TIME TO 
into the coax line is desired. AMATEURS. Try it for 10 days. If not 
A SPECIAL METHOD OF SAMPLING satisfied, send ~t back for refund (minus 
keeps output relatively constant with a wide shlpping charges). 
variation of power. Power output of 8 watts Order today from: 
gives .31v out. while 800 watts will give 
1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts PEP Coaxprobe CO. 
rating too! 
'Trademark of CoaxProbe Co. for rf sampling devke. 

P.O. Box 426, Portage, MI 49081 
ci 1978 by CwProtm co Michigan Res. Add 4% Sales Tax 

computer-controlled appointment 
clock. TimeTrac is both a clock and 
a reminder, and can be used in the 
ham shack, office, or home to fill a 
variety of needs. For example, it can 
be used as a simple timer up to 60 
minutes 59 seconds, wi th pause; 
an alarm clock; an appointment re- 
minder for the next 23 hours 59 min- 
utes, and for future appointments 
for up to one year1 The memory will 
hold up to  30 appointments, and, 
even if they are entered out of chron- 
ological order, TimeTrac will arrange 
them chronologically. Photograph- 
ers, attorneys, hams, salesmen, 
secretaries, cooks, and many other 
persons will find TimeTrac useful - 
even indispensable. You can plug it 
into any wall outlet, set the illumina- 
tion intensity, determine AMJPM by 
just a glance at the indicator, and 
even protect the memory against 
power outage wi th  an on-board 
lithium cell. The vacuum-fluorescent 
display is one of the largest available 
today, and can easily be seen at a 
distance when needed. TimeTrac is 
complete, ready to  go, not a kit, for 
the special introductory price of 
$69.95 from Hal-Tronix, Post Office 
Box 1101, Southgate, Michigan 
48195. 

free surplus catalog 
Hobbyists, educators, technicians, 

and dealers alike are sure to be in- 
terested in the new Surplus Elec- 
tronics catalog just published by Etco 
Electronics, because almost every 
item in it doesn't fit the usual concept 
of "surplus." 

A look through the catalog will 
reveal an amazing variety of items, 
ranging from parts and components 
and test equipment to educational, 
industrial, and consumer equipment 
acquired from leading manufacturers. 

The prices are always very low - 
in many cases only a small percent- 
age of the normal price - because 
Etco's items come from surplus in- 
ventories, overstocks, and bank- 
ruptcies. 

Get a copy of this fascinating cata- 
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log today; it's free. Write Etco Elec- 
tronics. Dept. 029, North Country 
Shopping Center, Route 9N, Platts- 
burgh, New York 12901. 

compact power 
microphone 

With today's generation of home- 
based communications operators 
having severe space limitations, 
Robins Industries has introduced a 
compact base-station power micro- 
phone with features usually found in 
larger and more expensive units. 

This new power microphone is 
specially designed for Amateur and 
CB ssb transceivers. It incorporates 
a built-in, solid-state preamplifier to 
improve the modulation percentage 
figure of the transceiver. Low and 
high ends of the speech-frequency 
band are adequately attenuated to 
increase intelligibility. A full-width, 
press-to-talk bar switch, with positive 
locking mechanism, facilitates con- 
tinuous operation. A minimum/maxi- 
mum sliding gain control is clearly 

Cushcraft preclslon englneered VHF/UHF Y O ~ I  beams 
have become the standard of compar~sion the world 
over for SSB and  CW operat~on on 6 meters through 432 
MHz. Bu~lt by skilled craftsmen from the best available 
mater~als, these beams represent that rare como~nat~on  
of hlah electrical rerformance. ruoaed construct~on 

..,-I ':.2 Meter v o ~ l  r 

I 
Ouoi3 Arr l i  

-J Cushcron s wlde voneb of VHFIUHF 
Beoms ~ncludes an ontnrlna In evw 

Cushcroft's Quad Arrays for 144. 220. omatctur octkvty above 50 MHz whether 
and 432 MHz use four matched local rogchewlng or long haul over-the 
I 1  -element Cushcraft Yagls and are horizon r ix AII models nave men 

the ultimate in a hlgh-performance Colelulty OrYrmUEO lo1 mrlxlmum 

Yogl array These arrays hove been loword gotn wllh hlgtl front 10-bock 
carefully englneered tor maxlmum ratlo Ihe h ~ w 0 1 l  Might hard drown 
toward gain. hlgh front-teback ratio. ul~rtnrnum booms and elements ore 
and broad frequency response All Comblnr d wltn heavy formed alilmlnum 

brackets and plated mounl~ng 
antennas prov~de a low VSWR match hardworr? for long o~erattng lkte and 
to 50-ohm cwx~a l  teedl~ne suru~vai $11 severe wwther  

indicated. I I 1 

30 dB. 

The cardioid (uni-directional) polar 
pattern helps to screen out unwanted 
background noises when transmit- 
ting. Output level is rated at - 36 dB 
at 1000 Hz, with an amplifier gain of 

I I UPS SHIPPABLE 

In Stock With Dealers World Wide PO Box 4680. Manchester. N H 03108 I 
C O R P O R A T I O N  
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ALL S T E A M  - - N O  POWER ? 
NOW ADD MORE POWER TO YOUR MOBILE 
WlTH A POWER AMPLIFIER. 
NOW AVAILABLE! KITS and WIRED & TESTED 
UNITS . IN STOCK. READY FOR SHIPMENT !! 

"c%£&td&£ f t f  ct&a&icd" +, a ,  40 x 7054 
urca.zif t ta ,  ?Eo%?id 3006s 

PHONE (404) 971-2122 O R  ( 8 0 0 )  2 4 1 - 4 5 4 7  ,011 rnrr ourslot or sr. 

A S K  F O R  N E I L  O R  JUOl 

DEALERS & D I S T R I B U T O R S  FOR : 
V H F  E N G I N E E R I N G -  -. . - -- - - H A M T R O N I C S  
POWER AMPLIFIERS POWER A M P L I F I E R  
101 1 1  l l 0  L l l l l l  

POWER S U P P L l  E S  
15 l l 0  25 I N ?  

A L S O  A V A I L A B L E  I N  S T O C K  A COMPLETE 
S E L E C T I O N  OF VHf ENGINEERING AN0 
H A M T R O N I C S  ITEMS.  

l@BJ Ezl 

STEP UP TO TELREX - 

WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" KIT 
THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 

relrsx "Monarch" (Trapped) I.V. Kl t  
Duo-Band / 4  KWP I.V. Kl t  $63.50 

Post Pald Continental U.S. 

Optimum, full-size doublet performance, independent of  ground conditions! "Balanced- 
Pattern", low radiation angle, high signal to  noise, and signal to performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "lnverted.Vee" to  frequency within the hour! Minimal SIWIR is possible if 
installed and resonated to frequency as directed! Pattern primarily low-angle, Omni- 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating to  frequency instructions supplied with 
each kit. 

-. 

For technical data and prlcsl on complete 
Telrex Ilne. wrlte for Catalog PL 7 (HRH) 

For further information, contact 
Charles Condike, Robins Industries 
Corp., 75 Austin Blvd., Commack, 
New York, 11725. 

new bird amateur 
wattmeters 

The Models 4360 and 4362 HAM- 
MATE directional wattmeters are de- 
signed specifically for the Amateur 
Radio service. The 4360 covers the 
1.8-30-MHz range (200 and 2000 
watts) and the 4362 is for use in the 
140-180-MHz range, which includes 
the popular 2-meter band. 4362 has 
25 and 250-watt scales. The design of 
the HAM-MATES is basically that of 
all Bird THRULINP rf wattmeters, 
except that they do not use plug-in 
elements. Instead, the sensing ele- 
ment is permanently installed in the 
line section and is rotatable from the 
front panel to provide the choice of 
reading either forward or reflecting 
power. 

Both wattmeters are dual-range to 
allow measurement of both low and 
high power, and the meter reads 
directly in watts, with the high range 
being read on the upper arc and the 
low range on the lower arc. The 
down-scale portion of each range is 
expanded for easier reading. The 
average power output of CW, a-m, 
fm, and ssb transmitters can be 
measured with ease, and the watt- 
meters can be left in the line to allow 
continuous monitoring of the power 
output. The HAM-MATE wattmeters 
are especially useful during the tune- 
up of an Amateur transmitter. 
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The complete receiver audio active filter 

The new HAM-MATE Wattmeters I 
YOU CAN DO IT SIMULTANEOUSLY with both 

have directivitv of 20 dB (100:l) NOTCH and BANDPASS filters. 
minimum, an absolute must for  
meaningful reflected power (and 
vswr) measurement. 

Bird HAM-MATE directional watt- 
meters are priced at $94.00 and deliv- 
ery is from stock. Write Bird Elec- 
tronic Corporation, 30303 Aurora 
Road, Cleveland (Solon), Ohio 44139. 

microprocessor 
controlled Zmeter FM 
transceiver 

The TR-7600 2-meter fm  mobile 
transceiver with memory and an op- 
tional RM-76 microprocessor control 
unit (which provides six memories 
and various scanning functions) have 
been introduced by Trio-Kenwood 
Communications, Inc., of Compton, 
California. 

This new transceiver provides full 
4-MHz coverage (800 channels) on 
2 meters and includes a memory 
channel. It operates on  simplex 
(same transmit and receive frequen- 
cies) or repeater (plus or minus 600- 
kHz transmitter offset) modes. Fur- 
thermore, the memory can be used to 
provide a transmit frequency for ac- 
cessing a repeater with a nonstan- 
dard frequency pair. The TR-7600 
also features a digital frequency dis- 
play with large, bright-orange LEDs. 
Another LED, called an "unlock" 
indicator, shows transceiver protec- 
tion when the frequency selector 
switches are improperly positioned 
or the PLL has malfunctioned. Select- 
ing frequencies with the TR-7600 is 
fast and easy with its dual concentric 
knobs, 5-kHz offset switch, and 
MHz-selector switch. 

Power output is switchable be- 
tween 10 watts and 1 watt (adjust- 

NOTCH FILTER 

CONTINUOUSLY V A R I A B L E  
3 0 0  - 1 4 0 0  HZ. 

NOTCH DEPTH F I X E D  AT 
NO LESS THAN 3 0  0 8 .  

INDEPENDENT OF BAND- 
PASS CONTROLS. 

MAY 8 E  CENTERED FROM 
2 0 0  - 1 4 0 0  HZ. 

SL-55 
Audio Active Filter 

BANDPASS FILTER 

CONTINUOUSLY V A R I A B L E  
2 0 0  - 1 4 0 0  HZ. 

CENTER FREQUENCY CON- 
TINUOUSLY V A R I A B L E  
FROM 2 0 0  - 1 4 0 0  HZ. 

CHANNEL WIDTH CONTINU- 
OUSLY V A R I A B L E  FROM 
1 4  TO MORE THAN 1 4 0 0  
HZ -- 3 0 0 .  

Both filters are cascaded with a fixed 
WARRANTY  owp pass filter ( 18 dB/octave rolloff FULLY 
ONE YEAR above 1400 Hz) for optimum SSB RFI PROOF 

filtering. (3.5x5.5x7.5 inches) 
CONTAINS 1 1 5  VAC POWER SUPPLY. REQUIRES LOW IMPEDANCE ( 4 - 1 6  OHM) AUDIO 

D R I V E  FROM ANY RECEIVER. CONNECTS I N  SERIES WITH AUDIO OUTPUT L I N E  AND 
W l L L  DRIVE SPEAKER OR HEADPHONES. AUDIO OUTPUT POWER ONE WATT. WE W l L L  
MODIFY TO 2 4 0  VAC FOR FOREIGN USE FOR 51 .00  ADDIT IONAL.  FRONTPANEL BY- 
PASS SWITCH RESTORES AUDIO PATH TO I T S  O R I G I N A L  CONFIGURATION. 

NET: $72.50 ~ o ~ ~ i n .  grmy "bim.1 mnd  do.^ a n y  wrinLI. pond 

paupood an ?he USA ond Coneda Varqcnao rncdenl. odd 4% ,ole, l a x  

ERC INTRODUCES A BRAND NEW CON- 
CEPT IN THE MEASUREMENT OF VSWR 
ANDPOWERACCEPTEDBYTHELOAD 

REQUIRES 1 1 5  VAC AT TWO 5 0 - 2 3 9  COAX CONNECTORS 
LESS THAN 1 / 1 6  AMP. ARE AT THE REAR PANEL. 

COLLINS GRAY CABINET.  D IMENSIONS 3.5 X 5.5 X 7 .5  
WRINKLE PANEL - BRIGHT INCHES. 
RED LEO D I G I T S  C.33"). 
DECIMAL P O I N T  I S  THE WEIGHT I S  2 POUNDS. 
P I L O T  L I G H T .  

SL-65A GREAT FOR 
ANTENNA PROJECTS 1.8 - 3 0 M H z  QRP-& CB 
THE MODEL SL-65X ( 2 0  - 2 0 0 0  WATTS) AN0 THE MODEL SL-65A:: ( 0 . 2  - 2 0  
WATTS) D I G I T A L  VSWR AND NET POWER INDICATORS PROVIDE INSTANTANEOUS 
AND CONTINUOUS D I S P L A Y S  OF VSWR AND NET POWER ACTUALLY ACCEPTED BY 
THE ANTENNA. THERE ARE NO BUTTONS TO PUSH OR C A L I B R A T I O N  SETTINCS. 
E ITHER MEASUREMENT I S  D I S P L A Y E D  WITHOUT D I G I T A L  READOUT F L I C K E R  THE 
INSTANT RF H I T S  THE COAX FOR VIRTUALLY ANY TYPE OF MOOULATION - - - 
EVEN SSB AND CW GREATER THAN LO WPM. THERE I S  NOTHING L I K E  I T  A V A I L -  
ABLE ANYWHERE ELSE. CHECK THE PERFORMANCE S P E C I F I C A T I O N S  BELOW. 

S L - 6 5  
WARRANTY S L - 6 s  

VSWR I NO I CATOR ONE YEAR NET POWER INDICATOR 

FROH 4.1 TO 6.2 THE I N D I C A T I O N  
MEANS THAT VSWR I S  VERY HIGH.  I .THE POWER DISPLAYED I S  THAT WHICH 

I S  ACCEPTED BY THE ANTENNA (FORWARD 

.TWO D I G I T  D I S P L A Y  SHOWS VSWR 
TO AN ACCURACY OF -1 FOR VALUES 
FROM 1 . 0  AND 2.2. ACCURACY 1 5  
TO . 2  FOR VALUES FROM 2 .3  TO 
3 . 4  AND TO .3 FROH 5.4 TO 4.0. 

.THE POWER DISPLAYED I S  THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
T H I S  I S  THE POWER THAT THE TRANS- 
H I T T E R  IS"TALKE0"  UP TO.DISPLAY DE- 
CAY T IME 15 ABOUT ONE SECOND. 

BY 1 0 0  TO O B T A I N  THE PERFORMANCE 
OF THE S L - 6 5 A  QRP MODEL. I ObCCURACY I S  TO 1 0  WATTS I N  THE LOWER 

RANGE AN0 1 0 0  WATTS I N  THE UPPER RANGE 
D I V I D E  POWER SPECS BY LOO FOR SL-65A. 

SURFACE POSTPAID I N  US C CANADA 
PRICE:  $-. V I R G I N I A  R E S I O E N T S A m 4 \  SALES TAX. T E L . ( B 0 4 ) 4 6 3 - 2 6 6 9  

.FOR VSWR VALUES NEAR 1.0, THE 
POWER RANGE FOR A V A L I D  READING 
I S  2 0  - ZOO0 WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FLICKER FREE VALID 
READING I S  SOMEWHAT LESS ( 3 5  - 
1 0 0 0  WATTS FOR VSWR AT 2.0). 

.DIVIDE THE ABOVE POWER LEVELS 

A T  ELECTRONIC RESEARCH CORP. OF VIRGINIA 
52.00  REDEEMABLE TO- 
WARD PURCHASE. ---- P.O. BOX 2394 DEPT. HR 
::PATENT PENDING VIRGINIA BEACH, VIRGINIA 23452 

LESS REFLECTED). 

.POWER I S  D ISPLAYED ON THE SAME TWO 
D I G I T S  AS VSWR I N  TWO AUTORANGEO 
SCALES. 2 0  TO 5 0 0  WATTS AND 5 0 0  TO 
ZOO0 WATTS. TRIPOVER A T  THE 5 0 0  WATT 
LEVEL 1 5  AUTOMATIC E X :  A READING OF 
1.2 COULD HEAN 1 2 0  OR 1 2 0 0  WATTS. 
YOU MUST KNOW WHICH RANGE YOU ARE IN .  
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one-second compressed-gas bursts, 
or 25 to 30 minutes of continuous 
dusting. Spraying in short bursts 
until contaminants are dislodged is 
recommended for most efficient use. 
The product comes with an extension 
tube for pinpoint applications. For 
precision application in harder-to- 
reach areas, Micro Duster may be 
used with Chemtronics' Vibra-Jet at- 
tachment which provides extended 
range with a 30 cm (12-inch) rigid 
probe on the end of a 66-cm (26- 
inch) flexible tube. 

The product, which contains 100 
per cent laboratory controlled, guar- 
anteed pure, inert gas, is available in 
425-gram (15-02.1 cans with a sug- 
gested retail value of $2.50. It is sold 
only through Chemtronics distribu- 
tors. For more information, including 
the location of local distributors, con- 
tact Chemtronics Inc., 45 Hoffman 
Avenue, Hauppauge, New York 
1 1787. 

outlet-strip catalog 
Multiple outlet strips are useful 

when your circuit design calls for a 
safe method of adding hardware for 
testing and experimental work. SGL 
Waber Electric offers a catalog of 85 
new UL-listed multiple outlet strips. 
The catalog also gives detailed de- 
scriptions and specs covering 240 
multiple outlet strips and 15 wheeled 
carriers that are widely used in in- 
dustrial, commercial, and military 
fields. Also given in the catalog are 
examples of typical operation, cus- 
tom designs, and ordering infor- 
mation. 

The 85 new UL listed strips use a 
unique mounting method and pro- 
vide circuit-breaker protection 
against overloads and short circuits. 
All SGL Waber Electric multiple out- 
let strips are rated at 15 amperes, 125 
volts ac, 60 Hz. That's 1875 watts, 
continuous duty. Write for the free 
catalog. Address your letter to SGL 
Waber Electric, 300 Harvard Ave., 
Westville, New Jersey 08093, or 
phone (609) 456-5400. 

NEW - IMPROVED* 
D k a m l  -.r(h.r Model 15W - Binrmrol Synthesizer-Filter with Tonc-Tog wlm TM-TI UIsr B "D" Cells - Less Bottsric, 186.Wppd. U.S. 

Model 1501 - Requires yovr 12 lo 15 ro l l  DC i n p t ,  I W  mn. 
nan. (in,smal rqulotim) IB9.W ppl, U.S. 

.. . .. Wall Trmsformar IISV AC supply rded 0,  I2  ~ o l n ,  150 mo. 
for ulc with Model 1501 or . . . $4.95 

*A n a  b o ~ o n e d  b ipo~w TO".-log mociu~ator r p t m  n p ~ o c e  diode mociuloton o f ~ o d e ~ s  I IW m w ~  PM 

GET 8EllER THAN 100 HZ EFFECTIVE SELECTIVITY O N  CW, A SELECTABLE NOISE BANDWIDTH OF LBS THAN 150 HZ 
PLUS PERIPHERAL HEARING I N  BINALIRAL SOUND. . . ALL WITHOUT LISTENING THROUGH THE TINKLING ROAR 
OF A NARROW-BAND FILTER OR FUSSING WITH SELECTIVE SQUELCH SYSTEMS. . . EXPERIENCE THE BINAURAL 
FUNCTION O N  SIDE BAND VOICE . . . Jmt canact to your receiver's heedohas o r s p d e r  ieck ad plvg in  ?wo 8 O h  
spoken o n q d  >terao f-hion . . . odditimol iock pmvid.d ot lorcr parer lo pmtect yovr ltsno hsodsct. 

See HR mpozinc a n i c l n  a Nov.'75 ond Na. '76 . . . Ask for our mts on li'tening d t n  bimurol end Tms-Tog sptnns 

HILDRETH ENGINEER1 NG BOX 60003 SUNNY VALE CA94088 

KLAUS QUALITY AMATEUR RADIO 
EQUIPMENT & ACCESSORIES 

KENWOOD 

TS 520 S TS 820 S 
HF TRANSCEIVER MULTlMODE6.M HFTRANSCEIVER 

TRANSCEIVER 

. . . call or write for the KLAUS price. . . 
YAESU 

HF TRANSCEIVER 2-METER F M  TRANSCEIVER 

. . . call or write for the KLAUS price. . . 
CUSHCRAFT 

! 

I 4 
I 

We have a complete stock of Cushcraft antennas - too many to 
mention In detail, so ask about our 2-meter line of verticals and 
beams for special low, low prices. 

NLAUL RADIO I,,. 
8400 N. Pioneer Parkway, Peoria, IL 61614 

Phone 309-691-4840 
Tim Daley, Amateur Equipment Sales Manager 
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EIMAC @ a 

World's 
finest: 

Power tubes 
Sockets and 
socket parts 
Chimneys, plates 
and caps, etc. 

Whitehouse has all 
the parts for your 
homebrew amplifier . . . 
EIMAC and more. 

FREE CATALOG 
upon request 
Call to order Eimac 

(603) 673-7724 
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FT-227 "MEMORIZER" 
OWNERS: SCANNER KIT 

Selectable sweep width (up to full 
band) 
Scans only the portion of band you 
select 
Scans at the rate of 200 kHz per 
second 
Switch modification on mike allows 
you to scan past, or lock on, any 
occupied frequency 
Complete kit with detailed instructions 
Installs inside rig; no obtrusive 
external connect~ons 
Rig can easily be returned to original 
condition whenever desired 
Scans to preset limits and reverses 
Automatic bypass of locked frequency 
in 3-112 seconds unless you press 
lock-on switch 

Kit $34.95 preassembled and tested $54.00 
add St 50 wr lage  and handltng 

IC-22s Scanner Ktls also available 
Kit $34.95; $54.00 assembled. 

ada 1 1  50 postage and hanallng 

dealer lnqulrles lnvlled 

AED 
ELECTRONICS - 

750 LUCERNE R D . .  SUITE 120 
MONTREAL. OUEBEC. CANADA H3R 2H6 

TEL. 514-737-7293 

1,000's OF CRYSTALS 
*H25C Case Scanner Monitor 
810.7 Amateur Ham 
*2 Meter, CB, Standard 

1 to 9 10 to 49 50 ad UP 

'3.70 (3.00 '2.50 

AED Electronics scanner 
Owners of the popular Yaesu FT- 

227R two-meter transceiver can now 
use their rigs in the scanning mode, 
as a result of the recent introduction 
of a new scanner by AED Electronics 
in Montreal, Quebec. The AED scan- 
ner is available either in kit form or 
prewired and tested, and makes use 
of the FT-227R digital readout to in- 
dicate frequency. The scanner kit is 
furnished with schematic, board lay- 
out diagram, and complete wiring 
and assembly instructions that use 
the well-known, step-by-step method 
of construction aids. Included with 
the kit are a double-sided glass epoxy 
circuit board, silk-screened for com- 
ponent location and predrilled to ac- 
commodate the component leads. 
Thirty-five components, including 
two ICs (with sockets) and a mini- 
toggle switch are furnished. The 
board can be wired in about three 
hours: it measures 1.3 x 10.2 cm 
(0.5 x 4 inches). It fits inside the 
case of the FT-227, alongside one of 
the chassis rails, and is connected 
into the circuit by eleven lead wires. 
Because of the CMOS circuitry, the 
scanner draws very little current. The 
scanner operates in the manner of a 
sampler, moving up a predetermined 
portion of the band in 10-kHz steps 
until it reaches the upper limit, where- 
upon it reverses and scans back 
down the band. When a signal 
appears, the scanner pauses for  
three seconds and then moves on, 
unless the operator toggles the mini- 
switch on the microphone case to 
lock the scanner to the busy channel. 
The operator may select any 1-MHz 
portion of the band to be scanned, 
and also may select frequency range 
and delay. Once the SCAN-OPERATE 
switch is released, the scanning func- 
tion continues. A convenient feature 
is the ability of the scanner to be 
used wi th the Heathkit encoding 
microphone, or with the standard 
Yaesu mike that comes with the rig. 
The AED scanner kit sells for $34.95; 
the preassembled and tested version 
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sells for $54. Please include $1.50 for 
shipping and handling. For more in- 
formation on this and other products, 
wri te AED Electronics Ltd., 750 
Lucerne Road, Montreal, Quebec, 
Canada. 

Yaesu &meter 
transceiver 

With the six-meter Amateur band 
heading into an era of world-wide 
DX similar to that enjoyed by hams 
in the 1950s. Yaesu Electronics an- 
nounces the availability of their new 
all-mode, six-meter transceiver, the 
FT-625R D. 

The transceiver offers USB, LSB, 

a-m, CW, and fm, with 25 watts ssb 
PEP, 25 watts fm  or CW, and ten 
watts a-m output. 

An rf speech processor is built in 
and a 600-Hz CW filter is available as 
an option, as is the memory storage 
unit, which allows recall of any fre- 
quency with just the flick of a switch. 
The memory unit is ideal for watching 
a beacon or calling frequency during 
marginal openings. 

Digital readout is accurate to  0.1 
kHz. Analog readout is the model 
FT-625R, at slightly less cost, is bet- 
ter than 1 kHz. VOX, PTT, semi break- 
in CW with sidetone, and a clarifier 
for receive or transceive are all in- 
cluded in the circuitry. For fm  re- 
peater use, the transceiver features 
standard + 1 MHz repeater offset, 
programmable tone-burst encoder, 
squelch, and a discriminator zero- 
center meter. Alternative repeater 
splits may be accommodated through 
an ootional crvstal or the o~t iona l  
memory unit. 

A built-in power supply accom- 
modates all line voltages with taps for 
100/110/117/200/220 and 234 Vac, 
33/60 Hz, or DC voltages from 11.5 
to 16 Vdc, negative ground at 5.7 
amps transmit and 0.7 amps receive. 

For a detailed, four-color brochure, 
see your nearby authorized Yaesu 
dealer or write to Yaesu Electronics 
Corporation, P.O. Box 498, Para- 
mount, California 90723. 

f 

multi-f ilter \ 

ALL MODE ACTIVE FILTER AND SIGNAL PROCESSOR 
OPTIMUM 2100Hz BANDWIDTH ALL FEATURES NEEDED FOR THE MOST 
NEW STANDARD FOR SSB DISCRIMINATING CW OPERATOR 
INTELLIGIBILITY S I I ~  package. 7' x 7" x k ", 111s under, on topof or along side 
Conlesl proven reliabilily, of any rig. 
features and easeof use Logic output (CMOS) of processed CW drives digilal Morse 
Heavy, anodlzed aluminum Code reader or microprocessor. 
case is  RF l lghl  

3 FILTER MODES-Up to 12 polesol aclive filtering 
Professional quality design. ATTENUATION: 4 5 d ~  ct 2 4 0 0 ~ ~ - 7 0 d B  @ 36WHz 

andconstruction. 1 -SSB MODE) 2 lWHz cut o l f  lor oplimum intelligibility 
2-VARIABLE MODE) Proprietary circuit adds ~ndependenlly 

adjuslable lilter for bandpass or nolch 
within the selected passband. 
Frequency adjustable 300- 1800Hz 
Bandwidthadlustable 25-450Hz 
3-CW MODE1 Allows super CW reception. 
Peak or null with as low as 25Hz bandwidth 

CW processing and regeneralion with tone 
and volume controls glves perfect copy 
conditions. 

Unique slereo function produces the 
regenerated CW tn one channel and the 
fillered audio In the olherchannel yielding 
a dynamic spectrum of signal perception. 

C O M M U N I C A T I O N  . $1 49.95 ~ncluding power supply. cable and shipping 
RESEARCH CONN. RESIDENTS ADD 7% SALES TAX 

lNc 90 DAY WARRANTY . External power supply Included 
3 GREAT PASTURE ROAD 
W. R E O D I N G .  CT 06896 

b 

1nternal9V battery optional. 

(2031 938-2273 m, 

CENTRAL N E W  VORK'S FASTESTCROWING HAM DEALER - 

Featur~n Yaesu. lcom. Drake. Atlas. Ten.Tec. Swan, DenTron. Pace. Paiomar. Alda. Midland. 
Wilson, DK. MFJ. Microwave Module, Standard. Tempo. Astron. KLM. Hy-Gain, Mosley. 1 Larsen. Cushcralt. Hustler. M ~ n i  Products. Universal and Tristao Towers. We service every. 

1 thin0 we sell' Write or call for quote. You Won't ha n lunnn ln lad  "" -.-- F" .... 
I - Weare lust a few minutes o f f  the ~ ~ ~ F h r u w a y  (1-90) Exit 32 

I 
- 

PRETUNLD - COMPLETLY ASSEMBLED -\?,/ FOR ALL MAKES d MODELS OF AMATEUR 
ONLY ONE NEAT SMALL ANTENNA FOR TRANSRECEIVERS - TRANSMITTERS - 
UP TO 6 BANDS1 EXCELLENT FOR CON- e GUARANTEED FOR 2000 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 W R ~  90 11. R G ~ ~ U - 6 2  mrn ~..ah~. and ~ ~ 2 5 9  sonnutor. msulaton. 3011. 
3 0 0  b. test dmoon end n ~ p o ~ .  center connector w ~ h  bum In Ilghnlng .rr.mr and static dlscluue - 
molod. me.1.d w..th-of resonant V.V. l"X8"-you )UI~ nwmeh to  band dsmC.d for .rs.ll.nt wwldd. 
opsratlon - tr.;.rnntho end ;.slevlngl WT. LESS THAN 5 LBS. 
160-80-40-20-1510 bandm 2 lrmp--149 It *h 9 0  ft. RG58U - sonn.ctor - Mod.IT77BU . . .S5486 
80-40-20-15-10 bands 2 Vw -- 102 It. wlth 9 0  h RG68U - conneeor - Mo4.I WBBU . . .S49.95 
40-20-15 -10 band* 2 trap ---5411. wnh 80 11. RG60U soax - o~~nn.ctor - Model 1M11BU. . .S46.95 
20-15-10 b-nd. 2 Urn.--- 28 It.  wRh 90 ft. RG58U so-. - conn.ctw - Model 1007BU . . . . 147.95 I 
I SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA (Cnnmdm b 15.00 .xtrm tor post. . 

clerb.l - su.tomm - ets.) or ordr  using VISA Banh ~m- '  - MASTER CHARGE - AMER. EX: 
PRESS.Glra numb- and ex. d.1.. Ph 1-308-236-5333 9AM - 6PM w..k d.)r.. We nNp h? 2-3 d.~.. 
PRICES MAY INCREASE SO - ORDER NOW AND SAVE1 U mntenn.. au...nt..d lor 1 v..r. Monw I 
I bash CGII ~ . a .  1" USK~REE INFO-AVAILABLE ONLY FROM - I 
I WESTERN ELECTRONICS Dept. AR- 2 K..~n.y. Nmb..*.. 68047 I 
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, !;<,>I",.., l,,,5c, :.4,,,,<. 
L l<;k) 's  1.N. ' ~ ~ l 4 S 1 ' . ~ 4 . ' ~ 0  
u ~ : I ~ ~ u  I O I W ~ N I  : n . s t b  

I?:#* I l V c - H  *=' U.1 S T C C L  & I L  T Y P I S ! "  

HEAT S I N K S  

I : , , ,  Y . ,  i l  

t-0, , r, I,.$ k i . i r  , I ,  , . .  
?r,,: ,..,. r, ,:I : I  I . .  

RLXII4A'P~'II 111/55 

..,:" :,: : : . 
$4.95 COAX REL,"~! 

I iih. ........ L... 
1 IF,\',,,' \ 'dl  I t V , , .  ,,..,. :'I.- .......~. I .., . . IS  ..11,'1.1 :', , , , , , . , ? C , > .  

pk , , , , , !  i , . ,  h , l c l l y  1. .  

<i,,I,l , ,v-r  .<I  I". ! 1.1 . ) ' . " ' . I  

,-0nt .11.1. 

10" W , , ? ,  ,hF ! . , t  5.>c; 4 . ( ; # I , :  
.......................... .;.::.. . . .  

SURPLUS CIMAC-New/Guaranteed AIR VARIAULt CAPS 

3-4002 $72.00 Single Section: Dual Section: 
Jennings Vac- 3-500~ 572.0il 55-450~f  7KV $25 40-310pf 7KV $27 

- 
DIODE SPECIALS 

I K 4 C 1 1  ?!mVnl;\ I . ' S l  
,,,,?",*I, I, S l  .................... 

1IV:inn IKY~l.",h .'I' $ 3  .................... 
I Y 4 1 4 H  l l N ' 1 4 1  ' iO'Sl  

. . , ..n .)~." < ;,;. t 

BRIDGES 
I R  I l O U I I 4 P - N E Y !  

4OOV a 3 m ~  
S r o e k  u p  NOW! 

$ 1  aa .  6 / 5 5  

uum Relay 
RFZB 518.00 

Muf f in  Fan 
$7.50 

. . . . . . . . . . . .  . . 
76477 

.;, :o""",''F::r .I,'.. .,.., , ,,., " ,  . ~,,,,," C",,. . . . . . . . . . . . . . . . . .  .",.,,, . .,< 8 .  , I,,, I,,,' . A ,  

$3.50 L A .  3/$!04 
1'. """.. ..""".,I o n l r  ?I,' 

FERRITE! 
HODS - ', X 5 "  
$ 1  ea. 6/S5 .............. 
LIEADS 1 2 / 5 1  
i , m ' f ~ , f  $ctpptu 

Sockets & Chimneys 
Avai lable 

e d ~ e  d l l o w  l o r  r n > i , o \ n g .  
r e ) l d c n l r  add 5 $ a l e <  i c a  

2 I l I I  - NBW! S t 1 5  
b H i  HAillAl.\' 4 0 ~ 1 1  5 1 1 0  , . .,,,, 41511 - NRW! $ 1 1 5  

40-310pf 7.5KV $19 27-300pf 4.5KV 525 
27-350pf 4.5KV $18 

QSL T-SHIRTS 

) n o  . ,%v (,,?I ( # , I  

IXXI ,, i tmv IISI , * > c ~  

DEALERS 8 O,E,M. 's 
&', ran supply laroe 
C~Udn,, , P A  at si,p'-r 
p r ~ r t . s .  Y r )  rx I 1  buy 
your-  r x r . c . s + !  El! h r r  

,..,I1 ,.I w r , , , .  r rn! . ly  
v.,y y o u  t ~ ~ , n , r t t  ! ::<I 

fllr ((Li O l i l ,  ,<," <>i .I" 

0 1  1c.r .  

V 

A~~~~~~ ~ ~ d i ~  center 100i PRESHRUNK COTTOli Ill 5.10rris. Mesa. A 2  115202 Other info-2% per l e t t e r  

(602)833-8051 SASE FOR AilOITIUI4AL INFO 

42% $ 1 2 5  
1 4 1 ( 1 l A  $75 

ELECTRICAL TAPE! 
Ill<;,, v<,l.'l;%Gt IY I ' I .  

75t p,, ,10/$6 
"'"I '  I".""' 'I." 
1.I I '  Y L l l l l  , ip.. I If I 

v.ry .",,,I ( I , , . . '  

ULlRA TUNER DELUXE 
The new SST T-4 Ultm Tuner Deluxe Features: 
matches any antenna-.-coax fed or Matches any antenna - coax fed or 
random wire on all bands (160-10 random wire. 1.830 MHz. 
meters). Use it with your dipole, vertical, 300 watt output power capability. 
beam. etc. It works with any transceiver. SWR meter. 

I T S  EASY TO ORDER! 
l>sa ,  Vx%.s; s!:#sr<,r c l~ .a r~ t , ;  <:l>c.ck, M 0.; <.O. l l .  
I',.ll.pl,on. ,.rct..rx rc.1cumr 
A I I ~ W  lclr - r x r r s l  q u x r k l y  r<. f~~nd*. t !  
Ilxn,nu. "rd,., <,r IS.,, , ,  ,?l,..l,.! 
I.d,nn. r c s l d r n l a  add 4% t a x  
P r i e - r  good Ihraugh ruvor  monl l l  

Tune out the SWR on your antenna for 
more efkient opemtion of your rig. One 
antenna can even be used for all 
bands.ThesWRonmobilewtupscan 
be tuned out from inside your car. 

An easybread huo color meter scale 
prwides convenient indication of SWR 
for easy tuning. A back panel antenna 
switch allows you to select between huo 
coax fed antennas, a random wire, or 
tuner bypass. 

The SST T-4 Ultra Tuner Deluxe is com- 
patible with any lig--solid state or tube. 
It's compact size (9" x 2.V2" x 5") 
makes it ideal for mbile, portable, or 
home operation. Features an attractive 
bronze finished enclosure and exclusive 
SST styling. 

Antenna switch on back panel. 
Efficient tapped inductor. 
208 pf. 1000~. capacitors for flexible, 
reliable operation. 
Johnson binding posts. Four SO.239 
connectors. 
Made in USA. 

Compare features, quality, and price.- 
SST antenna tuners are your best value. 
Thin is our seventh year of manufacturing 
compact antenna tuners. 

Available now at your SST dealer or 
order direct.--information on following 
page. 

only $69.95 
ELECTRONICS 
i jn 131 x ' LA\.,JI JI , I:.AL!I 

L I C l ~ t ~ C I  I r ? l : J I  .l,'li L>Rt37 
I 

1 
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WANTED FOR CASH - R ~ D I O  C SET 38661SRC CONTROL 

We s tand  on our l o n g  terrn o f fer  t o  p a y  5% more 
490-1 Ant. Tunlng U n ~ r  t h a n  a n y  o t h e r  bonafide offer 618-T Transcerver 
(Also known as CU1658 (Also known as MRC95. 
and CU1669) See last month s a d  tor other r l ~ m s  avarlable ARC94. ARC102 or VC102) 

H~ghes t  pr lce pad  fo r  these unlrs. r a r r s  purchased 
Phone Ted, W l K U W  collect. We w ~ l l  t rade for new DCO, INC. 
amateur  gear GRCIW, ARC105 and some a i r c ra f t  10 Schuyler Avenue No  Arlington, N.J. 07032 

u n ~ t s  also requi red 
(201) 998.4246 Even~ngs (201) 998.6475 

AACCSSOHES'. 

SST T-3 

Mobile Impedance Transformer r 
I M a t c k  52 ohm rm>x lo the k w . r  lnnlxdvwe a( a mDbJD h~ 

urwmcd 12~mrmsunt~hunth1nprprealbetweRl3and52 
ohm RmK(1-1 horn 1 30 Mh, WtII wnk wth m& am. 

All band operation (16010 meters) 
unth any random length of wire. 200 
watt outpll pauer capati%(y - unll 
work with virmalb any tr-. 
Ideal for pniahk or home owation. 
Great for apartments and hotel 
rmms-simply run a wire tnsde. out 
a win*, a anypbce wabbk. Ef- 
ficient l o r d  inductor for small size: 
41; x 2-.'b" x 3". and +gMe loss. 
M I - i n  rron tune-up mdrcntor. 
279 conmtor. Amache hronze fm- 
khed enclosure. 

..... .-- ,-, - -". . -,w.. ,--, ...w.-..y - .... 
MI- Torod m f u n a  lor $dl uzu 2 3 4 "  x 2" x 2 1  4" I Avttamr. hrorvp 6nsh I I I 

SST DL-I K4RU DUMMY LOAD 

I SST AS-, ANTENNA SWITCH 
' -  

4- ... .... 
1' ............ l... ............. ....... ...... Lj ,.: ..I A,, ,-<,,, c ..mu..... ,,,.,,. 8 ,  

-,, , , I "  / ",," 
\! .... ,*.. I...... I..." ................................ ......... .......... 

A $ !@, ,<,,,a... <,urn*.,,, 

-1 I.-.. .., $1 1.95 
ELECTRONICS =-I 

SST T-2 ULTRA TUNER 

Tunes out SWR on any coax fed anterna as well x 
random rwes Works great on aR bands (80 lometers) 
unth any transover mnnmg up to 200 wans power 
outplt 
lmews usable bandwdth d any antenna Tunes 
out SWR on mohk w h p  from mde your car 
Usseffinent tappzdnd$orandspeclalhlmadeca 
pantors for small me 5l, x 2%" x 211" R&, yei 
compKt Neglqhk lme loss Attractwe hron7e finnh 
d enclosure SO 239 coax connecton are used for 

I hann~tter lnput and caax fedanten~s conwnmt 
bndlng w t s  are pranded for random uore and I m n l t r ~  m n r a t n n ~  mly $39.95 

1 'N) ()~<IjEI<: I Call 12131 376.5887 or 379.9572 to order 

I I City State - Zip - 
All SST products are uncondikrdy guaranteed Models Desired: Total Grlosed 
for 1 year. In addition, they may he returned with. $ 1 in IOdays for a full refund (hsssh~pping) if you are or charge to: OVlSA OM.C._OC.O.D. 

Send a check or money order--or use your 
Master Charge or USA card COD and credlt 
card orders are also accepted by phone %I& 

I awe us wur card number and exotrakm date 
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PO Box 1. Laundale. Calf 9Q60 



I.'?, tin. LI*ll l , l  ,I*.. 

8-5 R"% ,,, "*. 
B . ? i i  I,*?" 01.1P8.r R", Olnrl  
8'U $, I t*  CdmrolC 
llil Roi Can,% . 0 I U W T I  
*_li hDf l*...." 
h..,I h* l o  ,mi 
" ' 5 '  slny "MA Umlla, 
8 ,il  PI^ #"...."PI C o w  . ..,, ,. . . v , m ~ # e m  110118101) MI< lair 

$74 9, ,,a> lo?.,, s,,.r 
2.9, , I"?4,,  \v,,r 

'. I*., arr .i*r..,, rn,,Pa 
.\ 19, ,.,.r.,*. A,,,,,..,". ,tom " bbn 

" , , . , : 5 ' 4 "  I ' ? ,  \ , r , r  

Pan NO. Cable Langlh 
Ptl?SP 4 - P  . 1. 
D8)SP 4 . 5  .: r ,  
nn>ss .I s 4 1, 

5 '  O,,Z# l i~ w <,I"< 
- O r d e r  both your TRS-16K and the 

: $0 sulr II Interface kit together (retall value 

'A>** 5.' ,I,"rnCDL1* Q95 

m l n r r o  CIRCUIT EOOE.WRO :11** 7s 11, 111" mc. I .il 

w I- re 011 *n ,~u - wurrm conc.r.s - uw lo an r r on I ?  CASSmE CAPhCllY 
ADDITIONAL CASSETTES 
AVAILABLE .C 1 5  52 M w 

EVALUATORS WITH POWER 

R!, 111, 11, ""8, CMOS nn,m 1" 5 ,  rn" O h  
vnn -nn b a r  19 in?? o a  . LII ca i~~w~m~t :  lo ,(on> wnms marator, mrrr 
t"il"#*t a"" nmsrir 4,s ma"< "0 ,ol(llm, )tug m 
I* ~*i,,,# O ~ L U ~  en mntror y.,r,t13 nome ~omnutcrs. C C N  caimra. . ~nt~,<oc\nrrl  *iln any roimO lil lo LWG n ! e  Apple 1 1 ,  work5 l l l h  Clomeco 01- 

. , A  i . , , 1 .,:, , 

cnrn~ule, q r l s m  rmufnng 

. Uses LM 309K . Heal smk provided 

This cares m mpctlon moldad 
unll lnal s #dm1 lor urss such 

MAIL ORDKH t l . l( ' l 'ROYl('.\  - )I'ORLDWIDf: 
1021 HOWARO AVENUE.  SAN CARLOS. CA YO10 
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VALUES! Switchable Wilson Mark IV $229.95, Mark II 
$199. Tempo S1 write. Triband Beams: Wilson System I 
$192; System 11 $155; System Il l $130; Cushcraft ATE-34 
$194. HF Verticals: Cushcraft ATV-5 $80; ATV-4 $66; 
ATV-3 $37; Wilson WV-1 $55. AEA AD-1 Autodialer $84. 
MFJ 15% off iist. Taylor 516 2m Mag Mount $18. Hustler 
antennas write. Telex headsets 10% off  list. Write or call 
for flyer. Tower Specials. EGE Inc. 2410 Drexel, Wood- 
bridge, VA 22192 (703) 494-7949. 

WEATHER STATION. Want your own station for your 
club? Used facsimile recorder available in perfect work- 
ing condition. It gives all weather charts plus satellite 
image of cloud cover. Only $500 plus come and get it. 
Contact Frank Borek (313) 761-2300 ext. 233 (days), or 
(313) 231-2177 (evenings). 

- 

PORTA PAK the accessory that makes your mobile really 
portable. $67.50 and $88.00. Dealer inquires invited. P.O. 
Box 67. Somers, Wisc. 53171. 

FREE CATALOGS: P.C. Boards f ro8n artwork or 
magazine. 3 0 ~  a sq. in. Also artwork, drills, parts and 
kits. Hauck Electronics, 1928 Fairacres Avenue, Pitts- 
burgh, PA 15216. - 
STAR.TRONICS monthly picture flyer is full of parts and 
pieces for the builder. Cheap. Quality. U.S. only. Star- 
Tronics, Box 683, McMinnvilie, OR 97128. 

WANTED: G.E. 150 mc Master Transmitter and 12 Vdc 
power supply strip. Sell ten G.E. 30-50 mc Mobile 
Monitor Receivers $100. K6KZT 2255 Alexander, Los 
Osos, CA 93402. 

flea market 
T 7 

14 Pin DIP  extender cable. 
36"  long \with MOLDED 
plug each end. Highest 
quality $2.00 ea. 

6 lor $10.00 
- 

Molded bridge rectifier. 100 
volt PIV @ 2 amps. 455 ea. or 

5 for $2.00 ppd. 

Photocell --- first quality plastic 
encapsulated. Dark resistance 
100 megohim; Lite resistance 150 
ohms. 20c lea. 6 for $1.00 ppd. 

RATES Non-commercial ads 1 0 ~  per 
word; commercial ads 606 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our e d i t i n g ) .  Repeat inser- 
tions of hamfest ads pay the non- 
commercial rate. 

COPY No spec ia l  layout  or ar- 
rangements available. Material should be 
typewritten or clearly printed (not al l  
c a p i t a l s )  and must include full name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible f o r  claims made. Liability f o r  

Single RCA type jack. High 
quality factory new. 15c ea. 

8for $1.00 

7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 hiigh. Real nice. 

75c each 

Jumbo LE[)s. .2 inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessories. Literature. Estes Engineering. 930 
Marine Dr., Port Angeles, WA 93862. 

4PDT Relay, 12 VDC coil, Potter 
Brumfield, 5 amp contacts, fac- 
tory new of course, a beauty. Also 
available wilth 24 VDC coil. 

@ ui 

$1.90 ea. ppd. 

Vertical Mount Trimmer Pots - All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - l 0 K  - 20K - 25K - 
50K - 250M - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1 .OO ppd. 

STAMP BRINGS USED HAM GEAR list - Lewalskl, Apt. 
17,2717 Wyandotte, Las Vegas, NV 89102. correctness of material limited t o - c o r -  

rected ad in next available issue RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. DEADLINE 15th o f  second preceding 

month. 
SEND MATERIAL TO: Flea Market, Ham 

Radio, Greenville, N.H. 03048. 

FOR SALE: HW-8: $100; HP 608C Signal Generator, 
10-480 MHz, built-in crystal calibrator: $600; R390A 
Receiver with manual: $500. All FOB Champaign, IL. 
Tancig, WBSYIF, P.O. Box 397, Sidney, lL61877. 

HAM STATION EQUIPMENT plus test equipment Send 
SASE to Len. WlZTL, 22Abbott Rd . Wallnam. MA 02154 BlLD DER WISSENSCHAFT. Swap or sell. Have all 

copies from number one to present of this fantastic Ger- 
man scientific magazine. All in exemplary condition. 
Sengel, 8181 Turin Road. Rome, N. Y. 13440. 

FOR SALE OR TRADE Excellent Kenwood TS520 
transceiver and MC50 Mic. for good Atlas 210X or 215X 
with Atlas ac supply. George Konnick, Apt. C-5, 1750 
West Main Street, Riverhead, New York 11901. 

ANNOUNCEMENT: David R. Koberstein, 23 Winona Ct., 
Appieton, WI 54911, is the new Awards Manager of the 
Worked All Wisconsin Counties Awards sponsored by 
the Neenah and Minasha ARC (N-MARC). Cost $1.00 and 
should be accompanied by iist o f  counties worked, sta- 
tions, dates, etc. Please send SASE. 

MOTOROLA HT220, HTZOO, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 320-4439, evenings. 

CANADIANS: 1,000,000 surplus electronic parts. Hun- 
dreds of fantastic bargains! Good deals on Yaesu 8 
Icom. Free catalog. ETCO-HR, 183G Hymus Blvd.. Pointe 
Claire, Quebec H9R 1 E9. 

- 
ROHN TOWERS - Buy wholesale from World Wide 
distributor 25G sections $35.97 each - 45G sections 
$54.89 each. 100 foot tower kit $628.22. 48 foot fold over 
tower $515.50, freight paid - 40 foot free standing BX 
$171.97 - Hill Radio, 2503 G.E. Road. Bloomington, IL 
61701, (309) 663-2141. 

VERY in.ter.est.ing! Next 3 issues $1. "The Ham Trader". 
Sycamore, lL60178. - 

SELLING: An extensive collection of magazines, books, 
catalogues, and other materials pertaining to amateur 
radio 1905 to present. Complete sets of CQ, 73, Ham 
Radio, and many others. Many first editions, callbooks, 
handbooks, ARRL publications. Also QST 1921 to pres. 
ent complete. Many loose issues of rare journals. Also 
antique radio tubes and parts (no sets). Send SASE for 
list to: Richard Kampf, 9 Black Birch Lane, Scarsdale, 
New York 10583. 

Highest Qualit E. F. John- 
son Trimmw laps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 
90c each; 10 for $7.50 ppd. 
- - -- -- 

:IUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/all hard- '$ ware. $1.35 ea. ppd. 

1000 volt PIV 2 amp diodes .10 ea. QSL CARDS 5001910. 400 illustrations, sample. Bowman 
Printing, Dept. HR,743 Harvard, St. Louis, MO63130. 

ELECTRONIC KEYERS, Code practice oscillators, car 
alarms. FREE catalog sheets. Globaiman, W6PHA. Box 
246HR, El Toro, CA 92630. (714) 533-4400. 

88 mHy unipotted toroids 5 for $3.50 

SO239 Coslx Fittings. . . . . . . . . 50c ea. 
PL259 Coax Fittings . . . . . . . . . 50c ea. Foreign Subscription Agents 

for Ham Radio Magazine 
HamRad~o Austrta Ham Radlo Holland 
Karin Ueber MRL Ectrontcs 
Posttach 2454 Poslbus88 
0-78s Laerrach NL-2204 Delft 
West Germany Holland 

Ham Radio Belg~um 
Stereohouse 
Brusselsesteenweg 416 

Ham Radlo ltaly 

0.9218 Genl 
STE. Vta Mantago I 5  

Belgium 1-201 34 Mllano 
Italy 

Ham RadioCanada 
BOX 114. Godernch 
Ontario. Canada N7A3Y5 Ham Radlo Switzerland 

Karln Ueber 
Ham Radio Europe P03 t fa~h  2454 
Box 444 0.78% Loerrach 
S-19404 Upplands Vasby West Germany 
Sweden 
Ham Radio France Ham RaoloUK 
Chri~liane Mlchel P 0 Box 63 Harmw 
F.89117 Parly Middlesex  HA^ 6HS. 
France England 

Ham Radlo Germany 
Karln Ueber Holland Radio 
Po~lfach 2454 143Greenway 
0.78M Lmrrach Greenslde. Johannesburg 
Weat Germany Republic of South Afrlca 

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. 

Transformler: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10  Amps intermittent 
duty. Ideall for 2M rigs! $8.00 ea. ppd. 

TELETYPE EQUIPMENT for beg~nners and experienced 
operators. RTTY machines, parts, supplies. Beginner's 
special: Model 15 Printer and demodulator $139.00. 
Dozen black ribbons $6.50; case 40 rolls 11116 perf. tape 
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave., 
Brooklyn, N. Y. 11224. Tei: (212) 372-0349. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 

PA RESl DENTS ADD 6% SALES TAX 
FON E 41 2-863.7006 

RM.300 RTTY Modem, the complete TU and AFSK 
generator on one board. This modem featured Sept '78 
Ham Radio. Complete documentation $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com- 
plete RM-300 or RP-400 kit less PROM $71.25. PROM pro- 
grammed with your call $7.00. WA6DNR Eclipse Commu- 
nications, 5 Westwood Drive. San Rafael, CA 94901. - 
EZ deals are the best! Try me and see for Yaesu, Drake, 
KLM, Swan, Cushcraft, DenTron, VHF Eng., ICOM. CDE, 
Hustler, Wilson and more. Call, see or write WOE, Bob 
Smith Electronics, RFD 3, Hwy 169 8 7, Fort Dodge, IA 
50501. (515) 576-3886. 
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RVC B L I IP -H  
111:-27Jli 92.50 

BNC P/BNC-F 

HNC F -PANEL 

UG-lOV4SI.00 

THE IFNEI). 

:'<,m,,oter Gr.,do 
'-a,iaclt"r* 

1n.ooouf inv 5 2 . 1 5  . * .  ,, 

PO BOX 9023 

RIVIERA BEACH, FLDRIOA 

.~dd ~ 1 . 0 0  for ardcr undcr 510.00. 
6 ~ o r r i q n  orders please add s u l f i -  

MANUALS lor mosl ham gear made 193711970. Send 
only 2% coln lor list of manuals, postpaid. HI. Inc.. Box 
HW,Councll Bluffs, lowa51501. 

CW OPERATORS - keyer paddle, model HK-1, brand 
new: S20.W. Will shlp COD. See p. 114. May 1978 HR. 
Heath DX.60B XMTR $50. GE NBFM xcvr.. 43 MHz. $60. 
M. Gordon. 280 Harvard St.. L5C. Cambridge. MA02139 - 
POSCCHECK: study guide and sell.lesl to aid In pesslnp 
FCC exams. Same multiple choice, fllp sheet, quesllon 
and dlagram form as FCC exams: IBM sheets for self. 
tesllng; keyed answers wilh explanalions. Expertly 
devised to cover the last material released by FCC lor 
current exams. Same day servlce. Flrsl class malllng 
prepaid USA. Check or money order with order. Novice 
class. 54.95; General. $5.95; Advanced. $5.95: Extra 
Class. $6 15. Posi.Check, PO. Box 3564H. Urbandale 
Station, Des Molnes. Iowa 50322. 

- 

WANTED: UHF GE MASTR PRO and VHF Harrls 
Mobiles. SELL: ANIURM-25 Signal Generator 5235. Rapld 
Charge Nicad battery for HT.220 OmnlS25. W4BCS. 8112 
Lakeshore Drlve. Mablelon. GA 30059.1404) 941.3461. 

MOBILE HF ANTENNA. 3.5 - 30 MHz Incluslve. 750 watts 
PEP, center loaded coil, tuned from the base, ellmlnat- 
ing coll changlng or removlng from mounl. Less than 1.5 
l o  1 VSWR on all ham bands. 1119.95 each - contact 
your local dealer or order from Anteck. Inc., Box 543. 
Jerome. Idaho 83338. (208) 324.3400. Master Charge and 
VISA cards accepted. Dealer Inquiries invited. 

FERRITE BUDS: wlspeciflcafion and application sheet. 
121$1.00. Assorted PC pots . 1WSl.W. Miniature mica 
trimmers, 340 pF. . YS1.W. Postpaid. Includes latest 
calalog. Stamp for catalog alone. CPO Surplus. Box 189. 
Braintree. MA02184. 

FOR SALE: Measuremenls 80 Slpnal Gsneralor. $275, 
Molorola TI0218 Frequency Meler (Measuremenls 7601 
$250. Bolh in  mint condition wllh manuals. W. J. 
Budzyna. KIBZI, 49 Gill Court. Whlllnsvllle. MA 01588. 

THE MEASUREMENT SHOP has usedlrecondltloned 
test equipment at senslble prlces: catalog. 2 West 22nd 
St.. Baltimore. MD21218. 

CLUB CALL PINS 3 lines 1Ih x 3% $1.55 each. Call, f lrsl 
name and club. Colors - black, blue or red wllh whlle 
letters. (Catalog) Arnold Llnzner. M41 Linden Street. 
Rldgewood. N. Y. 11227. 

- 
FOR SALE: Gertsch FM.7 frequency meter and DM-3 
deviation meter $675; Hewlett Packard 808B signal gen. 
erator $450; Fluke 801 differential voltmeter $150; Tek- 
lronlx 535 scope wlth CA plug.ln $425. Lynn Price 
'NBZHOX. 437 Payne Drlve. Endicott. New York 13760. 
phone(60n 754.2194 belween 6.8 pm. 

AUTHORIZED DISTRIBUTOR F9FT Antennas. Mlcro 
wave Modules. RIW Products' new landem reflector. 19 
element. 432 MHz Yagi - Radlo Clinlc - N2MB (former- 
ly WAZBIT)212-327.4952. 

- 
TUNGSTEN CARBIDE CIRCUIT BOARD DRILLS. I 2  
assorted sizes lor $3.95 ppd. L. R. Deslgn. Box 41. 
McMlnnvltle. OR 97128. 

MICROWAVE low.nolse TWT preamplifiers lo r  
satellitelamateur bands: 2.04.0 GHz passband; 2530 dB 
gain; 110 volt 60 Hz power: TNC connectors; used unlts 
tested okay but sold as-Is: $2W plus $4 shipping. M. 
Mursec. 551 1 Wesl Jerelyn. Milwaukee WI 53219. 

TEST EOUIPMENT CATALOG l~sl inp used Tektronlx. HP 
and GR equ!pment at bargal" prlces PTI. Box 8699. 
Whlte Bear Lare MN 55110 Price 51 00 refundable ~ 8 t h  
first order. 

WANTED - Radlo lranscrlpllon dlscs. Any slze or 
speed. Larry. W7FIZ. Box 724. Redmond. Washington 
98052. 

DESK TOP CONSOLES, ulllmate operating convenience. 
Free brochure. Thompson Electronlcs. P.O. Box 363. 
Weslfleld. IN 46074. 

SBM3 HEATH All Mode Recalver. Mlnl wlth malchlng 
speaker $250.00. F. P. Pursell. 22 Falrlane Harbor. Vero 
Beach. FL 32980. (3051 589.0917. 

BE GOOD TO YOURSELF through R-UN. Reward 
yourself wllh a new accessory or antennaor a new band 
or a second rlg or new flrst.str1ng replacement rig. 
Hare's R.UN's partial reward.yourself list. Accessory: 
keyer ( I, tuner ( 1, amp ( ).other ( I. Antenna: mobile ( I. 
fixed vertical ( ),tower ( ),other ( ). A second rlg: mobile 
( ). GRP ( ), hernia special ( I, A new band: 2 meters ( ). 
hlgher ( ),to duh moon ( ). Sofld stale HF for your ARS 
( ).We can help you select from lop amateur equipment 
brands. And will even mall along a "Thank You" card 
from U l o  U. (Or anyone else.) Don't Just leave to North 
Pole Nlck (or the Bunny) again. R.UN In or Jlngle the 
telephone bells now lo  Radios UNllmlted. 1760 Easton 
Avenue. P.O. Box 347. Somerset. New Jersey 08873. 
(201) 4694599. 

Ham Gear 
Colllns 516 F2 power supply. new. In box 
Colllns KWM2A transceiver, exc rnd 
Colltns 75A4 ham recaaer, vy good 
Collins 31284, Sta Cnll id, exc 
Collins 31285. Vto Consols. exc 
Colllns 75S3C. rnd, arc 
Collins 18OS1, antenna tuner 
Collins 32S2. ham xmlr vyqd 
Collins 30L1, vy qd 
Coll~ns 516F2, powor supply 
Coll~ns A-390A rcvrs. overhauled exc Eond 

can 
Collins 51S1. 2-30 MHz rcvr 
Hammarlund SP-SOOJX, r c n  
Colltns CP-1 Crystal Pack 
Raca16217E, 5-30 MHz i ~ l m  
Colltns 3283 ham transmlltar, vy gd 
HarrisonO-20vollll 5am~hb~wrSuDDIbs, 

$275 
$1375 
$425 
$250 
$550 

11250 
$295 
$450 
$595 
$175 

I lor quote 
Special 

$395 
$195 

51350 
$650 

ea. $45 
Johnson 2kw Matchbox W / S W ~  metel $195 

Test Gear 
H-P 200CD wide-range oscilloscope $150 
Measuremenls Model 80. 2-400 MHz $295 
Measurements Model 658 signal ganerltDr $295 
HP.202H 54-216 MHz AMlFM Sig qen $695 
HP-6080 10-420 MHz stg qen $550 
Tak 564 storage 'scops. wlplug ins $695 
Tek 545 30-MHz 'scopa $395 
Tak 531A 'scopa, exc $350 
Tek 851 digital tester new, w/lccd¶S ClHIOr quote 

We stock Amateur and Professional 
equipment from manufacturers such 
as Colllns. Hewlett.Packard. etc. 

All equipment sold checked 
and realigned 

Write f o r  f r e e  catalog. 

I The llnw har romc for all drnrteurr to u n ~ c  on , ~ ~ h t  
We murl know each olhrr a\ 1111 other Irafrrn.ll 
oruanvaltc~nr. The abtltfr rrrwmuc each other on I 
an'" cx<asoan >r a true mdrk oi ir;irrnal hrolht,rhood. 
Gnrup I l l. IWBZLCK. KBZDX and KBZDLI d~rmyned 
thll 10 Larat anld rina to vortrav our nrcal and nroud I 

I fraternity. T h s  cxqum;l~c Anp. IS k a d t  i~xr lunvr l~  lor 
you by Inan's lwnrld famous lor thrlr qualltv a<hmrve 
men1 r!n I wllh your call lctlcrr prc,mmn~nlly dsplaycd. 
For drta& infomallon and rcusahlc rmy, r,rrr Wrxtr: I 
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You're just a few digits away from I 

YAESU 
KENWOOD 
DRAKE 
l COM 
STANDARD 
EDGECOM 
KDK 
PANASONI C 

DENTRON 
HY-GAIN 
MOSLEY 
CUSHCRAFT 
Wl  LSON 
HUSTLER 
LARSEN 
BENCHER 

TAYLOR 
SWAN 
TEMPO 
TEN-TEC 
MIDLAND 
CDE 
AUTEK 
MIRAGE 

E.T.O. ALPHA 
VHF ENGINEERING 
BERK-TEK CABLE 
CONSOLIDATED TOWER 
SAY 
SHURE 
TELEX 
ROBOT-SSTV 

We carry all major lines of Antennas at Discount Prices - 
IAAL OUR NEW HOURS Innlr 
IUUW at Lincoln store only 

m A n  
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UNIVERSAL SOUND EFFECTS BOARD 

The SE-01 IS a kit that contalns all the parts 
needed t o  bu i ld  a programmable sound ef-  
fects generator. Des~gned  around the new  
Texas Instruments 76447 Sound Chip, the 
board provides banks o f  M ~ n i  DIP sw~ tches  
and pots  t o  program the varlous cornbina- 
tlons o f  the SLF Osciliator. VCO. Nose.  One 
Shot and Envelope Controls. Another IC is 
used  lo imp lemen t  an  Ad jus tab le  Pulse 
Generator. Level Comparator and Mult ip lex 
Oscillator for even m o r e  versatility. The 3!4" 
by 5 plated PC Board features a prototype 
area t o  a l low for user added c~rcuitry.  Easily 
p r o g r a m m e d  t o  duplicate Exp los ions ,  
Phasor Guns, Steam Trains, or an almost 
~ n f l n ~ t e  number  o f  o ther  sounds, the unlt  has 
a mult i tude o f  appl~cat ions. The $16.95 prlce 
includes Assembly Manual. Programming 
Charts,  a n d  76477 C h i p  s p e c ~ f i c a l i o n s  
(speaker not  included). Available f r om stock. 

POWER SUPPLY K I T  
PS-14 

6 DIGIT ZULU CLOCK KIT 
.I I.., 1 r l l .  ln It.". iksw ..n ww bqn I<"  mm m-m. - -. I.. m, ,. * m,,,.. 1 0  a,- .m - "I.. m I?. -I, 

OWNER REPAIR OF AMATEUR RADIO EQUIPMENT - 
$795 postpaid. K6RO. 14910 LG Blvd.. Losgalos. CA 
95030. 

TECH MANUALS lor Govl. surplus gear - $6.50 each: 
SP.6WJX. URM-25D. OS.8AIU. TS.1731UR. Thousands 
more avallable Send 506 (coin) for 22.page 11st. WJIHD. 
7218 Roanne Drive. Washington. DC 20021 

STOP LOOKING for a good deal on amateur radio equip. 
men1 - you've lound It here - at your amateur radio 
headquarters in the heart of  the Midwest. We may not 
have a toll free number but we'll save you more In the 
long run! We are factoryauthorlzed dealers for Ken. 
wood. Drake. Yaesu. Collins. Wilson. Ten.Tec. Atlas. 
ICOM. DenTron. MFJ. Tempo. Regency. HyGain. 
Mosley. Alpha. Cushcraft. Swan, and many more. Write 
or call us today for low quote and try our personal and 
friendly Hoosler service. HOOSiER ELECTRONICS. P 0. 
Box 2Wl.Terre Haute. lndiana47802. (812)238-1456, 

- 

RTPl - NS.1A PLL Demodulator WIT $26.95; kit $19.95: 
board only 54.95. Bandpass active filler 212512295 Hz kit 
St 1.95. WITS16.95. Ali postpaid. SASE lor info. Nal Stin. 
nette Electronics. Tavares. FL32778. 

BUY.SELL.TRADE: Send S1.W for cataiw. Give name. 
addressand call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
lor best deals. We buy Collins. Drake. Swan, etc. 
Associated Radio. 8012 Conser. Overland Park. KS 86204 
1913l381.5900. 

Coming Events 
MICHIGAN: The 9th Annual Llvonla Amateur Radio 
Club's Swap 'n Shop. Sunday. February 25. 1979. 6.W 
AM to 4:W PM. (new) Churchlll High Schwl. Livonta. 
M~chigan. Tables, d w r  prizes, refreshments and lree 
parking. Taik.1" 146.52 Simplex. Reserved table space of 
12.lool minimum available. Send SASE lo  Neil Coffin. 
WABGWL, d o  Livonia Amateur Radlo Club, P.O. Box 
211 1. Llvonia. Michlgan48151. 

RADIO EXPO 'ls September 15th and 16th. 1979. Lake 
County Fair Grounds. Routes 120 and 45. Grays Lake. 
Illinois. Manufacturers' displays, Ilea market, seminars. 
ladies programs. Advance llckels $2.00 Write EXPO. 
PO. Box 305. Maywood, IL 60153. Exhlbilors inquiries: 
EXPO Hotline (312) 3452525. 

.- 

NEW HAMPSHIRE: 0 5 0  Pafly, sponsored by the Con. 
cord Brasspounders. Inc.. WlOC, lo  promote Worked 
New Harnpsh8re award. Operating periods 20002 
February 3rd to OMOZ February 4th. and 14002 February 
4th to 02WZ February 5th. Stations mav be worked once 
per band per mode. i4ew Hampshire siatlons may work 
each other, and will send RS(T) and county. 0ut.of.state 
stations send RS(T). ARRL seclion or country. Sug- 
gested frequencies: CW 1810. 3555. 7055. 14055. 21055. 
28130; PHONE 1820, 3935, 3975. 7235. 14260. 21380. 
26575; NOVICE 3730. 7130. 21130. 28130: VHF 50.115. 
145.015. FM slmpiex (no repealers). For addittonal Infor. 
mallon about rules, logs, and awards, contact Dale 
Clement. WAIFSZ. Bela View Drive. RFD X2. Concord. N. 
H 03301 Send logs to C Halloway. 9 Via Tranqutlla. 
Concord. N H 03301 

ROCHESTER Hamfest 6 NY Slate ARRL Convention. 
May 25-27. Add your name l o  mailing list. Send QSL l o  
Rochester Hamlesl. Box 1388. Rochester. NV 14W3. 
Phone(716)4241100. 1 
WORKSHOPS: a new and expanded serles of Four 3 day 
hands on workshops on 808018085 Design. Microcom. 
puier Interfacing. Sollware Des~gn and Digital Electron. 
ics are being gave" by the authors of the popular Bug- 
books. Participants have the option of retaining equip- 
ment used in these courses. Dales are March 19 to 28. 
1979. For more ~nforrnation contact Dr. Ltnda Leflei. 
C.E.C.. Virginia Polylechn~c lnstltute and State Universi. 
ly. Blacksburg. Virginia24061.(703)981.5241. 

WASHINGTON: Paclllc Northwest Hamlest. July 14 6 
I 5  HAM Inc Box 78442. Seattle. WA 88178 - 
NEW HAMPSHIRE: 3rd Annual Interstate Repealer 
Soclely Auction and Hamfest. February 10 StaRlng at 
9 133 AM. Manchesrer Armory(ius1 across the Amoskeag 
Brldge lrom 193) Bargalns galore Commercial exhlblts 
Free admlsslon Free parklng Talk In on 146 52. 
146 25185 and 224 86l223 46 

ANNUAL OCWA MEMBERSHIP QSO CONTEST: spon. 
sored by the Long Island Chapter, to be held on two sep 
araie weekends in 1979! CW: 0001 GMT Saturday. Febru. 
ary 10th to 24W GMT Sunday. February l l t h .  PHONE: 
W01 GMT Saturday. March 10th to 24W GMT Sunday. 
March l l t h .  Three global areas have been established 
for additional interest and point-scoring purposes, while 
the separate weekends will encourage greater participa- 
tion. Keep an eye on OCWA NEWS for frequencies, con. 
flrmation texts. and related contest rules and guidelines. 

epeat ~nlerval . 
ODEL 11764 - continuous MCW lo'er 
~ l h  PTl  control adlustable audio level pro  

.7' x 3. PCB. SM.Wkit'. S49.9Yassembled' 

MODEL 97710 - manual cw leer . p r o  
grammable code speed ID'S upon request ideal 
lor conlestlng or low band CQ's 1.5" x 2.2' 
PCB. 129951k11'. $39.Wassembled' 

MODEL 11785 - beacon cw ID'er p r o  
grammable code speed great lor 17M meter 
band  1 .3-  x 2' PCB.  $24.951ki l ' ,  
S34.951assembled' 

(254 blt memory, standard on above ID'ers 510 bll 
mernoryverslonon Models 97812E 8 97710E. $1500 
add#l#onal. Addlt~onal pre-programmed memory ele. 
ments avatlable Cornmerclal ID'sls avallable 1 
MODEL 12751 - lield programmable auto 
MCW ID'er 110 bit memory. cioseout on remain. 
in9 Stock. S29.951klt' -Only. 

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

Amateur- und CB-Funk 
OIlanbargar Str. 58. P.O.B. 2226 
D 7600 Ollsnburg. West Garmany 

Karl Rauchallas. OF 9 UK 



Toll Call F~~~ 1-800-243-7765 
Retail Price Catalog Monthly 

Computerized Used Equipment List 

/ 
k i t .% l t ( '  OMNI D lt 

OVER 50 BRANDS IN STOCK 
KENWOOD SWAN KDK DENTRON 
MOSLEY WILSON YAESU DRAKE 
LARSEN BENCHER P I P 0  BEARCAT 
B & W DATONG ICOM PANASONIC 
ARRL PUBLICATIONS*ALLIANCE*MFJ 
CUSHCRAFT*TRAC*MICROLOG*CDE 
FINCO DSI DAYBURN INSULATORS 
BIRD ASTATIC HAM KEY REGENCY 
HUSTLER.SAXTON*TEN TECeAMECO 
AMCOMM CALL BOOK KLM *TEMPO 
ROHN RUITERNUT Plus Many More! 

+ NEW AND USED EQUIPMENT 
"Get on our used equipment mailing list" 

+ TRADES WELCOME 
"The best allowances anywhere" 
"We  buy good used SSB gear" 

+ FREE CATALOG 
"Prices of all major manufacturers" 

+ SAME DAY U.P.S. SHIPPING 
"Just a phone call away" 

+ COMPLETE RADIO SERVICE S H O P  
"Mail Order Repair Service" 

Fast Efficient Service We Repair All Brands 
All Work Guaranteed Amateur Extra/First Class 

Licenses Send Us Your Defective Equipment U.P.S.  
Collect Free Shipping Both Ways If Work Is Done 

Most Repairs Done and Shipped Within 7 Days 

95 Kitts Lane. Newington, Conn. 061 11 Connecticut Residents Call: 1 - 
"Near ARRL Headquarters" (203) 667-0811 

OPEN M0N.-FRI. 10-6  THURS. 10-8 P.M. 0 .  SAT. 10-4 

EASY DIRECTIONS: Rt. 15 South - 2 blocks past McDonald's 
(Berlin Turnpike) 

More Details? CHECK-OFF Page 126 february 1979 115 



I 

METERS 
THE TOP 

OF THE LINE 

A v o i l o i ~ l e  only t i irr 'iiyh 
o u f h o r r z e d  dealc=rs. 

@ SWAN 
ELECTRONICS 

305 A ) - :  .. Roil I , . . i!1.:1 1. . ':! 92054 
(714) 757-'7'C!:! 
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OHIO: The Manslield Mld.Winter HamlesllAuclion 
February 11. 1979 at Richtand County Fairgrounds. 
Mansfield. Ohlo Prizes. flea market, auctlon. Large 
heated building. Open 8:00 AM. Talk.in 146.341.94 MHz. 
Tlckets $1.50 in advance. $2.00 at the door. For inlorma. 
l ion, advanced tickets. and tables contact Harry 
Frtetchen. KBHF, 120 Homewood. Manslield. Ohio 44906 
or phone(419)5292801 or(4191524-1441. 

IOWA: Annual Davenpon Radio Amateur Club Hamfesl 
February 25. 1979 at the Masonic Temple in Davenporl. 
Admission 52.03 advance. $2.50 at the door. Talk In on 
28188 and 52 simplex. Refreshments and tables 
avatlable. For information and tickets. SASE l o  John S. 
Birmingham. WBWCC. 2022 Brown St.. Davenport, Iowa 
52804. - 
PENNSYLVANIA: 7th Annual Lancaster Hamlest Sun- 
day. Feb. 18. 1979 at the Guernsey Sales Pavillion, U.S. 
Rt. 30 8 PA Rt. 8%. Lancaster. PA. Doors open at 8:W 
AM. prize drawlng at 2:W PM. Admission 53.W. Table 
reservation 52.00 advance New, larger lndoor Ilea 
market area. F w d  and soft drinks available. Talk.ln 
146.011.61. 

- 
FLORIDA: The Marlin County Amateur Radio Associa- 
tion's annual FIFTY CENT HAMFEST. Saturday. Febru- 
ary 17. 8 AM l o  4 PM. Tri.County Rehabilitation Center. 
4461 SO. Federal Hwy. (US I )  three miles south 01 Stuart. 
Admission: 50 cents. Swap tables: $3.00 ea. For table 
reservations or other rnfo: MCARA. P 0 .  Box 1901. 
Stuart. FL 33494 or K4ZK. Hamfesl Chairman. (3051 
334-7418. 

NEW JERSEY: Cherryville Repeater Assocation's annual 
Hamlest. March 17. 10 AM to 5 PM. Field House. Hunter. 
don Central High School, north o l  Flemington on Route 
31. Over 200 tables, seminars. door prizes. Admission: 
52.50 per person For lnto: Sandlord G. Franklin. Chair. 
man. RD Y3. Box 336. M~llord. N. J. 08848. 

TEXAS: Texas VHFIFM Sociely Winter Convention 
February 9. 10. 11. sponsored by Temple Amateur Radio 
Club. Inc. Activities Include exhibits, transmitter hunt. 
communications programs. lull ladles' acllvltles plus 
Hotel lac~l i t~ss. FCCexamtnations. Tickets: Adv. S3.Wor 
54.W at the door. Grand Prlze: Kenwood 7WSP; Pre-reg- 
lslratlon prize; Transm~tter Hunt prlze; Hourly Door 
prtzes. Full info and reservations for Ponderosa Motor 
Inn contact: Convenllon Committee. P.O. Box 4037 
Temple. Texas 76501 

ILLINOIS: Sterling Rockfalls Amateur Radio Society's 
annual Hamfest. March 4. Sterling High School Fleld- 
house. 1608 Fourlh Ave.. Sterling. $150 advance. 52.00 
door. Large indoor Flea Market, free parkeng. Area lor 
campers and mobile trailers. Commerc~al reservations 
only. Nearby shopping centers and theaters. For tickets: 
Don VanSanl. WA9PBS. 1104 Filth Avenue, Rockfalls. IL 
61071. Make Checks payable to Sterllng Rocklalls ARS. 
please lnclude SASE. Talk.ln on 146.94 simplex. 

VIROINIA: Vienna Wireless Society's annual WINTER. 
FEST. Sunday. February 25. Vienna Community Center. 
Indoor tables and sales. prizes. food. Frostbite tail. 
gallng: St 00. Opens 6:30 AM for vendors: 8 AM for gem 
era1 admfsslon. Admlsscon: 13.00 (tncludes one prtze 
ticket) $2.00 for extra tlcket. Preteens with parents tree. 
Tables $500(not lncludlng admsss~on lee) lor tlrst; $3.00 
lor second; $2.00 each over two. lbmbt SIX. Reservations: 
Carroll N. Guin. 7533 Oak Glen Court. Falls Church, VA 
22042. Information: Vienna Wireless Society. PO. Box 
418. Vienna. VA 22180. Reservations close February 15. 

-- 

INDIANA: LaPorte ARC'S winter Hamtesl. Sunday. 
February 25. LaPofie Clvic Auditorium. Tables $100. 
Donatlo": $2.00 gate. Talk In on 011.61 and 52 simplex. 
For l n l o  LARC. Box 30. LaPorle. IN 46350. 

MISSISSIPPI: Old Nalchez ARC Hamlest. Sunday. April 
1. 1979 at the Natchez Convention Center. Indoors. air. 
cond~t8oned. FREE admlssron and swap tables. Talkdn 
on 146 311 91 and 146.52 slmplex For ~nformallon, wrlte 
ONARC. 1226 Magnol~a Avenue. Natchez. Mississippi 
39120 

OHIO: Cuyahoga Falls Amateur Radio Club's 25th 
annual Electrontc Equipment Auction and Flea Market. 9 
AM to 4 PM. Sunday, February 25. Norlh High School. 
Akron. Tickets. $2.00. Bring own tables, some avaolable 
lor 12.00 ea. Relrcshmenls, prizes. Grand Prlze - Trlton 
IV. Tallmadge Avenue oll-ramp. North Expressway IRt 8) 
to malor Interstates and Ohlo Turnpike. Check In 146.52 
slmplex or 146.041.64 repeater. Deta~ls from CFARC. P 0 
Box 6. Cuyahopa Falls. OH 44222. Phone KBJSL 1216) 
923.3830. 

MASSACHUSETTS: The Algonquin Amateur Radio 
Club's annual Electronic Flea Market, Februan 24. 10 . . - - - - - 

AM to 4 PM. St Mary's Schoo Ha . Broad St . Mar ooro 
Easy access vna 495 l o  RI 20 East Ta k.n on 52 norrcl 
Sellersconlact Charl.eiW1BKIlGIT)562 5622 

YOU'RE SI 
!OUT 432 . 

I 
1st PLACE - EAST COAST VHF SOCIETV'S 
1978 ANTENNA GAIN CONTEST 
19 ELEMENTS. TANI1EM REFLECTOR. 
12-MHz BANDWIDTH. 432-MHz CF 

INTEGRAL BALUN. 50 5 2  TYPE N 

ALL ELEMENTS INSULATED FROM BOOM- 
NOGAIN LOSS FROM WEATHERING! 
13FT SELF-SUPPORTING BOOM 

WEIGHS ONLY 2.314 POUNDS! 
' P I T L N T  PFNDl l l l i  

MODEL 432-19. . $59.95 
441 MHz CF ATV MODEL 441.19.. S59.95 

. I . 

2 WAY !;I'LI 1. MIIIII L 4PI17. .S?4.'1!, 
4 WAY SPLIT,MODCL 4PD4.. S?B.!I'J 
8-WAY SPLl1,MODEL 4PDR.. ,549.115 

TEST EQUIPMENT 
All equlprnsnl l ~ r t ed  ( 5  operat?onal and 

~ n c ~ n d r l t ~ n . ~ l l y  quaranteed Money oack 81 not 
S~I~SIIC~ Procr.5 l l l l ~ d  ar? FOB Monroe 

Boonton l9OA Q m t r  70 760MHz 
Q S  1 2 0 0 .  . . . . . . . . . . . . . . . . . .  . 3 9 5  

GRlOOlA Stand s i g g e n  5kHz 
SOMHz c a l i b a t t n  . . . . . . . . . . . . . . . . .  7 5 5  

HPI7OAIUSMI40)  30mHzscopew i f h  
. . . . .  r e g  hor iz,  dua l  t r a c c v e r t  p lugs  4 7 5  

Tek565 D u a l  b e a m  lOmHz SCOPP 
. . . . . . . . . . .  less p l u g  i ns  I 3  series). 6 1 5  

U R M 2 5  Stand Sig Gen  IOkHz 5OMHz 
c a l i b  a t t n  . . . . . . . . . . . . . . . . . . . . . . . . .  2 7 5  

Weinschel 70 P rec  R F  a t t n  DC 
. . . . . . . . . . . . .  l g H z O  60db. ldbs Ieps4w 3 9 5  

L,st\outdilted wrotr specrlying lest 
cqvlpn~rnt nerds aunck rcrponrr assured 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Sp rc~n l~nnq  ~n used lest equlpmcnt 

FL0RIDA:TheTreasureCoast Hamfest. March 17 and 18 
at the Vero Beach Community Center. Admission 53 per 
family. Talk.," on 146.131.73 and 222.341223.94 repeaters 
or 146.521 52 slmplex For tnlormatlon wrlte P 0. Box 
3088. Vero Beach. Florlda 32960. 

More Details? CHECK-OFF Page 126 



7889 Clairemont Mesa Blvd., San Diego, California 921 11 
24 Hour Toll Free Phone 1-800-854-221 1 7 4 ~ 1 4 0  .55 

(71 4) 278-4394 California Residents 1-8001-542-6239 748151 2 
748153 .35 

CUSTOMER NAME 
CABLE ADDRESS ICUSD 

STREET ADDRESS 

AE Visa 
SPECIAL DISCOUNTS 

CHARGE CARD # BA MC EXP. DATE - 
Total Order Deduct 

C.O.D. - WILL C A L L  U P S  P O S T  NET 10th OF THE M O N T H  PO # 

ALL ORDERS SHIPPED PREPAID - NO MINIMUM - COD ORDERS ACCEPTED - ALL ORDERS SHIPPED SAME DAY $1 00-$300 15% 

OPEN ACCOUNTS INVITED - California Residents add 6% Sales Tax. PRICES SUBJECT TO CHANGE WITHOUT IVOTICE. $301 -$I000 20% 
We acceDt American Ex~ress / Visa / BankAmericard / Master Charm 



Ham Radio's guide to help you find your locar i 
Connecticut ERICKSON COMMUNICATIONS, INC. 

5456 FI. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: !3:30-5:30 Mon, Tu, Wed & 
Fri.; 950-9:03 Thurs; 9:OO-3:00 Sat. 

Alaska 

THOMAS COMMUNICATIONS 
9 5  KlTTS LANE 
NEWINGTON, CT 06111 
800.243-7765 
203-667-081 1 
Call us toll free - See our full 
page ad in  this issue. 

RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. - 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, 1L 60304 
312-848-6777 
One of America's Largest 
Amateur & SWL Stores. 

Delaware Arizona 
DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Delaware's largest stock of amateur 
radio equipment & accessories. 

HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from beginner 
t o  expert. Classes, sales & service. 

Indiana 
KRYDEH ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, I N  46815 
219-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

Florida KRYDER ELECTRONICS 
5520 NORTH 71H AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
Your Complete Amateur Radio Store. 

AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

Kansas 
-- 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 

REVCOM ELECTRONICS 
6247 1'1. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 
New - LJsed HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 

AMATEUR RADlO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Massachusetts 
California MARC'S 

CENTRAL EQUIPMENT CO., INC. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 

1 See Marc, WD4AAS, for complete 
i Amateur Sales & Service. 

TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 
The Hi3m Store of New England 
you can rely on. 

HAM RADlO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in  Van Nuys 
and Anaheim. TUFTS! RADlO ELECTRONICS 

209 blYSTlC AVENUE 
MEDFORD, MA 02155 
617-3!45-8280 
New E,ngland's friendliest 
ham store. 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

- 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. Michigan 

SHAVER RADlO 
3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icorn, Tempo, Wilson, Ten-Tec. 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, MI 49441 
616-726-3196 
Dealer for all major amateur 
radio product lines. 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL  60540 
3 12-420-8629 
"Amateur Excellence" 

I m 
--A- ns s-r T T  - -TI T T-- n r n n  A I  

YUU 3HUULU Bb H b K L  1 UU! Dealers: c ontact Ham Radio now for comr>lete details. 
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Missouri 

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 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 4 8  ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

Nevada 

COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3 A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

New Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

METUCHEN RADIO 
216 MAIN STREET 
METUCHEN, NJ 08840 
20 1-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's newest 
complete Amateur Radio center 

THE BARGAIN BROTHERS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A rr~il l ion parts - lowest prices 
anywhere. Call us! 

New York 

AM-COM ELECTRONICS INC. 
RT. 5 
NORTH UTlCh SHOPPING CTR. 
UTICA, NY 13502 
3 15-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 

GRAND CENTRAL RADIO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
21  2-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 3 15-337-2622 
Res. { 315-337-0203 

New & Used Ham Equipment. 
See Warren K2lXN or Bob WA2MSH. 

Ohio 
AMATEUR RADIO 

SALES L SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas for all services. 

Oklahoma 

KRYDER ELECTRONICS 
5826 N.W. 50TH 
MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 
Your Complete Amateur Radio Store 

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. 

,Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Us,ed Amateur Radio Equip. 

-- 
"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOH' GROVE, PA 19090 
2 15-6591..5900 
Delaware Valley's Fastest Growing 
Amateur. Radio Store 

-- 
HAMTRDNICS, DIV. OF 
TREVOStE ELECTRONICS 
4033 BfiOWNSVlLLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 3 0  Years. 
Call Toll Free 800-523-8998. 

Tennessee 
-. 
GERMANTOWN AMATEUR SUPPLY 
3203 SIJMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

Texas 
-- 
AGL EL-ECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-24 1-6414 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 
- 
HARDIH ELECTRONICS 
5635 E:. ROSEDALE 
FT. WORTH, TX 76112 
817-461.-9761 
Your Full Line Authorized 
Yaesu Dealer. 

-- 
TRACY'S ELECTRONIC MODULE 
5691 WEST CREEK DRIVE 
FORT 'NORTH, TX 76133 
8 1  7-292-3371 
We Haridle and Service 
All Major Lines. 



- PCB - PCB - PCB - PCB - PCB - PCB - 

-=-?..,, . - I i -;-.??- I 
rn Printed Circuit 

c I m 

0 
k! NOW YOU CAN design and produce your ;; 
U own p r ~ n t e d  c~rcui t  boards. 5 .. 
?? IT'S EASY. Photo ~ o s i t i v e  method. No , 

darkroom required. H 
LESS THAN 2 HOURS to produce a p.c. a 
board d ~ r e c t  from magazine arllcle. 

I KIT INCLUDES materials to make 4 p.c. 
I 

m boards direct from magazine article. 
2 Add f l for COD. S.A.S.E. for details. 

EXCEL CIRCUITS eo. 
4412 Fernlee 313-5490440 5 
Royal Oak. MI 48073 

- PCB - PCB - PCB - PCB - PCB - PCB - 

MILITARY 
SURPLUS WANTED 
Space b u y s  (more dnd pay5  (more High- 
est  prices ev6.r on U S Milttary su r -  
plus, espec~a l l y  on Cotllns equipment 
or parts We pay f re~ght .  Call collect 
now lor our hagh oller 201 440-8787. 

SPACE ELECTRONICS CO. 
dl". 01 M~ l t ta rv  Electronics Corp. 

35 Rula Court. S. Hackensack. N.J.07608 

ID & V  RADIO PARTS[ 

I VARIAIILE & T!?IMMI~ C A P A C I M R S 4 l F  CtIOKES- 
NH WOUND COIlS-TOROIUS-FEED T1IRU.S- 

T U B U M  mIhPll.i(S-KNOHS4IRE4OU&INCS- 
r n A t i s * A T C H  COHrnHZNrS. 

No nlninum order-low cost shlpplng. 
Flrst el~qs stamp for complete n y s r .  

1280'1 Y. SMLE. WEELAW. KICHICAN 48623 

HI== BALUN 
.FU dtylos, v.1~ 1rmt.d 

.om* d..bI.t.. *..ds 

.C..MII..rlr*rr&Im 

.C.h powor In m n t m m  

-#rodkndmd3-4OMhx. 

K=- T 
m-a 

.SmmII, Il.ht, uwthor-prod . PO 
-1:l lnpodmnm d l 0  --sq 

.n.,~m.n e0nt.r ~ n s m ~ w  ?=*- 

-HoWs mI lm lnmM TVI 

.?.I!, 6wrmnkd  

Van 
'9.95 , 

CCD 

Garden U.S.A. 

Engineering 
#OX 21305, S. IUCLIO, OHIO 4 4 i n  

Duns U01-048-6066 

Cash plus shipping paid for clean late 
model Motorola GE. RCA mobiles. 
Base Stations. Accessories. We also 
sell used and reconditioned equipment. 
For further information contact: 

Jesse La Fleur 
The Communications Center 

1629 Wyoming 
El Paso. Texas 79902 

(915) 545-1133 
Call lor c n h  quolatlon 16 p a n  ol lalr deallng 

HOW 
IT FEELS 

TO HAVE 
A 

HEART 
ATTACK 

I WEATHER MAPS. PRESSI I The wav a heart attack feels can varv. 
So how can you be sure that what you're 
feellng 1s really a heart attack? 

By remember~ng th~s 
If you feel an uncomfortable pressure. 

HRCB's new LOG BOOK is 
here - and it is unques- 
tionably the finest one you'll 
ever use. 80 big. double- 
sided pages of clear, legibly 
ruled stock, all spiralbound 
to lie flat for easy writing. 
More than 2000 entries give 
you twice the space for less 
money than the log book 
you are probably using now. 
Order yours today! 8-318 " 

I 
: mnsvrndiorulhn . nmbr. h a * -  

x 10-j18 ", 80 pages. 
(plus $1 .oo ONLY $1.50 each shipping) 

m Order 3 or more logs and we'll ship postpaid. 

Y l 5 t  

Send check or money order to: 
Ham Radio's Communications 
Bookstore, Greenville, NH 03048 

fullness squeezing or paln ~n the center 
of your chest (that may spread to the 
shoulders, neck or arms) and 11 11 lasts 
lor two minutes or more you could be 
hav~ng a hearl attack Severe paln, d~z-  
zlness, lalntlng sweatlng nausea or 
shortness of breath may also occur 
Sharp, stabblng twlnges of paln are 
usually not s~gnals of a heart attack 

Your surv~val may depend on getttng 
med~cal attent~on as qu~ckly as you can 
Call the emergency medtcal servlce 
tmmed~ately If you can get to a hosp~tal 
faster In any other way, do so 

Don't refuse to accept the poss~b~l~ty 
that you are hav~ng a heart attack Many 
heart attack vtcttms do just that They say 
~ t ' s  lnd~gestton or tenston They worry 
about embarrassment They often Walt 
three hours or longer before gettlng help 

But before those three hours are up. 
one out of two IS dead 

Remember what you've just read The 
tlme m~ght  come when your ltfe w ~ l l  
depend on ~t 

The American Heart Assoc~ation 9 
WE'RE FIGHTING FOR YOUR LIFE 



"LINEAR-" or V -EARIZED9' 
An aneiem amateur pmvsrb has it 
that. "Garbage in. garbaga out." Or. 
. .. . .. . 

rwmd to mv signal?" 

Linearized 
pl.nllpbullluur .,. t h  fastest 

selling amps in the amateur maket 
is the improved linearity our units 
exhibit In the SSB mods. To be 
LINEAR. tha anplitier's output dg 
nal must be an exact reproduction of 
tho inout sional. with onlv the oower - -  - . . 
Iwel changed A good rneawre of an 
amp s Ilnearlty a seen In the s~desplaner poducls 
tho yonal IS ercess~wly wlde. the amolifier IS not 

i a llnear mode. Overdrive IS ln a most comm 
. . - u  - 
being run il 
cause of $1 

, .,. ..,. ... ,,....... is to note the change in out. 
put p m r  as the input power is doubled. If a 3W input 
doubled (3 dB change) to 6W shows a change in tha 
output power ot say 25W to 50W; the amplilier is o p  
erating well within its linear range. If the 3 dB input 
change only shows a 2 dB change (1.7 timcs). the a! 
plifier b just emering its non-linear operating area. 
the change is much less than 2 dB. be assured yo1 
signal will be heard many KHz away. 

Powr:r ranges Iron1 50 to 250 watts.  
l r e q u e n c ~ e s  f r o m  50  M H z  t o  2 2 0  
M H z  From 5 1 9 9 . 9 5  
HECEIVING PREAMPS 
M c d l u m  a n d  h i g h  ga ln  models  n o w  
available for  f requencies 28 t o  4 5 0  

thw self-tart for voin SSB, is to obaarvs the out. 
put pawor lavels. A whistle. or CW carrier giv 

. 
erence signal tone power of say 80W. Whill 
normally. the powsr reading should be about 
single tone reading (about 20-25W hare). ll I 
age voice reading is much higher than 25.L.. 
single tone reading, again your neighbors many KHz 
away will be complaining. Remember, too, that splat- 
ter power is subtracting from your signal power. 
That's one reason our 80W amps usually outperform 

!r 160W units under weak signal conditions. Our 
I h a  less wasted power creating splatter noisd and 
reduced distonion products make the signal easier 
aad when under wssk condlllons. 

. .. 

amp 
amo 
otht 

es a mr- 
! tallring 
25% the 
:he aver- 
mu lh. 

A Class A amplifier is the most linear. a d  for output 
power. the most costly. At Lunar. we strive to produce 
the bast possible hear amplifier for the money. We are 
the originaton of the LINEARIZED process. and our 

~lif ien exhibit this in ooeration by the vary small 
unt of side-$1 ed when compared to 
!r amps on tb of our amplifierlpra. 

llattar prbduc, 
le maket. All 

amplifier combos (ancthsr Lunar ik 
novation) feature tb LINEARIZED 
process. Others may attempt to 
cow us. But would you want a copy 
when you c m  h m  the original? 
Don't be mishd by pice alms. You 
do gel witat you pay for. 

To pmaphras tha Aupusl '78 OST 
review of our preamps; ". . . no 
other commercially availabb pra- 
amplifiers can match or b a t  (the 
Lunar) . . ." We pul no less effon 

her poducts a*r. (lusl~ty don go in. be. 
lore ma name goes on. We stand behind out products 
with a full p a r  limited u 01. 

Sw rur lines at our  near^^. ..... , ..... r (see Occembsr 
~78adsforlisting).ordropusalineforourlatestbrochure. 

Lunar would llke to hear from you as to 
what products you thlnk we ought to be 
providing for you. D r o ~  us a ilne with 
your ideas. 
Louis Anciaux 

8-POLE 350 Hz FILTER FORSIGNAL/ONE TRANSCEIVERS S1ZO.W 

Finally! Superior 8-Pole CW Selectivity for 
Drake TR-4, TR-4C. TR-4 Cw 
1M 5,. n -. l Y l  ,l, ., 606, L.,,, oau Ua.. "lrllr ,.." liW* ',", 44,. , ,", 
r n . C * d w h . . y 0 " 1 . l  M .  .",>nm",.! e a b  cr,rom r,mm r*,,.,, 
..d maunllw ,,I * l o r n  

At Last! Superior 8-Pole CW Selectivity for 
Kenwood TS-820 
U I N I U A I  LOIS I* 11 7 (1111>12 11GW11 10NOlSl  1M Mi #1 -1 W "8  .I aab All f~ l te rs  contain 
LV,. 0P.U Un.. *#.I.,- tn.., .I..U.,O I G e C  6-1 C I  I.l!r# l*.m 1% 5m Hr .l m. 
.nnIsolH,., en,s, c r l a x  slmm specially-treated hgh-Q crystals. 

,n,,"..r I* . " l " * ? l  .*.Cll.M* 1 ll."ll".. 1- n,v, ".,ewe k., -1.. I.,- ,*.,a 11.5 

*.r ..nun( ,nr*-lm.*. I r r r d l l  I.#*.! Urnlrn,,. ,rrrnrno, , lr lns.?*, . l lor. lmns 
,E."..M m,.r...u.il.* ..r. lna(rl. , ,~r*-, , ,  ,,.,, "" ~,nm..n,,nol,ll.l."l,D"l 
C. e m 6  an * -o,,",a .I In .-.,- .m ..,,* .-rr*, t" ,.,.," man. -win 

l,.,.. l,..-,.n.r,l.l,m,lr., 6nrllc",.onU ,uu,+.t"r.M~".ln,a.r un..rt,<u 
"dl ..- N . l  m..,l,,.an, Oan -5 .. .*IlO ,.I$., rr.. 0" UO,. nmmr I N . ,  .m.o 

for Amateur Radio Gear 

& M [RAGE AMPLIFIERS $1 69.95 ssbllm: IM.MEMH~: adjuslable RXpreamp/VHF delay: remote poweramp control optional 5 . 1 5 w a t ~ n ,  8Owat~soul: 

WE STOCK THESE FAMOUS NAME BRANDS 
Yes. we have AEA 

ANTENNAS FOR HF & UHF SEASONS ElMAC Tubes ALDA 
GREETINGS & chimneys, ANTENNA E-Z WAY STANDARD 

and YAESU 
OR Replacement B w REPEATERS 

MICROPHONES ~ ~ f ~ ~ ~ , ~ ~ E  Tubes in stock! BIRD 
BETTERSTILL. . . Repair lab COLLINS 

KEYS & KEYERS STOP IN!! on  premises. CUSHCRAn 

TUBES and much. much more DENTRON NEWTRONICS 

512 BROADWAY (212) 925-7000 



RADIO AMATEUR 

I 
Respecred worrdwrh as 

!he only complPle aurhor8lv 
tor radm amaleur 

/ 
OS1 and OTH !n!ormal~oo 

The U. S. Callbook has nearly 
350,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
with allnost 2 8 5 , 0 0 0  calls, 
names and addresses of ama- 
teurs outside of the USA. 

U.S. Callbook 81 5.95 

Foreign Callbook $14.95 

(Plus Shipping) 

Order f r o m  your favorlle electron. 
Ics dealer or dlrect lrom the pub- 
Ilsher. Al l  d l r e c t  orders add $1.75 f o r  

shlpplng. llllnols resldents add 5% 
Sales Tax. 

RAOIO AMATEUR 

Lake Blufl. 111. 60044 
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. . SEMTECH BRIDGES 
# - 7 H e a t  s ink  w / c e n t e r  h o l e  r: !'K' .? mi,. 1 0  A m p  - Testad - 

. . 2OOVP.I.V. S1.75ea.ppd.  
400V P.I.V. $1.95 ea. ppd. 
600V P.I.V. $2.15 ea. ppd. 

2 5  A M P  - TESTED 
200V P.I.V. $2.25 en. ppd. 
400V P.I.V. $2.50 ea. ppd. 
600V P.I.V. $2.85 ea. ppd. 

UNPOTTED TOROIDS - Center  tapped.. 
88 M H Y  - 5 oz. 5112.95: 9 or.  - 5/S3.49 C& 
4 4  MHY - 5 1 ~ 3 . 9 5  ALL PPD. bi 
EDGEVIEW METERS 2 5 0  ,la 'S' METERS 

NEW - $2.65 ea. 3117.25 ppd.  
NEW SIZES - VERTICAL M O U N T  

PC BOARD POTENTIOMETERS 
A m e r i c a n  m a d e  (CRL) 
sizes: 25K. lOOK ohms.  5111.30 ppd. 
CTS B l u e  wheel. Values: 750. 1K. 
1.5K. 50K. 300K ohms. 5111.25 ppd. 

(m. weinrchenker 
electronic spcciall~es-801.353, IRWIN. P i  15642 

DIPOLE /'ANTENNA CONNECTOR 
YICOUF IHQ !I allbii#. ronllerl,v! bar 
roa. ,il :P"rorl, .soldrO ,n,,, .I.,, 
,,#,c" "#a<,<  hO,<" ,., "r<.,l, '"a. 
PI ?.I" ,'I,.E "" I,..,,,". ".,.r.,, L..". 
<, ..,, 1 ,,I, <,," I.,,,. ,,,,, ~~,~,,,,l.,, 

<.,,,,,.S,,t..~,, A, ",,,,, (3. n,... , U P  w.95 
pollp..d I an..""."" In<,,l.,t>rr I,,P') 

BUDWIG MFG. CO. PO B.. 9 1 ~ 1 .  ~smona .  CA 91063 

A m a t e u r  Extras - 
LICENSE PLATES 

HN-LP Hlghway Ham5 unttel Fasten lhfs 6 . ~ 1 2 "  
l!berqlass lhrense plale above or below an exlsling lhcense 
plale or use 11 In place 01 a Iron1 or back plale where stale 
law permlls Anolhel qreal glll Item lrom HRCB 

License Plate $6.95 
HOMEBREW MUGS 
Next time you and your Irlends s ~ u  down s h e  home 
brew put 11 In your very own HoM?-BREW mug from 
HACB you can even have your name and call pr~nled 
rlghl on I1 s even sullable lor hol chocolate1 Buy yourself 
or lr~ends one of lhese hlqh quallly 14 01 Ceramlc mugs 
lor Chrlslmas. 
OHN-M Homebrew Mug $8.95 
UHN-MC Custom imprint of name and call 

217 RS 

PERSONALIZED DESK PEN 
UOP Ltve your otllce desk or operaltng table a louch 01 

eleqdnce wtln lhls uselul and decorallve desk pen Sel The 
heavy opalescenl marbloy base can be personallzed wllh 
preclslon engraving Sel Includes pen wllh brushed gold 
Ilntsh 58.95 

HEAT SENSITIVE TRANSFERS 
Laaklng lor a new pul on? Apply lhese colorful Iron on 
lranslers lo any collon based garmenl Joln Ihe T shlrl 
movemenl and tell everyone you re a ham These easy.10 
apply lranslers make unlque g ~ l l  llems a1 prrces anyone 
ran allord 
i IHN-TI "Ham Radro Freq" $1.95 
UHN-TP "Ham I t  U p "  $1.95 
OHN-13 "One World" $1.95 

DESK STANDARD 
UDS l h ~ s  classic execultve.slyle slandard glves your 

desk ,L d!sllngu<shed look Engraved wllh name andlor 
call p011shed 100% brass nameplale complemenls !he 
sotld walnul ba!.e whlch has a beaul~lul hand-rubbed 
llntsh Hand-crzlled quallly lor a very good prlce' $9.95 

Include name andlor call lnstrucllons wtth order 

Send check, money order or charge card inlormalion 
PLUS 11.00 shipping lo: 

Ham Radio's Bookstore 
Greenville, NH 03048 

Fsbrurry Spoclalr 
ICOM IC.701 complete AC pkg (demo) 11195 
KENWOOD TS.520S w/CW lllter (demo) 
A l O A  103 w,xtrll cal AC supply ml bracket and 

ill cro ,none (new) llrt $618 80 S&CI~L 1535 50  COLLIN^ 15b4 racshsr SSB l~llel qwd I299 
Ask l a m  Reed abul ou! olhel sW#als 

GREAT LAKES AMATEUR SUPPLY CO. 

I I  p o s s b l e  iel us k r l o w  l o u r  lo SIX week  
b e f o r e  y o u  m o v e  and we will m a k e  s u r  
y o u r  H A M  R A D I O  M a g a z ~ n e  a r r l v e s  on 
s c h e d u l e .  Jus t  r e m o v e  t h e  m a i l l n g  l a b f  
l r o m  t h t s  m a g a z i n e  and a l l i x  below. 
Then c o m p l e t e  your new a d d r e s s  (or  a 
o t h e r  c o r r e c t ~ o n s )  in t h e  space p r o v i d e  
and w e ' l l  l a k e  c a r e  o f  t h e  r e s l .  

ham Subscrlptlon Processing 

radio Center, P.O. BOX 711 
Magaine Whilinsville. MA 01588 

Allow 4-6 w e e k s  f o r  c o r r e c t i o n .  

Thanks for helplng us to serve you bette r--1 r -  
I I I I I 

L-J 

I i 
b) 

5 I AFFIX 

"1 I LABEL 

1 1 I HERE 

More Details? CHECK-OFF Page 126 



I WE KNOW YOU WANT 
I THE VERY BEST! 

I r i  a market already over crowrlnrl hy others, all features of thc " R E S T "  - ancl a few extra, includinq 
making claim to being "THE BEST', we knew we our one year warranty and a toll free 800 number 
had to be better.*COMMUNICATOR I our 6 channel, answered by other hams who speak your lanquaqe. 
3 watt handheld, and COMMUNICATOR II our 800 hai chann~l synthes~,ed 25 w.311 i n n l ~ ~ l r  offsr all the PACE COMMUNICATOR - T H E  V E R Y  BEST1 

I - - --" I 

AMATEUR PRODUCTS GROUP PATHCOM INC. 24105 SOUTH FRAMPTON HARBOR CITY,CA90710 - 
* Colnrntlnli ,lor I W,II I ,r% dvAtlalllr ,n the la1 Corn,riun~cator 11 89 In stock lor ~mmedlalc shipment 

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 addi- 
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 

"RUBBER DUCKIES" 
FROM 

g & C ( ) o r n n t s n i r n t i o n c  

A MUST FOR 2-METER HANO HELDS 
Description Price 

L C  I i 16" Knurled SIt8rl Flls 
>con? Moloro la  nrlrl many 

G C - 2  BNC Connector 
GC-3  TNC - Conneclor lor 

W8lson 1405 
GC.4 PL.759 Connector 

GC-5 Tyne F Connectof Ills 
W8lrorr 1402 and Tempo . 1 9 50 

- .  E,)~4~,tnmm~ made ~n USA hy O E M  MFRS 
Send l o  0 I 

G C  2 G 1 C COMMUNICATIONS 
730 C o t t o n w o o d .  L ~ n c o l n .  NE 68510 

A O l l  5 1  ou l o r  I rand l~nr l  .snd sl>lpp,rw 
rnpale, and OFM RFO s Welcomrl 

SWR & Power Meters 
Models CN-720 and CN-620 
From DAlWA c-ounnoru 

Simultaneous direct reading SWR. 
Forward Power and Reflected Power 

Frequency Range: 18.150 MHz 
SWR Detection Sensitivity: 5 Watts Mh. 
Power. 3 Ranges (FWD 201200MMX)Wall~) 

(REF 41401200 Watts) 
InputlOutput Impedance: 50 Ohm 
Dimensions: 180 x 120 x 130 rnm: 

7 x 4.75 x 5 in. 
l&x75x97mm;65 x3x4in. 

Write for literature. 

19070 REYES AVE - P O  BOX 5825 
COMPTON CALIFORNIA90224 

MAXI TUNER 
SOLVES ANTENNA PROBLEMS 

THE FINEST 
ANTENNA TUNER AVAILABLE 

- Prerenls 50.75 Ohm Rrrir t ive Load l o  Your 
Tranrrn~tler Using V8rtually Any Anlmna 
sy5te111 

- lmprwed Ul l imat r  Tranrmalch Circuil Matcher 
Co.8~. Random Wire and Balanced Antennas 

- Continuotts 1.7-30 MHz Coverage 
- 229.203 Rotary lnduc lw I28 pH1 
- Rugged Cast Aluminum Turns Cwnler 
- Handles 3 KW PEP 
- Heavy Duty Balun 
- Velv~l-Smooth 6 to  1 Vernier Tuning 
- 0.100 Logging Scale on Capacitors 
- Avatlable 10 K i l  Form or Assembled 
- Om Year Factory Warranty 
- use wi th  your p rean l  SWR meler or watlmeler. 
- castam Vacuun, Capacitor Designs and Indi- 

vidual Components Avadabie 

Call or Write lor Pricing, Spec Sheel. and FREE 
Amateur Msrkst Antenna Toner Comparison Chart 
That Tells It Like It IS' 

P. 0. Boa 11 

RF POWER Ladyrmilh, W I  54848 
COY PONENTS (7151 532-3971 

- 
More Details? CHECK-OFF Page 126 february 1979 123 
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FM and 
REPEATERS New 21st Edition 

FOR THE RADIO AMATEUR # by the ARRL Staf f  

OAR-FM This is a revised and updated version of the 
mobile operator's favorite. Thls new edition features the 
latest in FM technology, and design theory, highlighted L.24034 Certainly one of the finest refer- 
by microprocessor control circuitry and a phase-lock ence sources in prlnt toda I New additions 
loop 2-meter transce~ver. More on FM - receivers. make the RADIO H A N D B O ~ K  a must for your 
transmitters, antennas and repeater operation. It you library. This updated 21st edition includes 
are into FM. get this book today! 176 pages. 01978.  over 1.000 pages of the same great informa- 

4k 
Softboufld $5.00 tion found in the earlier edition PLUS, enlarged 

sections an semiconductor and IC design, lin- 
ear amp construction, new special purpose 

THE ARRL ANTENNA and logic circuitry including NBVM theory. 

ANTHOLOGY The 21st edition i s  a state-of-the-art compila- 
tion by  W6SAI and more than 20 other nota- 

by the ARRL Staff ble Amateurs. Buy yours now and save 

OAR-AA This brand new book pulls together a wide 
during this pre-publication special! 1.080 

selection of antenna articles from OST. Written for Ama- 
teurs of all levels and interests. Projects include phased 
arrays, verticals. Yagi's . . . even the VHF Ouagi! 
Deta~led instructions and full illustrations make this a 
real useful book lor any antenna butt. 152 pages. 
@.11979. Softbound 54.00 

BAND-AIDS 
by  James E. Dersch, WDOAJE 
UCC-BA The author subtitles his book "Radio Ama- 
teur Operators' Handlest Handbook", and for good 
reason. This is one of the finest homespun-style books 
around. It contains such handy operating aids as maps. 
tlme-zones. abbreviations. IACO word list. OSCAR Ire- 
quencles. th~ra-party agreement ~nlormat~on. ~nterna. 
t onal ~ r e f ~ x  l~sts and manv more ol tnose usetu Items 
we all'need from lime to t h e .  
In the non-operating category. Band-Aids contains use- 
lul materlal on Metrlc conversions, resistor (and other 
component) color coding, schematic-diagram symbols. 
telephone touch-tone frequencies, nomographs, and 
many useful formulas. All sp~ralbound In a special 
heavy duly ediflon designed to withstand many years of 
tough station duty. Get your copy now! 110 pages. 
(i11978. Spiralbound $7.95 

INA HURRY? 
ORDER 

TOLL FREE 
7-800-258-5353 

CALLBOOKS FOR 1979 
CB-US 1979 United States Callbwk If 

The ALL NEW you re actlve you need th~s  brand new Callbwk 

RADIO AMATEUR'S 
wlth over 40.000 new l~censed rad~o amateurs 
and more than 100.000 llstlng changes This 

HANDBOOK for 1979 Callbook IS the blggest ever - 40 000 new 
[ AR.HB or ~ f l - 0 ~  l h e  best-selllng Ilcemees. and more than 100.000 llstlng 
t e ~ h n l ~ d l  handbook ever publ~shed IS all new Changes lhls callbook Is lhe biggest ever - 
for 1979 Check out these new leatures 374.487 licensed radlo amateurs 

Keep up wlth all the new 1 x 2 and 2 x 1 
an easy to read, new 8% x 11 sue calls whlch are ever-lncreaslng Boldface calls. 
updaled and enlarged antenna chapter names. addresses, l~cense class - all ~n easy- * more on s~mple power supplies to-read 8% x 11 lormat whlch became so pop- * 10 GHz Gunnplexer clrcult ~nformatton 

The whole Handbook has been comoletelv re- 
ular last year 992 pages sonbound $15.95 

vised! It's jam-packed with everythhg l h m  ~ C B - F  1979 F ~ ~ ~ , ~ ~  callbwk with over 
basic electronics and radio theory to the latest 295,000 calls listed, this 1s a must lor any 
Amateur techno log^ Get your brand new COPY OXer. Almost 25,000 new licensees included 

ii-11978. AR-HB Sonbound 59.75 PLUS 84.822 list~ng changes. 900 pages. 
AR-BB Hardbound $15.75 Softbound $14.95 

Callbwk Shi~plng Charges 

OR, USE HANDY ORDER 
FORM CARD 

Pease lncluae $ 1  % lor shlppmg and handling whelher 
~ O L  order one or both ed t qns' G ~ v e  lull streel address 
(no box numbers pleasel so we can sntp lo VOJ va UPS 



UPGRADING TO EXTRA? TRY THESE STUDY AIDS.. . 
Ham Radio Publishing Group's 

AMECO RADIO AMATEUR 
THEORY COURSE 
by  Mart in Schwartz, WZOSH 
0102-01 A complete, slmplit~ed home study theory 
course In rad~o. covering the requirements for the Novice. 

Radio's Integrated Code lra~ning System - chosen Technlctan and General Classes of Radio Amateur Operator 
specifically lor the Amateur who 1s studying for the licenses. Contains 14 lessons. 3 study guides and over 
Extra Class license exam. Now you can have the kind 400 FCC-type multiple-chotce questions, similar In content 
of high quality code practice lhat best fits you. and format to the actual FCC test - all under one cover. 
Each tape $4.95. 2/58.95, 3/$12.95. Latest Revised Editlon. 320 pages. 0 1 9 7 4 .  

Soltbound $4.95 

STRAIGHT CODE SERIES 
Here are two different straight code tapes consisting of 
randomly generaled six character groups sent at differ- 
ent speeds. These tapes are excellent lor buildlng both 
speed and accuracy needed for the FCC exam as well by Martin Schwartz, WZOSH 
as contesting. DXlng, tralflc handllng and code protl- 
ctency awards. 
UHR-STC2 UHR-STC3 

15wpm code tor 50 min. 25wpm lor 20 min. 
22.5wpm code for 35 min. 30wppm for 20 min. 

35wpm for 20 min. 
4Owpm for 20 mtn. 017-01 Extra Class. 64 pages. 0 1 9 7 4  (rev. 

Hi/Lo Softbound 4 i . 5 0  
On thts unique tape, characters are sent at a 22.5wpm 
rate, but wlth character spacing equivalent to vanling 
speeds between 5 and 13wpm. If your code speed has 
gone down slnce you passed the general exam, you can 
now practice copying 22.5wpm w~lhout constantly get- 
ting beh~nd. 
EHR-HLCP 22.515wpm code tor 20 minutes 

22.517.5wpm code for 20 minutes L !MH-57138 This book is absolutely the finest book of its 
22.5110wpm code for 20 minutes klnd ava~lable anywhere. This is THE complete book for all 
22.5113wpm code for 20 minutes license preparation - Novice through Extra plus all com- 

merclal llcenses and endorsements. All the inlormation you 
OSO SERIES need as well as practice questions and check-up qulzzes. 
Here's the best practice for the FCC Extra Class exam. Adaptable for self-teach~ng or classroom use. "Eleclron~c 
Both OSO tapes are reproductions ot actual on-the-air Commun~catton" is a book any Radio Amateur should own 
CW contacts, similar in content to the FCC code exams. and use. 783 pages. e11975. Hardbound $18.95 
The first to build speed and accuracy and the second to 
develop protlciency at a h~gher speed than encountered 
In the exam. Master these lapes and lace the Extra 
Class exam w~thout fear. 

I HA-LB Hanl Radio's brand new Log Book 1s a tool 
BIND'EM & FIND'EM yo11 lust can't do wtthoul. Wilh over lwlce as many en- 

Don't let your valuable Issues ot HAM RADIO 
' "  trles as other log bwks. the. log glves you room tor 

more than 2.000 contacts. There's sharp rullng too lor 
et dog-eared or scattered who knows where! 

8et a handsome, durable b~nder from HUB. 
all FCC.requtred Inlormallon, plus extra space tor the 
name and address 01 each statton you conlact. For OX 

HAM RADIO BINDERS confeslers, lhere 1s a consisten1 30 entrles per page 
Beautilul buckram blnders complete with date lor easy counls. In addtllon there ts handy frequency 
labels. Available In our new large size to accom- Spectrum chati showtng Ihe exact des~gnallon of each 

modate HAM RADIO'S hefty issues. 
novtce band plus a ltsttng of all worldwide Amateur 

1 :: --an . . , prettxes currenlly In use And, 11's all splralbound lo 
CHR-BDL Each/$6.95, 3/$17.95 be llal on your operallng table. Thts 1s unquesl~onably 

I 
. . *. the besl log book value anywhere! 8'/1 x 1 1  
, . 80 pages c 1978. 

Prrces subject l o  change wilhoul notice Spiralbound $1 .so 

Ham Radio's bookstore, Greenville, N H 03048 



~Werrisers V 
check-off 

. .  .for literature. in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 
Place your check  mark in the s p a c e  e tween 
n a m e  and n u m b e r  . Ex: Ham Radio . J 2 3 4  

INDEX 

AED 710 Htldreth 283 
ALDA 625 Hy-Gain - OM 
Alllance 7M) lcom - 065 
A l u m  - 589 Integ . Cnrcute - 518 
Am . Red . Center 638 Int . Crystal 066 
Amateur Und CB Funk ' Jamecn _- 333 
Am Wholesale Jan . 067 

EI& - m3 Jones - 626 
Aslron . 734 Kenwood ' 
Allant~c Surplus - 644 Klaus - 430 
Allas - 198 Latren - 078 
Barry ' Long's 468 
Baumiln - 017 Lunar - 577 
Bud . 018 MFJ 082 
8 ~ d w ~  m Madoon ' 
Bullel 328 Mtcrowavs Ftlter ' 
Cal Crystal - 703 J . W . Miller 745 
Chemrrontcs _- 706 Mllo 736 
Clwg - 027 Monroe 715 
Coaxprobe - 728 Mornrola Sem~conductorr ' 
Communications Oak Hill Acad A R.S. ' 

Center 534 Palomar Eng . ' 
Comm Research - 753 Palhcom 705 
Comm . Spec . - 330 RF Power Camp . 542 
Con! . S p c  . 348 RtW ' 
Creative Elec - 751 Callbook - 1W 
Crystal Banking 573 Radm World ' 
Curt8r Eleclro 034 Ramrev 442 
Cushcrall ' ~ o h ~ n r ' ~  756 
DbV Radio ' S F A  . R . S . . 640 
DCO 324 SGL Waber - 757 
DSI -- - 656 SST - . 375 
D a m  Comm . - 551 Sabtranncs ' 
Data Signal 270 Securltron - 461 
Davtr Elec - 332 Shewood 435 
DenTran 259 Slcp 232 
Drake ' Space - 107 
E T O '  Spectrum Int . 108 
Eleclrocom - 663 Swan 1 1 1  
Elec . Research Vtrglnla ' TPL - 240 
EICO 755 Telrex - 377 
Excel Circultr - 535 Ten-Tec ' 
FosTanoo 657 The Cnrnrntmacatmon 
G ~ c c & ~ ;  -754 c e k r  
GLB - 552 Thomas Comm 730 
GL Enterpr~s~s TI#-Ex 116 
Gray - 055 VHF Eng . - 121 
Great Lsker - 732 Van Garden Eng . 737 
Greoorv Vanauard Labs 716 . "  . 
Group Ill - 701 Varwn - 043 
Gull - 635 Webstel 
Hal ' Assm - 423 
HMR - 735 Wennschenker 122 
Hal-Tronix - 254 Western ' 
H . R . B . 150 Whltellnu~e 
Hamtranlcr . NY 246 Wlkon - 123 
Heath 060 Yapsu - 127 
Henry - 062 

'Plsasa contacl this advertiser directly . 
Limit 15 inquiries per request . 

February. 1979 
Please use before March 31. 1979 

Tear'off and mail to 
H A M  RADIO MAGAZINE . "chock O W  

Grssnvills . N . H . 03048 

NAME ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL 

STREET 

1 SUPERBOWLBUYS 

01 w;;u;y 
"800 GANG." 

NOW. LIST THE EQUIPMENT 
YOU WANT IN THE SPACES 
PROVIDED BELOW. CUT OUT 
THIS AD. AND SEND IT TO 
US WlTH YOUR NAME. AD- 
DRESS AND TELEPHONE 
NUMBER . WEWILLWRITE 
OR CALL (CHECK ONE) 
YOU BACK AS SOON AS POS- 
SIBLE WlTH THE MADISON 
QUOTE . 
(HINT: DON'T GO BELOW 
OUR COST) . 
WE HAVE AN IN-DEPTH 
STOCK AND LARGE INVEN- 
TORY OF MAJOR LINES AND 
ACCESSORIES . 

) ELECTRONICSSUPPLY. INC . I 
I 1508-D McKlNNEY HOUSTON . TEXAS 77002 

713/658-0268 NlTES 713/497-5683 I 
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Fox Tango Corpore.t~on . . . . . . . . . . . . . . . . . . . . . . . .  76 
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- In ETO's '-back yard Maroon E Colorado - 

You can buy a so-called "rnax~mum legal powcr" I~ncar lor 
qu~ te  a bit less than the price of an ALPHA. What rnakes 
the ALPHA worth more. . . or the other model less? 

TALK TO AN ALPHA OWNER - Notice how scarce used 
ALPHA'S are? Owners are rarely willing lo  part with Ihem. 
and will be delighted l o  tell you why. 
CHECK ETO's TWO.YEAR (Itmited) WARRANTY - Others 
give you 90 days. But EIGHT TIMES as m ~ ~ c h  protection 
IS only part of the ALPHA warranty 
story: there's also a clear message 
about durability. 
NO ALPHA 76/374/77D OWNER HAS 
EVER BURNED UP A POWER TRANS- 
FORMER, despite our No Tune Lirn~t 
(NTL), lull power key down ral~nq. 
Maybe 11's because  ou r  '76A 
transformer is nearly TWICE the slze 

of those In cornpel~llve desk-top a rn~~ l l f ~e r s  and IS cooled 
by ETO's full-cabinet. ducted-a~r syslem l o  boot. 

LOOK INSIDE AN ALPHA - the difference in quality and 
ruggedness is conspicuous. Big coi ls.  . . axial-flow cera. 
rnic triodes lhoroughly cooled by a cenlrrfugal blower. . . 
yet ETO's new acoustic-isolation blower system makes 
the ALPHA 76A series now even quleler than ever before. 

EFFICIENCY, versatility. ease of operation. resale value - 
the story of ALPHA superiority goes 
on. Before you decide on a new linear. 
get all the details from your dealer or 
ETO direct. And ask for our free guide. 
"Everything You Always Wanted to 
Know About (Comparmgl Linears . . . 
But Didn't Kcow Whom to Ask. " Finally. 
do talk to an ALPHA owner.. . look for 
him on top of the nearest pile-up. 

llmes or more The 
new SBP.4 splrt band 
speech processor uses 
the only syslem more 
elleclive lhan r l  clrp. 
prng - AND d~slorlron 
your voice sounds nalu. 

??D EhrLot-n Technological Operations, Inc. 
1 P. 0 .  Box 708 . Carion Clty. Colorado 87212 - (303) 275-1613 



I ICOM IC-280 remotable 2m FM mobile KENWOOD TR-7600 The radio that remembers 
Freq 143.90-148 11 MHz 10 watts HI. 1 w.111 ndl Low Power FIIII 4-MH) c o v i S r i t c ( < .  I li1.1 110 I d i  9951 HlIII ~ l ~ . t r ! ! ! r ~ l \  1 1 1  W.II!.. ) ( I  
requirements 13 8 VDC al 2 5 amps. Main F'LL ~ a n t r o l  head may oulpul 1 watt low. rr~rmory < l iar>r~cl w s~rr~,,l,,x rty,,.atr,r <,II..?I X 
be delached and remotely mounled Wllh m!croprocessor, stores LED Wllh I t i r  opllilrl;ll HM-i6selecl any 7rn I r t y  slorr I r r r (  ,IIIIO 
3 frequenc~es Easy to read LED'S slop on llrst busy or opr.n c h a n n ~ l  scan m~mortes 

449.00 IISI cat1 for auote 375.00 II~I cal l  lor q u o ~ e  I 
YAESU-CPU-2500~~ 
2m FM transceiver YAESU FT-227RA 
Ftf11 4 MtI r  covrraqr 1,) I, KHzsteps 144- Or!!, k r ~ o h  (.l?i!rlr~t.l LI I . I I .C~,O~ tor 800 
148 MHz . 4 memory channels may be 
programmed Ru~l t - ln  scanner 

SHAKESPEARE ANTLER A-280 
magnetic mount 2m mobile antenna 
2m mobile antenna The A-280 IS as clos? lo  the ldeat 
A high 0 base loading coll IS anlenna as you can (]PI Prect- 
sllver plated coppcr. SlalnleSS soon luned toll. 47" tapered 17-7 

Memory clrcu~t allows ~nstant return to steel sprlng encloscd ln Ilber- Slalnless slePl whip. VSWR less 
any lreq belweer 144-148 MHz 4-dlg1t glass wave des~gn. 3dB galn than 13. Crrlltled 3 dR galn . 
LED . Fully synlheslzed freqilency w ~ l h  a power rat~ng In excess of Magnel~c mount has roof- lop 
control Selectable I 0  watt HI 1 wall 500 W Includes connector. 20'01 
LOW ou tp t~ l  w ~ l h  one memory coax cable and base 

385.00 t ~ s ~  cal l  for ouote 

m 
VlYI  - Long'sElectranics leal 

MAIL ORDERS P 0. BOX 11347 BIRMINGHAM AL 35202 STREET ADDRESS 2808 7Tti  AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 530 PM. Monday thru Friday. 

i 
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programmable split (up to 4 MHz) 
dial set frequency (+ 600 KHz) 



mrovide the munch in 
K-ood's new amplifier. 
Kenwood chooses EIMAC For more information 
for trouble-free service. Send for the ElMAC Quick Reference 

The new heavy-duty Kenwood TL-922A catalog covering the complete line of EIMAC 
linear amplifier ~ rov ides  2 kW PEP input for products and for the 3-5002 Data Sheet. Learn 
SSB service and 1 kW input for CW, RTTY, and why the important manufacturers of commu- 
SSTV operation. nication equipment choose EIMAC. Varian, 

Kenwood chose two EIMAC 3-5002 EIMAC Division, 301 Industrial Way, 

high-mu triodes to do  the job. Wit San Carlos, California 94070. 

a total of 1000 watts anode Telephone (415) 592-1221. 

dissipation, the two O r  contact any of the more 

3-5OOZs coast along than 3 0  Varian 

to provide trouble- Electron Device Group 

free, long-life Sales Offices through- 

service. out the world. 

What's your 
pleasure? 

DX chasing? Traffic 
nets? RTTY? Rag chewing? 

@ varian 

SSTV? The ElMAC 3-5002 
~rov ides  the power when you 
need it, with ample safety margin. 
Value wise amateurs always look 
for the EIMAC power tube for 
reliability. And equipment manu- 
facturers, such as Kenwood, 
choose EIMAC for leadership in 
power tube technology. 
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